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ENGINEERING 


CHANGE IN DENSITY OF MILD STEEL 
STRAINED BY COMPRESSION BE- 
YOND THE YIELD-POINT. 


By Professor F. C. Lea, D.Sc., and W. Norman 
Tuomas, B.Sc. 


Ir is well known that plastic materials, such as 
mild steel, when subjected to either tensile or com- 
pressive loads which produce stresses beyond a 
certain value in the material, flow and a permanent 
strain is produced. It is further well known that, 
if a material is permanently strained by tensile 
stresses, and the load is then gradually removed, 
the strains as plotted against stresses show a 
straight-line diagram nearly parallel to the original 
straight-line diagram for elastic extensions. If the 
material is again gradually loaded, the stress-strain 
line follows the decreasing-load line to some stress 
less than that at which the load was diminished at 
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the first loading, and then deviates from the 
straight line. If, however, the specimen, after the 
first loading beyond the yield-point, and unload- 
ing, is heated to the temperature of boiling water, 
or allowed to rest at normal temperatures for a 
few days, the stress-strain diagram for increasing 
loads follows the decreasing-load straight-line 
diagram, not only as far as the first maximum 
stress, but also to a stress considerably beyond it. 
The same is true of such materials when subject to 
torsion. Figs. 1 to 3 show such curves obtained for 
mild-steel tension and wrought-iron tcrsion speci- 
mens respectively. 

The tension specimen was gradually loaded to 
beyond the yield-point, Figs. 1 and 2, and the load 
gradually released. A permanent strain was set 
up; the load was diminished to zero and again 
increased. The stress-strain line 3 was straight 
only to a point well below the original yield-point. 
The operation was repeated and curve 5 results. 
The load was again reduced to zero and the speci- 
men allowed to rest for one week. The stress-strain 
curve now remains straight to a point beyond the 
original yield-point, and a still higher yield-point is 
obtained. On the load being released, the specimen 
was heated in boiling water for about half-an-hour. 

















The stress-strain curve 8 again remains straight to 
a point practically coinciding with the yield-point. 
The curves in Fig. 3 are stress-strain curves for a 
torsion specimen treated in practically the same 
way as the tension specimen. 

The fact that periods of rest cause such changes 
indicates some change in the molecular construction. 

Kahlbaum* has stated that the density of metals 
subjected to hydrostatic pressures up to 1000 atmo- 
spheres increases, but at still greater pressure it 
diminishes. 

On the other hand,* Bridgmann’s experiments | 
showed that no change of density took place when 
metals were subjected to pressures as high as from 
25,000 to 30,000 atmospheres. Kahlbaum’s speci- 
mens, Bridgmann thinke, were not subjected to| 
oy’ hydrostatic pressures, as they were distorted | 

y the pressures. Distortion of the specimens | 








The preliminary experiments definitely indi- 
cated that a change of density was brought about 
by overstraining, and that the time factor was im- 
portant. Until this was recognised it was difficult to 
get consistent results. These early experiments 
thus showed that if results were to be comparable, 
two conditions must be observed. First, that if the 
specimens are loaded considerably beyond the 
yield-point, the final load must be kept on the 
- eng for the same time, or, in other words, that 
the amount of strain, and thus the change in 
density, are dependent upon the time of loading ; 
and, second, that the densities should be deter- 
mined as soon after the loading as possible. 

Description of Experiments.—The specimens were 
? in. in diameter and 1} in. long, carefully turned 
from mild-steel rolled bars. These were loaded 
axially in a 100-ton Riehlé testing-machine. 



















































































means a relative movement of the crys' of the’ Before applying any load the density of each 

T : AS) 

Fig.2. Fig.3. 
a [LT] ¢ a se 
a . é — 
; j é. eS at ca 
- ae e 3 f 
TP : ef? 
a f f 7 & 4 
J 
iA) EET 
yyy oe 
0 02 : 20 #00 600 800 1000 
3 g 4 @esse) Anale of Twist on 6 length, ir Degrees 

(42548) +04 


0 0 0 83 
Extensions tn Inches on 8 length 


metal, and thus the changes that take place when 
‘* permanent set ” is produced in any other way 
were probably produced in Kahlbaum’s} speci- 
mens, but not in Bridgmann’s.+t 

At the present time there is considerable differ- 
ence of opinion between metallurgists as to the cause 
of the hardening of steel { One school seeks to 
explain this and other phenomena by assuming 
‘* that in nearly pure metals there is an aggregate of 
crystals between which there is present a very thin 
layer of amorphous metal.” which is less dense than 
the crystalline form, and it is suggested that this 
amorphous film can be produced by polishing or by 
causing the crystals to slip relative to each other. 
The following experiments were not undertaken 
with any idea of throwing light upon the problem 
of hardening of metals, but to see how far changes 
of density occur in overstrained mild steel, and 
whether any change of density occurs with time 
after the straining-load is released. 


$ Philosophical Magazine, vol. xxiv., 1912, page 65. 
+ Enournerine, September 12, 1913; et ecg. 





specimen was found in the usual manner by weigh- 
ing in air and in distilled water, care being taken to 
remove all air-bubbles, the temperature being 
carefully noted, and the necessary corrections made 
to reduce the density to that at 4 deg. Cent. To weigh 
in water the specimens were suspended by a very 
fine copper wire, the apparent weight of the copper 
wire, part of which is immersed, being independently 
determined, and subtracted from the apparent 
weight of each specimen, together with the suspen- 
sion wire. 

It can be shown that, by assuming Poisson’s 
ratio p to be is to }, when the steel is stressed below 
the yield-point the density increases. 

Let 1 be the length of a specimen and d the 
diameter, and let the longitudinal elastic strain 
be e; the corresponding lateral strain will be p e, 


The original volume of the cylinder ist @ 1, 
and that of the elastically-strained cylinder is 
; (d + ped)? (l - el) 


= Pi + per Gs = 
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The density is increased when 
(1 + peP(1l — e) <1, 
or neglecting quantities containing the second and 
higher orders of e, when 


1+2pe-e<1, 


i.e., when p < 4, which is always so for steel. 
Assuming the yield-point to be just above 15 tons 


per sq. in., and p as 55 the increase in density 
just below the yield-point will be approximately 
1 — (1 + 2pe — e) =e (1 — 2p) 
= 0.000475. 
If the load is released and the material assumes 
its original shape, the density is not permanently 


changed. The fact that the elastic lines of tension 
specimens when permanently strained moved 
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The preliminary experiments, when the loads 
were taken much beyond the yield-point, showed 
that a very marked diminution in density took 
place, and it was then thought that if the material 
could be stressed just beyond the yield-point it 
might be found that the density would be approxi- 
mately equal to the original density. 

Five specimens were loaded to a stress of just 
under 16 tons per sq. in. After the removal of 
this load, the density, as will be seen from Figs. 4, 
7, and 8, and Tables I. and III., was practically 
unaltered. 

The specimens were then subjected to the higher 
stresses shown in Figs. 4 to 10, and Tables I., II., 
and III., the load being applied at a constant 
speed, the maximum being reached in six or eight 
minutes, and allowed to remain at this amount for 
five minutes. The stresses shown in Figs. 4 to 7 
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«ee Stress in Tons perSq.In.on Original.Area vegn, Pinal Stress in Tons per Sq In. 
TABLE I. 
No. of | Mark Relative | Relative Relative Relative Relative Relative 
Speci- on | Load.| Density, | Load. | Density, | Load. rs Load. | Density, | Load. | Density, | Load. | Density, 
men. | Ourves. | May 26. May 27. | June 8. June 4. June 5. | June 8. 
itns. Pp. tons per| tons per| tons per| tons per| tons pe 
|3q. in. aq. in. | | aq. in. | | gq. in. sq . in. | aq. in. 
1 ° 0 1 15.8 | 1.009014 | 124.0 | 0.999678 153.5 0.998628 182 | 0.998501 _ _ 
2 + 0 | 1 | 15.9 0.999998 114.5 0.998785 | 141.0 0.998752 167 | 0.998631 _ _ 
3 x 0 | 1 15.85 | 1.000084 925 0.999153 | 124.0 | 0.999025 145 | 0.998782 160 0.998685 
4 ©) 0 1 15.85 | 1.00005 | 688 | 0.999428 | 101.0 | 0.999182 | 126 | 0.998995 140 | 0.998879 
5 A 0 1 18.1 | 0.999924 68.5 0.999390 89.5 0.999041 116 | 0.998790 130 | 0.998759 
TABLE II. 
l glee ] 
No. of Mark | Relative Relative Relative | Relative Relative 
Speci- on Density, Load. Density, Load. Density, | Load. Density, Load. Density, 
men. Ourves. | May 27. June 3. June4. | | June 5. June 8 
tons per tons per |tons per ltons per tons per 
8q. in, aq. in. | sq. in, aq. in. sq. in 
1 ’ 16.8 1 124 0.908664 | 153.5 0.998615 | 182 0.998487 _ — 
2 + 15.9 1 114.5 0.998788 141.0 0.998752 | 167 998632 | —_ _— 
3 x 15.85 1 92.5 0.999118 124.0 0.998991 145 0.998748 160 0.998651 
4 © 15.85 1 | 688 | 0.999379 | 101.0 o.ovoise | 126 | 0.998045 | 140 | 0.998829 
6 A 18.1 1 | 68.5 0.999467 89.5 0.999117 116 0 998867 130 | 0.998835 
' 
TABLE III. 
No, of, Mark ific "i | Specific Speci Specific | Specific 
Final Final | Final Final Final Final 
Speci-| on Gravity | Gravit Gravit Gravity, | Gravity, | Gravity, 
men. Curves, Stress. May 26. Ptrese. | May 2. June St June 4. | Stress. | June Stress. | June 8. 
tons per tons per tons per| tons per| |tons per tons per 
aq. in. sq. in. | 8q. in. aq. in. 8q. in. 8q. in 
1 ° } 0 7.85168 15.8 | 7,85179 48.2 7.841380 62.9 | 7.84091 55.5 7.83991 - - 
2 + 0 7.85165 | 15.9 | 7.85163 47.6 | 7.84211 51.75 | 7.84185 55.0 -84089 _ 
3 x 0 7.86972 | 15.85 | 7.86000 39.8 7.86305 42.3 7.86205 44.1 7.86013 46.2 7.85987 
s © o 7.96981 | 15.85 | 7.86900 | $7.0 | 7.96071 | 406 | 7.96277 42.8 | 7.96130| 44.7 | 7.96089 
5 A 0 7.87040 18.1 7.86980 35.4 7.86560 40.2 7.86285 42.1 86088 44.2 7.86063 











parallel Lo the original elastic lines suggested that 


this elastic change of density would probably dis- 
appear when the load beyond the yield- 


due to flow of the metal. 


int was 


removed, and that any change would only be that 


were calculated on the original area of the speci- 
men. Table II. and Fig. 5 and line b on Fig. 6 
show the densities of the specimens after bei 
loaded, as compared with the densities just beyon 
the yield-point. 








After each loading the maximum lateral dimen- 
sions of the specimen were determined by the 
micrometer, and the stresses on this area were 
calculated. Fig. 8 shows the relative densities and 
the final stresses per square inch on the expanded 
area. Table III. and Figs. 9 and 10 show the 
specific gravities of the specimens and the final 
stresses per square inch on the expanded area. 

Referring now to Fig. 6, in which is shown the 
— of density due to the first severe loading 
for the series of specimens 1 to 5, each of which had 
been previously stressed to about its yield-point, it 
will be seen that the points lie approximately upon 
a straight line. +» < 

In curve (a) the original density is adopted as 
unity. 

In curve (b) the density after the specimen had 











been loaded sufficiently to give a small permanent 
Fig.6. 
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Tape IV. 
Specific Specific Increase in Per Cent. 
Final Gravity at |Gravity after Specific | Increase in 
Stress. Final Resting 35 | Gravity Due | Specific 
Loading. | to 38 Days. to Rest. Gravity. 
156.0 7.86004 7.86389 0.08295 0.037 
198.0 7.85852 7.86200 0.00348 0.044 
195.5 7.85944 7.86187 | 0.00243 0.031 
179.0 7.86019 7.86418 0 00399 0.061 
160.0 7.85937 7.86363 0.00426 0.054 
130.0 7.86063 7.86322 0.00259 0.033 





set—or, in other words, just beyond the yield- 
point—is taken as unity. 

Referring to Fig. 7, in which not only the first, 
but all the successive loadings of the five different 
specimens are shown (i.e., Fig. 7 is a combination 
of all the individual curves of Fig. 4), it will be 
seen that all the points lie as near to the parabola 
drawn as can reasonably be expected, considering 
the difference in the original specific gravities of 
the materials. 

The equation of the parabola is 

5 = 0.9984 + 29 x 10-* (250- ss), 
where 8 is the relative density, and s the stress in 
tons per square inch on the original area. 

If the straight line a in Fig. 6 be plotted upon 
Fig. 7, it will be noticed that it is approximately 
tangential to the parabola at a point near the yield- 
— so that apparently the effect of successive 
oadings up to a maximum is to stiffen the material 
and cause a less change of density than would occur 
with a single loading of the same maximum intensity. 

Change of Density of Overstrained Material with 
Time.—As already remarked, the preliminary ex- 
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periments indicated a change in density with time, 
and consequently a number of specimens were 
loaded to such an extent as to cause considerable 
flow, and the densities obtained immediately and 
after a period of from 35 to 38 days. In all cases 
an increase of specific gravity had taken place 
during the period of rest, as shown in Table IV. 
The authors have been unable at present to con- 
tinue the experiments owing to the University 
laboratories at Birmingham being taken for hospital 
purposes, but sufficient data have been gathered to 
show definitely not -only that a change of density 
takes place when mild steel flows, but also that 
with time the density tends to recover. 

To find a satisfactory explanation is not easy, 
but it may be assumed that by overstrain an amor- 
phous form of the material is produced, which is 
less dense than the crystalline form, and which 
tends to resume the crystalline form, and thus to 
pass from the less dense to the more dense, and 
correspondingly to the more rigid variety. This 
agrees with the raising of the elastic limit both in 
torsion and in direct tension during resting, or by 
heating to 100 deg. Cent, as described at the 
beginning of this article. 





GRINDING-MACHINES.— No. VIII. 
By JostrH Horner. 


Tue longer the time which is occupied in setting 
work on ordinary chucks, by comparison with that 
of the actual machining, the greater appears the 
economy of the magnetic chuck. At the extreme 
occurs the chucking of small articles, the grinding 
of each of which may not occupy a minute, but the 
setting of which would be very tedious by any 
method of clamping. On the magnetic chuck only 
an instant is occupied in arranging each individual 
piece ina group. The magnetic chuck is equally 
adapted to circular grinding, external or internal, 


the number of turns in the coil increases the 
amount of magnetism up to the point of saturation. 
The strength of the electro-magnet depends also in 
@ measure on the material used in it. Soft 
Swedish iron is the best, but its expense precludes 
its employment for all but the smallest chucks. 
Its place is taken both by ordinary wrought iron 
and by gray cast iron. The metal must be soft in 
any case. When forgings are used they should be 
annealed. 

The U-shaped electro-magnet, with its keeper or 
armature, shown in Fig. 96, annexed, embodies the 
principle of the magnetic chuck, in which the keeper 
represents the piece of work being held against 
+and —poles. But the space between the legs of 
the U is too large for a chuck, and either they would 
have to be brought nearer to each other or the 
form would have to be modified, as in Fig. 97, to 
reduce the gap over which the current has to pass. 
And the cross-sectional form of the legs can be, 
and is, varied almost indefinitely in order to render 
chucks both generally and specially adaptable to 
the range of an extensive and ever-increasing 
grinding practice. 

In the [J-shaped electro-magnet, with its two 
opposite poles and armature, two legs are necessary, 
because the single-bar electro-magnet would not be 
a workable form. But if a single-bar magnet is 
enclosed in a box of magnetic metal, Fig. 98, the 
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as to surface grinding. The principle is the same ; 
the methods of taking current differ in the rotating 
and the fixed chucks. 

The principle which underlies all these chucks 
in their dozens of variations is that the piece of 
work to be held forms a part of the path of the 
magnetic current between adjacent poles. In the 
absence of the iron or steel article to be held, the 
current passes diffusively through the air space 
intervening between + and — poles. If the air 
space were permanently closed, the magnet would 
be self contained, having no magnetism to offer to 
extraneous objects. But with a non-magnetic gap 
provided between poles, the work laid across the 
gap and in contact with the poles becomes a por- 
tion of the magnet, providing a path to the current 
and satisfying the demands of the current for a 
path of least resistance. But the area of the sur- 
faces in contact with the poles must be sufficiently 
large, and the air-gap—the non-magnetic break— 
must be narrow, otherwise the holding power of 
the chuck will be slight and non-efficient. If these 
conditions are not fulfilled, considerable portions of 
the current will be dissipated, in consequence of 
the resistance offered to its passage. The more 
efticiently the resistance of the circuit is lowered 
by the presence of the work the more forcibly is 
the a attracted by the magnet. 

The magnetic chuck is therefore a specialised 
form of electro-magnet having one or more cores, 
an adaptation of the simple bar or core around 
which a coil of insulated wire is wound, a direct 
current of electricity being sent round the coil to 
magnetise the bar. The greater the current 
quantity the stronger is the magnet. Increasing 
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walls of the box become magnetised and form poles, 
through which the magnetic force flows. . an 
actual chuck the coils occupy the whole of the space 
between the core and the walls. Chucks are con- 
structed on this elemental basis as well as on the 
other. From these two forms the bipolar and the 
multipolar chucks are developed. The first. signifies 
a chuck with only one gap in the magnetic circuit, 
although the gap may have various shapes in plan, 
and there may be one or more coils. If more than 
one, these must be connected up with one another 
in the wiring. Increaved holding power is obtained 
by the multipolar chucks with independent cores, 
each with its own pole-piece. Such chucks can be 
made of larger dimensions than the bipolar ones. 
The polarity of the cores with their coils must 
alternate in order not to neutralise each other. 
Direct current only is suitable. If this is not avail- 
able, a small generator can be installed, driven from 
line shafts, to supply current to several machines. 
The voltage may range from 50 to 250. © 

A simple construction of bipolar chuck with one 
coil only is illustrated in Figs. 99 and 100, 
annexed. The core A, the base B, and the walls 
C are one iron casting. Pole-pieces D and E are 
screwed on the core and on the walls respectively, 
leaving the gap a to be occupied with a non- 
magnetic filler. The coil, wound round A, occupies 
the whole of the interior space. The resemblance 
to Fig. 98 will be obvious. The magnetic current 
is generated in the core, and passing into the base 
and round the walls, goes over the gap. Magnetic 
chucks are built up in as few pieces as possible in 
order that the areas of contact which set up resist- 
ance shall be limited. And the good contact of 











tooled surfaces is necessary between metallic parts, 
because some resistance must occur where metal 
is jointed to metal. The better the fitting the 
me uae pe per There 4 ™~ the difficul 
o ing a water-tight where wet - 
ing. is ~ Fok yay Ss of the necessity the solid 
design arisen. The Blanchard chuck (the ma- 
chine itself being illustrated in Article IV., pub- 
lished in Enotneerine of March 19 last, 314) 
is constructed solidly, and ingress of water to the 
only joint which is made, that, namely, on the 
lower face where the coils are covered by the bottom 
plate, Fig. 101, annexed, is prevented by an annular 
flange projecting downwards. The body is of forged 
soi tovion annular concentric grooves turned in 
the bottom face to receive the coils, and annular 
grooves in the top face to receive the strip brass 
that forms the non-magnetic gaps. The numerous 
intermediate ap Lays thus formed, which are a 
feature of this chuck, are by the solid construction 
rendered water-proof. The four coils form a series 
of magnets one inside the other. The shell of one 
magnet becomes the core of the next magnet outside 
it. Each coil sends current through four annular 
poles spaced closely in order to enable the chuck to 
hold very small pieces of work. The intermediate 
poles are only ;'; in. wide, separated by non-mag- 
netic s' ys in. wide. Without these the aun 
would hold large pieces, but with them dozens of 
small articles can be grouped over the surface. 

In building up a etic chuck it is necessary 
to avoid air-gaps, excepting at the localities where 
work is to be held, because air increases resistance, 
with loss of current strength. The coils must 
therefore occupy the whole of the space between 
adjacent core-pieces, so that the currents pass as 
directly as possible between + and — poles without 
loss in air. Some slight loss must occur, but it can 
be minimised by good design and by good work- 
manship. The wire in the coil nearest the core 
affords the greatest magnetic effect. Therefore it 
is desirable to locate the cores as closely as possible 
to the polar-gap occupied by the filler material. 
The number of coils of wire are limited by the 
increased resistance which an excessive length of 
wire offers to the current. Resistance also sets 
limits to the lengths of the cores. In practice the 
thickness of the coil should not exceed the dia- 
meter of the core, and the lengths of cores may be 
limited to twice their diameters. If a circular 
section does not give sufficient coil, oblong forms 
will afford better facilities. The diameter of the 
wire must be selected of a size enough to 
prevent undue heating - 4 the voltage of the 
curgent to be employed. e wiring is a detail on 
which results mainly depend, an ow point 
being that a nearly uniform pull shall be exerted 
all over the face of the chuck. The wire coils are 
wound upon forms made of the same shape as the 
cores which the coils are to encircle. In winding 
the coils and arranging the cores it is necessary te 
seé, that adjacent poles are of o ite polarity, 
for otherwise one would neutralise the other. After 
coils are wound on forms they are covered with 
tape and impregnated with an insulating com- 
pound. They are baked at a temperature of about 
200 deg. Fahr., and placed for some time in a 
vacuum by which air and moisture are extracted. 
Liquid asphaltum is then forced in, rendering the 
coils damp-proof, oil-proof, and heat-proof. The 
spaces in the chuck body are lined with insulatin 
material, and some melted insulating compoun 
is poured in and the coil laid in it. If — 
remains, more compound is poured in. e gap 
space is filled with a non-magnetic material, whi 
is either brass or an expanding alloy. The width 
is from 4 in. to 7% in. only. Brass is used in the 
form of strip, which is driven in. This is suitable 
for plain outlines, square or circular. But an 
alloysis better, es ially for irregular outlines. It 
is com of 9 parts, antimony 2, and 
biamuth 1. The metal is poured into the gap, and 
by fen slight expansion in cooling retains the parts 
securely. 

The holding power of a chuck depends on the 
size of the cores in relation to the area of contact 
of the work to be held. The object is to secure a 
total..cross-section large enough to afford freedom 
of movement of the magnetic current and avoid the 
setting up of resistance. If a single core is em- 
ployed, its cross-section should be equal to that of 
the work carried. If two cores are used, the sec- 
tional area of one should equal that of the work 
carried. With multipolar chucks the sectional area 
should equal that of one half the number of the 
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cores. It is better to give excess of holding power, 
because most chucks have to be used for general 


service. 
For holding heavy articles multipolar chucks are 
used with either a few or a number of coils. 
The shape of the gap in plan is varied to suit the 
character of the work to held. The plain out- 
lines of Figs. 99 and 100, page 3, are 

into designs in which the magnetic gaps cross and 
recross the chuck surface, with increased ability to 
hold a large number of small pieces. Out of the 
diversities in arrangement that are possible grows 
the apparent complexity of chuck ym It is 
only apparent, however, for, provided the funda- 
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mental principles are retained, the possible arrange- 
mente are very numerous. The cores and coils are 
made of many shapes—rectangular, circular, elli 
tical, and so on. A chuck may contain a single 
core or several. The outlines may be circular or 
oblong. The differences in the patterns in which 
the magnetising coils are is explained by 
the variations in the shapes an: dimensions of the 
work to be held. 

The ring pattern, illustrated in Fig. 102, annexed, 
has the strongest holding power, because the - 
netic gap is the shortest, leaving the fullest stre’ 
for the magnet. But it is only suitable for rings 
which are of a size that will cover over the gap, or 
for small pieces that, laid in a circle, will also cover 
it. A variation on this is seen in Fig. 103. A 
more common form, therefore, is the radial-pole 
design, shown in Fig. 104, with four or six branches. 
These are suitable for taking ri a Pa 
of diameters, or discs, but the di spaces 





between the gaps lessen its value for holding a} j; 


large pumber of emall pieces, This is avoided in 





4 Fig. 17s, Fig. 104. 





the design illustrated in Fig. 106, but with the 
disadvantage that the central dead area is in- 
creased so much that nothing of small diameter 
can be held there. Yet with its limitations, the 
eneral design of Fig. 104 is very common, 
frequently including tee-slots in the wide spaces to 
assist in holding heavy articles (Fig. 106). In 
Fig. 107 the multiplication of the poles is carried 
so far that practically the whole of the chuck- 
face can be utilised for holding small pieces. 
Another very common design is seen in Fig. 108, 
in which each oblong is a separate pole-piece. 
Fig. 109 shows a pattern of circular chuck-face for 
small pieces, by Messrs. J. H. Humphreys and 
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Sons, of Oldham. The form shown in Fig. 110 is 
also used for very small pieces, such as chain- 
links, &c. 

Similar principles control the arrangements of 
poles and gaps in the oblong chucks. With the 
plain form of outline of core, the pole-piece may be 
varied in many outlines. The interlocking styles, 
shown in Figs. 111 and 112, are very common. 
Figs. 113 and 114 illustrate alternative forms. 
These views of different t; might be largely 
increased in number, but ps are other — 
important aspects of the magnetic chucks, whic 
may be explained in another article. 























_ FRANCE AND ITALIAN Lasoun.—The entrance of Italy 
into the great war has had the effect, says the Paris 
journal L’ Usine, of calling back to their country a large 
number of Italian workmen who were occupied in 

Many French metallurgical works, especially those on 
the Eastern frontier of France, employed Italian labour, 
and were thus able to remain in activity, notwithstand- 
ing the French mobilisation. These works will now be 
plaved in # somewhat difficult situation: 





ROYAL AGRICULTURAL SOCIETY’S 
SHOW AT NOTTINGHAM. 


Tue show of the Royal icultural Society 
opened at Nottingham on Tuesday last. In 1888, 
when the show was last held in that city, the 
number of paying visitors made up the satis- 
factory total of 147,927. As on the previous 
occasion, the show-yard is in Wollaton Park, for 
the use of which the Society are indebted to 
Lord Middleton. Whilst, however, an area of 
70 acres sufficed in 1888, the yard this year covers 
an area of 120 acres. The area occupied by the 
shedding devoted to the Implement Section is, 
however, a little less than it was twenty-seven 
years ago, covering an area of 10,704 sq. ft., as 
compared with 10,743 sq. ft. At Shrewsbury, last 
year, an area of 13,488 sq. ft. was occupied, but 
in the Machinery Section proper, however, the 
falling off is much less el The number of 
stands is, nevertheless, only 339, or 101 less than 
at Shrewsbury last year, and 29 less than at 
Nottingham in 1888. As a whole, however, ex- 
hibitors have most loyally supported the Society. 
Few, if any, can reap material benefit, and 
must, we fear, lose somewhat heavily. It is true 
that there is a large demand for their com- 
modities, but the requirements of the War Office 
are such as to make deliveries impossible. Much 
has been heard in the yellow Press of the fabulous 
profits being reaped by munition makers, but these 
will undoubtedly prove largely apocryphal. Costs 
have in very heavily, and men have enlisted 
wholesale. Business connections are, moreover, 
seriously disturbed by the inability to meet the 
requirements of old customers, owing to the shops 
being almost exclusively occupied on war work. 
No doubt, profit will be derived from this, so long 
as it lasts, but on the cessation of hostilities the 
present extraordinary demand for munitions will 
cease, and the firms which have so patriotically 
put their resources at the service of the country 
will have to face the problem of recovering their 
old customers and re-establishing broken business 
connections. This is not likely to prove an easy 
task. Competition will be very keen, and money 
very dear. Moreover, the countries ravaged by 
the war will probably require long credits, which 
makers will find it far from easy to allow. 


SreamM-ENGINEs. 


Visitors to the Show have long since ceased to 
expect any very notable novelties in steam-engine 
construction, yet a comparison of the exhibits at 
the previous Nottingham Show in 1888 with those 
of this year would make evident a marked and con- 
tinuous — of evolution. In 1888 steam pres- 
sures seldom exceeded 80 lb. to 90 lb. per sq. in., 
whilst as much as 250 lb. per sq. in. is now adopted 
in the case of some of the steam-wagons. Super- 
heaters as applied to agricultural engines were 
unknown twenty-seven years ago, but are now far 
from uncommon. Steel is now used for many 
parts formerly made of cast iron, whilst the use 
of the grinding-machine for securing the truth of 
piston-rods, journals, and the like, now common, 
was ically unknown in 1888. In no matter 
has there been a greater change than in that of 
lubrication, forced feeds or ring lubricators being 
now ‘‘standard” practice with many builders. 

Messrs. John Fowler and Co., Limited, of 
Leeds, supplied the traction-engines used by the 
Germans round Metz in 1870 and 1871, and 
owing to the fact that Germany has in past years 
been an important customer of this firm, many 
Fowler engines are to be found amongst those 
commandeered by our present enemy for ser- 
vice on both fronts, whilst others are in use 
by our own War Office. The engines shown at 
the stand include a superheater compound plough- 
ing-engine, rated at 17 nominal horse - power, 
and a 7-horse-power compound road locomotive. 
These are both standard patterns. It was, however, 
intended to show a new pattern of steam-tractor, 
but the exigencies of the war prevented this. The 
Government have, it will be remembered, estab- 
lished a national munition factory at Leeds, and to 
this factory Messrs. Fowler have lent numerous 
machine-tools, and in addition to this have been 
busily engaged on War Office orders in their own 
— It was thus impossible to get the new design 

y in time. 

Messrs. Aveling and Porter, Ltd., of Rochester, 
have, we believe, the only large steel foundry 
situated south of the Thames, and this has for long 
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EXHIBITS AT THE NOTTINGHAM 


SHOW. 


CONSTRUCTED BY MESSRS. RUSTON, PROCTOR AND CO., LIMITED, ENGINEERS, LINCOLN. 




















Fic. 1. 7}-Horse-Power ConveRTIBLE ENGINE RUNNING ON PaRaFFIN. 
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Fic. 2. 44-Horst-Power ConvertisLe ENGINE RUNNING ON BENZOL. 





past been fully engaged in meeting Government | Leiston, Suffolk, show a 3-ton steam-wagon and 
requirements. Road locomotives and steam-trac- | also a 5-ton wagon, both mounted on rubber tyres 
tors have been commandeered in batches, and, in | and fitted with superheaters. As is well known, 
fact, the engines on view at the stand had been sold Messrs. Garrett were one of the first firms in this 
previous to the Show, at which they appeared | country to make a practical success of engines 
solely through the courtesy of their Ba avery | working with high superheats, and they have 
They could, in fact, have been sold ten times over | realised remarkable economies. In the case of the 
were deliveries possible. |two wagons above mentioned the superheater is 

Messrs. Richard Garrett and Sons, Limited, of | mounted in front of the boiler, which is of the 
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Fic 3. Souction-Gas PLant vstna Woop Rervse. 


locomotive type, but with the firm’s special form of 
fire-box, in which the necessity of crown stays is 
avoided by deeply corrugating the crown plate, 
which in this way is made to constitute a girder 
quite comparable to the corrugated flooring com- 
monly used for plate-girder bridges. 

Messrs. Ruston, Proctor and Co., Limited, of 
Lincoln, show two traction-engines, a steam road- 
roller, and a portable steam-engine, which are 
notable in that mechanical lubrication is provided 
throughout. The larger of the two traction-engines 
is of the compound type, having cylinders 6 in. and 
10 in. in diameter by 12-in. stroke. 

Messrs. Marshall, Sons and Co., Limited, have 
been seriously affected by the war. Some 2000 out 
of their normal complement of 5000 hands have 
enlisted, Gainsborough having made a wonderful 
response to Lord Kitchener’s appeal. Their steam- 
engine exhibits include one traction-engine of 
6 nominal horse-power and another of 7 nominal 
horse-power, and a 10-ton road-roller, all fitted with 
mechanical lubrication. The boilers have fire-boxes 
with the firm’s patented cambered crown-plate, 
which dispenses with the use of crown stays. 
Another steam-engine exhibit is a a rena tractor 
designed to comply with the Heavy Motor-Car Act. 
This has a horizontal boiler intended for a working 
pressure of 200 lb. per sq. in. Forced lubrication is 
provided for the cylinders and slide-valves. Two 
speeds, of 24 and 5 miles per hour respectively, are 
provided. The shortage of hands in the agricul- 
tural districts has emphasised the desirability of 
replacing the human element by mechanism where- 
ever possible, a change which should, it may be 
added, conduce to the much-desiderated improve- 
ment in the labourer’s pay. This subject is now 
being carefully studied by Messrs. Marshall, Sons 
and Co., and had not national necessities inter- 
vened, some of these labour-saving schemes would 
have been exhibited at Nottingham. Even in 
favourable industrial conditions the ‘‘ practicalis- 
ing” and introduction of novelties is invariably a 
matter requiring a great expenditure of time, 
and this, under existing conditions, has been 
lacking. 

Owing to the requisitions of the War Office, 
Messrs. Clayton and Shuttleworth have been able 
to make, in addition to a 6-horse-power traction- 
engine, but one steam exhibit, this being a 3-ton 
motor-wagon, fitted with rubber tyres. Over a 
hundred of these 3 and 5-ton wagons are now in 
progress for the military authorities, and the firm 
are also supplying wheels for gun-carriages, and 
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wheels, bodies, and canopies for petrol-motors built 
for the War Department elsewhere. 

Messrs. Robey and Co., Limited, of Lincoln, 
had meant to show a new type of steam-wagon, 
embodying, it is stated, many improvements in 
detail. Since, however, 80 per cent. of their out- 
put now consists of munitions of war, this has been 
impossible, and the exhibit made is practically 
identical with that shown last year at Shrewsbury. 
In addition to a traction-engine and road-roller, the 
firm exhibit a section through the valves and gear 
of one of their high-efficiency winding-engines. 

Messrs. Fodens, Limited, of Sandbach, are able 
to show but one of their well-known steam-wagons, 
having been eng for the past four months in 
building a large batch for the War Office. This 
set was completed only last week, but the firm 
have already received an order for another nine- 
teen, which they expect to finish within a couple 
of weeks. The only new feature in the wagon 
shown is a friction-driven feed-pump, deriving its 
motion from the first-motion shaft of the engine. 
The pump can be thrown in or out of gear at will, 
taking its drive from the first-motion and not from 
the second-motion shaft; it can be operated even 
when the engine is standing. 

A notice at the stand of Messrs. J. and H. 
McLaren, of the Midland Engine Works, Leeds, 
states that, owing to the pressure of war work, it 
has been possible to make but one exhibit. This 
is a specimen of the 5-ton steam-tractor which 
gained the gold medal of the Royal Agricultural 
Society in 1910. 


INTERNAL-COMBUSTION ENGINES. 


The Nottingham Show of 1888 was notable as 
being the first occasion on which an oil-engine was 
shown at work. Gacoline engines were, of course, 
already known, but at that date the regulations of 
the Society forbade the exhibit in the show-yard of 
engines running with low-flash fuels. In the year 
named, however, Messrs. Priestley Brothers, of 
Hull, exhibited a paraffin-engine developing 4 horse- 
power on the brake, a departure which proved the 
precursor of one of a number of very remarkable 
developments in agricultural engineering. Every 
succeeding year has exemplified the increasing 
vogue of the internal-combustion engine for farm 
and traction og mee and the use of line 
being no longer barred, petrol-motors, sine in 
output from 4 up to 105 horse-power, have hon 
since entered into a serious competition with 
engines using the heavier oils. For fixed engines 
of fair size especially when long continuous runs 
are to be made, the latter appear to have the 
preference; but for intermittent working the 
advantage lies undoubtedly with the gasoline or 
petrol engine. For traction purposes both types 
are used, the cleanliness and ease of working of the 
petrol motor being more or less offset by the greater 
cheapness of the heavier oil. So far as fixed engines 
are concerned, the paraffin engine is now finding 
a strong competitor in the crude-oil engine of 
the high-compression cr so-called semi - Diesel 
type. As first introduced these were almost 
invariably of the two-cycle pattern, but several 
tirms aro this year exhibiting four-cycle engines 
working on the same principle. The engines differ 
from true Diesel engines in having a much lower 
compression, which is some 200 lb. to 250 lb. 

r sq. in. instead of over 500 lb. per sq. in. 

oreover, the oil is injected as a jet, and is not 
sprayed into the cylinder by very highly-com- 
pressed air, as in the irue Diesel t; The 
engines, nevertheless, work well with crude oils, 
and their great re pene. goes far to offset the 
somewhat greater fuel economy of their more com- 
plicated rival. 

Messrs. Richard Hornsby and Sons, Limited, of 


Grantham, were pioneers in recognising the field | also be 


open to the heavy-oil engine, abandoning in 
favour of the new type of motor a well-established 
steam-engine business. The whole of their works 
have, however, now been tak»n over by the War 
Department, and, as a consequence, only a few 
small engines are exhibited this year. A novelty 
is a 5-horse-power paraffin-engine, arranged to 
start on petrol, and coupled direct to a dynamo. 
So soon as the vaporiser is warmed up, which is 
effected in some seven minutes in case of engines 
up to 10-horse-power output, the fuel supply can 
be changed over to paraffin. The engine thus 
combines the handiness of the petrol-motor with 
the economy of the flin-engine. 

Messrs. John Fowler and Co., Limited, of Leeds, 





show the 8-horse-power ape sy which was 
illustrated and described in our last issue. 

A noteworthy exhibit at the stand of Messrs. 
Ruston, Proctor and Co., Limited, Lincoln, is a 
set of three ‘‘ convertible internal - combustion 
engines.” The engines are shown running respec- 
tively on petrol, paraffin and producer-gas, and 
any one engine can be run on any one of the three 
fuels wots 5 by a simple substitution of parts. The 
design is due to Mr. Chorlton, and was fully 
described in our issue of February 26 last, page 257. 
Of two of the engines exhibited at Nottingham— 
namely, a 7-horse-power portable running on paraf- 
fin, and a 44-horse-power engine running on benzol 
—we give engravings on page 5 of the present issue. 
The engines govern on the exhaust-valve, which is 

revented from opening if the speed exceeds the 
imit to which the governor is set. This governor 
is of the shaft type, and is mounted on the side 
shaft, and can be speeded up or down by shifting 
a collar, so as to alter the fulcra of the controlling 
springs. The inlet-valve is closed mechanically, 
but may open automatically. To facilitate starting, 
means are provided by which the compression is 
entirely relieved, and is then restored automatically 
when the engine is fairly under way. The engine 
which is shown working on gas, and the petrol- 
engine, are both fitted with magneto ignition, 
whilst tube ignition is provided for that running 
on ffin. Two of the engines have ‘‘ hopper” 
coolers, the water being evaporated by the heat 
passing through the cylinder walls. In the third 
engine the caine water is circulated by a pump. 
essrs. Ruston, Proctor and Co. also show at 
Nottingham a suction-gas plant working with wood- 
refuse, and a high-compression crude-oil engine 
requiring no lamp. Of these exhibits we shall 
have more to say later on, but meanwhile we give 
on page 5 a view showing the general arrangement 
of the suction-gas plant. 

As already mentioned elsewhere, pressure of war 
work has prevented Messrs. y and Co., 
Limited, of Lincoln, making as comprehensive an 
exhibit of their wares as they desired. They have, 
however, on view one of the vertical two-cycle semi- 
Diesel engines which we illustrated and described 
on @ previous occasion. This engine is rated at 
12 brake-horse-power, and is capable of running 
successfully on most qualities of crude oil. 

The principal exhibit at the stand of Messrs. 
Fielding and Platt, Limited, of Gloucester, is a 
four-cycle semi-Diesel horizontal engine, which is 
shown running on crude oil having a specific gravity 
of 1.15, and without water injection, which the 
firm claim to be unnecessary and undesirable. The 
engine cycle consists of a suction stroke, in which 
pure air only is drawn into the cylinder. This is 
compressed on the return stroke, a jet of oil being 
forced into the cylinder just as the highest compres- 
sion is attained. This ignites automatically, and 
supplies the power for the second out-stroke, the 
charge being exhausted on the return stroke in the 
usual way. The fuel-pump is fitted with a by-pass, 
leading back to the fuel-tank, and the engine is 

verned by holding this by-pass valve open for a 

onger or shorter time. So long as this by-pass is 

open the fuel flows back to the oil-tank in place 
dlesuvinn the cylinder. Exceedingly satisfactory 
results have, we learn, been attained with this 
engine, but for the present the builders’ works 
are almost wholly taken up with the manufacture 
of presses for forming shells in all sizes up to 15 in. 
in diameter. 

Two motor-ploughs running on petrol are exhi- 
bited by Wyles Motor-Ploughs, Limited, of 5, Carr- 
street, Manchester. The implement consists of a 
tractor fitted with a petrol-engine of 11 brake 
horse-power, to which can be attached either a 
plough, a cultivator, or a roller. The engine can 
used for driving stationary machinery. The 
tractor-wheels are carried on arms pivoted about 
the shaft from which they derive their drive. 
These arms are adjustable, so that one wheel may 
run on the virgin land and the other on the furrow. 

Messrs. Petters, Limited, of Yeovil, have had 
their works taken over by the War Department, 
having previously lost to the Army some 340 men 
out of their normal complement of about 1000. 
Nevertheless, they are able to make from stock an 
interesting exhibit. Messrs. Petters were pioneers 
in this country in developing the two-cycle semi- 
Diesel engine, and of this type two are exhibited 
at their stand. Another interesting exhibit is a 
small oil-engine driving a dynamo, the set being 
similar to one supplied to the British Headquarters 





in France. In that case the plant was mounted on 
the platform of a petrol-lorry, and it can therefore 
be readily transferred from place to place as re- 
quired. 

A crude-oil engine, operating with a compression 
of some 270 lb. to 300 lb. per sq. in., is perhaps the 
most notable exhibit at the stand occupied by 
Messrs. es, Limited, of the Cornwall Works, 
Birmingham. The engine shown is rated at 50 
brake horse-power, which is developed with the 
engine running at a speed of 210 revolutions per 
minute. These engines have their crank-shafts 
supported on three bearings, and heve balanced 
cranks. The cylinder-casing is cast in one with 
bed-plate, and is thoroughly supported throughout 
the whole traverse of the piston. The combustion- 
chamber is a separate casting bolted to the 
cylinder end. The fuel-vaporiser is a simple hollow 
globular casting, into which a measured charge of 
water and oil is sprayed at each working stroke 
of the engine. The oil and the water are sup- 
plied by separate pumps, the stroke of each being 

ted i te governor, so that the charge 
en is automatically adjusted to the load. At 
each stroke the engine draws in a full charge of 
air, the work done stroke being adjusted to the 
load by the variation of the supply of oil and 
water 4 the governor in the manner already set 
forth. In starting up the vaporiser is heated by a 
lamp, which can be removed once the engine is fairly 
under way. 

The engine is started by means of compressed 
air, and, when desired, the engine can be arranged 
to start on petrol, a plan which is recommended in 
situations where danger attaches to the use of 
naked lights. When the heavier crude oils are to 
be used, these are rendered more fluid by warming 
them up in a pre-heater traversed by the exhaust 
gases. A small paraffin-engine, rated at 10 brake 
horse-power, was also shown by this firm. This 
is fitted with high-tension magneto ignition, and 
can be started from the cold by the use of 
a little petrol supplied from a small indepen- 
dent fuel-tank. A complete suction-gas plant, 
supplying fuel to horizontal gas-engines deve- 
loping 32 brake horse- power, is also exhibited 
by Messrs. Tangyes. As in the case of the oil- 
engine already described, this engine has also 
its crank-shaft supported on three bearings. The 
cylinder-liner and piston are oiled by sight-feed 
lubricators, supplicd by a small reciprocating pump, 
which receives its motion from the side-shaft. 
The shaft-bearings have ring-oilers, and the cross- 
head pin receives an independent supply from a 
‘* wiper.” A lip cast round the engine-bed traps 
any waste oil. The ignition is effected by a low- 
tension magneto, and provision is made for altering 
the timing of the spark whilst the engine is running. 

Messrs. Saunderson and Mills, Limited, of the 
Elstow Works, Bedford, have a number of their 
tractors on view, ranging in size from a 10-horse- 
power model to one in which the engine develops 
50 horse-power. The latter has been used to haul 
five binders one behind the other, the width cut at 
one pass being 30 ft. The most popular pattern in 
this country, however, is the model rated at 
20 brake horse-power, for which the firm are 
booked up four months ahead. In normal times the 
output of this size is three a week, but the requi- 
sitions of the War Office have reduced this to about 
1} machines per week. 

An interesting machine shown by the Ivel 
Agricultural Motors, Limited, of Biggleswade, is a 
motor-hoe which can be used either in fields, 
orchards, gardens, or vineyards. The machine is 
so narrow that it can pass through a space only 
254 in. wide. The engine shown has magneto 
ignition, and is rated at 2? horse-power. This firm 
also show the 24-horse-power agricultural tractor to 
which the Royal Agricultural Society’s silver medal 
was awarded in 1904. This tractor is capable of 
hauling a three-furrow plough, or cultivators, 
reapers, binders, and mowers, whilst it can also be 
used for driving fixed machinery. The engine has 
two cylinders, and can be operated either with 
paraffin, petrol, or alcohol. Both magneto and 
accumulator ignition are provided. 

Messrs. Barford and Perkins, Limited, of Peter- 
borough, have been able to show but one of their 
well-known motor road-rollers, practically the 
whole of the output of the firm being taken by the 
military authorities for use here or abroad. The 
many new camps formed in this country have 
necessitated the eonstruction of many miles of new 
road, which, being without proper foundations, can 
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only be safely subjected to the action of a somewhat 
light roller. The machine exhibited weighs 8 tons, 
and when the hind roller is replaced by wheels, 
it can be used for light traction pur as well as 
for road-rolling. The engines are designed to run 
either on petrol or on paraffin ; but when the latter 
fuel is used for normal running, petrol is employed 
in starting up. In passing we may mention that 
Messrs. Barford and Perkins are also supplying in 
large numbers steam disinfectors, both of the port- 
able and the fixed types, for use in field and base 
hospitals respectively. 

Three of the so-called semi-Diesel engines de- 
signed to run on crude oil are exhibited by Messrs. 
Marshall, Sons and Co., of Gainsborough. One 
of these engines is of the fixed type, and is rated 
at 6 brake horse-power ; the others are portable 
engines designed to develop 10 and 16 brake horse- 
power respectively. All these engines operate on 
the two-cycle system, forced lubrication being 
provided throughout. 

Messrs. Clayton and Shuttleworth, Limited, of 
Lincoln, had intended to show one of their new 
3-ton petrol-motor lorries, but the pressure of 
war work rendered this impossible. A 20-horse- 
power fixed oil-engine and a 12-brake-horse-power 
portable oil-engine find, however, a place at their 
stand. Both are operated on the two-cycle semi- 
Diesel system, and will accordingly run satisfactorily 
on crude oil. 

Although not far from one-half of their hands 
have joined the Colours, Messrs. Ransome, 
Sims, and Jefferies, Limited, of Ipswich, have 
been able to make nearly as comprehensive an 
exhibit as last year. One of the most notable 
items shown is a four-cycle semi-Diesel engine 
rated at 20 re This makes a first 
appearance at the Royal Show. The compression 
is 250 lb. per sq. in., and the oil is forced in asa 
very fine jet. The type is made both as a fixed or 
as a portable engine for outputs up to 50 horse- 
power. The bearings are chain-lubricated, and 
the larger sizes are provided with self-starting 
gear. The keys securing the fly-wheels are covered 
with safety-caps, a precaution which is frequently 
omitted, although serious accidents have arisen 
from projecting keys. Ata second stand, the firm 
show three motor lawn-mowers, the largest having a 
cutter 36in.long. Including smaller sizes, Messrs. 
Ransome, Sims and Jefferies have now sold nearly 
a thousand of these machines, which beat the large 
horse-drawn mover not only in speed, but also in 
handiness. 

Messrs. Crossley Brothers, Limited, of Open- 
shaw, Manchester, show a number of their well- 
known gas and oil-engines. The largest of these 
is shown working with suction-gas, being rated at 
72 brake horse-power. Amongst the oil-engines is 
a four-cycle semi-Diesel engine, which is shown 
running on crude oil. As in other cases, the war 
has seriously affected the operations of the firm, 
and one of the directors, we regret to learn, Mr. 
Bryan Crossley, was killed at the Front about a 
month ago. 

Another firm which has a much smaller exhibit 
on view than usual is the National Gas-Engine 
Company, Limited, of Ashton-under-Lyme. Nearly 
aaa of their men enlisted, but are now being 
brought back to work on munitions. Under the 
circumstances, not much in the way of novelty 
was to be expected, the principal feature of the 
stand being a four-cycle semi-Diesel engine, rated 
at 17} brake horse-power. Another exhibit is an 
engine developing 27 horse-power on suction- 
gas. This is provided with throttle-governing, 
and ring lubricators are fitted to all bearings. A 
small petrol-engine and pump is used to circulate 
the jacket water for the whole of the exhibits 
shown. 

A novelty which we hope to deal with more fully 
in a future issue is an oil ploughing-engine exhi- 
bited by Messrs. Walsh and Clark, Limited, of the 
Victoria Works, Guiseley, Leeds. In general 
arrangement this engine closely resembles ite steam 
rival, and it is claimed that it can be handled quite 
as easily. It can start and stop under load, and is 
reversed as simply as a steam-engine. This reversal 
is effected by a supply of compressed air stored in 
& reservoir which re bod the boiler of the steam 
ploughing-engine. e oil-engine is of the two- 
cycle type, and has two working cylinders, with 
two scavenging cylinders in line. The air-supply 
from these scavenging cylinders passes to a special 
reservoir, from w ich it is led to the working 
cylinder through a special valve. At full load the 





engine develops 95 horse-power. We hope to 
illustrate this engine in detail in a future issue, 
and reserve a fuller description till then. 

Practically the whole output of the Daimler 
Company is now being taken by the War Office, 
but through the courtesy of the latter the firm are 
able to show (slightly modified in accordance with 
military requirements) one of the 105-horse-power 
petrol traction-engines which has been specially 
developed for service in the Argentine. This 
engine is fitted with driving-wheels 8 ft. in dia- 
meter. It weighs 13 tons and will haul a load of 
32 tons upon an incline of 1 in 6, whilst without 
load it is capable of climbing up a gradient of 1 
in 24. Two speeds are provided, of respectively 4 
and 24 miles per hour, the reduction being effecte 
by worm gearing. The engine has six cylinders, 
150 mm. in diameter by 150 mm. stroke, and is fitted 
with the Knight-sleeve valve- In addition to 
these heavy tractors, the Daimler Company also 
show a 3-ton military tractor, which is essentially 
one of their motor-bus chassis surmounted by a 
military wagon-body. The firm are, moreover, 
building aeroplane engines in quantity. In fact, 
for six months past no work whatever has been 
undertaken for private customers. 

Messrs. E. H. Bentall and Co., Limited, of Hey- 
bridge, Essex, show a number of small oil-engines 
ranging in output from 14 up to 9 brake horse- 
power. These have magneto ignition. The bolt 
and nut factory of this firm is, we may add, almost 
exclusively engaged on Government work, supply- 
ing very large quantities of bright-steel or gun- 
metal nuts, a manufacture of which they have made 
a speciality. 

Messrs. R. A. Lister and Co., Limited, of 
Dursley, show a number of their small petrol- 
engines, which range in power from 1} up to 6 
brake horse-power. The engines are wholly en- 
closed, governor included. The governing is effected 
by throttling the charge, and not by missed igni- 
tions. Forced lubrication is provided throughout, 
so that long, continuous runs may be made. The 
larger sizes are used by joiners, being quite 
capable of driving a 36-in. circular saw. At this 
stand is also to be seen one of the Lister-Bruston 
automatic electric-lighting plants, which have al- 
ready been described in our columns. The plant 
shown consists of a Lister low-speed petrol-engine 
direct connected to a dynamo, of a switchboard, a 
battery, and of the patent controller which starts 
or stops the engine automatically as the voltage 
falls or rises outside the designed working limits. 


MIscELLANEOUs EXxuisiItTs. 


A chaff-cutter which embodies one or two new 
features was shown by Messrs. Ruston, Proctor and 
Co., Limited, of Lincoln. The implement is intended 
to take the straw direct from the thrashing-machine, 
and to convert it forthwith into chaff, which is 
bagged as delivered from the machine. One new 
feature is a conveyor on to which the straw from 
the thrashing-machine is delivered. This straw is 
automatically transferred by the conveyor to the 
trough of the chaff-cutter, at the bottom of which 
is a second conveyor which feeds the knives. The 
cutter is fitted with five knives, after passing 
which the chaff falls on to a set of riddles which 
remove dirt and dust, and thence it is passed by 
an appropriate conveyor and elevator to the trunk 
from which the sacks are filled. The same firm 
also show a 5-ton tipping-trailer, the body of which 
can be tipped either side. The special feature 
consists in the fact that on whichever side the body 
is tipped, that side of the wagon automatically 
opens, allowing the contents to escape. In tipping, 
the whole body is in the first place, traversed 
across the under-frame until it overhangs this 
sufliciently to permit of being tipped. The plates 
which form the sides of the wagon are not rigidly 
connected to the body, but are borne by pivoted 
arms. When the wagon begins to tip, the arms 
supporting the side-plate on the tipping side come 
to rest against stops, so that the side-plate remains 
in position whilst the floor of the wagon tips away 
from below it. 

As has been the case with other firms, war work 
has reduced the size of the exhibit made a Messrs. 
Geo. Cradock and Co., Limited, of Wakefield. 
Neverthelees, samples of most kinds of wire K 
required for rn emer purposes are shown. We 
note that there is a tendency amongst mining engi- 
neers to specify higher qualities of steel for wind- 
ing ropes than formerly, particularly in the case 
of deep shafts. This enables the diameter of the rope 


needed to carry a given load to be reduced, which, 
on the one hand, decreases the total weight to be 
lifted, and, on the other, increases the working 
life of the rope, which depends mainly on the ratio 
of the rope diameter to the diameter of the pulley 
over which it passes. Some interesting specimens 
of the stranded wires and cables used as stays for 
aeroplanes are also exhibited. The wires used for 
this particular purpose have a tensile strength of 
about 150 tons per sq. in., and the cables have 
wire cores in place of hemp. Under the conditions 
of their application, hemp cores would be liable to 
absorb moisture, giving rise to a dangerous internal 
corrosion. As was to be anticipated, this special 
department of the firm is now very busy. 

A number of useful sundries are exhibited 
by Fastnut, Limited, of 115, Newgate-street, 
London, E.C. Amongst these are cums of hack- 
saw blades, which, although having teeth as hard 
as those of the usual pe, are yet so flexible as 
to stand very severe bending or other ill-treatment. 
The London General Omnibus Company, we learn, 
are using on the omnibuses now being built for the 
military authorities something like 1000 gross per 
month of the Fastnut washers. A very ingenious 
shifting s er, which automatically adjuste itself 
to every size of nut within its range, is also shown 
at this stand. 

(To be continued.) 





THE LATE MR. CHARLES ERNEST PAOLO 
DELLA DIANA SPAGNOLETTI. 


WE regret to have to record the death, which 
occurred on Monday last, June 28, at his residence, 
16, Frognal-lane, Hampstead, of Mr. S letti, 
a well-known British electrical engineer, of Italian 
origin, who was born at Brompton, in July, 1832. 

r. § letti was educated in Brompton, and 
commen business quite early in life, entering, in 
1846, the Actuary’s Department of the National Debt 
Office, where the work was no doubt not congenial to 
him, since very shortly afterwards he took a berth 
under Mr. Alexander Bain, the inventor of the chemical 

rinting telegraph, a step which must presumably 
Love enabled him to lay the first foundations of a 
satisfactory career as an electrical engineer. From 1847 
until 1855 he was employed by the Electric Telegraph 
Company, and in the latter he entered the service 
of the Great Western Railway Company as chief of 
their telegraphic department. For thirty-seven years 
—up to 1892—Mr. 8 oletti remained the chief 
electrician and telegraph engineer of that railway 
company. 

In the earlier period of his service with the com- 
pany in question he drew up a complete series of rules 
and regulations to meet the requirements of railway 
operation on the Great Western Railway system, 
his work in this respect having since formed the basis 
of the regulations which govern railway telegraphy 
throughout the United Kingdom. 

When the London Metropolitan Railway was opened, 
in 1865, it was worked by the Great Western Railway 
system, and Mr. 8 oletti brought out in that same 
year his dise-block instrument for controlling the 
traffic on the Metropolitan lines. The same device was 
adopted on the London District Railway, as also on 
the Great Western Railway. Besides this, he intro- 
duced and patented a number of other signalling 
devices, electrically operated, such as electrical ring- 
ing signals, electrical appliances for the safe operation 
of railway drawbridges over rivers and docks, lock- 
ing-block apparatus for main lines and sidings, fire- 
alarms, tell-tale clocks, various relays, &c. Later, 
he brought out a dynamo-electric machine and a 
system of communication between passengers and 

rds, besides numerous other electrical appliances, 
Sealing mostly with the working of railways operated 
by a 

In 1889, Mr. Spagnoletti was appointed consulting 
engineer to the City and South London Railway, the 
first London line to be electrically operated. On his 
retirement from the Great Western Railway Company, 
in 1892, as above stated, he was appointed consulting 
electrical engineer to that company. He also became 
at the same time the Managing Director of the 
Phonopore Company, when he developed on the 
phonopore system a new telephone which could be 
worked on the telegraph wires simultaneously with 
the telegraph. Mr. 8 oletti also acted as consult- 
ing engineer for the on Electric Omnibus Com- 
pany, and served in various capacities on practically 
all the national and international exhibitions since 
the Paris International Exhibition of 1878. 

Mr. Sagnoletti was President, in 1885, of the Society 
of Tel ph Engineers and Electricians (now the 
Institution of Electrical Engineers), a Fellow of the 
Im Institute, and a member of the Institution 





of Civil Engineers, of the Royal Society of Arte, and 
of the Physical Society. mt 7 
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Messrs. Fraser aND Wuire, Limited, of Porte- 
mouth, who are the largest coal-shippers and mer- 
chants on the South Coast, have recently erected a 
large coal store and fitted it with the most modern 
cosl-handling appliances in order to deal with the ever- 
increasing volume of their business. The store has a 
capacity of approximately 15,000 tons when filled to 
a surcha of 6 ft., the general lay-out being as 
shown in Figs. 1 and 3, above. The walls are con- 
structed entirely of reinforced concrete on the Kahn 
system, and are of the cantilever buttresstype. The 
store is pepe 240 ft. long, by 90 ft. 6 in. wide 
at one end and 97 ft. wide at the other. The rail 
track of the two transporters is placed on the two 
longer walls (Fig. 3). 

The combination of loading on the transporters 
made it necessary to design each of the long walls 
re oy e south wall—that is, the one along- 
side the Camber Quay—carries the heavier wheel-loads 
of the transporters, the total vertical load from each 
transporter on this wall being 76 tons. In addition to 
this vertical load, the wall was designed for a hori- 
zontal thrust acting inwards, or outwards, of 8 tons 
per trans; , caused by the traversing carriage of 
the transporter, the hinged — the transporter, and 
the effect of wind pressure. The wall is divided by 
buttresses into bays of 11 ft. 8 in. (Fig. 11, page 12). 
In the design of the foundations and buttresses 
vertical and horizontal loads from ‘the ters 





transpor' 
were computed as 7560 Ib. per foot run and 1000 Ib. | forced 
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per foot run respectively. All the combinations of 
oading from the transporters and from the coal were 
considered. The base of the wall is 14 ft. 6 in. wide, 
the tos of the wall projecting 6 ft. beyond the outer 
face (Fig. 4), The maximum pressure on the ground 
under the base occurs when the store is full of coal 
and the thrust of the transporter is acting outwards, 
and amounts to 1.26 tons per eq. ft. 

The base slab is 10 in. thick at the front and 9 in. 
at the back. The toe beam is 24 in. by 12 in., and 
is carried on a 56-in. by 12-in. cantilever from the 
buttress. The heel-beam supporting the back slab is 
20 in. by 10 in., and spans between the buttresses. 
The wall slab is 10 in. thick at the bottom, and batters 
on the inside to 4} in. thick at the top. The but- 
tresses are 8 in. thick, and are 8 ft. 10 in. deep at 
the bottom and 2 ft. 8 in. at the top. The rail track 
is carried on a beam 36 in. deep by 12in. wide, which 


the| runs along the top of the wall, the buttresses being 


thickened out to form a column 15 in. square, rein- 
sufficiently to take the entire load from the 


for Fig's 4 7. 












41:11 Beam 


transporter. A platform 8 ft. wide is provided at 
the top of the wall, supported on longitudinal beams 
carried on cantilevers from the buttresses. A cross- 
section through the wall is shown in Fig. 4 

The north wall is designed to carry the back leg of 
the transporter, the vertical load from which is 24 
tons, and the horizontal thrust of 2 tons per trans- 
porter. The design of this wall is identical with that 
of the front wall, but the loads from the trans- 
porter being only 25 per cent. of those on the front 
wall, the dimensions of the base, buttresser, and rail 
beams are consequently less. The section through 
this wall is shown in Fig. 5. 

The west wall is a similar type of wall, but carries 
no transporter, and had only to be designed for the 
maximum coal pressure. - A section through this wall 
is shown in Fig. 6. ‘ 

The portion of the east walladjoining the south 
wall is similar in construction to the west wall, but 
the remainder of the east wall butte up against the 
existing buildings, and, consequently, no toe-slab 





~ 








Jury 2, 1915.] 








ENGINEERING. 6 














anette 





MESSRS. FRASER AND WHITES COAL-HANDLING PLANT 


SIR WILLIAM 


AT PORTSMOUTH. 


ARROL AND CO., LIMITED, GLASGOW, CONTRACTORS. 

















Fig. 8, 


could be constructed. The width of the heel slab of 
the wall is 12 ft., the same as the total width of the 
west wall base, and the thickness is 9 in. A section 
through this wall is shown in Fig. 7. > 

The base slab at the entrances in the north and 
east walls is stepped down a distance ef 5 ft., to allow 
for the erection of weigh-bridges.. A two-storey 
weigh-house and office, built entirely of reinforced 
an adjoins the central entrance in the north 
wall. 

The great advantage of a scheme with reinforced- 
concrete walls, over schemes with masonry, mass 
concrete, or brick walls, lies in the fact that, owi 
to the comparative extreme lightness of the wa 
itself, the pressure on the ground under the base of 
the wall is reduced to an absolute minimum. In the 
case of a masonry wall the maximum pressure on the 
ground would have been many times greater than is 
obtained in this wall. As the maximum pressure on 
the ground is limited to 1} tons per eq. ft., a masonry 
wall would have been absolutely impracticable. The 
saving of space is another important factor in favour 
of reinforced-concrete walls, and in this case the 
capacity of the store was increased by approximately 
400 tons. The reinforcement is com entirely of 
Kahn trussed bars and Kahn rib-bars. The whole of 
the reinforced work was designed by the Trussed 
Concrete Steel Company, Limited, of Caxton House, 
Westminster, 8.W., in accordance with instructions 


received from the architects, Messrs. C. W. Bevis 


and R. H. F. Bevis, F. and A. R.I.B.A., of Elm-grove i 


Chambers, Southsea. ‘he sub-contractors employed 
by the Trussed Concrete Steel Company, Limited, to 
Ca out the work, were Messrs. Frank Bevis, 
Limited, Portsmouth. 

‘The two transporters, Figs. 1 and 2, page 8, and 
Fige. 10 and 11, page 12, are placed with the rail 
tracks running on the two walls, but as these vary in 
centres to the extent of 6 ft. 6 in., the land side of 
the frame of the transporter is so arran; as to com- 
pensate for this variation. The machines are the 
well-known ——— patent travelling-bridge trans- 
porters, and the following particulars give the prin- 
cipal dimensions and speeds :— 


Over-reach over vessel from centre of Ft. In. 
front leg... van ee vid ie 0 
Span of bridge between centres of legs 93 6 
otal transporting distance... a “Cre 
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The maximum gross load is about 3.7 tons (a grab | thus absolutely independent. A buffer is provided on 
containing about 1.25 tons of coal). The transporters | the compensator. 

are designed to give a minimum duty of 65 tons per| The grabs are of the two-rope type. and have plain 
hour each from the vessel to the centre of the coal store. | edges. The upper head is provided with two fall- 
The speeds at which the motions are performed are as | sheaves for the hoisting-rope. The grab is opened 
follow. | and closed by means of a chain passing over the pur- 


Hoisting fall grab ... About 240ft. per min. | ee pt pete giving a powerful closing purchase. e 


: d of the chain and the closing-rope are connected in 
— a yi +e in. Sg * | such @ manner that they may Se easily disconnected 
stallation along the track »» 40to 50 ,, | when it is required to remove the grab. The grab 


can be transported in either direction while open or 
The track or beam for the travelling carriage is com- | closed, as may be desired. 
posed of steel sections strongly braced together, and| The movement of the traveller along the transporter- 
stiffened at short intervals by steel brackets (Fig. 1). | beam is effected by a high-speed single-drum electric 
The portion of the beam which overhangs the water| winch. The two transporting ropes are coiled in 
is made to hinge up, and is supported by strong steel | opposite directions on the drum, and led one round 
wire-rope slings, each fitted with a screw adjustment | each end of the transporter ; one rope is then taken 
(Fig. 10, page 12). The beam is rey ae by a steel | round a compensator-sheave, and anchored to the end 
bridge girder and cantilever of the lattice type, and | of the beam, and the other rope is attached direotly 
of rigid construction (Fig. 11, page 12). to the traveller. The winch is provided with an auto- 
The girder is supported on two steel frames built | matic electric brake (Fig. 8), arrap to be applied 
up of steel plates and rolled-steel sections securely |as soon as the current is cut off or fails for any 
riveted or bolted together. The water-side frame is|rearon. The operations of lifting and lowering and 
rigidly connected to the girder, whilst the land-side — and closing the grab are effected by an 
frame is connected to the girder by means of a | electrically-driven double-drum winch, the two drums 
spherical bearing, to compensate for a variation in the | of which are driven through the parte of an epicyclic 
centres of the rail-tracks. The transporters are | balancing gear, mounted on an intermediate shaft. 
adapted to travel on two rail-tracks which vary in| The opening and closing-rope of the grab is led to one 
centres to the extent of 6ft.6in. The water-side | of the drums, and the hoisting-rope to the other. The 
iframes are mounted on four, and the land side on two, | winch is provided with an automatic electric brake, 
‘double-flanged cast-steel wheels, with mild-steel axles —— to be applied as soon as the current is cut off 
and gon-metal bushes. or fails for any reason. The hoisting and grab-closing 
A closed-in platform, with windows on all sides, is | ropes are led to the centre of the transporter-beam, 
constructed on the water-side frame in such a position | then round sheaves in the compensator, and over the 
as to afford the best view that is practicable of the | sheaves in the traveller to the grab. A counterbalance 
operations, which are all controlled from this plat- | gear is provided fo balance a part of the weight of the 
form. The machinery is housed in—ladders, platforms, | grab. 
and hand-railing are provided where necessary for} All the controlling levers for the winches are 
examination and oiling. All the rope-sheaves are of | arranged in as simple a manner as possible on the 
diameter, carried in steel brackets, and fitted | operator’s platform, so that one operator may be able 
with gun-metal sleeves. Special attention is given to| to control all the operations. All the hoisting and 
the efficient lubrication of the sheaves. traneporting motions of the winches are regulated by 
The load is carried on a travelling carriage running | the motor-controllers alone, without the intervention 
on the transporter-beam. It is mounted on four cast- | of clutches or changes of gear. All the brakes on the 
steel flanged whcels. Two sheaves are mounted | grab-operating winches are electric and automatic, 
between the sides of the traveller for the grab-hoisting | with the ee of the brake which is used when 
ropes and chain to | over. One travelling com- | opening and closing the grab. The opening and closing 
pensator is provided on the transporter-beam ; this|of the grab are controlled by an auxiliary hand-lever 
enables the transporting to be effected while the | and pedal 





hoisting-winch is stationary, the two motions being} For travelling the complete installation along the 
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rails in either direction in order to take up ite posi- 
tion for working, two wheels on the water-side frame 
are coupled together and driven through suitable 
machine-cut steel gearing by a separate electric motor. 
Suitable rail-clips are provided for fastening the trans- 
porters to the tracks in high winds. Forsecuring the 
transporters when not at work, shackles and chains are 
provided for attaching to eye-bolts placed in the track. 

For raising the hinged portion of the transporter- 
beam, s single-drum winch is provided, driven through 
worm-gearing by @ separate electric motor. The 


hoisting-rope operates through a attached | 0rd 


to the arm. An automatic e is fitted, to 
make the gear self-sustaining with the beam at any 
height when the current is cut off. 

e whole of the electric wiring, switches, and 
fittings are adapted for single-phase current, 200 volte 
50 cycles. They are of a substantial nature and 
effectively insulated. A switchboard is provided in 
the driver’s cabin, fitted with one double-pole circuit- 
breaker, two single-pole solenoid relays to each motor 
circuit, and one pilot lamp and portable lamp, with 
plug and flexible cable. 

The electrical installation is unique, due to the fact 
that the current is single-phase, and that nothing of 
the kind has ever previously been accomplished on 
this class of circuit, the working conditions of 
stopping, starting, &c., being even more severe than 
with any kind of Tite, crane, or pump work. 

The equipment of each transporter consists of :— 


65 horse-power motor, hoisting — at 600 r.p.m. 
30 trans =f. at 600 ,, 
15 pa am long travelling at 600 ,, 
10 i Ma beam lifting at700 ,, 


To meet the requirements of the case these motors 
are entirely special. They are commutator motors 
(Fig. 9, page 9), and have what is known as 
a ‘series characteristic.” They are of the well- 
known “ Bandy ” patented type. The transporters 
require a starting torque of at least twice the 
full- load running torque. The maximum current 
which is permitted by the Portsmouth Borough 
Council, from whom the supply is obtained, is limited 
to 1.3 times the full-load current. It is therefore 
necessary that the motors should give a starting torque 
equal to twice the full-load :uoning torque, with a 
current consumption not exceeding 1.3 times full-load 
ruoning current. To carry this into effect the stators 
have special starting winding, which is cut out 
in successive steps as the motor increases in speed. 
The starting winding can further be used for speed 
regulation, the speed of the motor depending upon the 
position of the controller-handle. 

All the motors are reversed electrically. The duty 
on the motors, especially the hoisting-motor, is very 
arduous, on account of the continual starting, stop- 
ping, and reversing, which, when the transporter is 
working at full speed, necessitates 100 starts on the 
motor and 50 reversals per hour. Special precautions 
have been taken for seouring the rotor to the shaft, 
which is carried on a sleeve keyed to the shaft in the 
usual manner, in addition to mild-steel rings which 
were shrunk on to the projecting ends of the sleeve 
boss in the manner commonly adopted for larger 
alternating-current erators. The rotor is of the 
semi-enclosed slotted type, carrying a Jacoby patent 
winding, connected toa li ly-designed commutator. 
There is only one set of brushes per pole, and the 
rotor current is not carried outside the motors. 

The controllers are similar in design to the stan- 
dard direct-current reversing crane-controller. There 
are seven steps on each side for each direction of 
running, four being connected to the starting resist- 
ance, and six to the starting winding, so that in all 
seven running speeds are Obtained, which gives the 
driver a complete control over the transporter. 

The whole of the electric-motor equipment was 
supplied by Messrs. Bergtbeil and Young, Limited, 
of Finsbury-court, Finabury Pavement, E.C.; the 
motors, brake-magnets, &c., being built at their 
works at Dalston, London, N. When the motors 
were tested on site the efficiency proved to be 90 per 
cent. on full load, the consumption * measured 
on the supply company’s watt-meter. e teste of 
the motors demonstrated that the starting torque 
mentioned above was obtained within the limitations 
of the maximum current allowed, and no undue fluo- 
tuations were caused in the mains by throwing the 
motors in and out of circuit, as required for perform- 
ing the various operations connected with picking up 
or dropping the coal and traversing the grab between 
the store and the ship alongside the wharf. 

The Temperley machines allow of the coal being 

icked up from any height under the 
oven and delivered at any point desired and at an 
height. By this means the breakage of coal is sadeost 
to an absolute minimum, which is especially desirable 
when dealing with household coal. Similar installa- 
tions for handling coal have recently been ordered 
for Glasgow, Algeria, Plymouth, and elsewhere, from 
the sole makers, Sir William Arrol and Co., Limited, 
of Parkhead, Glasgow. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, Pa., June 16. 

A Goop many projected steel enterprises, which have 
been held in check for a year or two by reason of the 
hostile action of the Government against great aggre- 
gations of capital in manufacturing enterprises, will 
now feel the coast is clear, and that element of dis- 
couragement eliminated from the problem. More or 
less enlargement of steel manufactories will now be 
undertaken, part of the stimulus being the extra- 
i war demand. 

Another element is that normal demand has long 
been withheld. Domestic requirements have been at 
a low ebb. One reason incessantly urged was the 
weakness and unreliability of our financial system. 
With the inauguration of the Federal Reserve laws, 
this excuse, for that is all it ever was, has been elimi- 
nated ; the real trouble is the controlling spirits of 
finance. The invisible government is not yet‘ready to 
o ahead until all created legislative obstacles to big 

usiness are removed, and they do not expect that 
during the present administration. 

The entrance of Italy into the war has considerably 
increased the demand for munitions; general busi- 
ness in iron and steel shows improvement, crade steel 
is quite active. Foundry iron is doing well. Euro- 

orders are increasing in number and magnitude ; 
several specifications are preventing the acceptance of 
more or less business. ils are quiet, but wire is 
active; bars are in heavy demand; more work has 
been afforded the shipyards ; the plate-mills are all 
booked up for early delivery. 

Crop conditions improve. General prices are steady. 
Spelter, lead, and copper are soaring. Many new 
business enterprises are looming up along manufac- 
turing lines. Building material is active. Coke 
—— threatens to be short, owing to the exodus of 

talians. 





German Pic-Inon.—The production of pig-iron in 
Germany continues to increase, and amounted in May to 
985,968 tons, against 938,679 tons for April, and 580,087 
tons for September—the lowest figure since war was 
declared. The production for May amounted to 63.61 

cent. of the production in times of peace, whereas the 
Rome for September was only 37.42 per cent. The in- 
crease as compared with April mostly relates to Thomas 
iron, the figures being respectively 600,752 and 564,381 
tons. 


German Overseas Exsctric ENTerprisz.—Within 
few fields has the German ineer and financier—and 
the two often work admirably together—shown more 
enterprise than in the matter of electrical a 
and installations. An outcome of this co-operation is the 
German Overseas Electric Company, which has now 
issued its report for 1914. The working surplus on the 
electricity works amounted to 25,797,144 marks, against 
25,188,038 marks for the preceding year ; and the revenue 
from interest, dividends, &c., amounted to 6,137,668 
marks, against 5,885,842 marks for 1913. Taxes, interest 
on debentures, &c., amounted to 10,265,731 marks, against 
9,749,352 marks for the previous year; writings off to 
7,069,678 marks, against 6,674,585 marks for 1913; a 
further smaller sum being reserved for other purposes. 
The net profits amounted to 14,798,083 marks, against 
14,728,037 marks for the preceding year. For the year 
1914, 30,000,000 marks of new preference shares for the first 
time draw a dividend of 5 per cent. For the 120,000,000 
marks of ordinary shares there is, in consequence, a smaller 
sum available, and the dividend, in consequence, had to 
be reduced from 11 to 10 percent. As for the previous 

ear, a sum of 400,000 marks was added to the support 
und for officials and workmen, and 446,470 marks 
were carried forward. The report states that the South 
American crisis, to which reference was made in 
previous report, had not only lasted during the whole of 
1914, but had been further enhanced by the breaking out 
of the great war in Europe. All the concerns of the 
company suffered from the general depression, which 
made itself especially felt during the second half of 
last year, and caused some stoppage in. the vious 
development of the company’s undertakings. In view 
of these adverse circumstances, the result of 1914 must 
be considered satisfactory. eo year there was 

merated an aggregate of 239,881,777 kw., against 

,190,875 kw. in 1913, the amount of energy actually 
utilised being 191,315,513 kw., sgainst 179,462,398 kw. 
during 1913. As rds the daughter companies, the 
Empresa de Luz, in Buenos Aires, which paid 5 per cent. 
for the previous financial year, will probably not Be any 
for the last. The Chilian Electric, Tramway, and Light 
Company, in Santiago, has for 1918, as for the vious 
year, paid — cent. on the preference shares, which are 
all held by German Overseas Electric Company, and 
paid a sum on account of some dividends wy on these 
shares. The Electric Tramway Company, of Valparaiso, 
will for 1914 probably pay a dividend of 4 cent., 
against 5 cent. for the preceding year. Te Trans. 
atlantica pany, in Montevideo, after having paid 
interest on the debentures and on the advances made by 


the mother company, will y any remaining surplus to 
Mee Dee <8 in Buenos p stand 
booked for 210,566,542 marks, the hydro-electric works at 
Santiago for 15,507,793 marks ; advances made to affiliated 
companies amount to an aggregate of 70,794,575 marks ; 


the reserve fund amounts to 45,314,630 marks, exclusive | of all 


of the additions for the year in question. 





NOTES FROM THE NORTH. 
Glasgow Pig-Iron Market. lon Teaatae eke 
ow -Iron Market.—Last "8 pig-iron 
market was easestuciend by some considera Eicon 
and in the morning the price of Cleveland warrants 
declined 3d. per ton, some 2500 tons being dealt in at 
66s. 1d. cash, and 66s. 3d. fifteen days. At the close 
sellers stood at 66s. 24d. per ton cash, and 66s. 7d. one 
month. In the afternoon there was little appreciable 
variation, and 10(0 tons changed hands at a still lower 
level, cl sellers being $d. per ton down, both for cash 
and forward account. A further ld. per ton was dro 
on Friday, and a small turnover of 1000 tons of Clev d 
iron was disposed of round about 66s. cash. i 
sellers were reported 66s. 1d. cash and 66s. 5}d. one 
month. A slight reaction took place in theafternoon, and 
although only a very small business of 500 tons was done, 
the price was rather better than in the morning, and at 
e close sellers were quoted 66s. 2d. cash and 66s. 7d. 
one month. On Monday morning the market was even 
more de Cleveland warrants realising only 66s. 
cash and eleven dgys. Closing sellers declined 2d. and 
3d. per ton to 65s. 11}d. cash and 66s. 4d. one month. 
In the afternoon the tone was a trifle brisker, and the 
loss of the morning was partially recovered, sellers’ prices 
being advanced 1d. to 24d. per ton. One warrant was 
dealt in at 66s. 44d. one month, and at the close sellers’ 
ae a te 663. 0$d. cash and 66s. 5d. one month. 
esterday forenoon things remained much the same as 
on the previous day, and the only business .done was a 
small lot of 500 tons, which realised 66s. 4d. one month, 
while at the close 65s. 114d. was quoted for cash sellers 
and 66s. 4d. one month. The afternoon market showed 
some little improvement, and Cleveland warrants ad- 
vanced to 66s. 3d. cash and 66s. 8d. one month, with closi 
sellers 4d. per ton up from the morning. This up 
tendency was most marked to-day (Wednesday), and at 
the forenoon session a steady advance was made, and 
rices went up 44d. per ton, closing sellers realising 
8d. cash and 67s. 1d. one month. A considerable 
amount of business was done, 


Sulphate of Ammonia.—The continued demand for sul- 
phate of ammonia is having good effect on prices, which 
are even better this week-than last. For prompt delivery 
at Glasgow the rate is firm at 14/. 10s. per ton, and at 
Leith, 14/7. 15s. to 15/., both of these touching the highest 
level reached this year. 


Scotch Stel Trade.—Scottish steel manufacturers are 
fully occupied with the abnormal demands made upon 
them by the British and Allied Governments, and 
naturally Admiralty and War Office orders take prece- 
dence of all others. These demands are being met ina 
most creditable spirit, both by masters and men, who are 
doing all possible to increase the output and satisfy every 
consumer. It is difficult to say what may be accom- 
plished when the Munitions Committee gets fully into 
working order, for in the meantime it looks as if nothing 
further could be done. Without hesitation, it may be 
said, however, that all will work in the utmost harmony 
with the Government when its control comes into 
force, as there is every likelihood of it doing before long. 
Already some of the works in the West of Scotland 
are almost entirely under the control of the Govern- 
ment, and when the pro measures come into 
effect there is no doubt that the output all over will 
be further increased. Prices, naturally, are on a 
steady rise, for the full wages are being paid to even 
the most inexperienced workers, a fact which is adding 
ee to the on-cost. Boiler-plates are steady 
at the higher figure, 107. 10s. per ton, for Glasgow 
or equal delivery, a trifle less for export; = 
and angles are equally steady at 10/., Gece elivery 
—all, of course, less the customary 5 per cent. The 
~ spelter to 197/. per ton has slightly eased the price 
cs) eets. 


Ma'leable-Iron Trade.—The trade in malleable iron is 
so particularly brisk and orders so plentiful that prices 
have increared even since last week. Raw material is, 
perhaps, rather less costly, but the increased and increas- 
ing cost of labour has run up most of the prices. In this 
branch of trade the labour problem cannot be solved by 
the employment of women, as in many other directions, 

masters generally are really perplexed as to what is 
to be done. ‘*‘Crown” bars for delivery at Glasgow are 
steady at 10/. 10s. per ton, less the usual 5 per cent, dis- 
count, and for export the price is round about 101. 


Scotch Pig-Iron Trade.—Scotch pig iron is still in 
steady demand for home consumption, although for ex- 
port use there is very little dong as-yet. From all 
accounts, however, it is evident that there will be some 
considerable improvement ere long. There is no change 
to report in the price of makers’ (No. 1) iron, the current 
quotations being :—Clyde, Calder, Gartsherrie, Summer- 
lee and Langloan, 85s. per ton (all ship at Glasgow) ; 
Eglinton, 80s., Glengarnock, 86s. (both at Ardrossan) ; 
Dalmellington, 81s. (at Ayr); Shotts, 85s., and Carron, 
86s. (both at Leith). 





Giascow Surpping Wuo’s Wuo. — There has been 
issued from the office of the Journal of Commerce, Liver- 
pool and London, at the pa of 1s., a revised edition 
for the current year of this directory, personal and official, 
to the shipping and allied industries in Glasgow, 
Greenock, and Port Glasgow. The book is analogous to 
similar publications regarding Liverpool and London, 
and includes shipping companier, shipowners, ship- 
builders, ship-brokers, and the members and constitution 
maritime organisations. It will therefore be of 
wide service. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The influx of orders 
for house-coal has continued unchecked during the past 
week, householders being anxious to secure extra supplies 
before the July rise. hat the extent of that rise will 
be is not yet certain, but it will —~ substantial, 
owing to the fact that contractors have had to pay from 
5s. to 6s. advance on last year’s rates for Le oy tor the 
next twelve months. House-coal pits ect the busy 
condition of this section of the market. Full-time working 
is the general rule throughout South Yorkshire. Serious 
complaints are made of absenteeism among pit-workers. 
Though collieries are running under extra heavy expense, 
and are generously contributing to the support of the 
dependants of those who have joined the Colours, some 
who remain at work are neglecting their duties even more 
than in time, when ample staffs were available. 
At one colliery, which has contributed 22 per cent. of its 
men to the Forces, the rate of absenteeism has increased 
from 14 to 20 per cent. Exports of steam-coal have 
sustained a set-back, on account of Government restric- 
tions, and home users are able to vbtain easier rates. 
Both Yorkshire and Derbyshire hards have been reduced 
from 188. 6d.—20s. to 17s. 6d.—18s. 6d. The market as 
a whole does not show much weakness. Slacks maintain 
their buoyant character, as do all classes of coke, which 
are eagerly sought for. Quotations :—Best branch hand- 
picked, 20s. to 21s.; ey best Silkstone, 17s. to 18:., 
Derbyshire best brights, 17s. to 18s.; Derbyshire house, 
15s. to 16e.; best large nuts, 14s. to 15e.; small nuts, 
13s. 6d. to 14s. 6d.; Yorkshire hards, 17s. 6d. to 18s. 6d.; 
Derbyshire bai ds, 17s. 6d. to 183. 6d.; best slacks, 11s. to 
123.; seconds, 9s. 6d. to 103. 6d.; smalls, 8s. to 9s. 


Iron and Steel.—There is a tremendous pressure for 
finished goods of every description, and the consumption 
of iron is maintained at a maximum level. But though 
contract deliveries are very heavy, there is little busi- 
ness passing in the open market. Common irons are 
neglected. Makers of forge and foundry sorts are willing 
to adjust prices to attract buyers. An easier tendency 
is also shown in East Coast hematite mixed numbers, 
which are quoted 2s. lower at the furnaces. West Coast 
hematites are a steady market, top qualities being very 
firm. Manufacturers are inning to feel the effect of 
enemy action in regard to Swedish material. By 
way of a change very welcome to consumers, —— is 
a little easier. Bar-iron makers are able to show 
much more satisfactory order-books. The local engineer- 
ing trades have not contributed many men to the ranks 
of munitions volunteers. Virtually the whole of the 
mechanics required are already engaged on Government 
orders, and it is expected that a considerable percentage 
of those who have enrolled will be retained at their 
present employment. So comprehensive is the war-work 
on hand, some of them will probably find that they are 
already, unknown to themselves, providing material for 
the manufacture of munitions or field implements for the 
Allies. All the heavy trades are doing well. There is 
now an ample supply of unskilled labour, and until the 
additional machinery on order arrives, few more trai 
men will be required. Railway tyres and axles, tramway 
points and crossings, mining implements and sheep shears 
are prominently mentioned in the latest ‘“‘civil” orders. 
The French, Italian, and Russian Governments are 
increasing their calls upon Sheffield steel-makers. Special 
steels are in very heavy demand. The steel billet position 
is unchanged. There is still a marked scarcity of both 
basic and acid brands. Prices maintain their upward 
movement. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIpDLEsBRoUGH, Wednesday. 

The Cleveland Iron Trade.—The output of pig-iron is 
practically absorbed by current needs, ond Unesiene 
to be reduced by the blowing out of furnaces, so that the 
already satisfactory statistical situation promises to be 
strengthened in the near future. At the Redcar Iron 
Works of Messrs, Walker, Maynard and Co. the onl 
two furnaces now in operation will be idle in a 
or two; Messrs. Bolckow, Vaughan and Co. intend 
dam down a couple of furnaces at their Olaylane 
Tron orks; Messrs. Sir Bernard Samuelson and 
Co. contemplate putting out a furnace at their New- 
port Iron Works; and at the Clarence Works of 
Messrs. Bell Brothers a furnace has been changed from 
Cleveland on to the production of hematite. These 
alterations will reduce the number of furnaces in oj 
tion on the North-East Coast to 66, of which 30 will be 
running on Oleveland pig. 25 making hematite, and 11 
producing special kinds of iron. The market has been 
somewhat unsteady this weék so far as Cleveland pig- 
iron is concerned, but a good deal of basieae bee 
been put through. A fair quantity of No. 3 g.m.b. 
has ee agg hands at 66s. 6d.; there have also been 
moderately good sales at 66s. 9d., and now 67s. is 
being rather readily realised. No. 1 Cleveland pig con- 
tinues very scarce indeed, and commands 71s., and even 
rather more. No. 4 foundry is steady at 66s. 6d. ; and 
No. 4 forge, moptled, and white iron are each 
66s. A ae ee account can be given of the 
Kast Coast hematite branch. Sheffield consumers are 
still in the market, and further inquiries from abroad 
are reported. More sales to Italy are anticipated, 
but shippers Apes country intimate that they experi- 
ence some difficulty in arranging stati 
that though licenses have been i for ipa of 
some = yoy freights - rather o. there 
is not a great tonnage offering. Values tend 
upwards. Some merchant sellers might still be prepared 





round about | ; 


to shade 100s. for mixed numbers, but that is makers’ 
minimum quotation ; and there are producers who report 
having done business at a slightly higher price. Business 
in foreign ore is still stagnant. Consumers have rather 
heavy stocks, and good supplies steadily coming in on 
running contracts, so naturally y are nod in 
the market. Imports of ore to the Tees during June 
reached 141,887 tons. A by no means unexpected down- 
ward movement in coke has occurred. This is due to 
quieter demand on local account, and prospect of much 

needs by blowing out of blast-furnaces. Durham 
blast-furnace of average quality is offered at 30s. 
delivered at Tees-side works. 


Manufactured Iron and Steel.—The various branches 
of the finished-iron and steel industries present no new 
features of moment. Manufacturers are working at full 
pressure, almost entirely on Government orders, and 
prices all round are well maintained. Common iron bars 
are 10. 10s.; best bars, 10/. 17s. 6d.; best best bars, 11/7. 5s.; 
packing iron, 8/. 5s.; iron ship-plates, 10/.; iron shi 
angles, 10/. 10s.; iron ship-rivets, 13/.; steel bars, 100. ; 
steel ship-plates, 10/.; steel ship-angles, 9/. 15s. ; steel 
boiler-plates, 11/.; steel joists, 9/. 17s. 6d.: and steel 
hoop and strip, each 9/.—all less the customary 24 per 
cent. discount. Heavy steel rails are 8/. to 8/. 5s.; and 
steel railway sleepers —_ 10/. net. Fluctuations in 
spelter have not further influenced the value of iron and 
steel galvanised ted sheets, the quotation for which 
stands at 22/. 10s. £0.. for 24 gauge in bundles—less the 
usual 4 per cent. 


Iron and Steel Shipments.—Iron and steel shi ts 
from the Tees during the month of June showed a con- 
siderable improvement. Though they were only about 
half of those of a year ago, they were treble those of the 
previous month, and were also the best recorded in any 
month since November last. June shi ts of pig-iron 
averaged 1415 tons per working dey, © total despatches 
being returned at 36,806 tons, all of which went from 
Middlesbrough. For the month of May the des- 
patches were given at only 12,738 tons, or a daily 
average of 489 tons, and for the month of June last 
year the clearances reached 86.907 tons, or an average 
of 3381 tons per working day. Of the pig-iron loaded at 
Middlesbrough during the past month, 32,606 tons went 
abroad and 4200 tons coastwise. Sweden was the | 
buyer, receiving 10,539 tons ; whilst Denmark took 
tons; Fran 4545 tons; Norway, 3532 tons; Japan, 
2125 tons; Holland, 1290 tons; Italy, 1000 tons. ‘Ie 
loxdings of manufactured iron during the month just 
ended were returned at 6509 tons; 1517 tons of which 
went abroad, and 4992 tons coastwise ; and clearances of 
steel reached 33,597 tons, of which 29, 201 tons went foreign, 
and 4396 tonsto home consumers. India was the largest 
buyer of manufactured iron, taking 587 tons, whilst 
France was the best customer for steel, with an import 
of 11,399 tons. 


Output of Munitions of War.—A meeting of the Tees- 
side lron and Steel-Makers and in was held at 
the Cleveland Iron-Masters’ Offices, Middlesbrough, this 
week, to discues ways and means of increasing the output 
of munitions of war. Mr. T. D. Ridley, of Messrs. T. D. 
Ridley and Sons, said that shells were being made at 
their works with their ordinary lathes, and he explained 
the steps taken by them with the Government authori- 
ties in the matter. A communication was before the 
meeting from Sir Percy Girouard, suggesting that a 
ge ange ~— eo should be — . ee 
or the purpose of co-opera’ wi - b 
Coast Armaments Onlin order, if possible, to 
increase the output of munitions in the Tees-side district. 
A committee was appointed. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has exhibited a weak 
tone. General conditions are still unsettled, in con- 
sequence of the disturbed aspect of the local labour 
market, and uncertainty as to future coal quotations. 
—— of —— — — have ane become excessive, 
it is possible that there may be pit stoppages in con- 
sequence. Under all the circumstances, immediate 
buyers of lower grade coal were able to secure compara- 
tively cheap terms. The only coal not affected by current 
weakness was superior Admiralty descriptions, which are 
practically out of the market. ouse coal, patent fuel, 
and coke have remained without alteration. The best 
Admiralty large steam-coal has been com ively 
nominal ; secondary qualities have brought to 29s.; 


pera- | best Monmouthshire Black Vein large, 26s. 6d. to 27s. 


6d.; 
ordinary Western Valleys, 25s. to 26s. ; best bunker 
smalls, 19s. to 20; and smalls, 15s. 6d. to 16s. 6d. 
per ton. The best household coal has been quoted at 29s. 
to 30s.; good household descriptions at 26s. to 27s.; No. 2 
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foundry, which was started a few days since, has been 
built at the Glamorgan collieries, Liwynypia. The 
Prince of Wales’ Dry Dock Company, Limited, Swansea, 
has announced 





a dividend at the rate of 10 per cent. per 
annum for its past financial year, carrying forward 


; 83; and New Zealand, 534 


— The | and 


18,9097. The company’s properties stand in the books at 
78,000/., after 29, 4160 has been written off for deprecia- 
tion. Work was resumed on Friday at Tirpentwys 
colliery, the situation having been relieved by the grant- 
ing of more licenses for coal ex tion. The 

of the Ebbw Vale Steel, Iron and Coal Company, Limited, 
recommend an increase of 400,000/. in the company’s 
omer share capital—200,000/. to be raised at an early 


The Ebbw Vale.—The profits of the Ebbw Vale Steel 
Iron, and Coal Company, Limited, have been subjected 
to great vicissitudes since the i ion of the under- 
taking. For the company’s financial year 1915 the profits 
are returned at 150, In 1914 they stood at 156,4041. ; 
and in 1913 at 175,826/. In 1912 they were no more than 
70,3202., and for 1911 they did nod exceed 60,6451. In 
1910 they amounted to 81,987. The ordinary dividends 
for the last six years have been :—1910, 5 per cent.; 1911, 
24 per cent.; 1912, 3 per cent.; 1913, 10 per cent.; 1914, 
10 per cent.; and 1915, 74 per cent. Last year’s business 
was affected, of course, by troubles arising out of the 
war. There were stoppages of a serious character at the 
company’s collieries and a suspension for 44 months at 
its steel works. Nearly 5000 out of 12,000 men employed 
by the company have also joined the colours ; and, a 
from this loss of labour, gratuities amounting to 22,644/. 
have been paid to depententa of the enlisted men. 





Tue * Lusrrania.”—The following German news has 
been received by the Wireless Press, dated Berlin, 
June 29:—‘*The Vossische Zeitung prints drawings of 
the Lusitania, published by ENGINEERING on May 14, 
indicating the 8 for twelve 6-in. guns. The retired 
Adenia Males vom thchoen ins that six were probably 
not in their —— as ~A would be in po lg | = 
passengers, pro y res’ In positions w they 
were easily hidden to the eyes and inspection of the 
officers, who were laymen and not naval men.” [This 
statement is made ostensibly with the view of bringing 
the drawings forward as evidence that the Lusitania 
guns on the v when she was sunk. The drawings 
originally ap when the vessel was built, and when 
reproduced in ENGINEERING last May were accurate, and 
showed that the decks had been strengthened at certain 
= for the carrying of 6-in. guns; but it has frequently 

stated that, while this provision was made, the 


es | Lusitania at no time in her career ever had any of these 


ote Sion Se penn OF en See Se in the holds, T 

rawings published had the guns dotted on the re 
simply to indicate the position in which they could be 
sinwed the vessel should at any time be used as an 
armed cruiser.—Ep. E.] 





AvsTRALIAN Locomotives.—The number of locomo- 
tives upon the State railways of Queensland, New South 
Wales, Victoria, South Australia. Western Australia, 
Tasmania, and New Zealand in 1913-14 was as follows :— 
Queensland, 588 ; New South Wales, 998; Victoria, 668 ; 
South Australia, 375; Western Australia, 386 ; Tasmania, 
— ing an aggregate of 3632. 
Six engines at work in the Northern Territory are returned 
in the total for South Australia ; but the Terri having 
been to the Australian Commonwealth, a new 
heading should really be provided for them. The rolling- 
stock which the 3692 engines were intended to draw was 
as follows :—Passe: vehicles : , 629; New 
South Wales, 1338; Victoria, 1391 ; South Australia, 449; 
Ieod, 1363--making ao agarege page ot Wi, Moodie ond 

" — an te o 5 rucks an 
vans : , 11,819; New South Wales, 19,590 ; 
Victoria, 16,541 ; South Australia, 8430; Western Aus- 
tralia, 9078 ; Tasmania, 734 ; and New Zealar.d, 20,251— 
making an aggregate of 86,443. The totals for 
New Zealand would ap to indicate that trade and 

iculture have attaii their greatest development in 
important community. The observation je with 
reference to locomotives in the Northern Territory applies 
also to 4 i and 142 trucks and vans tem- 
porarily credited to South Australia, but now owned by 
the Australian Commonwealth. 





“Tue Freer AnnuaL” Navat Year-Boox.—This 
yeerly publicavion takes the form for 1915 of a great war 
edition, anu it will be conceded that to those in 
in the Navy it is, even in its paper covers, full value for 
the 1s. charged for it. Like all annuals, the first part is 
~ over to articles of a character, and this year 

are associated entirely with the war, while Part II. 
includes lists of the ships of the various nations. In the 
first — the leading article gives a brief history of the 
war from the naval point of view. There is no attem 
aaieder ‘camel vanian anus 2. ao e 
ga wi ¢ comment reports re- 
garding naval incidents arranged according to the 
be publication. It will be recognised that such 
record is one more for reference than for reading : 
it lacks the power to keep the reader’s attention concen- 
trated. Since all the incidents of the war are recorded, 
one regrets the absence of an index, which would have 
added to the value record. The 
second contribution is on su 


uF 
j 
: 


been compiled by Mr Lionel Yexley, 
“The Fieet,” Limited, 11, Henrietta-street, Covent 
Garden, London, W.C, 
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MESSRS. FRASER AND WHITE'S COAL-HANDLING PLANT AT PORTSMOUTH. 
SIR WILLIAM ARROL AND CO., LIMITED, GLASGOW, CONTRACTORS. 

(For Description. see Page 8.) 
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FRENCH AND GERMAN GUNS. 


One of the consequences of the present war will 
be to revolutionise the art of killing human beings 


Also | with gun-fire, this being the final object of artillery, 


and not the wanton destruction of houses, buildings, 
cathedrals even, and the making of more or less 
large holes in the ground. On the various fields of 
battle men have frequently been found stark killed 
exactly in the position they occupied when the 
shell which killed them exploded, the men showing 
no sign of wound. These men when they met 
their death were generally protected from the direct 
action of the bursting she The shells in ques- 
tion are those fired by the French 75-mm. guns. 
There is no noxious gas known which is capable of 
producing such an instantaneous effect, and cer- 
tainly none is evolved from the shells, seeing that 
the high temperatures developed by the detonation 
of the high explosives now used for charging shells, 
explosives which are trinitrated hydrocarbides 
(benzol, phenol, toluol, naphthol) of the aromatic 
series, can only lead to the giving out of carbon 
monoxide and cyanogen, two gases which are but 
slow in their action, 

The men are killed by a sudden stoppage in 
blood circulation, and it is interesting to note in 
this connection an explanation put forward by Mr. 
R. Arnoux before the French Society of Civil Engi- 
neers after the reading of a 
Major Ferrus, on French, 


of a German high-explosive shell. 


simply put out of order. 


manifest, to a considerable barometric depression 


back to their original position by 


approximately to the pressure at the to 
Blanc, the altitude of which is 4810 m. (15,780 ft.) 


shell burst, of at least 760 — 410 = 350 mm. (13.8 in. 
generally used in aerodynamics, to a drivi 
velocity of the air of 276 m. (905 ft.) per 
and to a dynamic pressure of 10,360 kg. per sq. m 
(2123 lb. per sq. ft.). 


atmosphere which ensues comes into play. In 


tion in the blood, in a 


; sure, are disengaged 


minute gaseous bubbles as soon as the pressure de 


per, on May 28, by 
erman, and Austrian 
guns. Mr. Arnoux received, in January last, from 
a superior officer commanding at the Front a 
pocket aneroid barometer which had been ren- 
dered unserviceable by the explosion close to it 
On examina- 
tion, the speaker found the barometer to have been 
It had ceased to act 
because one of the two transmission levers, con- 
nected with the hand, and which normally bears 
on the other lever, had shifted and had, instead, 
taken up a position underneath this other lever. 
This could only have been produced by an abnormal 
swelling out of the aneroid system, due, as is 


the little instrument had acted as a minimum 
recording instrument. After shifting the two levers 
d, and then 
placing the instrument under the bell of a vacuum 
machine, it was found that the two levers changed 
their position when the barometic pressure fell to 
410 mm. (16 in.) of mercury, which eormampenee 
t) ont 


The explosion, therefore, had led to a sudden 
barometric or static depression in the room where 
the instrument was placed—a distance of less than 
3 m. (less than 10 ft.) from the point where the 


of mercury, corresponding, from the formule 
pom 


Such a dynamic pressure, 
however produced, has for effect to hurl up into the 
air, or to crush on the ground, all the living beings 
directly exposed to it, whilst in the case of those 
who are sheltered behind any kind of protection, the 
very sudden static depression of the — 


to these latter, the air and carbonic acid in solu- 
roportion which is the 
larger the higher the ambient atmospheric pres- 
i from the blood in the shape of 


creases too suddenly from atty cause. These bubbles 
are driven into the small arteries under the influence 
of the pressure exerted by the heart. If their 


of those possible with the use of black powder. The 
projectiles c with these explosives were at 
first destined to destroy all kinds of fortified works 
and to demolish trenches, and the discovery of their 
unexpected action upon living beings is quite as 
important as the discovery of the new explosives 
themselves. Their radius of action is less the 
possible one of shrapnel, but they are more deadly 
than the shrapnel, for in their radius of action no 
living being escapes, whilst the shrapnel is dan- 
gerous only when one of its balls or fragments 
strikes home. 

One kind of shell is not adapted, however, for all 
the conditions met with in war, and the tendency 
is to multiply varieties both of shells and guns. 
As stated by Major Ferrus, who is an expert in all 
such matters, the term ‘‘ field artillery” had now 
become too limited an appellation, since at the 
present time field artillery included all the calibres 
of land artillery ; moreover, Germany is also using 
for land service in the present war naval ordnance 
of great power. 

e quick-firing gun, which made its first appear- 
ance less than twenty years ago, is a result of the 
necessity of modifying field artillery to the tactics 
now prevailing. At the present time the guns 
are rendered invisible, whilst infantry now forms 
disappearing targets, the infantrymen being usually 
in a lying-down position—they rise for a few seconds 
in order to advance by a few yards, then lying 
down again. As a matter of fact, practically 
nothing is now seen on the battlefield. In order, 
therefore, to strike targets which appear only for 
an instant and disappear again immediately, it was 
absolutely necessary to devise a gun which could 
fire instantaneously; hence the prcsent-day quick- 
firing gun. 

Quick firing is the result of the elimination of all 
loss of time which formerly obtained in running out 
the gun, in aiming, and in loading it. Loading was 
accelerated by the adoption of breech-blocks opera- 
ted by one single action on the breech mechanism, 
combined with a device for ejecting the empty 
cartridge-case ; and delay in running-out the gun 
and in aiming disappeared when the gun-tube was 
allowed to recoil and to return to position on a 
carriage strongly anchored to the ground. An 
elastic connection coupled both to the carriage and 
to the gun is made to act as a brake on the 
without exerting on the carriage a stress sufficient 
in degree to cause the latter to rise or to drive the 
trail-spade further into the ground. The recoil 
system has been combined with a recuperator 
which runs the out to its original ition, the 
action practically doing away with re-aiming. 
Moreover, the use of a complete cartridge has e 
it possible to fire from twenty to twenty-five rounds 

minute, as in the case of the French 75-mm. 
2.96-in.) gun. Such is the solution of the problem 
which France adopted as far back as 1897. 

Germany adopted the quick-firing gun in 1905 
only, after having carried out trials as unsuccessful 
as they were — with ‘‘ accelerated firing” field 

uns ; these are the German field guns of 1896. 
e present-day German field guns, which are 
styled ‘‘ 1896 n/A” (never Art, new pattern), are 
the guns of 1896 transformed. The Somes gun- 
tube of 1896, provided with a rapid-acting breech- 
piece, has now been fitted on a slide —— 
to recoil in a device called a cradle-brake. When 
the round is fired, the gun recoils and draws back 
with it the cylinder of a liquid brake, the action 
compressing a spring which surrounds the cylinder. 
When recoil is spent, the spring runs the gun out 
again. The = and cradle-brake are carried by a 
pivot on an elevating-gear support, the whole form- 
ing @ mounting which reste on the carriage. The 
disadvantage of the system is that the direction of 
recoil may not be normal to the anchorage point 
of the carriage, this contributing to loss of lateral 
aim. The carriage is fitted with sufficiently exten- 
sive shields to protect the gunners during firing. 
The instruments for taking aim are numerous 
and of an improved type, prominent among which 
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shattering nitrated explosives now used, which 
combine power and instantaneity both far in excess 





Major Ferrus, whose name we haye mentioned 
_frequently in our articles in former issues dealing 
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with ordnance, a tolerably good gun, but it fires 
less rapidly and is less powerful than the French 
75-mm. gun. The latter has many features which 
render it much superior to the German gun. The 
projectiles fired by the German gun, and notably 
the high-explosive shell, are inferior to the French. 

Besides the 1896 n/A gun, the German army has 
a light 105-mm. (4.134 in.) field howitzer, of the 
1898-1909 pattern, which has practically the same 
mobility as the German field-gun. The present 
howitzer is the result of the transformation of the 
1898 ‘‘accelerated-firing ” howitzer, and has the 
same characteristic features as the transformed 
1896 field-gun. It fires a ae ae weighing 
14 kg. (30.8 lb.), which can act by percussion or b 
time-fuse firing. It contains both balls and a hig 
explosive charge. The gun charge, formed of 
nitro-cellulose and nitro-glycerine powder, gives 
the projectile a maximum muzzle velocity of 300 m. 
(984 ft.) per second. 

The Austrian 8-cm. (3.150 in.) field-gun, pattern 
1905, is similar to, but slightly more powerful than, 
the German field-gun. The tube is made of 
‘**forged bronze,” and it is doubtful whether this 
metal can withstand as well as the steel of the 
French and German guns the continuous firing of 
the present war. The Austrian 10-cm. (3.937 in.) 
field howitzer calls for no special remark. On the 
other hand, the Austrian artillery has a 10-cm. 
quick-firing mountain howitzer which is an interest- 
ing weapon, firing a greg weighing slightly 
over 14 kg. (over 30.8 lb.). 

Besides their field armament proper, the Germans 
use a certain number of howitzers and mortars and 
long-range guns. The guns are 10 cm. and 13 cm. 
(3.937 in. and 5.118 in.) in calibre, and their ran 
is respectively 10 km. and 13 km. (6.2 and 8.1 miles 
These have played an important part in the cam- 

aign, especially at the commencement of the war. 

he German weapons for high-angle firing are, in 
the first place, a 15-cm. (5.905-in.) heavy howitzer, 
which corresponds to the French 165-mm. (6.102in.) 
quick-firing short gun (Rimailho gun), but is a much 
less efficient weapon than the French one ; and, 
secondly, a 28-cm. (11.024-in.) howitzer, the pro- 
jectile of which, weighing 340 kg. (749 Ib.), fired at 
a maximum velocity of 340 m. (11165 ft.) —— 
can have a range of 10 km. (6.2 miles), This is the 
large-calibre arm which the Germans use the most, 
and the one which has caused the greatest amount 
of damage to fortified towns in the course of the 
present war. 

On the Austrian side, the only interesting long- 
range gun is the 10.5-cm. (4.134-in.) heavy gun, 
which | ao a projectile weighing 18 kg. (39.7 lb.) at 


a range up to 12.5 km. (7.75 miles). 

The enemy have, moreover, used inst forts 
special guns, which, it must be admitted, have 
rendered them good service, although the results 
obtained seem to have been inversely proportionate 
to the calibre. These are the German 42-cm. 
(16.536 in.) mortar and 381-mm. (15-in.) gun, and 
the Austrian 30.5-cm. (12-in.) gun. The 42-cm. 
mortar fires a shell of 950 kg. (2094 lb.) at a range 
of about 13 km. (8.1 miles). It can only be trans- 
ported and hauled on a railway track of normal 
gauge, and for this purpose it is mounted on a 
platform which rests on two bogie trucks, each 
truck being carried on six wheels. The 381-mm. 
gun, styled the “ Dunkirk” gun, owing to its having 
been fired several times on that town from a dis- 
tance of 38 km. (23.7 milea)—it fired on Dunkirk 
about forty times in the course of May last—is a 
naval gun, the mounting of which has been de- 
signed to allow an angle of elevation of over 
40 deg. The projectile weighs 760 kg. (1675 lb.), 
the powder charge weighs 315 kg. (694 lb.), and 
the muzzle velocity is 940 m. (3084 ft.) per second. 
This gun, which cannot fire more than about 100 
rounds in all, has had so far a moral rather than 
a destructive effect, thus meeting in part only the 
object which the enemy have ha: in view in using 
it in the present war. 

A weapon which has played a much more important 
réle than the last-named, and which has shared with 
the 28-cm. howitzer above referred to the greater 

in the destruction of forts, is the Austrian 
30.5-cm, (12-in.) automobile mortar, 1911 pattern. 
This gun can fire at a range of 9.6 km. (5.95 miles) a 
projectile tage approximately 400 kg. (881 lb.). 
It fires with a sufficient degree of precision about 
ten rounds per hour. Its use is greatly facilitated 
by the fact that it forms with its whole equi 
A Lape traction set for transit on 


ways. 
For a battery of two mortars there are three 


mt 
trac- 





tion-engines, each hauling four trailers. The 
matériel is therefore of great mobility and can be 
made ready for firing in less than an hour. 

In France petrol traction-engines are also used, 
but, as rule, for hauling lighter matériel than the 
30.5-cm. mortar. France has not sought to utilise 
such large-calibre guns as Germany ; many of the 
German pieces are far from being easy to handle. 
It has hitherto sufficed for France to add to her 
75-mm. gun, which, as above stated, is greatly 
superior to the German and Austrian field-guns, a 
certain number of guns of medium calibre, having a 


very long range. 





RAILWAYS IN ASIATIC TURKEY. 

SpeciaL interest attaches to the railways in 
Asiatic Turkey because of the views expressed this 
week by German naval and military writers. Dr. 
Jaeckh points to the advantage of using these rail- 
ways for bringing up the necessary heavy artillery 
from Constantinople to Suez, to ‘‘ strike a mortal 
blow ” at England through Egypt. The way will 
soon be open, and he takes the view also that the 
way from Berlin to Constantinople will be opened 
by a decisive victory in Galicia. These Syrian and 
Sinai railways, and the progress made with them, 
areof considerable significance. Of the 1,000,000,000 
marks invested by Germany in Turkey, a consider- 
able part is involved in such railways. 

The main railway system of Asiatic Turkey ex- 
tends from the north-west towards the south-east, 
connecting Constantinople with Bagdad, and from 
thence aiming at the Persian Gulf. It comprises 
the Anatolian Railway (with its branches, Arifie- 
Adabazar, Eski-Schehir-Konia, and Haidar-Pascha- 
Angora), and the branch at Konia connecting with 
the Bagdad line, with the auxiliary railways Adana- 
Taros - Mersina, and Amanos - Alexandrette. A 
second railway system in Western Asia Minor will 
be formed by the railways, with Smyrna asa starting- 
point and centre, Smyrna-Kassaba and Smyrna- 
Aidin, which have been materially extended of 
late years by branch lines, of which the Kassaba- 
Afiun-Karahi line touches the Anatolian Rail- 
way at the last-mentioned place. In the west of 
Asia Minor the Soma-Panderma Railway, which 
connects with the Smyrna-Kassaba line at Mag- 
nesia, belongs to this system. In Syria there is 
the Damas-Hama Railway, which is the aggregation 
of several sections and railway companies, and 
which at Aleppo connects with the Bagdad 
Railway. From it proceed branch lines to the 
sea, from Homs to Tripoli and from Rajak to 
Beirut. This system likewise has been constructed 
by several companies, At Damascus the Hedschas 
Railway is connected with the Damas - Hama 
Railway, the former first proceeding parallel with 
the end section of the Damascus-El Muzerib 
branch of the Damas-Hama Railway to Derat, 
and thence further by way of Maan to Medina, and 
being intended to be prolonged as far as Mecca. 
Of auxiliary railways there are the line, in 
Derat, which proceeds from Derat to Haifa, and 
the line proceeding to the east, in the opposite 
direction, from Derat to Bosra. The H has 
Railway will continue, via Mecca, through Arabia 
to Sanaah, where it will connect with the already 
constructed Hadeida-Sanaah line. In conclusion 
mention may be made of the Jaffa-Jerusalem 

way. 

The participation of foreign capital in Turkish 
railway construction will ap m the follow- 
ing table, and it should be remarked also that non- 
German capital is interested in the German under- 
takings : 





German Cupital. 
Anatolian Railway (1032 km) : 
Share capital, 135,000,000 fr. in 1913, reduced to 
133,861,000 fr. ; debentures, 215,365,138 fr. 
Bagdad Railway (1053 km.) : 
Share capital, 15,000,000 fr. ; debentures, State-aid, 
obtained in 4 per cent. debentures of the Bagdad 
Railway loan, 3rd_ series (exclusive of destroyed 
portion, a total of 279,276,630 fr. The deben- 
tures of the 3rd series, 118,896,000 fr., still remain 
in the company’s portfolio. 
English Capital. 
Smyrna-Aidin Railway Company (610 km.) : 
Share capital, 1,800,000/. ; debentures, 3,360,0002. 
French Capiial. 
Kassaba Railway, with extension, including Soma- 
anderma line (436 km.) : 
Share capital, 15,500,000 fr., and 250,000 fr. founders’ 
shares ; debentures, 70,000,000 fr. 
Société Damas-Hama and branches (1226 km.) : 
Share capital, 15,000,000 fr. 


Sm 





Société de Chemin de fer Palestine : 
Share capital, 4,000,000 fr. ; debentures, 10,000,000 fr. 
Belgian Capital. 
Mudania-Brussa Railway : 
Share capital, 500,000 fr., and 500,000 fr. founders’ 
shares ; debentures, 5,000,000 fr. 

The following are Turkish State Railways :— 
The Hedschas Railway, with branch lines and 
extensions, 1535 km.; and the Smyrna-Kassaba 
Railway (the old system), 266 km., the latter being 
let to a French company. All the railways com- 
= an aggregate of 5765 km., of which 2087 km. 

long to the German capital group, or 36.2 per 
cent. 


The above-mentioned Messina - Tarsus - Adana 
Railway, which now, both as far as technical work- 
ing and financing goes, belongs to the Anatolia- 
Bagdad concern, was originally an English under- 
taking (the Tarsus-Taurus-Adana Railway, share 
capital 165,0001., debentures 211,8501.), the capital 
of which was several times written down. In the 
year 1906 the working of this railway, the ts 
of which were threatened by the Bagdad Rai way, 
was transferred to the Anatolian Railway, which 
had acquired the majority of the ordinary and 
preference shares and debentures, and which since 
1910 has paid interest and amortisation on the 
debentures and dividend on the shares, respec- 
tively 6 and 3 per cent.; the debentures and prefer- 
ence shares passed from the Anatolian Railway into 
the possession of the Bank for Oriental Railways, 
whilst the Anatolian Railway still holds the ordi- 
nary shares, which in the balance-sheet for 1913 
stand at 1,070,884 fr. The Bank for Oriental 
Railways has the debentures entered at 2,038, 960 fr., 
and the preference shares at 946,520 fr. In the 
balance-sheet of the Adana-Messina Railway there 
figures a share capital of £T.242,358, and a deben- 
ture debt of £T.199,760. Only the English and 
German railway undertakings have worked with a 
eatisfactory financial result, whilst the French have 
left a good deal to be desired in this connection. 

The railways in Asiatic Turkey have materially 
advanced the industrial conditions of the country, 
at the same time as the increasing yield of 
agriculture has helped to swell the receipts of the 
railways. The Anatolian railway of late years has 
not only not had occasion to avail itself of the 
guarantee per kilometre of the Government, but 
the Government received from the railway a sum of 
546,061 francs for the year 1913. Taking asa whole 
the railways for which the Government had to 
provide a kilometre guarantee, it will be found 
that the guarantee to be paid decreases year by 


year. It was :— 
£T. For the Year. 
238,041 1913-14 
341,387 1912-13 
404,317 1911-12 
528 917 1910-11 
748,910 1909-10 


The above sums for the years before 1913-14 com- 
prise also the guarantee on the European Salonika- 
Constantinople line, with respectively £T.129,628, 
£T.141,983, £T.158,323, and £T.209,389. The 
building of new lines, which during the first years 
may have to work unprofitably, will probably at 
times again swell this guarantee. 





THE NATIONAL ROAD EXHGHIBITION. 

Tue war has caused the abandonment of so many 
conferences and exhibitions that it is somewhat of 
a surprise to find two such events falling to be 
dealt with this week. These are the Royal Show, 
which we treat of elsewhere, and the National Road 
Conference and Exhibition, of which we propose 
to give some account here. After the first Inter- 
national Road Congress in 1908, the County Councils’ 
Association decided to organise a National Con- 
ference on the same subject. This took place in 
1909, and was so successful that after the third Inter- 
national ess, held in London in 1913, it was 
decided to repeat the National Conference. Steps 
were well advanced before the declaration of war, 
and as considerable support was promised, it was 
decided that the event should be proceeded with. 
The definite abandonment of the Fourth Inter- 
national Congress, which was to have been held in 
Munich in 1916, adds to the importance of the 
present Conference. The destruction of roads 
in Belgium, Northern France, and elsewhere by 
military operations, will ultimately lead to great 
activity in road construction, and renders any work 
which can now be done towards progress in the 
problems concerned of great value. 
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The National Conference and Exhibition was pendent from each other. The brush-drive is 
opened at the Horticultural Hall, Westminster, on | direct by a chain, which lies at the opposite side 
the 25th ult., and closed yesterday. Papers were |from that shown in the figure. The axle-drive 
read and discussed on the last four days. The Ex-|is through a change-speed box to a fore-and-aft 
hibition was held partly in the Horticultural Hall | shaft carried on the side of the chassis. It can 
and partly in a building clore at hand, in Greycoat-| be seen in the figure. The final drive on to 
street, where the heavier exhibits were shown. |the rear axle is by a chain-gear. The engine 
For the purposes of this description we will treat |is of 45 horse-power. The dust-receiver has a 
the Exhibition as a whole, as no purpose would be capacity of 75 cub. ft., and will hold approxi- 
served by dealing with the sections separately. It mately three tons of collected dust and refuse. 
is natural, however, to begin with some of the | The use of the water jets increases the capacity by 
heavier machinery. Among the more interesting | causing the dust to pack down better. Surplus 
— was a motor-driven road-cleaner, which water can be run off in the road or at a special 
we illustrate in Fig. 1, below. This was shown station if desired. The dust receptacle is emptied 
by Hill’s Patent Motor Vacuum Road-Cleanser, | through rear doors. 

Limited, of 4, Broad-street Place, E.C. It consists | Among other road vehicles exhibited was another 
of a four-wheel chassis carrying a cylindrical road-| motor sweeper. This, however, is of a simpler 
brush between the two pairs of wheels. The brush | nature, and does not include any dust-collecting 
is situated inside a sheet-iron trunk fitted with a|arrangements. It is intended to replace the 
leather screen at the bottom. It is geared up to ordinary horse-drawn sweeper, and, according to 
the engine and revolves in the opposite direction the makers, it can do the work of eight to ten 
from the road wheels. The result of the arrange-| such machines. It is known as the ‘‘ Laffly,” and 
ment is that as the vehicle travels forward, all dust, was exhibited by Mr. F. C. Archer, of Brettenham 











dirt, garbage, &c., is collected from the surface of | Works, Edmonton, N. The machine is practically 
the road and is carried round by the brush to its an ordinary chassis fitted with a road-brush behind 
top side, whence it is thrown off into a receiver which and a water-tank. 
forms the back part of the body. A 100-gallon from the engine through a horizontal shaft and 
water-tank is fitted, and by means of a pump worm gearing. 


The brush is direct-driven 





A water-tank with a pump is| 











Fie. 1. 


driven by the engine, an atomised water spray can 
be thrown on to the road surface directly in front 
of the brush. This prevents the dust from being 
disturbed and scattered in dry or windy weather. 

It will be evident that the great feature of this 
machine is that it picks up and carries away all the 
material lying on the surface of the road, and does 
not merely sweep it into heaps, from which it may 
be scattered by following traffic. It is essentially a 
sanitary contrivance. ‘l'o increase its efticiency in 
this respect a soluble disinfectant may be added to 
the water supply. The cylindrical brush, which 
has a diameter of 4 ft., is built up of twenty 
sections, each the length of the main brush, and 
arrangements are made so that the sections may be 
moved in and out, thus altering the diameter of the 
main brush. This arrangement is used to alter the 
bearing of the brush on the road, and to take up 
the wear of the bristles. It is claimed that con- 
siderable suction is created by the revolution of the 
brush, and that for a large amount of work it need 
no more than touch the road. For working on setts 
and getting down into the joints a heavier bearing 
isnecessary. We illustrated an earlier form of this 
machine in our issue of April 11, 1913, and some 
further particulars of its action will be found in 
the description we published at that time. 

Considerable alterations have been made in the 
new model. One of the more important of these is 
that the engine has been set across the machine. 
This has resulted in a very neat arrangement of 
the brush and axle-drives, which allow of a brush 
practically the full width of the machine being em- 
ployed, so that it sweeps close up to the kerb. 
The brush is 7 ft. wide, and the over-all width is 
only 7 ft. 6in. The brush and axle-drives are 
from opposite ends of the engine, and are inde- 
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fitted, so that a spray can be discharged in front 
of the brush in dry weather. Motor vehicles of 
ordinary type were shown by Mr. A. F. Langdon, 
of the Army and Navy Garage, Greycoat-street, 
Westminster, who exhibited an American vehicle 
known as the ‘‘ Wichita,” and by the Lacre Motor- 
Car Company, of 78, York-road, King’s Cross, N. 
Electric vehicles were shown by Edison Accumu- 
lators, Limited, of 2 and 3, Duke-street, Piccadilly, 
S.W., and the General Vehicle Company, Limited, 
of Imperial House, Kingsway, W.C. OUn_ the 
Edison stand there was a Great Western Railway 
battery-driven luggage-truck. Messrs. Robey and 
Co., Limited, of Globe Works, Lincoln, showed a 
5-ton steam-wagon and a tractor. 

We do not know that the exhibits of the few 
latter firms we have mentioned were particularly 
germane to the subject of roads, although, no 
doubt, of interest and value to road authorities and 
engineers. Road-making and upkeep appliances, 
more properly r veg. were shown by Messrs. 
W. Weeks and Son, Ltd., of Perseverance Iron 
Works, Maidstone, Messrs. James William Glover 
and Sons, of Warwick, and Messrs. Johnston 
Brothers, of 79, Mark-lane, E.C. Messrs. Wecks 
had a fairly complete collection of tar-boilers and 
tar-spraying and painting machines. The tar- 
sprayer consists of a tar-boiler fitted with a 
hand-operated spray-pump connected up to a 
metallic hose. An air-¢hamber is fitted to main- 


Messrs. Glover showed a street water-sprinkler 
with variable ; and Messrs. Johnston showed 
double-furnace tar-boilers. Messrs. Bristowe and 
Co., Limited, of 11, Tothill-street, Westminster, 
also showed a tar-spraying machine. Messrs. 
Merryweather and Sons, Limited, of Greenwich- 
road, S.E., showed a vacuum apparatus for empty- 
ing cesspools. 

Among miscellaneous machinery exhibits we 
should mention the ‘Stereophagus” pump and 
oa Senfrot” ee oe which were shown 

y the Stereo _— ump and Engineering Com- 
pany, Limited, of 39, Victoria-street,S.W. Both 
these appliances have already been dealt with in 
our columns. The *‘ Senfrot” injector, which is used 
to inject chemical reagent in measured quantities 
into water-mains under pressure, will found 
described in our issue of December 11, 1914, while 
the portable ‘‘Stereophagus” pump for trench 
drainage, which was exhibited, was dealt with 
by us on June 11 last. Another interesting mecha- 
nical exhibit which we have treated of in the past 
was the Blacker mechanical hammer shown by 
Messrs. Murphy, Stedman and Co., Limited, of 
180, Gray’s Inn-road, W.C. A description of the 
hammer will be found in our issue of August 9, 
1912. There was, however, another mechanical 
hammer at the Show of quite new design. This 


—— 


Fig.2. 
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was shown by Messrs. Simpson and Co., of 39, 
Victoria-street, 8.W., and is known as Craymer’s 
mechanical hammer. The Blacker hammer is 
intended for use in the smithy, but the Craymer is 
of quite different type, and is designed for breaking 
up concrete road foundations and similar work at 
present performed by navvies. It is claimed that 
the hammer not only saves labour, but hits heavier 
and truer blows than can be given A a workman. 
The hammer is illustrated in Fig. 2, above. 
It comprises a framework consisting of four vertical 
members a carried on a four-wheel trolley. As the 
appliance is shown in one elevation in the igure, 
only two of these main members and two wheels 
can be seen. Inside the main framework there are 
two vertical screws b and two vertical guides c. 
Only one of each can be seen in the fi On 
the guides and screws a cradle d works. It is 
moved in a vertical direction by rotating the 
screws. The cradle carries a double - ended 
hammer e, which rotates around a moving centre. 
The chisel is held by a lever k pivoted on the 
cradle. As the outer end of the hammer comes 
downward from the upper position, shown dotted, 
it strikes the chisel-head, and is then withdrawn 
horizontally by a fork carried by the chain f. The 
fork e es a pin on the side of the hammer- 
head. hile this action is taking place, the other: 
end of the hammer is being lif y the rotation 
of the crank g, which is pivoted to a sleeve in which 
the hammer-shaft slides. This end of the hammer 





is thus lifted into position to make the next blow, 
| while the first end is withdrawn into position to 


tain a fairly constant pregsure at the nozzle. The | be lifted by the next revolution of the crank. 

tar-painting machine consists of a tank with a| The hammer is operated by the rotation of two 
furnace and with valves at its back to distri- | handles h, which are geared to the various motions. 
bute the tar on to the road. A hinged brush, | The hammer-driving gear is so arranged by means 
capable of adapting itself to the camber of the | of cam-wheels that the hammer-head accelerates on 
road, ‘is fi ted on extension arms behind the its downward path. This assists the natural blow 





boiler, and brushes the tar into the road surface. due to the weightof the head. As it is undesirable 
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that the hammer should be capable of striking a 
blow before the chisel is in position against the 
object on which it is to work, means are provided 
to prevent this possibility. If the chisel is not in 
position, or if it is simply hanging in the air, rota- 
tion of the handles h does not operate the hammer. 
This is brought about through the action of the 
levers k and /, These are connected up to a 
clutch m, which so operates that until the chisel is 
resting on the ground the rotation of the handles 
simply feeds the cradle downwards ; but when the 
chisel encounters a resistance, the clutch is thrown 
over, and the hammer begins to operate. When 
the chisel has been driven, it is detached from the 
lever k, and the reversal of the driving-handles lifts 
the cradle ready for the next operation. The tool 
is designed to be operated by two men, and it is 
claimed that it can take the place of four hammer- 
men and one man to hold the chisel, while at the 
same time occupying about half the space of the 


Among other machin exhibits, which we 
need not deal with at length, were concrete-mixers 
‘ and steel piling by the Ransome-Ver Mehr Machi- 
nery Company, Limited, Brunswick House, West- 
minster, and a concrete-mixer shown jointly by 
Messrs. Stothert and Pitt, Limited, of 38, Vic- 
toria-street, S.W., and Messrs. T. L. Smith and 
Co., of 13, Victoria-street, S.W. Mr. William 
Boby, of Salisbury House, London Wall, E.C., 
showed examples of his well-known water-treating 
apparatus. Among the smaller stands avery interest - 
ing display was made by the Metal Jointing Company, 
Limited, of 11, Adam-street, Strand, W.O. This 
consisted, in the first instance, of examples of their 
‘* Amalgaline”’ plunbing. The process consists in 
joining lead pipes, unions, and fittings by shaping 
the ends of, say, two pipes with special tools. 
One pipe is cut with a taper spigot, and the other 
with a socket to suit. A piece of ‘‘ Amalgaline ” 
ribbon is then placed in the joint, and the whole 
fused together. The ribbon consists, we believe, 
of pure tin—electrolytic tin. The system is claimed 
to give a better job than ordinary plumbing, and 
saves money. The finished effect is very neat. The 
process has been extensively adopted. 

The same company also showed examples of lead- 
lined pipes and reinforced lead pipes. Lead-lined 
iron pipes may be used for water service where the 
expense is justified, and are essential for some 
chemical processes. The reinforced pipes are also 
used for the latter pur , and sometimes have to 
stand both internal and external pressures. Work 
of this class has up to the present come very largely 
from Germany, but the Metal Jointing Company 
are not og German process, but a new one 
invented by Mr. Thomas Harden. The patents 
should be of great importance and value in connec- 
tion with the expected great extension of chemical 
work in this country. The process is simple and 
pretty. To line an iron pipe a lead pipe is i 
inside it, and expanded to fit tightly by hydraulic 
pressure. It is then locked in position by drilling 
at selected points through the iron into the lead. 
Lead studs are then cast in, an ‘“‘Amalgaline” joint 
being made. The reinforced pipes are made by 
coating steel pipes in a lead press and then lining 
them by the hydraulic method. Drilled holes are 
then made connecting the two lead coats, and they 
are locked together by casting in studs. 

In addition to the class of material we have so 
far dealt with, there were a large number of stalls 
containing examples of road materials, such as 
franite, basalt, &c., and binders of all ty 

ere were also a number of exhibits of road rein- 
forcement. This in most cases consisted of rect- 
angular wire mesh built up by welding, twisting, 
or notching the members to make the joints. We 
have not space to deal with the various exhibits of 
this class by name, but may mention an interesti 
example of the use of a binder for fortress work, 
which was shown on the stani of the Trinidad 
Lake Asphalt Paving Company, Limited, of Brit- 
tannia , Townmead-road, Falham, 8.W. This 
consisted of artificial stone, which, we were told, 
nage » gues yr The stone was made 
of Trini asphalt and large granite chippings, 
and, it was stated, it did ‘not oplit or pon ea 
under the action of shot. It could only be per- 
forated or moved bodily. As a last notice we may 
mention the stall of Messrs. Sharp, Jones and Co., 
of Parkstone, Dorset. On it were shown rock- 
concrete tubes for large sewers, &c. They were 
made without reinforcement, and were up to 39 in. 
in diameter by 4 ft. 6 in. long. The spigot-and-. 





socket joints gave a smooth surface both inside 
and out. The same stall contained a display of 
pleasing - looking roofing tiles, also made of rock 
concrete. They were made with a double lock, 
and required no nailing down, and were said to be 
of particular value for many types of building 
owing to their low heat conductivity. 








NOTES. 
Correr 1n Russia. 

Tue calculated production of copper at the 
works of the Russian Copper Syndicate Medj 
was not attained in 1914. Instead of an anticipated 
increase of 400,000 poods, as compared with the 
preceding year, there was a decrease for last year 
as compared with 1913. The production for 1914 
only amounted to 1,968,660 poods. The aggregate 
Russian production of copper for the last five 
years is as under :— 


Poods. Tons. 
1910... cal ~e inf 1,378,399 (22,300) 
Ooo jen sal oe 1,564.0:0 (25,200) 
19t2.... — ke ... 2,062,731 (33,100 
1913... en aes ... 2,048,393 (33,000 
1914 1,968 660 (32,100) 


The decrease of last year, as compared with the 
previous year, of 79,733 poods, or 4 per cent., is 
stated to have been caused by the war, which 
brought about the complete inactivity, after 
October, of the Dsansulsk works of the Caucasian 
Copper Industry Company, and prevented the 
resumption of work at the Kwarchansk works 
of Siemens’ Successors Company, and at all the 
works materially reduced the amount of avail- 
able labour. It may, however, be remarked in 
this connection that most works, with the exception 
of two, were somewhat behind the cal 

production in the first half of 1914. These 
two works were the Kyshtym Works, with an in- 
crease of 34,463 s for the first six months of 
1914, and the Werch-Issetesk Works, with an in- 
crease of 17,065 poods. The calculated production 


for the current year, according to the official 
report, is as under :— 
Works. with 1914. 
; Poods. Poods. 
Demidow Successors ... 75,000 — 2,405 
Bogoslow Works ... ... 200,000 — 36, 
Werch-Issetsk Works ... 320,000 +146,128 
Kyshtym Works ... ... 680,000 + 203,825 
Spassk Works . ... 900, + 9,955 
Siberian Co Company 40,000 + 156,072 
Alexkejew Works... oe t + 16,887 
Industrial and 
Metallurgical Company 280,000 + 30,829 
Siemens’ Successors — 19,248 
Caucasian Copper Indus- 
triesCompany ..._... _ i 
Different works ... . 200,000 + 23,274 


The total production should in consequence come 
out at some 2,165,000 poods (35,000 tons) for 
the current year, an increase of about 200,000 
poods (3220 tons) as compared with 1914. Ac- 
cording to the report for last year, 91.8 
cent. of the aggregate Russian production of 
copper ry | that year came from the works 
combined in the Medj Syndicate, against 95.7 per 
cent. for the previous year. Russia’s aggregate con- 
sumption of copper during 1914 is put at 2,072,318 
bool or 10,614 poods more than in 1913, and 192,659 
poods more than in 1912. The syndicate’s report 
for the latter year prophesied that for the current 
year Russia’s import of copper would disappear 
altogether, an estimate which, on account of the 


pes. | altered circumstances, will hardly come true. 


Tue STaNDARDISATION OF MANUFACTURES, 
“*The absence from the French language of the 
admirable British word ‘standard’ is much to be 
regretted,”’ says M. Henry Le Chatelier in a recent 


ting | issue of La Nature. He expresses the opinion that 


the Frenelt,. y, besides regularly indexing 
the words atid expressions which have entered into 
the language of the country, might also help in the 
introduction of new wo to answer the novel 
requirements of modern civilisation. In the par- 
ticular case dealt with, it may be claimed that 
where the English-speaking countries use the sole 
word ‘‘standard,” the French have several dozen 
words at their disposal, a few of which are quoted 
by M. Le Chatelier. This wealth of qualificatives, 
he adds, has, it cannot be denied, the advantage 
of preventing monotonous repetitions, but never- 
theless it is more an apparent than a real wealth ; 
it even approximates closely to an actual penury, 
for none of the words he quotes calls to mind the 





exact significance of the word ‘‘standard,” which 
word, he says, implies an agreed uniformity in 
certain industrial products, manufactured syste- 
matically so as to ensure invariability in certain 
of their properties, such as shape, dimensions, 
chemical composition, &c. The point dealt with is 
not one having a literary bearing only ; there is also 
to be reckoned the fact that the accurate perception 
of a state of things is obscured through the lack of 
the precise word for expressing it. This is a very 

t disadvantage, and also a source of weakness 
or the French industry, seeing that the standardi- 
sation of products is gradually becoming more and 
more an absolute necessity in presence of the 
gradually increasing complexity of the exigencies of 
modern life. An Engineering Standards Committee 
has long been established in London, the object 
of which is to work for the unification of British 
manufactures, and thus to facilitate competition 
with German industry. When it is a question 
of purchasing a product in regular use, preference 
everywhere is always given to a stan product ; 
that is to say, a product which is invariably iden- 
tical in every respect with the one previously 
supplied. ‘* When,” says the eminent French 
scientist from whom we quote, ‘‘the importance of 
standard manufacture is realised, and when a con- 
sumer is sure of finding in the market a number of 
definite and invariable types, the direct result is 
the double advantage of a guarantee of quality on 
the part of the manufacturer, coupled with a 
decrease in price due both to greater uniformity in 
the processes of manufacture, and to a decrease in 
the quantities stocked.”” M. Le Chatelier refers to 
various unfruitful attempts at standardisation made 
in various French industries, and expresses the 
hope that the value of standardisation may soon be 
fully realised by many of his countrymen, in whose 
mind, so far, it is in a latent state. But it is 
necessary first to secure that the significance and 
importance of the idea expressed by the word 
** standard” be grasped by them. 


War Loan Bonps as Premiums ror Goop 
Time-KEerinc. 


The Vickers Company have offered to their 
workers in all their factories a most generous and 
commendable scheme, having a threefold advantage 
—encouragement to thrift, incentive to good time- 
keeping, and participation by the worker in the 
War Loan. These embrace the whole duty of the 
workers to the nation at the present crisis ; this fact 
does not require elaboration. The war can only be 
conducted toa satisfactory issue by the conservation 
of all our resources, monetary and otherwise; by 
direct financial support for the continuance of 
operations ; and by continuous and efficient work 
on war munitions. oe ae the terms of the War 
Loan afford opportunity for the encouragement of the 
workers in all three respects. The Vickers Company 
by simple expedients have applied, to the fullest 
extent, and have even intensified, such encouraging 


per | features. The workers are asked to give a written 


authority to the wages office in each department for 
the deduction each week, from now until the end of 
November next, of any amount from their weekly 
wage, which must not be less than 5 per cent. of 
their wages, or a fixed weekly sum equal to or in 
excess of 5 per cent. For this amount the firm 
will credit the worker with a subscription to the 
War Loan of a corresponding amount. Workers 
complying with this condition are to get a bonus 
from the firm at the end of each month as an 
addition to their subscription to the War Loan, 
the amount being equal to 23 per cent. of 
the wage earned in that particular period. By 
subscribing 1s. or more per £ of wages, the 
worker gets 6d. per £ from the firm. Thus, 
any workman allowing only 5 per cent. to be 
deducted from his wages will be credited with 
74 per cent., or an addition of 50 per cent. In other 
words, he will receive a 53. loan voucher for each 
66s. 8d. of wage earned per week. If he allows a 
deduction of 7$ per cent., he will be credited with 
a sum equal to 10 por cent. of his wage; in 
other words, he will get a 5s. loan voucher for 
each 50s. of his wage. The preponderating majority 
of workers can earn at least this amount, many of 
them double, and some of them quadruple. Owing 
to the immense number of workers and the large 
weekly wage bill, the bonus payable each week by 
the firm may run into thousands of pounds, so 
that this offer is a very generous one. The con- 
dition attached by the firm to this addition of a 
large bonus is that the worker shall be diligent 
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and efficient, and that he shall a a time. 
The percentage of time which may be lost with- 
out reasonable cause, holidays, absence by leave, 
accident, or sickness (certified by a duly qualified 
man), is determined at each of the works or dis- 
tricts se tely. The same offer is made to mem- 
bers of the staff paid by salary, where the salary does 
not exceed 3001. per annum. The provision in the 
Government scheme for the subscription of small 
sums for the War Loan terminates in Decem- 
ber, and as soon as ible after that date the 
bonds subscribed for by the men and those paid 
for by the firm for each man will be handed over 
to their owners. The firm will then also be pre- 

red to consider means by which an odd sum over 
the 5s. will be made up to 5s. in order that a voucher 
for that amount may be payable. We hope the 
scheme, which is admirable not only for its sim- 
plicity but for its liberality, will be a complete 
success and that other firms will move along similar 
lines. 





THE LATE MR. A. C. HURTZIG. 

Many of our readers will learn with ee of the 
death, at his residence, Danford House, Alleyn Park, 
Dulwich, of Mr. Arthur Cameron Hurtzig, in his 
sixty-second year. In addition to possessing a charm- 
ing personality, he occupied a high place in his profes- 
sion. He was one of a numerous band of young men 
who had come directly under the influence, either as 
pupils or assistants, of the late Sir John Fowler and 
Sir Benjamin Baker, and who have since carried on 
the work of these masters, displaying that sound 
practical knowledge and experience, and exercis- 
ing that high degree of common-sense, which is 
equally important with theoretical knowledge in the 
solution of engineering and constructional problems. 
These were the characteristics of the late Sir John 
Fowler and Sir Benjamin Baker, and they were most 
successful in imparting them to those who had the 
advantage of being on their staff, as has been proved 
by the work of nearly all their associates. Mr. Hurtzig, 
from the beginning of his career, was closely associated 
with them, ticularly with Sir Benjamin Baker 
until his death—a period of thirty-four years, during 
the latter half of which he was a partner in the firm. 

Mr. Hurtzig was born in 1853, the son of a London 
merchant. He was educated at the Ware Grammar 
School, and later at the London University College, 
becoming one of the earliest students in the engineer- 
ing faculty. He achieved distinction in his class- 
work, and when twenty years of ag 
articled pupil with the firm, which then included Sir 
John Fowler, Sir Benjamin Baker, and Mr. J. D. 
Baldry. There is no need to refer to the variety and 
importance of the work with which Mr. Hurtzig thus 
became familiar. His first experience was got on 
railway lines and harbours in Ireland, on which he 
was engaged from 1874 to 1876 ; throughout his career 
he was Senet associated with the Irish railways, 
and later in life was the engineer to the Castle- 
blayney, Keady, and Armagh line. In 1877 he went 
to Hull, becoming assistant engineer to the Hull and 
Barnsley Dock Company, and continued there for 
eleven years, carrying out work of an important 
nature for the improvement of the docks, waterway, 
and railway sidings. Earle’s Shipbuilding Company 
was at that time in the heyday of its prosperity, and 
important developments in connection with the water- 
way were necessary to accommodate the battleships 
designed by Sir ward Reed, and later by Dr. 
Francis Elgar. Mr. Hurtzig afterwards became the 
resident engineer, from 1880 to 1885, on the Hull 
and Barnsley Railway Company’s Alexandra Dock, and 
afterwards was chief engineer tv the Hull and 
Barnsley Railway and Dock Company, continuing in 
this posin, during years of great development, until 
1888. : 

He returned to Messrs. Fowler and Baker’s office 
in 1888 in order to assist in many great schemes. 
At that time the Forth Bridge was in progress. In 
1891 he became the junior partner of the firm, and 
from the date of Sir John Fowler’s death, in 1898, 
was partner with Sir Benjamin Baker until his death 
in 1907. During these years he was associated with all 


the important schemes carried out. Included amongst T 


these was the work in connection with the Assouan 
Dam, the Assiout ar and the Esneh Bar 
across the Nile, for of which Sir Benjamin 
Baker was responsible. Mr. Hurtzig was also 
associated with the design of the viaducts over the 
Rivers Barrow and Suir, in connection with the Great 
Western Railway Company’s new service, via Fish- 

ard and Rosslare, to Killarney and the South- 

est of Ireland. 
engineers for the extensive Avonmouth Docks for the 
Bristol Harbour authorities. Amongst the important 
work carried out in recent years was that connected 
with the improvement of the harbour at Barrow-in- 
Furness, in order to accommodate the larger battle- 
ships of the present day built by the Vickers Company. 





e became an | had 


He was one of the consulting J 


A prominent feature of this work was the widening of 
the Buccleuch Dock rene between the docks, so 
that larger ships might be passed through. He was 
also engineer for the viaduct across Walney Channel, 
between the town of Barrow-in-Furness and Vickers- 
town on the island. The centre span, like the bridge 
at the Buccleuch Dock » has Scherzer roller- 
lifts. He was also connected with another bridge, of 
the same type, for the South Eastern Railway over 
the Swale. In its earlier stages, he was the chief 
engineer for the new commercial harbour at Dover. 
Mr. Hurtzig waa consulting engineer for the Hull 
Joint Dock works and for the Forth Bridge Railway. 
He was connected with the North China Railways 
and with undertakings in the Colonies and foreign 
countries, notably in the extensive shipbuilding and 
repairing establishment of Canadian- Vickers, Limited, 
at Montreal. 

Mr. Hurtzig took little part in public life or in the 
affairs of the technica: institutions. He became a 
student of the Institution of Civil Engineers when 
nineteen years of age, and won three Miller Prizes. 
After being transferred to membership in 1886, he 
wrote a paper on ‘“‘ The Alexandra Dock at Hull.” He 
was & vice-chairman of the Harbour, Docks, and Canal 
Section of the Engineering Conference in 1907. For 
several years he has been a member of the Iron and 
Steel Institute. He is survived by his widow, a son, 
and three daughters, to whom sympathy was extended 
by the attendance of a large pauter of engineers at 
his interment at Norwood Cemetery on Tuesday last. 








PEgRSONAL.—For family reasons, Messrs. Dudgeon and 
Gray, Limited, consulting engineers and marine sur- 
veyors, of 89, Aldgate, London, E., are converting their 
business into a limited liability company bearing the 
above name as from July 1, 1915. The governing directors 

ill be the present partners of firm, Messrs. Alex- 
ander John Dudgeon and Harry Gray. 


Digset Enoing- Users’ Associration.—At the June 
meeting of the Diesel Engine. Users’ Association, held at 
the Institution of Electrical Engineers, the President 
pera that, as there was so much other business to 

with and to discuss, the further consideration of the 
subject of lubrication of Diesel engines should be de- 
ferred te a subsequent meeting. The question of a suit- 
able allowance for depreciation of Diesel engine plant in 
connection with income-tax assessment was then con- 
sidered. Ib was generally felt that the present practice 
of allowing only 5 per cent. for depreciation, and that 
only on the diminishing capital value, was quite insuffi- 
cient for the purpose. A somewhat larger percentage 
recently offered in the case of the Diesel engine 
plant of an electrical undertaking, but the increase 
offered was only small, and it was thought that if Diesel 
engine users generally would take some action in the 
matter, and protest against the inadequacy of the present 
allowance, the income-tax authorities might be persuaded 
that a more liberal treatment in this respect was only 
just and reasonable. The next meeting of the Associa- 
tion is to be held on Wednesday, July 21, when the 
uestions of lubrication and of cracked pistons are to be 
urther discussed. Information and particulars concern- 
ing the Association can be obtained from the acting 
Honorary Secretary, Mr. Percy Still, 19, Cadogan 
Gardens, London, ‘ 





Scneme ror TRarininag Monition Workers. — The 
Engineering De ment of King’s College, London, is 
organising a scheme for training unskilled and semi- 
skilled men in the use of tools, so es to fit them for work 
at the munition factories. The work is to begin at once, 
and will proceed throughout the summer vacation, and, 
if the need is still great, will be continued one the 
winter. The Industrial Reserve, 227, Strand, is helping 
the College, both in the supply of men who can be use- 
fully trained for such work, and in findi laces for them 
in factories when trained. The work will be done in two 
shifts, from 9 to 12.30, and 1.30 to 5 p.m., Monday to 
Friday inclusive, so that forty men can be taken each 
day. The average course is expected to last for three or 
four weeks, though this will naturally depend on the 
previous training and progress of the student. The fee 
charged will be only the nominal one of 2s. 6d. per week, 
which will only go a small way towards defraying the 
running expenses of the scheme; 150/. has already been 
contributed by a subscriber to the Industrial Reserve, 
and it is hoped that further contributions will follow. 

here can be no doubt that such a scheme will be of the 
ing available for the public service 


utmost use in making | r thi 
a great amount of willing help which is at the present 


T8g | moment unfocussed and untrained. The Coll and 


the Industrial Reserve are already in touch with firms 
manufacturing munitions, and there should be no diffi- 
culty in finding places for sufficiently qualified men. 
This scheme, as well as the advanced testing work which 
the de ent will be able to do for the Ministry of 
Munitions, will be under the direction of Professor A. H. 

ameson. Inquiries and applications should be made to 
the ae, Sa College, Strand, W4). In Man- 
chester the 1 of Technology is conducting classes to 
provide the necessary preliminary training to enable 
suitable persons to be recommended for employment in 
the manufacture of munitions of war; 5s. is charged 





for ten hours’ instruction. Similar schemes are in opera- 
tion in Sheffield and Birmingham. 





INDUSTRIAL NOTES. 

On Saturday last, June 26, the National Advi 
Committee on War Output, acting in conjunction wi 
the Trades Unions Congress the ral Fede- 
ration of Trade Unions, issued the following mani- 
festo, addressed to trade-unionists, on the subject of 
war munitions :— 

**Fellow Trade-Unionists,—We are faced with a 
great responsibility, and, at the same time, presented 
with a magnificent opportunity. We are ed_upon 
to assist in saving our nation and its Allies, who are 
fighting for civilisation and international law, as 
against the barbarism of brute force. After eleven 
months of unprecedented struggle, the position of the 
British and Russian armies in the field, in uence 
of a shortage of munitions, as stated by the Minister of 
Munitions, is, indeed, very serious. It is essential 
that the ys workers should realise the extreme 

vity an ger of the present ition, together 
vith @ supreme urgency of the eatlenal ea 

‘**The production of munitions must be accelerated 
and increased, so as to place the issue of the war 
beyond all doubt. In this gigantic effort organised 
skilled labour must take an indispeneable part, for 
with enthusiasm and unselfishness it can render an in- 
valuable national service. Arrangements have been 
made between the Minister of Munitions and the 
representatives of many trade unions, together with 
the Parliamentary Committee of the Trade Unions 
Congress and the M ment Committee of the 
General Federation of Trade Unions, the Engineering 
and Shipbuilding Federation, and the Transport 
Workers’ Federation, for the enrolment of a large 
number of war-munition volunteers. 

**We earnestly appeal to every skilled workmen of 
the engineering and allied trades who is not at present 
engaged upon war work to enrol himself as a volunteer 
in this hour of need. We do so with confidence, for 
we can assure him that everything that can be done 
is being done to safeguard his economic position, and 
to see that every ounce of energy he devotes to the 
service of the country will be applied in the interests 
of the country. His devotion to duty will not be 
exploited for the purpose of excessive profits ; he will 
not be worsened financially; and the status of his 
trade union and his craft will not suffer. The Munitions 
of War (Supply) Bill, when it beoomes an Act of Par- 
liament, will be a guarantee for the restoration of 
trade union rights and customs when victory has been 
achieved. 

** We therefore urge every eligible man to rally to 
the call, and demonstrate to his comrades in the 
trenches and to the whole world that British trade 
unionism stands for all that is best in national life, 
national freedom, and national security.” 

The manifesto was signed, on behalf of the National 
Advisory Committee on War Output, by Arthur 
Henderson (Chairman), C. W. Bowerman, J. T. 
Brownlie, J. Hill, F. Smith, A. Wilkie, and W. 
Mosses (Secretary). It was signed on behalf of the 
Parliamentary Committee of the Trade Unions Con- 
gress by James A. Seddon (Chairman), and on behalf 
of the Management Committee of the General Federa- 
tion of Trade Unions by Jas. O’Grady (Chairman). 





Speaking in the debate in Parliament on the Muni- 
tions Bill on Monday last, Mr. Hodge, the Labour 
Member for Gorton, speaking for a great volume 
of trade-union opinion, declared that strikes durin 
this war were unthinkable. Where such had occurred, 
the blame must not all be cast upon the workers ; 
in many iustances the employers were responsible. 
Anyone who read the manifesto issued by the Ad- 
visory Committee, and endorsed by the Parliamentary 
Committee of the Trade-Union Congress and the 
General Federation of Trade Unions, representing 
altogether three million skilled workers, would see 
that the leaders of the movement were as earnest and 
as determined as it was humanly possible to be, to do 
everything to help our gallant men at the Front. 
They realised that the sacrifice of trade-union privi- 
leges was as nothing compared with the sacrifide made 
by the men in the trenches. The Government did 
not go the right way of getting the workmen for 
cxpeniting the manufacture of munitions, but now 
they had realised the situation, what they had all 
to do was to push forward for all they were worth. 
The Labour Party had no objection to the principle 
of the Munitions Bill. When they looked at the 
national Roll of Honour in the newspapers every day, 
and saw the casualties mounting to 3000 a week—a 
costly roll—how could they seek to place any barrier 
in the way of taking the action necessary to reduce 
that roll? 





In ite issue of June 10 the Jron Age says that in the 
consideration ¢ ee —— —— = the labour 
supply ef the Uni tates, especi © supply of 
skilled labour, there now enters the acqpptaneinn 
element that good men are being tempted” by large 
wages to transfer their services to works in Great 
Britain, and, on a still larger scale, inducements are 
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being offered by Canadian firms. Mechanics in no 
inconsiderable numbers have sailed for England, and 
others have been engaged for this employment, accord- 
ing to what appears to be reliable authority ; there is 
no doubt that many of this class of men—at the 
moment, speaking from the standpoint of manufac- 
turing, the most desirable of all our artisans—have 
been employed by Canadian shops which are rushing 
through materials for the Dominion troops and other- 
wise for the British Empire. The United States is losin 
the Europeans who, were world conditions normal, 
would now be flocking here ; it is also losing many of 
its workmen, whoare returning to their own country to 
fight. In addition, many of our own people are leaving. 
The latter group constitutes no great factor, but it 
serves well to emphasise the folly of the Alien Contract 
Labour Law of the United States, which makes it a 
serious offence, under the penal code, for an American 
manufacturer to secure from abroad, under contract, 
the services of a foreigner. The owner of an American 
machine-shop cannot go to Canada or send an agent to 
seek labour under advantageous conditions. He cannot 
advertise for men there ; at any rate, he cannot accept 
che services of a mechanic secured in such & manner 
without incurring the risk of prosecution by the Federal 
Government. It is an anomaly to maintain a barrier 
against the American manufacturer, and indirectly 
against the American public, which does not work the 
other way around. At the present time, Englishmen 
are contracting for the skill of American mechanics, 
but the manufacturer in the United States cannot con- 
tract for the services of expert English workers without 
liability to serious punishment, as had been proved by 
decisions of the United States Courts. The Alien 
Contract Labour Law was a sop to the Labour vote. 
Under a situation like to-day’s, legislation should be 
passed for suspending its operation. 





We take from a recent issue of the Yorkshire Post 
the interesting statement which follows :— 

Acting under the instructions of Mr. Hugh Bramwell 
(chairman of the Monmouthshire and South Wales 
Coal-Owners’ Association) and Mr. Fred. L. Davis 
(President of the owners’ representative on the South 
Wales Conciliation Board), Messrs. J. C. Kirk and 
Son, Chartered Accountants, Leeds (who have acted 
for many years as owners’ auditors in connection with 
the Conciliation Board Agreement), have prepared a 
report upon confidential returns of profits made by 
members of the Association in 1914, The report, 
which is dated June 25, 1915, does not include certain 
companies having dual interests, such as coal produc- 
tion and iron and steel manufacture. 


Returns have been received from seventy - nine 
members, with an annual output of 33,983, tons, 
The total profit for the 


and yon ee 121,722 men. 
year ended December 31, 1914 (or in the financial year 
ending nearest to that date), after paymeut of interest 
on debentures or other loans and preference shares, is 
1,712,047. 5s. 3d., which works out at 1s. 0.9d. per ton 
on the above output. The following analysis of the 
returns is furnished :— 








Profits. 
Number Number of 
of Profit per Ton. Men Output. 
Firms. Employed. 
| tons. 
8 Under 8d. | 6,106 1,620,037 
12 Sd.andunder 6d. | 10,547 8,209,123 
4 6d. 00 9d. 6,331 1,788,689 
6 9d. 2 ls. | 10,756 2,783,379 
10 1s. a 1s. 6d. 13 545 4,602,930 
~ 1s. 6d. - 2a. | 26,720 8,033,746 
2 2s. °° 28. éd. | 1,470 432,776 
6 2s. 6d. and upwards | 18,676 4,802,074 
Loss or No Profits. 
Number | | Number of 
ot | Loss per Ton. Men (| Output. 
Firms. | | Employed. } 
tons. 
| Under ls. 22,303 | 5,606,230 
9 ls. and over. 3,648 781,042 
4 Amount not disclosed. 1,670 323,903 


The analysis is supplemented by the followin 
official statement :—The total output of 33,983,829 
tons, represented by the colliery companies and firms 
whose trading results in 1914 have been summarised, 
includes the outputs of by far the greater proportion 
of the collieries situated in the steam-coal area of the 
coal-field. It will be seen that, of the total quantity 
produced at the collieries controlled by these seventy- 
nine members, 6,711,175 tons, or 198 per cent., was 
produced either at a loss or without profit on the 
ordinary capital, while the proportions of the total 
output making profits under ls., le. 6d., 2s., and 
2s. 6d. per ton are shown in the following state- 
ment :— 

47.4 per cent. (16,112,303 tons) of the total pro- 
duction of nearly 34,000,000 tons, made a profit of 
less than Is. per tor. 
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metal respectively. 
for spelter are for American metal—the only 
are plotted to Middlesbrough quotations; t 
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Nore.—In the diagrams on this and the opposite page the figures plotted for tin and cop 
closing quotations o: the London Metal Exchange for cash transactions in ‘‘fine foreign’ 
The prices plotted for antimony and lead are for English metal in both cases, while those 
kind at present available. 
e usual discounts are allowed in the case of ship-plates, but rails 
are net, free on board, at Middlesbrough. The figures plotted for hematite, Scotch and Cleveland irons are 
Glasgow settlement prices, and these prices are per ton, as are also those for all other metals 
rice of quicksilver is, however, per bottle, the contents of which weigh about 
r box of I.C. cokes free on board at Welsh ports. Each vertical line in the 
represents a market day, and the horizontal lines represent 1/. each in all cases, except those of 
hematite, Scotch and Cleveland irons and tin plates, where they represent 1s. each. 
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60.9 per cent. (20,715,233 tons) of the total output 
yielded a profit of under 1s. 6d. per ton. 

84.6 per cent. (28,748,979 tons) yielded a profit of 
less than 2s. per ton. 

Only on an output of 5,234,850 tons, or 15.4 per 
cent. of the total production, was there earn a 
profit of 2s. and over per ton on the ordinary capital, 
while twice this quantity, produced by forty-four 
colliery concerns, was marketed 
a profit of less than 6d. per ton. 





either at a loss or at 


rally known, is that the steam-coals requisitioned 
or Naval ——— are supplied by the colliery owners 
at prices fixed by the Admiralty. In view of the most 
misleading and grossly-exaggerated statements con- 
cerning the colliery owners’ profits, the coalowners of 
South Wales consider it only fair that these facts 
should be brought to the notice of the public, and left 
to its judgment. 





The Executive Committee of the Miners’ Federation 


A fact of great importance, which perhaps is not of Great Britain have had, during the last few days, 
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several interviews with Mr. Lloyd George at the 
Ministry of Munitions with reference to the question 
of compulsory arbitration under the terms of the 
Munitions Bill. They ask to be excluded from the 
list of trades which are refused the right to strike 
during the war, and have guaranteed that if their 
request is granted they will do their utmost to in- 
crease the output of coal. It is stated that Mr. Lloyd 
George assured the Executive that much as he desired 
all the workers to come in he would not force those 
who were unwilling. 

Meetings of Scottish miners’ representatives have 
been held in Glasgow, under the chairmanship of Mr. 
Robert Smillie, to consider the men’s claim for an 
advance of 50 per cent. on the basis (referred to on 
page 623 of our last volume), less the 187 per cent. 
which has been granted as a war bonus. 

Meetings of South Wales’ miners’ representatives 
have also been held; the men demand a new wage 
agreement to replace the one which has just termi- 
nated. The owners have so far declined to meet the 
men on the ground that the present is not an oppor- 
tune moment for entering into a new agreement, 
especially in view of the fact that the miners are 
being paid 8 war bonus. A Conference of the South 
Wales Miners’ Federation was held on Wednesday at 
Cardiff, when it was agreed by 123 votes to 112 to 
accept the Government proposals for a settlement of 
their dispute with the owners, work being continued 
for a fortnight on the Government terms. A further 
Pe gery is to be held in London on or before the 
14th inst. 





The annual report for 1914 of the Society of Amal- 
gamated Tool-Makers states that the membership of 
the society, which, at the close of 1913, stood at 
11,488, had reached 15,360 by the end of 1914. The 
number of branches had grown from 78 to 98. The 
income for 1914, including 985/. 12s. 2d., interest on 
investments, was 37,378/., showing an increase of over 
11,0002. on the income for 1913 The reserved funds 
had reached the sum of 51,111/. Dealing with the 
war, the report says, ‘‘ there is one sentiment which 
permeates us all, and that isa determination to see 





it through. We are all going to do what we can. 
Some at the Front, where about 1500 of our members 
are serving, some at home ; but each and every onedoin 
his best to secure the absolute and complete defeat o 
the enemy.” 





Premiers and other Ministers of the State Govern- 
ments in Australia have recently met in conference 
to deal with questions of State and Commonwealth 
importance. One subject discussed was that of un- 
employment insurance. It was generally A. my that 
legislation similar to that recently adopted in Great 
Britain should be 

Mr. O'Sullivan, representing Queensland, moved 
that it was desirable that an insurance scheme on the 
lines of the British Act should be instituted, and that 
legislation on the subject should be provided by the 
Federal authorities, or by the uniform action of the 
States. 

Sir Alexander Peacock, Premier of Victoria, in 
seconding the motion, stated that in the report of the 
operations of the Act for last year it was shown that 
the receipts amounted to 2,011,000/., and the expendi- 
ture for six months was 359,517/. 

The motion was —— to. It was also resolved 
that Mr. O’Sullivan should pre a Bill, and submit 
it to the Federal and State authorities. 





There are now in Denmark 57 officially acknow- 
ledged unemployment funds, the membership of which, 
on ffarch 31 last, amounted to about 140,000, against 
131,000 on the same date in 1914. The aggregate 
receipts of these funds amounted to 3,244,000 kr., of 
which total 1,548,000 kr. were members’ subscriptions, 
110,000 kr. extraordinary contributions, 1,428, kr. 
were public votes, and 158,000 kr. income from other 
sources. The expenditure had been 3,066,000 kr., of 
which sum 2,789,000 kr. were paid on account of 
benefits, and 277,000 kr. for administration. The 
capital amounted to 3,332,000 kr. 





The Danish employers’ insurance against accidents 
has now been in operation 16 years and has duri 


10,500,000 kr., the casualties being 531 deaths, 5677 
cases of permanent disablement, and 48,084 cases of 
temporary disablement. The *e gate amount of 
premiums for last year was 2,2 S384 kr., of which 
sum 200,500 kr. were refunded. There were 67 fatal 
accidents, 310 cases of manent disablement, and 
3951 cases of temporary disablement ; 1138 cases were 
still pending at the end of the financial year. 





The Norwegian labour market continues very 
unsettled. Apart from the threat of a general 
strike, on political lines, which was averted at the 
eleventh hour, there have been, and are, some very 
bitter conflicts in several branches. In order to 
obtain a solution of the conflict within the building 
trades, which has resulted in some 6000 hands being 
out of work for a couple of months, the Norwegian 
‘Employers’ Union is contemplating a lock-out, which 
would affect some 37,000 hands. The dispute is on 
account of wages and length of new agreement. 





Tue tate Mr. J. Tatsor.—We regret to record the 
death of Mr. Joseph Talbot, which occurred on Saturday, 
June 26, at his residence, 59, Claremont-road, Forest Gate. 
Mr. Talbot had had a long and varied professional career, 
ae been employed = the work of the Under- 
und Railway on the Embankment, and of the East 
on ilway, when the line was extended from 


Wapping and therhithe to New Cross. He was 
= bly better known in the A tine and the Uruguay 
publics than here, for he acted as manager to the late 


Mr. Thomas Andrew Walker, and later to the executors 
of that tleman, for over fifty years. He was also 
associa in the management and construction of the 
Bermuda Dock at Bermuda, of the Khedivial Dock at 
Alexandria, and of the Severn Tunnel. Both in Buenos 
Aires, where he had a large circle of acquaintances, and 
also jn London, his death is much regretted. 





To Satve THe * Empen.”—The Australian Common- 
wealth Government has called for tenders for the salvage 
of the German cruiser Emden, as she lies beached and 
battered in the Cocos Islands. The Minister for Defence 
announces :—‘‘ Tenders are invited for the salvage of the 
Emden as she now lies stranded on North Keeling 
Island. Tenderers must undertake to forward to the 
Navy Office at Melbourne, and hand over, free of charge, 
all guns and gun-mountings, torpedoes and torpedo-tubes, 
fire-control instruments and apparatus, money in what- 
ever form, and all confidential ks and documents that 
may be salved. Should the ship herself be salved and 
brought into port, the Commonwealth Government is to 
have the _— of purchasing the ship at a price to be 
determined by arbitration in the event of ary dispute 
arising. All information available at the Navy Office as 
to present condition will be supplied on application to the 
Naval Secretary. Tenderers must clearly set forth the 
terms on which they would be pre to undertake 
the work, and how soon they could commence operations.” 





ImpERIAL InstiTUTE.—The successful series of public 
lectures on the ‘‘ Empire,” by Dr. H. B. Gray, the official 
lecturer, will be continued at the Imperial Institute 
throughout July. The lectures, which are now illustrated 
by lantern-slides, are followed in each case by a visit to 
the Exhibition Galleries of the In perial Institute, which 
afford a unique object-leseon in tle Empire’s commercial 
capacities. @ resources of the cvlonies and India are 
exhaustively represented by specimens, and there are 
7 statements respecting the more important 

ucts of each country. Moreover, the ample space at 

uth Kensington allows the collections to be maintained 
up to date and on a very large scale, which would be im- 
possible elsewhere, so that whenever the galleries are 
visited the mag be relied on to give a complete represen- 
tation of the ire’s present resources. e lectures 
for July, which will be given on Wednesdays at 3 o’clock 
unctually, are as follow:—July 7, Brit'+h West Africa ; 
uly 14, Fiji, Western Pacific and Fuiskland Islands ; 
July 21, Egypt and the Soudan. Ac mission is free by 
ticket, to be obtained at the Central Stand in the Exhi- 
— Galleries, Imperial Institute, South Kensington, 





AvusTRALI4’s Srratecio Rartway.—Mr. Fisher’s pro- 
posal for the construction of a line of railway from South 
Australia to Brisbane, for military purposes, was dealt 
with at aconference of State Premiers, when a resolution 
was eventually carried that the conference, recognising 

importance of a strategic railway, and being anxious 

to assist the Commonwealth in this connection, also 
ising the necessity of avoiding an unnecessary 
multiplication of lines in New South Wales, is of opinion 
that the best interests of all would be met by an imme- 
diate conference between the military advisers of the 
Commonwealth and the Railway mmissioners of 
Queensland, New South Wales, Victoria, and South 
Australia on the question of the route or routes. The 
Commonwealth scheme is for a railway covering a dis- 
tance of 2618 miles from Perth to Brisbane, the sections 
being Perth - Kalgoorlie, 375 miles, Kalgoorlie - Port 
Augusta, 1063 miles, Port A a-South Australian 
border, 210 miles, South Australian border-Wentworth, 
50 miles, Wentworth-Mt. Hope, 220 miles, Mt. Hope- 
Goondiwindi, 400 miles, Goondiwindi-Millmerran, 70 
miles, and Millmerran-Brisbane, 160 miles. The new line 
would mean that 1020 miles would be built, in addition 


‘uring | to finishing the uncompleted portion of the Trans-conti- 





that period paid in compensation a sum of about 





penta! railway. 


20 


ENGINEERING. 





[Jury 2, 1915. 








GOODS 


LOCOMOTIVE FOR THE HULL 


AND BARNSLEY RAILWAY. 


CONSTRUCTED FROM THE DESIGNS OF MR. M. STIRLING, M.INST.C.E., BY MESSRS. KITSON AND CO., LTD., LEEDS. 
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Wegveir Fig. 1, above, areproduction of a photo- 
gra i, of the first of a batch of five 1s locomotives 
of the 0-6-0 type, recently delivered 3, Messrs. Kitson 
and C»., Limited, of Leec's, to the Hull and Barnsley 
Railway. These engives, known as Class L.S., have 
been built to the designe of Mr. Matthew Stirling, 
the Locomotive —. wionmuaee or: — 
Railway Com ’ may as a develop- 
ment ot the "Aa enhaed goods engine of the Hull 
and Barnsley line, of which a considerable number are 
in use, but which now, owing to the ever-increasing 
weight of traffic to be dealt with, including a large 
percentage of shipping coal, have become inadequate 
to meet current requirements. 

The drawings waich we reproduce on Plate L., 
published with the present issue, together with the 
additional views on the present page, will show clearly 
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the features of the new class of engines, while the 
drawings on e 21 illustrate the tender. The 
engines of the older class, to which reference has been 
made above, had cylinders 18 in. in diameter, with 
26 in. stroke; in the new olass the diameter of 
cylinders has been increased to 19in., the stroke 
remaining the same. In the older engines the cylin- 
ders were fitted with slide-valves of the ordinary 
pattern arranged between them, while in the newer 
— the valves are placed on the top of the 
cylinders, and are of the balanced type, exhausting 


rough the back directly into the exhaust-pipe. The | 


valve- is of the straight-link type, actuating the 
epivpe theongh a coching-anait. The 
shown clearly in Fig. 2, on Plate I, and io Figs. 7 
and 8, above. 

The diameter of the wheels is 5 ft. (the same as in 
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he arrangement is | 
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the older class) and the details of the wheel-base and 
of the weights on the wheels, both with the engine 
empty and in running order, are given in Fig. 2, on 
Plate I. The same view and the plan, Fig. 3, also 
show clearly the construction of the frames and the 
arrangement of the spring gear. The engine is fitted 
with the vacuum automatic brake. 

In the first instance, ten engines of the new class 
were ordered—namely, five from the Yorkshire Engine 
Company, of Meadow Hall, and five from Messrs. 
Kitson and Co.—all for saturated steam. The first- 
named group have now all been delivered, but in the 
case of the second group it was subsequently decided 
to add superheaters. The superheater adopted is a 
special pattern of Schmidt’s, which embodies some 


novel features for securing the full benefit of super- 


heating in cases where—as on the Hull and Barnsley 
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TE gULL AND BARNSLEY RAILWAY. 


E., {OTIVE ENGINEER, BY MESSRS. KITSON AND CO., LIMITED, SNGINEERS, LEEDS. 
eacrihigh see Page 20.) 


wo Valves Set to Blow OFF 
at 170.Lbs. per Sg.Inch. 


—j : 









_ 









@ 0 0 
w of Stays 
oo | 






| iy - - 
ee @ ~ 
: W Threads Inch’ aha —~— _———t  - Piiebeteemeaeses 
eee éile © @ © > . 
Riveted 
0.0.2 
16 











: ‘54- 


---------'3 


, 







en o : 
a F 
e¢ 
near a — 34% hh paar 
9 0 @ ~ 0. gf: 
- 0% Ou 
tomer Stays 
°°? a 
o o 














Tons. Cwt. Qre. Tons. Cwt. Gre. 
wzw-4-0 46—10-0 Total, Light. 
4@- 0-3 51— 6-0 Total,Loaded. 


2'11" ------—- 


--7;-- 

















A YZ , 
JU, .. Kig.6. 
YU ps 

<3 














K-—— 2%0-—y Ae Fi 
y yy yf 
Jube Plate IAQ KS - 
ON SS 
Wetec ss 





4360.€. 























Jury 2, 1915.] ENGINEERING. 21 





TENDER OF GOODS LOCOMOTIVE FOR THE HULL AND BARNSLEY RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF MR. M. STIRLING, M.INST.C.E., BY MESSRS. KITSON AND CO., LTD., LEEDS. 


Fig.9. 


110%. 





5:8 Cen.of Baffers 











v 


1 


i} 


oe toe 


eer 


22 


ENGINEERING. 


[JuLy 2, 1915. 








line—the runs are comparatively short and the stops 
frequent. 

“The arrangement is shown by Figs. 7 and 8, on 

age 20. The superheater is of the smoke-tube pattern, 
bat it will be noticed that the superheated side of the 
steam-header, has, through the medium of the super- 
heater-tuber, direct communication with the boiler 
even when the regulator- valve is in the closed position, 
and thus the superheater-tubee are always full of 
steam. It thus follows that highly superheated steam 
is always available for admission to the eylinders 
directly the regulator is opened ; moreover, the usual 
draught-retarders and dampers in the smoke-box are 
rendered unnecessary. 

Another valuable feature is the arrangement, in 
diagonal rows, of the smoke-tubes containing the 
elements in such a manner that any one element may 
be removed without inte.fering with the rest ; more- 
over, with the exception of the length of the vertical 
connecting portion, and that they are right and 
left-handed, all the elements are identical. As is 
usual with this form of superheater, each element is 
attached to the header by means of a bolt passing 
through a flange expanded on to the ends of the tube, 
and extending through a hole in the header to a cap- 
nut on the top. These nuts are easily accessible, and 
are out of the path of the hot gases. 

With the pyrometer —- 600 deg. the work- 
ing of the pistons and slide-valves has hitherto been 
quite satisfactory. A Wakefield’s six-feed mechanical 
lubricator is provided for feeding oil to the valve- 
faces and cylinders. It may be mentioned in this 
connection that from experience gained with an engine 
of the older type, already referred to, which was 
fitted with a superheater of the type described above, 
it was found that the ordinary slide-valves, when 
properly lubricated, gave no trouble whatever. The 
engines under notice are fitted with the United States 
Metallic Packing Company’s air-cooled packings for 
the piston-rods and valve-rods. 

The general design of the boiler is clearly shown 
by the several views on Plate I. It is of the flush- 
topped type, and the crown of the copper fire-box is 
stayed directly to the crown of the fire-box shell, the 
two front rows of crown stays being connected to an 
arched T-iron riveted to the shell, and being con- 
structed so as to yield to the expansion of the copper 
fire-box when getting up steam. To resist the distor- 
tion due to the direct staying of the fire-box crown to 
the shell, the latter is provided with a series of hori- 
zontal transverse stays placed a short distance above 
the fire-box crown, as shown in Fig. 4. The boiler 
has no dome, but is fitted with an internal perforated 
steam-collecting pipe running the whole length of the 
barrel. A pom bs ag with washing-out door, is pro- 
vided on the underside of the barrel, as shown in 
Fig. 2. The boiler is fed by two No. 9 Gresham and 
Craven combination injectors, which deliver the feed 
to internal feed-pipes extending to about the middle 
of the length of the barrel, and curve downwards at 
their front ends, as shown in Fig. 2. Fig. 6, on 
Plate I., is a detail of the connection between the 
barrel and smoke-box tube-plate. 

The arrangement of the tubes is shown in Figs. 4 
and 5. The barrel contains 18 tubes, 5} in. in 
diameter outside, giving a heating surface of 276 
sq. ft., and 133 tubes, 1? in. in diameter, giving a 
surface of 692 sq. ft. The total tube surface is thus 968 
sq. ft., while the fire-box surface is 132 sq. ft., making 
the total heating surface 1100 sq. ft. The superheat- 
ing surface of the 18 superheater elements is 217 sq. ft. 
The grate area is 19.6 sq. ft. The boiler pressure is 
170 lb. per sq. in., and the tractive force developed 
by the engine at 80 per cent. of the boiler pressure is 
21,274 Ib. 

As shown by the views, Figs. 9 to 12, on page 21, 
the tender is of the six-wheeled type, and carries 
5 tons of coal and 3500 gallons of water. The con- 
structive details und the distribution of weight are 
clearly shown in the drawings which we reproduce. 





IRON AND COAL IN GERMANY. 

Mvcu divergence of opinion appears to prevail within 
the leading quarters of the German industry as 
the future price policy. Some influential representatives 
hold that there ought to be a further rice both as 

ig iron and half-finished products, which in would 
Toad to an increase in the quotations for rolled products, 
On the other hand, weighty voices are raised against any 
rise in prices at present. © combines, so far, have not 
foreahalowed their intentions, so any official guidance is 
not yet available. The er mining concern states 
that although the number of hands is reduced by more 
than 40 per cent., favourable conditions underground 
have tended to increase the uction ; this applies 
both to the Radbod and the ur mines, The tia: 
tions about joining the Rhenish- Westphalian Ooal Syndi- 
cate are still ing. As the demand within this 
latter area, this exceeds the supply, y on account of 
inquiries from neutral countries, and in consequence the 
stocks are ually diminishing. So far the coal-mining 
industry, however, has been in a position to satisfy any 
reasonable home demand. The fact that coke is getting 
tiorée and more generally used has hid a desirable effect ; 





the tests, which at the instance of the Coal Syndicate have 
been undertaken in numerous places, have been attended 
with good results. In consequence, a continued good 
demand for coke is anticipated. 

Although there is no doubt a lively desire on the part 
of the neutral countries to —- their, in many 
instances, extremely limited stocks of coal and coke, con- 
siderable difficulty is experienced in the obtainment of 
these commodities from Germany. In the first place, 
there is an embargo on all kinds of coal and coke ; dis- 
pensations can be and are obtained, but an application 
must be made in each separate case, which entails a good 
deal of trouble and delay, as there is a considerable 
amount of red-tape to contend against. Further, pay- 
ment must be made in the coinage of the importing 
country, which, with the present exchange in marks, is a 
decided disadvantage. Prices also rule very high, insome 
cases nearly double what they were a year ago. Finally, 
the quantities of coal that can be obtained from Germany 
are, of a necessity, limited ; but transport difficulties do 
not make themselves felt to any extent at present. 





VAPOUR-COMPRESSION REFRIGERA- 
TION.* 
By Joun H. Grinpiey, D.Sc., M.I. Mech. E , Member. 
INTRODUCTION. 


THE paper here presented is divided into two parts, 
the object of Part I. being to present a short account of 
vapour-compression refrigeration and to discuss some 
variations of the manner in which present-day vapour- 
compression machines effect their object, using for this 
pu the entropy-enthalpy diagram, which is un- 
doubtedly the most convenient and powerful instrument 
yet placed before engineers for the study of vapour- 
compression refrigeration. Little apology need be made 
for reading a paper on refrigeration before you, the sub- 
ject being of increasing importance to this country, for 
cold storage is likely to play an important part in the 
agricultural revival which may one of the earliest 
reforms resulting from the war. In Part II. the author 
gives a method of representing the physical properties 
of two important refrigerants by using a graphical system 
little known to engineers and capable of much develop- 
ment. The diagrams given in this part should be of 
great use to refrigerating engineers. 


Part I.—Vapour - COMPRESSION REFRIGERATING 
MACHINES AND THE THEORY OF THEIR ACTION. 


The ideal refrigerating machine would be a simple 
heat pump working on a Carnot 7. The refrigerat- 
ing medium, or refrigerant, would then be carried through 
a cycle of four operations :—(1) Compression, without 
loss or gain of heat, to a pressure at which it will con- 
dense at the temperature of the available water supply. 
(2) Condensation at this temperature and pressure, 
giving up heat to the condensing water. (3) Adiabatic 
expansion doing work) to some lower pressure at whi 
it will evaporate at the low vemperature required for 
refrigeration. And (4) evaporation at this low tem 
ture and pressure, taking in the heat of evaporation from 
external sources, and thereby producing the necessary 


tion. 

In practice, the third operation is omitted, the drop in 
pressure being produced by simple free a through 
a throttle-valve. The Operations, therefore, become (1) 
adiabatic compression ; (2) condensation; (3) free ex- 

ion ; and (4) evaporation. The best machine would 

the one which can produce the greatest refrigerating 

effect—i.e., extract the greatest amount of heat from 

external sources by evaporation—in the fourth operation 

by the expenditure of the least work in the compression 
operation without too great mechanical complication. 

The essential mechanical features of the machine are 
represented in Fig. 1. A is the compression cylinder 
fitted with suction and delivery valves V, and Vo. The 
compressed vapour is discharged through V, to the con- 
denser B, where it is condensed, after which it passes 
as liquid to.a regulating or throttle-valve C, by passing 
through which its pressure is reduced so much that it 
will evaporate at the low temperature required for cool- 
ing the circulating medium and for maintaining its low 
temperature n for refrigeration. 

The heat required for the vaporisation of the refrigerant 
isin general supplied by air or brine, but when the machine 
is designed for special purposes the heat may be abstracted 
directly from milk, water, wort, &c., as required 

The author does not intend to burden this Fy mt with 
detailed descriptions of various machines and their con- 
struction, since these have received fairly full treatment 
in a recent paper by Mr. Anderson.t It may, however, 
be briefly summarised that in general practice the 
evaporator is a vertical cylinder containing concentric 
coils, through which the refrigerant passes, taking up the 
heat necessary for its vaporisation from the brine passing 
through the cylinder. The condenser varies much in 
construction, according to the water supply and space 
available, but in every case it consists of a series of 
straight or coiled tubes of small diameter, through which 
the refrigerant circulates, giving up heat to the condensing 
medium, water, or air. e@ construction of the com- 
pressor requires great care, the compressor-cylinder being 
strong, with every precaution taken to prevent leakage of 
the refrigerant, the clearance being practically-nil, and 
the inlet and outlet-valves spring-controlled drop-valves 


of = d > 

The principal refrigerants used in practice are carbonic 

* Paper read before the Institution of Civil Engineers 
of Ireland, May 5, 1915. 

+ Proceedings of the Institution of Mechanical Engi- 
neers, 1912. GINEERING, December 6 and 13, ‘1912. 





anhydride (CO,), anhydrous ammonia (NH;), and sul- 
phurous anhydride (SO,), and each has its own ——— 
merits and defects. ermodynamically on the actual 
cycle described, CO, is far ind the other he a 
it has the merit of requiring the smallest ine, 
and is itself inodorous. In practice there is little to 
choose between them. 

General Theory.—The thermodynamical theory neces- 
sary for the proper understanding of the cycle is not 
difficult, but the interpretatien of the eer? to actual 
machines demands an accurate knowledge of the physical 

operties of the refrigerants, and experiments so far 

ve only furnished this data approximately ; sufficient 
data, however, exist to enable a more or less satisfactory 
interpretation to be made. The essential perties of 
a refrigerant which the engineer requires to know are the 
specific volume v and the heat contents S and H of the 
hquid and vapour (dry or superheated) respectively, at 
any pressure p and temperature T. Granted that thece 
have been determined by experiment for a refrigerant, 
we may calculate the performance of an ideal machine 
when working between any given temperatures of evapo- 
ration and condensation, and using the particular refrige- 
rant. The calculations necessary are somewhat involved, 
but not difficult. 

The use of the well-known T-¢ ome has proved 
of immense service to engineers in this direction, and if 
such a d is drawn for a refrigerant its use simpli- 
fies the calculations of the performance of the machine. 
It further has the merit of representing the work in the 
compressor, and the refrigerating effect uced as areas 
on the T — ¢ diagram, and for a pictorial representation 
of performance the diagram is excellent. The actual 
determination of these areas is, however, a matter re- 
quiring careful estimation, and there is no doubt that 
the diagram which enables all calculations on machine 
performances to be made in the simplest and most direct 
way is the entropy-enthalpy diagram now to be described, 
from which the quantities of heat and work involved in 
any particular cycle of operations can be read out at once 
as scalar quantities, the estimation of areas being no 
longer necessary. 

e —— ¢ is a familiar function, which can be 
found by caleulation for a refrigerant at any pressure and 
temperature if the physical properties above mentioned 
are known.* In particular, ¢ has the following special 


property :— 

The ¢ of a substance is constant during any adiabatic 
operation.— Rule I. 

The enthalpy i of a substance is simply the total heat 
and mechanical it contains from some datum 
=. it is — called the total nase function. 
ts value for a refrigerant at any pressure an tem pera- 
ture can be dctemainet from the physical properties of 
the refrigerant.* 

The enthalpy has three properties of value to our 
study, namely :— 

$ is constant during any free - expansion operation. 


ch | —Rule II. 


The change of ¢ during adiabatic compression measures 
the work done in the compressor in heat-units.— Rule III. 

_The change of ¢ during constant- ure operations 
gives the heat absorbed or rejected during these opera- 
tions.—Rule IV. 

(The proofs of these propositions are given in the 
Appendix.) 

Aga consequence of these four rules we have, during 
the four operations of a vapour-compression machine, 
and considering unit-weight of the refrigerant— 

1. In the compression stroke ¢ is constant, and the 
change of i gives the work done in compression by 
Rules I. and III. 

2. During condensation at constant pressure, change of 
i gives the heat rejected by Rule Iv. 

3. In the free-expansion operation ¢ is constant by 
Rule II. 

4 During evaporation at constant pressure, change 
of ¢ gives the heat absorbed, or, in other words, the re- 
frigerating effect, by Rule 1V. 

The usefulness of a diagram having ¢ and i for 
co - ordinates is therefore obvious, and it is clear that 
measurements of heat quantities on the scale of « are the 
only ones necessary in finding the work done in the 
compressor or the heat absorbed or rejected, the scale 
of @ being of no consequence once the diagram is drawn. 

To Construct the ¢-i Diagram for a Refrigerant.— 
The definitions of the functions ¢ and ¢ given in the 
Appendix show that their values can be at once calculated 
for any particular pressure and temperature of the 
refrigerant if its physical by nag are known, and a 
table giving values of ¢ and ¢ for the refrigerant at any 
pressure and temperature could, therefore, be made. For 
example, for CO, at 1100 lb. persq. in. and 40 deg. Cent., 
¢% = 0.168, and « = 52.25 Centigrade heat units. Using 
such figures and taking rectangular co-ordinates of ¢ 
and 7%, points could be obtained on a diagram, each point 
| the ¢ and ¢ of the refrigerant at a particular 
pressure and temperature. By joining the points repre- 
senting the same re, but different temperatures, 
constant pressure lines could be drawn, and, similarly, 
constant temperature lines could be drawn. Hence, with 
such a diagram, the ¢ and i of the stuff at any pressure 
and temperature could be read off at once by projection 
on the axes. 

Witb actual refrigerants such rectangular co-ordinates 
lead to.a very distorted diagram, and use is made of 
oblique co-ordinates. Let Ocand O¢ in Fig. 2 be two 
lines along which simple linear scales of 7 and ¢ are 

, and let O M and O N denote the i and ¢ of the 
stuff at a particular pressure » and temperature ¢, the 
intersection of the perpendiculars at M and N gives a 








- * See Appendix. 
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point P re ting the state of the refrigerant at the 
giver pand?t. By joining points representing the same 
pressure or temperature, constant pressure and constant 
temperature lines like pp and tt could be drawn, cover- 
ing = ne values of these quantities likely to be 


uired. 
When the refrigerant is just dry saturated vapour or 
liquid just about to evaporate, its pressure is fixed by 
the temperature of evaporation, and at these values of p 
and ¢ the points P will lieon a curve X X which forms 
the boundary line between the liquid or superheated 
vapour conditions and the condition in which it is partly 
liquid and partly gas. This curve X X will be a com- 
plete one on the diagram if the critical tem ture lies 
within the of temperature pores bm gee 
case with COs, if not, it will be divided into a liquid line 
and a dry saturated vapour line, the space between these 
curves representing the mixture of gas and liquid, as is 
the case with water, NH; and SO:. Since in this inter- 
mediate state of mixed liquid and gas the pressure 
depends on the temperature, constant temperature lines 
are also constant pressure lines below the curve X X. 
The Refrigeration Research Committee of the Institu- 
tion of Mechanical Engineers has prepared complete 
@—+ diagrams* for the three principal refrigerants, 
OO,, NHs, and SO,, and from these diagrams the figures 
given in the examples throughout this paper are taken. 
In using these diagrams we need only concern ourselves 
with the scale of +, that of ¢ being of no importance in 
refrigeration problems. Further, as a consequence of 


» as is the| A 


and temperature to its 


onigeal condition at A is 
sented by DA. ABCD represents the complete 
cycle. ; 
In this cycle the work done W in the compressor is 
given by ab on the ¢ scale, by Rule ITI., the 
sffect H — ca by Rule IV., and the heat re to the 
condensing water is given by bc. The excellence of the 
pape oe is given by the ratio R to W, or catoab. 
t is called the “‘ coefficient of performance,” and written 
7. The cycle above described is called the “dry compres- 
sion” cycle, since dry vapour is taken into the com . 
For wet compression finishing up with vapour just dry 
atthe end of com ion, we must commence compres- 
sion with the stuff in some wet condition represented by 


Hence 


1, chosen so that the adiabatic-compression line A, B,, 
parallel to A B, will just bring the refrigerant to the dry 
— B,. For this wet-compression cycle W = a, b, 
an = 6m. 

It must here be noted that the com: ion is assumed 
to be adiabatic. If the compression cyli is surrounded 
by an efficient water-jacket containing water at the con- 
densing-water temperature, the compression may not be 
strictly adiabatic ; but in nye the temperature of the 
stuff in the compressor is below that of the jacket-water 
when compression begins and higher at the end of com- 
pression, so that it is not likely that the jacket 





Note.—The ¢-i di ive at once the entire 
formance of the undiion hain for “dry” or web 
compression, or for any other adiabatic compression. If 
the were not available, we should have to use the 


ting | ordinary text-book formula for 7 in the form, taking dry 


compression :— 
Ly — (7) —T,) 


a (7, “ T,) (++ ) + ©,(T - 1;) 
-T, (s log. Hy + Op log. rn) 
1 


where T), T,, and T; are the temperatures of condensa- 
tion, evaporation, and at end of compression, s and 


C, specific heats of liquid and vapour, and Ly, the 
latent heats of evaporation at T, and T,. Te a be 
, but distinct 


somewhat simplified by using tables for 
formule must be used for wet or mixed compression, 
which are even more cumbersome than that just given for 


a 

ndercooling.—lf before freely expanding the liquid 
through the throttle-valve from its condition O, in Fig. 4, 
the — had been further cooled at constant pressure to 
a condition represented by O,, the free expansion opera- 
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Rule I., it follows that all adiabatic operations are re- 
presented by straight lines perpendicular to the axis of 
¢ on these ~~ is, all adiabatic lines are 
parallel straight lines. } "i 

The form of the di for NH; is shown in Fig. 2a, 
only a few lines being drawn. The boundary curve X X 
is here in two parts. 

The Process of Evaporation at Constant Pressure.—It 
is easy, now, to trace out the process of evaporation at 
constant pressure on this diagram, for let » p, Fig. 3, be 
the constant-pressure line ae to the pressure, 
and let D resent the initial liquid condition. The 
application of heat brings the liquid to condition A, its 
temperature rimng in the meantime, after which evapora- 
tion continues at constant pressure and temperature al 
the line A B until at B all the liquid is evaporated an: 
the further application. of heat superheats the vapour 
along BE. By RuleIV. the projection d aof D A gives 
the sensible or liquid heat; a b, the projection of A B, 

ives the latent heat L of evaporation, and be gives the 

eat required to superheat the vapour to the temperature 
represented by point E. Clearly, any intermediate point 
C on AB represents a mixture of liquid and gas in the 
proportion cb to ac or C Bto AC. 

The Actual Cycle of Operations.—The usual cycle of 
operations in a refrigerating-machine can now be traced 
out on the ¢—i diagram. t A, Fig. 4, represent the 
condition of the vapour entering the compressor. It is 
compressed adiabatically, no appreciable error being 
made by assuming the compression adiabatic in practice, 
the operation being represented by a straight line A B per- 
pendicular to the ¢ axis. Compression is carried to some 
point B, and the subsequent cooling and condensation 
occur along the constant-pressure line BB,O, the 
B,C of this line being also a constant-temperature line. 
Now, by Rule II., the free expansion of this liquid to the 
lower pressure will be ted by a constant ¢ line 
OD, and the subsequent evaporation at constant pressure 





* Proceedings of the Institution of 
neers, Oct., 1914. 
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would be of great service in reducing the work F ig.2a. 
of compression though the compression may not 
be strictly adiabatic, the jacket giving heat to the 
stuff in the early part of the compression and © ¥ 
me heat towards the end.} P) ¢ 
Cases will be discussed later when the stuff in ‘ P) 
the compressor is always ata higher temperature 
Fig. 2. , 3 
x <= 40° 
o | t~ 
ot t 
ama) O 200 #0 600 B. uy 
@-t Chart for NH, 
Fig.5.CARNOT'S CYCLE. 
s | 
7 a, | \D 
i oe i | 
7 a H i H 
| ce i: a 
: i | i 1 | 
s i | = it —+ t 
c,c a, 6, a 6 7 | 
x 
than the jacket-water, and a fairly large interchange of | tion would be represented by ©, D,, and the refrige- 
beat may then occur, reducing the work of compression | rating effect R would have been increased by the amount 
and making it deviate from adiabatic towards isothermal. | c,c, the work of com ion W, re ted by ab, 
Examples on the Ordinary Cycle Outlined Above.—Let | remaining the same. ence undercooling is an excellent 
the condeusing temperature ¢, = 25 deg. Cent., and the| thing, and it occurs to some extent in all actual 
temperature of evaporation 4, = — 10 deg. Cent., then ines. 
using the complete diagrams we get the following figures} For example, CO, machine on the dry compression 
direct :— cycle, with ¢, = 25 deg. Cent., = — 10 deg. Cent., but 
1. CO, machine— with the liquid undercooled from 25 deg. to 15 deg. Cent. 
(a) Wet compression before throttling, 7 = 5.50, an increase of 22 per cent. 
W = 483 - 4255 = 5.75 C. Th. Us. over the performance without undercooling. 
R = 42.55 — 18.1 = 24.45 am Maximum Performance of a Machine.—The cases of 
and hence wet and dry compression already considered are, of 
n= 4,25. course, special cases, and neither of them may give the 
(6) Dry compression maximum performance of the machine working between 
W = 65.7 — 57.05 = 8.66 o the given tem tures of condensation and evapo- 
= 57.05 - 18.1 = 38.95 io ration. The following simple method of finding the 
and hence maximum ormance is given by Sir J. Alfred 
n= 4.50. Ewing. ith undercooling, asin Fig. 4, the coefficient 
2. NH; machine— | of performance for wet compression depends upon the 
(a) Wet com 100 . A, B, . AB 
w= .5 — 273.7 = 35.8 ‘i ratio —1 “1, and for dry compression upon , bub 
R= 237 - %7.7= 260 ,, DA DA 
and it is clear that both these ratios are greater than 
(b) Drv ein ma where D, B, is drawn tangent to the curve B, B. 
= .6 — 6& = 41.1 »” ‘ sees 
4 ~_ as - er = 273.8 pct The point A, shows what the initial dryness before com- 
ond aa should be, and the Griese of A,B, and 
n= 6.66. , Ag on the scale of ¢ give and R for maximum 
3. SO, machine— performance. 
(a) Wet compression Note.—With NH; the maximum performance practi- 
W = 90.1 - 79.8 = 10.3 9 cally coincides with ‘‘ wet” compression just i 
R= 799 — 8.4 = 71.4 ” the stuff to the dry state. 
and Standard Cycle.-—-The Institution of Mechanical Engi- 
7 = 6.93. neers has recommended that this = A, BoC, By, 
(b) Dry compression giving maximum performance, shall be the standard cycle 
= 99 - 8.7 = 11.2 * of comparison for a machine — with a particular 
R = 8.7 — 84 = 77.3 * refrigerant, for which the diagram is drawn, the tempera- 
and tures of vaporisation, condensation, and under-cooling 
7 = 6.90, being those of the actual machine, the first two being 
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determined by the each side of the regulati the work done in the pound pression will be 
Valve, ont the thik by thn onclinn aber sieetr: gad |< be bmyy single compression A B. This reduction| COLONIAL AND FOREIGN ENGINEERING 
_Carnot’s Cycle.—The well-known ‘8 cycle, con-|in the work of compression is not, however, very great, PROJECTS. 
sisting of two adiabatic operations and two isothermal | and with adiabatic compression in both cylinders itcan| We give below a few data on several colonial and 


operations, would be represented on this diagram, Fig. 5 
by ABCE, BO and AE being isothermal lines, and 
AB CE the adiabatics. The use of this cycle in practice 
would require an expansion-cylinder as well a: a com- 
pression-cylinder, so that adiabatic expansion along C E 
could be effected. The expansion-cylinder is never used 
in practice, the drop of pressure being effected by free 
expansion only, as represented by CD. This omission 
involves a double loss—first, the work done by the 
refrigerant in the expansion-cylinder is thrown away, 
this work being represented by the projection of C E on 
the axis of ¢ or ceé; and second, there is a loss of refri- 
gerating effect represented by the projection of ED on 
the i axis—viz., ec. 

For example, CO, machine with ¢, = 25 deg. Cent., 
and t, = — 10 deg: Cent., we get the following figures 
from the ¢—i diagram for the Oarnot’s cycle just 
described :— 

W = (48,.4—42.5)—(18.4—16.0) 
= 5 9—2.4 


= 3.5 thermal units 
R = 42 5—16 
= = 4 thermal units 
~Q= 35 = 7.57. 


This figure should, of course, corres 
with the value of the coefficient of 


Carnot cycle when written in form 'T 
273-10 : 
35 


d absolutely 
ormance on the 
:- 
-7T, 
or 7.61 for 7, a figure which should be compared 
with those given in the examples given above. 


, which gives 














be shown by calculation, using the ¢-i di that the 
increase in performance by such oummounll compression 
never amounts to more than 5 per cent. A further prac- 
tical gain, however, could possibly be made by a 
long-bore, well-jacketed second cylinder, in which, by 
extraction of heat by the jacket. the compression 
made to deviate from the adiabatic towards the iso- 
thermal, for the stuff in the second cylinder is always 
at a temperature higher than the jacket temperature. 
It will be noticed that one effect of the compound com- 
ion is to reduce the final temperature of the super- 
ted vapour leaving the compressor—in itself a matter 
of considerable practical importance. 

Refrigerating-Machine Working Above the Critical Tem- 
perature.—When working with high-temperature con- 
densing water, and consequently high pressure at the end 
of compression, the process of ensation from gas to 
— at constant temperature cannot always be effected 
when using but the cycle of operations , gaven in 
Fig. 8 shows that refrigeration is still possible. The 
process of ceoling and pare vee Aye vapour of the ordi- 
nary cycle is here represented by the continuous cooling BC 
along the constant-pressure line p p, the temperature at 
C being the lowest temperature to which the refrigerant 
can be cooled by the condensing water. As in the usual 
cycle, the refrigereting effect R = c a, and the work done 
in the compressor W = «a b. 

For example, CO, machine, with the lowest tempera- 
ture to which cooling can be effected by the condensing 
water 35 deg. Cent. and temperature of vaporisation 
— 10 deg. Cent. Here compression must necessarily 
carried to a pressure bigher than the critical pressure, 
say, for example, 1300 Ib. per sq. in. 


Fig.7. COMPOUND COMPRESSION, 
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Variations of the Simple Cycle.—The ¢-4 diagram is 
particularly adaptable for the study of possible varia- 
tions in the simple ee shown in Fig.4.  —s_ ‘ 

For example, let O, Fig. 6, represent the liquid condi- 
tion before free expansion and C E the free expansion 
operation carried to some point E on the intermediate 


temperature line D A). Let y - = the fraction of 
1 
EA, 


vapour present at E and Da, = the fraction of liquid. 


Now, if the vapour x be separated from the liquid y and 
compressed in a ae cylinder to the — en 
thecompression will be represented by A, B,. Further. 
since the liquid y is in the condition represented by D 
it may be further expanded through D F, before “~ 
rating along F A and being com along A B. e 
net result of this compound operation is this :—The frac- 
tion « of the refrigerant is passed through the = 
A, B, CE and y is passed through the cycle ABD F, 
the fraction a giving no refri ting effect, but work 
represented by x times a, b,; being done upon it. The 
fraction y gives a refrigerating effect y times da, work 
equal to y times ab being done upon it. Taking actual 
figures from the @-i diagram it can be shown t the 
total result gives an increased coefficient of performance 
over the ordinary cycle which would be represented by 
A BOD), for dry compression. : 

For example, CO, machine working with upper con- 
densing temperature ¢, = 30 deg. Cent., lower tempera- 
ture t, = —20 deg. Cent., and the intermediate tempera- 
ture — 10 deg. Cent. ; 

For the usual cyodle W = ab = 13.45, and R = 30in 
Centigrade heat units, giving the coefficient of perform- 
ance 7» = 2.23. For the cycle under discussion x = 0.485 
and y = 0.515 from the diagiam, so that 


W = 0.485 (70.75 — 57.3) + 0.515 (67—57) = 11.67, 
and = 0.485 (57.3 + 4.4) = 29.92. 


These results give for the new cycle 7 = 2.57, as 
against 7 = 2.23 for the old cycle, a gain of 15 per cent. 

Much depends on the intermediate temperature chosen, 
for if this temperature had been taken at the 0 deg. Cent. 
line the increase im performance could be shown to be 
over 30 per cent. machine working on this cycle 
should therefore show better results than the ine 
working on the simple cycle, and some modifications of it 
are in actual operation at the present time. 

Compound ton with Intercooling.— Another 
variation of the simple cycle would be to have two com- 
pressors with an intermediate cooling-chamber. The 
cycle is represented in Fig. 7. Inston’ of compression 
occurring along the adiabatic AB, the compression is 
divided into two stages, A B, and A, B,, with an inter- 
mediate cooling songe B, A;. Assuming the intermediate 
cooling to be to the temperature at which conden- 


sation odcurs in the cycle, the point A; will lie on the 
Constant-temperature carve tt, Since A; By is less than 


Fig.8. COOLING AT TEMPERATURES 
ABOVE THE CRITICAL 
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Using the ¢-# diagram, we obtain :— 
W = 69.85—57.05 = 12.8 heat units, 
R = 57.06—26.2 = 30.85 - 
7 = 32.41, 
res which show that considerable refrigeration can be 
effected even with high-temperature condensing water. 
(To be continued.) 





University oF Lonpon: Heating STuDENTSHIPS.— 
Two Heating Studentsbips. tenable in the Faculty of Engi- 
neering of University College, London, each of the value 
of 50/. a year, together with 11/. 11s., being the amount of 
college fees, may be awarded in July by the Institution 
of Heating and Ventilatin i Candidates must 
preduce evidence that they bave already pursued a 
course of engineering ss and are familiar with the 
work of an engineeering laboratory. The research 
students will be required to devote their whole time to 
research work in connection with heating and ventilating 
engineering. Full particulars can be obtained from the 
Secretary of University College, London, to whom sppli- 
— must be made not later than Wednesday, July 7, 





QUEENSLAND WEaALTH.—The mineral wealth of Queens- 
land can scarcely be appreciated, as there is so much of 
the country which may, from a mining point of view, be 
deemed only partly explored. The prospector looking for 

ld has gone over nearly every area, making his super- 

cial examinations, but there are yet fields where 

development is small and which will in course of time be 
counted with the more prosperous of Australia. Every 
year sees this nearer of accomplishment, and the acce 
ance of proposals from private companies for bridging 
the waste spaces between mineral field and with 
railways promises very largely to increase the public 
wealth in the very near future. Queensland, besides 
mining, has a great my Ay resources, including agri- 
culture, which emb products of the temperate 
end torrid somes: 








fi i jects, taken from the Board o 


Newfoundland : The Imperial Trade Correspondent at 
St. John’s has forwarded a copy of Resolutions submitted 
to the Newfoundland Legislature relative to a proposed 
loan, not to exceed 400,(00/., to be devoted to the con- 
struction of six branch lines of railway to connect with 
the Newfoundland Railway between St. John’s and Port 
aux Basques, as follow: (1) From a point on the New- 
foundland Railway near Shoal Harbour to Bonaista ; 
(2) from a point near Broad Cove to Heart’s Content 
and Grate’s Cove ; (3) from Carhonear to Grate’s Cove ; 
(4) from a point on the West-Hnd branch of the New- 
foundland ilway to Tre y; (5) from a point 
between Come-by- ce Northern Bight to Fortune 
Bay ; and (6) from a point near Howley or Bay of Islands 
to e Bay. 

Australia : H.M. Trade Commissioner for Australia 
——— that certain firms in the Commonwealth, nearly 

of which already hold British agencies, desire to 
obtain fresh cies of firms in the United Kingdom :— 
A Melbourne = of machinery merchants are desirous 
of securing the tation of a United Kingdom firm 
manufacturing ral trucks, &c., for light tramways, A 
large pro of oy plant used in Australia 
appears hitherto to have been imported from Germany, 
the sugar-cane fields of Queensland and the northern 
portion of New South Wales alone requiring considerable 
quantities, As a catalogue = = ~,b.. the 
rmanent and portable narrow-gauge way depart- 
ab of certain steel works in Germany ues been 
forwarded by H.M. Trade Commissioner, and may be 
inspected by United Kingdom manufacturers of tramway 
material at the Commercial Intelligence Branch of the 
Board of Trade. United Kingdom manufacturers should 
apply, in the first instance, to the Commercial Intelli- 
gence Branch of Board of Tiade, 73, Basinghall- 
street, London, E.C., for the names and addresses of 
the respective inquirers. Further communications re- 
+ the inquiries should be addressed to H.M. 
rade Commissioner for Australia, Commerce House, 
Melbourne. 


China (Manchuria): H.M. Consul at Dairen has fur- 
nished the following statement showing the values of the 
railway supplies purchased from foreign countries by 
the South Manchurian Railway Company during 1914 ; the 
figures for 1913 are added for purposes of comparison :— 

















United . Other 
= Kieg- Ral co. Coun- | Total. 
£ £ £ 
Iron, steel, &e.{ 7913] 4siass | ise | ass | aes | 1004 
Timber ..{7518| — | rose | — | Loe | oiee 


: 1914| 15,270 | 7,596 | 14,516 | "410 | 87,791 
Machinery {apis 43,494 | 12,302 | 45,354 | 172 | 101,392 
Rails and ac-j 1914) 5,401; — | — | 10,970 | 16,871 

cessories (1913| %,564 5,247 | 5,457 | 878 | 18,646 
Locomotive 
and rolling- | 1914 














9,266 | 3,765 a) - 18,125 

stock con ’ ’ . 
stouction | 1913| 24,817 | 27,260 | 12,978 | 2,756 | 67,311 

material | 

Electrical ap- {1914 601 | 655 | 32,417 128 | 83,810 
paratus 1913| 7,182 280 | 14,139 | 135 | 21,686 
Building ma- j 1914 1,025 39; —- | — 1,424 

terials 1913) 14,341 | 7,678 | 908 | — 22, 
Olle 14; — | 21,491 | — | 819 | 21,810 
~ « 1918 —. 16,976 oe | 2 17,449 
1914| 14,836 | 10, 51 265 | 31,673 
Sundries = -- 1 1913 | 69,877 | 1.097 | 3,966 | 194 | 75,134 
Totals 1914 | 73,918 | 56,893 | 49,542 | 23,070 | 203,423 
** (1913 209,910 92,440 83,280 | 6,277 | 391,907 








Tue Roumanian Petroieum InpustRyY.—The produc- 
tion of petroleum in Roumania during the first quarter 
of the present year amounted to 468,685 tons, against 
434,280 tons for the oe period last year, an 
increase of 8 per cent., which principally occurred in the 
first month of the year. This increase is not attributable 
to any increased enterprise on the part of the concerns 
in question, but owing toa ter yield in tome new 
springs. It was more especially the Baicoi district which 
in this connection hel: to swell the output. At present 
the production amounts to some 480 wagons per day, 
although several concerns are reducing the production. 
The export difficulties compel the works to store large 
— of their products, of which they are unable to 

ispose at present. For a short period in May the export 
via Predeal, which had nm stop for some tbree 
weeks, was resumed, but fresh difficulties arose, for which 
the Hungarian railways are said to be responsible. To 
the port of Constantza the traffic is still confined to one 
petroleum train per day. The petroleum producers have 
apprehensions about the tank storage capacity being 
ex very soon. The storage bas hitherto chiefly 
comyrised raw petroleum and petroleum products, but 
the Government has now u the works also to store 
some residue, lest the supply should fall short. Prices 
for raw petroleum have lately weakened and buyers are 
evovedingly reticen*: 




















JuLy 2, 1915.] 


ENGINEERING. 











25 
consist of carbon in its various forms, which has a ative tem-/| valve A, since the set T is out of action, it ha deen 
“ENGINEERING” ILLUSTRATED PATENT | perature coefficient. Energy is fed to the furnace by | mo the arm B of the three-armed lever by the move. 
supply conductors 4 and 5, in series with which is an underload | ment of the hand-control lever R to an open position. (Sealed 
RECORD. magnetic control - 6, Onn ah ene one coil 7. The J mae June 10, 1915.) 
SELEOT ABSTRACTS RECENT PUBLISHED SPEOIFT- | of these coils are surrou! opposing or assisting shun 
=D OF F calle Ib andl 1h, camppened tp aouien seven Ge ly lines by a ani" Vichers, Ldmited, Londen, and G. Bour- 
OATIONS UNDER THE AOT OF 1907. poe neo through a resistance 1%. By Crayford. Com’ 
The number of views given in the Specification Drawings is stated | 13, the ect of the shunt coils 10 and 11 (2 Fige et Bg relates to the of 
in each case; where none is mentioned the Specification is not be varied, Laie ven the current value at which the | nitrasjcompnstion engines, : ly to speed 
illustrated. aclond evil 6 ond overioad o0il 7 will eperate. The ro fou timer the bubele _— ided means 
Where éneentions are communtentes from abvent, the Hames, £e., and overload oui connection of resisters 2 kg men ig es Se the engine crank- 
of the Communicators are given in italics. means of relay coils 1¢ and 18, and convactor colle 16, 17 poh! case from coming Into contact with the closed or upper ends of 
sy a yy ae obtained at the Patent Oflc, Sales alternatively from series to L Assuming a 1 con- SF vem Rape ny eee eas by 
a 26, ee Buildings, eater c nection, the temperature of the furnace will increase, | porns - > == ion of the oil 
ep pe ha thereby increasin Ce contuseey ot the carbon and or oa — ——- shell 
The date of advertisement of yf the acceptance of thus increasing t value until the limit at the | ore ry wh ee . in metal, is in the 
, ane cam, an are chert, nla he qrataal cmiiiaal asa ional This will cause the over- | ii ner end of soas — which surrounds the 
4 pore may, at ay time with mh mom from the the of load coil to ch ge the oti from el to series, thus senching the tancr er es eee ne eee oil 
person may, time within phe me ay date greatly cutting down the current, furnace to gudgeo ow ield ad 
peo ry op Lt f eppention to the grant of @ a a ccaah aad ing th ill further | '® he ‘ uss ws eee 
su current, and caus e under ‘ 
Sf ara te cans te coment tok t pail Wane corest i Set Pig-t 
im u the furnace magnet 14 is ene 
ELECTRICAL APPARATUS. ie attracted! causing switoh-arm 19 to shift from contest 20 to 


oy ystems. [2 Figs.) ~ gh 9, 1914-—In order 
to obviate the difficulties met with in regard to automatic isola- 
tion of faulty portions of an alternating: current distributing 
system having duplicate feeders, interconnections, and trans- 
formers, it is n to provide protection which will isolate the 
same either by overload cut-outs and relays or reverse-current cut- 
outs and relays. The object of this invention is to provide means 
whereby, by a reversal of energy or current, the switch is auto- 
matical iy opened at any predetermined value, as set forth in the 
conditions. The invention relates to 
depending upon the use of current and potential transformers. 
According to this invention, a potential transformer js « connected 
across the mains, the d with the 








Fig.2. 
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{9063) 


secondary of a current transformer, the wren d of which is also 
inserted in the mains. The automatic eatures of the circuit- 
are d in 1 across a fuse, the latter, 
together with the secondaries of the transformers, forming a 
closed circuit. The current-transformer © and the potential 
transformer D are connected to the mains F, A ens the 
automatic features of the circuit-breaker B, and E the fuse 
forming a closed circuit with the transformer secondaries. In 
. 1 the transformers are shown cross -connected so that 
normally no current flows in the circuit —— the fuse 
under ordinary circumstances. On reversal the fuse blows, and 
current is supplied to the automatic features A of the switch B. 
In Fig. 2 the current in the secondaries of the transformers are 
normally in the same direction, so that on overload or excess 
current appearing in the circuit the fuse E blows, and causes 
the automatic features A of the switch to operate and open 
switch B. (Accepted March 31, 1915.) 


4472/14. The British Thomson-Houston Com: 
Limited, London (General Electric Company, 
U.S.A.). Thermo- Regulators. [5 Figs.) 
ruary 2U, 1914.—The present inventiun relates to the inoue 
control of electrically-heated devices, such, for example, as re- 
sistance furnaces, from which the amount of heat drawn varies 
with the service conditions. In accordance with the present in- 
vention, the temperature of a heating device is maintained within 
narrow predetermined limite by continuously shifting the rate of 
energy supply, or watts consumed in the heating dement itself, 
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TL. . 21. This completes a circuit from line 4 4 through con- 
ductor 22, switch-arm 19, d 23, coils 16 and 18, 
and conductor 24 te the other supply line 5. Contactor coils 16 
and 18 will pull up their armatures, and close contacts 25 and 26, 
placing the resisters 2 and 3 in parallel across the source of 
current su Undercoil 6 will pull up ite armature without 
effect on the connection, and the current will increase until over- 
load coil 7 pulis up its armature, bridging the contacts 27. This 
energises relay 15, shifts the switch-arm 19 to contact 20, thereb 
de-energising contactors 16 and 18, completing a circuit throug 

contactur coil 17 by conductors 28, 29, and 24, closing the contact 
30, and connecting the resistance 2 and 3 in series to the supply 
lines. The value of the —— voltage and the resistance of 
the heaters 2 and 3 should 80 chosen that this cycle will be 
repeated at an interval of several seconds or minutes, depending 
on the heat storage ca “ys of the furnace and the closeness of 
regulation desired. e length of the periods of parallel and 
series connection with Saal t to each other thus are varied, in 
— with the heat demand of the furnace. (Sealed May’ 13, 
1915. 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


21,764/14. Albion Motor-Car Company, Limited, 
and T. B. Barsreg, Renfrew. Carburettors. {1 ift9.1) 0 
October 3v, 1914.—When «au internal en; is 
running light at a high speed—for example, when a vei icle is 
descending a hill—with the throttle-valve partially closed, mis- 
firing, with resultant explosions in the silencer, is apt to occur 
owing to the weakness of the mixture. The invention has for 
its object to provide means for the avoidance of this, and is 
applicable in connection with any form of carburettor having a 

poem valve under hand or foot, or hand and foot, control. 

ccording to the invention, there is interconnected with the 
tarotilo taive control a governor, driven either by the engine or 
from the road wheels, which is substantially isochronous in 
action. The interconnection of the governor is such that below 
SS Se at which it comes into ti l is 
no —that is tosay, it can be controlled by ‘the driver through 
the hand-lever from full open to almost shut, the amount of 
minimum opening being determined by an adjustable device 
preferably so set as to give just sufficient opening to keep the 
engine running light at a very slow ; but upon the pre- 
determined maximum speed being reached, the governor acts to 
totally close the throttle-valve, so st entoely cutting out the carbu- 
rettor. The spindle of the butterfly throttle-valve A, of a well- 
known type of carburettor, has on it a lever, one arm O of which 
is ected by a rod D to a spring device, which in turn is con- 
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(39794) 


connecting-rod. The shield OC is made with a base c of large 
diameter so as to fit closely in the mouth of the piston, as shown 
in Fig. 1, the base c lying just outside the bosses a of the piston, 
through which the gudgeon-pin B extends. The reduced part of 
the shield is provided at each side oy’ the hole cl comers the 
geon-pin, which therefore 
nner end of the connecting- 
which forms a complete pert Sividi ing the nkerior of the 
piston into an open outer chamber containing the end of the 
connecting-rod and an 5 ~~ chamber kept free of lubricating oil. 
} shield can readily be applied to pistons of existing type, as 
2 — ~ ——— ap epee - be —" > hy example 
justrated, it is secu y the retaining-screw b o 
pin. (Sealed June 10, 1915.) gengoen 


GUNS AND EXPLOSIVES. 


5152/14. E. Schneider, Le t, France. + ~ 
of Ordnance. (9 Figs.) Fe’ Pi 1914.—In rifled 
nance, as is weil known, what is termed the deviation or —_ 


80 that it is necessary for 
the gun ea given angle with the 
line ts AA, which angle varies with the range. Assuming that 
@ gun mounted on horizontal ground has been aimed, 
and therefore forms the correct horizontal le a with the line 
co Ss tions cease to be 
trun of the gun become trans- 
versely inclined. The device which forms the ject of the pre- 
sent invention wy it possible by very simple means to re- 
establish rapidly correct firing conditions without the 
necessity for wasting the axis of the trunnions. According to 
this invention, a level is caused to move around a pivot displace- 
able in or on a guide perpendicular to the vertical axis of the 
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J 
nected to a two-armed lever E operated by the muff of a sub- 6 
stantially isochronous governor F. Tho apeing dovieo consiste of 
a tube G in which is © bush H through which slides the rod D. 
cpsing K- A mall balerepring fo istuspesed Uebeeta whe 
ng K. A sm er-spring D jween the 
collar J and a second bush M at the upper end of the tube. 
A second arm N of the throttle-valve lever has on it * pin ¢ 
g a slot O in — connected to a usual hand sight-support 
lever R. This slot forms a lost motion device. In order | the said support, 
that, the throttle ML be set to a minimum opening for running | at the same 
light at slow speed, there is provided a third arm 8 on the | line of sigh 
Se yy — es Lm oe nen ss adjustable pin | to the sector 
9472. 3 en D ‘oO ensure t set pin T will | amplitude of movement necessary . 
) not foul the arm 8 when the hand-control lever R is moved to | zontal , and this A. - halt vais tae 
from one positive value to another positive —een, “oo the | the closed position, ph mage tay Say de oe oy away. In| the on’ the displaceable pivot of the level in or on ite 
6 ae ae, See input be' — operation, supposing that the throttle-valve is set at a guide, this position corresponding the range. A designates a 
nately less than, or greater th the rate of input ~ position other than that of minimum opening pn oa a sigh apparatus such as a 
make up for the losses and the length o noguiiiedl the agde a ae So the governor is vented b: in T), Spoon poe See which is mo ited : 
Scing vested te accertnase with the in response to Preesure of the pri — end of hy: the B suitably fixed by a projection b to a back sight or an 
resistance in the heater. The drawing illustrates a pee <6 te K. pn the governor acting with pos apes tomar pviee earried by y 
system in which two resisters are a oy ay A connected in is Ph relieved. Further movement | com an air-bubble lever O in a vertical 
—_— lel ,— in te 1 to the ae t in accordance with 2 ae then compresses the buffer-spring which, | with that containing the axis of the -trunnions and with 
The resistance fu or other heating device | acting between the J e M, moves the that containing a—a (Fig. 1) of the ew B; with this 
ad crap cally indicated in outline b dotted lines 1, | downwards, and at the same time traverses the mS Q towards | object it is mounted on a which MS pivoted 
and two Gates deen. These preferably | the other end of the slot O, thus completely closing the throttle- trunnion ¢ pro y from a toothed sector pted 
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to same curvature formed in the support 
B. The sector E meshes with a pinion F keyed upon a shaft G 
is adapted to be operated by a milled knob g and is jour- 
nalled in the support B; upon the same shaft G is keyed a worm 
H in mesh with worm-wheel teeth a! —y ore oy: body A of 
us. In the carrier D a d is formed in 


is displaceable in a guide slot M 
geometric axis m—m, Fig. 1, of this guide 
to the axis of the body A and to the axis 
centre of curvature of the movable sector E 
axis m—m inside the outer mp mye” of th 
once be apparent that the axis i on which the 
placeable in ite guide M in which it can be caused to assume a 
position which is variable in accordance with the r: , the ranges 
being indicated upon a scale marked on the c: rD. It will 
also be noted that the carrier D (and with it the level C) can be 
rocked about the axisi by the mechanism E—F—g, which simul- 
taneously acts through the H—a! upon the line of sight. It 
follows that the level and the line of sght will receive simulta- 
neous displacement, which vary in accordance with the position 
imparted to the axiai of the level which always ds with 
the range seleciec. The amplitude of these displacements, which 
is determined by the i ringing of the level to its horizontal position 
will be proportionate to ihe inclination of the trunnions. (Sealed 
May 13, 1915.) 


HYDRAULIC MACHINERY. 
7581/14. The 


pany, London (7 ; 

Schenectady, U.S.A.) Pump-Valves. (3 Figs.) March 25, 
1914.—The invention relates vo ow gee of the kind in which 
a relief opening or port is provided for unloading the pump at 
starting, the relief opening being automatically closed when the 
pressure builds up. Such valves are used to overcome the diffi- 
culty of starting a pump, such as an hydraulic pump, when it is 
operating against a high head, as without such a valve it would 
be necessary for the pump-motor to start under full-load con- 
ditions. The invention comprises a spring-controlled slide-valve, 
responsive to the pump pressure and directly controlling both 
rellet and discharge-ports. The relief-port is smaller than the 
discharge-port, and both ports are preferably triangular in shape. 
When the pump is started, the discharge-port is closed and the 
relief-port is open, and owing to the smaller size of the relief- 
port the pressure builds up and moves the valve against the 
spring, gradually uncovering the discharge-port and covering the 
relief-port. The pump-motor is therefore loaded gradually. 1 is 
a casing of a pump-unloading valve, provided with an inlet-open- 
ing 2, a discharge-opening 8, and a relief-opening 4, the relief- 
opening being of smaller area than the discharge-opening. A 
valve-member 6 is ar to slide in the casing, so that it will 
gradually close the relief-port and simultaneously gradually open 





the discharge-port. The valve-member is preferably a hollow 
plug, provided with an Lamy which registers with the relief- 
port when the discharge-port is closed. In order to return the 
valve-member 5 to the position in which the discharge-port is 
closed, a spring-member 7 is onegse As shown in Figs. 2 
and 8, the harge and relief-ports 3! and 4! are triangular in 
shape, the apex of the triangular-shaped relief-port being covered 
as the apex of the triangular-shaped disc -port is opened by 
the valve-member 5. The inlet-opening 2 of the valve is suitably 
connected up to a ———. (not shown), the discharge-open- 
ing 3 is connected S to a discharge-pipe which may lead to a 
suitable reservoir, and the Py | may be connected up to 
the suction-pipe of the pump or to the supply of fluid. e 
movement of the valve-member & is limited in one direction by 
shoulders 8 in the casing 1, and in the other direction by the 
spring-member 7. The spring-member is ted in the chamb 
of the casing formed by ‘he head 9 of the valve-member and the 
cover 10 of the casing. This chamber may jcate with the 
diacharge-pipe by means of an opening 11. The head of the valve- 
member may be provided with suitatne packing 12. The valve- 
member is shown as being guided in its movement by a rod 13, 
a enters a hole 14 in the valve-member. (‘ealed June 10, 
1915, 


MINING, METALLURGY, & METAL-WORKING. 


12,706/14. P. W. Alldayanda P J. Wilson, Birming- 
ham. Paeumatic Hammers. |: Figs.) May 23, 1914.— 
‘This invention relates to pneumatic hammers of the type in which 
an air-pump cylinder is arranged adjacent to. the hammer-piston 
cylinder with a hand and/or foot-operated control. With pneu- 
matic hammers of the type referred to, in the normal working of 
the hammer, the motion of the hammer piston synchronises with 
that of the piston of the air-pump cylinder, the tup may be 
making from 160 to 280 blows per minute, according to the speed 
of rotation of the crank-shaft of the hammer. Occasionally it is 
desired to give a single stamping blow of the tup from the top of 
the stroke of the hammer piston, and -— to the invention 
described in Specification No. 8065, of 1914. Such an operation 
was quite impossible. The p invention consists of the 
improvements in, or additions hereinafter described to, pneu- 
matic hammers, having for their object to enable single or 











matic hammers, of the kind hereinbefore referred to, of an 
auxiliary cylinder which can be placed in connection with 
piston tn the urllary ‘Gptnador ty the thane te abv-pump bichon 
cylinder e the air- 
reaches the limit of ite motion an outward direction, the 
motion of the piston of the auxiliary cylinder being utilised to 
effect the automatic lifting of the controller to the extent neces- 
to establish direct communication between the air-pump 
er and the hammer-piston cylinder. a is the air- Pp 
cylinder, b is the hammer-piston cylinder, and c is the inter- 
mediate cylinder in which the controller d works, the controllerd 
being operated by the hand-lever ¢ or pedal f as heretofore, or 
automatically by the improvements constituting the present in- 


cylinder g, having in it the piston h, which is attached to the con- 
troller d. The upper end of the cyliaderg may be put in com- 
munication with the cylinder a by the pipe ¢ and rotary valve k, 
the casing a* of which is on the side of the cylinder a. In the 

or passage a! of the casing a%, communicating with the 
cylinder a, is a non-revurn valve n, which prevents the passage of 
air from the cylinder @ to the cylinder g on the inward stroke of 
the air-pump piston. The plug of the valve k may be turned by 
the hand-lever / and connecting-rod m, which is jointed to the 
end of the arm k! on the valve k. When the parts are in the posi- 
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tions shown, the air-pump Papen when it pees the port a! in 
the air-pump cylinder in its outward motion, effects a suction 
through the valves n, k and pipei in the auxiliary cylinder g, 
and the piston A therein is lifted into such — in the cylin- 
der that the controller is brought thereby into the tion in 
which the annular neck or groove d! coincides with the ports a2 
and b? in the air-pump cylinder a and hammer-piston cylinder b 
aes and establishes free communication between the 
cylinders a, b. The lifting of the piston A and controller d beyond 
the position desired is prevented by a a p, which is intro- 
duced into the hole r for the pu of blocking the handle e and 
controller-rod before the handle / is moved to rotate the valve k 
into the tion shown. When the controller d has been auto- 
matically lifted in the manner hereinbefore described, the hammer- 
piston b will be lifted to, or nearly to, ite uppermost position on 
the outward stroke of the oo m, and a single full 
stamping blow on the inward stroke of the air-pump piston results 
in the treadle or hand-lever ¢ being operated to lower the con- 
troller, and the handle / being, immediately after the blow, 
turned, so as to put the auxiliary cylinder g in communication 
with the atmosphere. When the hammer is to be worked in the 
ordinary way, the valve k is rotated so as to by the plug into 
the tion in which the top of the cylinderd is preserved in 
cant communication with the atmosphere. (Sealed June 10, 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


5020/14. The British Thomson-Houston Co: A 
Limited, London, and F. Samuelson, Rugby. 

(2 Figs.) February 26, 1914.--According to this 
invention, a shaft- bearing comprises a bearing of the self-aligning 
type and a thrust-bearing. The self-aliguing bearing is fixed as 
regards motion in an axial direction, and the thrust-bearing is 
seer with grooves which engage with collars on the shaft. 

ne of the bearings is provided with an external screw-thread, 
adapted to engage with an internal screw-th in a recess in 
the other bearing. Means are — for example, a worm 
engaging teeth on the periphery of the thrust-bearing, for 
rotating the latter with respect to the fixed self-aligning bear- 








ing, so that, according to the sense in which the thrust-bearin: 
is rotated, the shaft of the machine can be positively adjusted 
axially in either direction, as desired, even when the machine is 
running. Referring to the ——- :~A shaft A rotates in a 
fixed bearing B of the self-aligning spherically-seated ‘ype, 
mounted on the stationary member G of the machine. 
tion of the fixed bearing B, therefore, as regards movement 
a direction parallel to the axis of the machine is fixed. The 
thrust-bearing D has suitable grooves formed in the same, which 
engage with collars E on the shaft. Both the self-aligning bear- 
ing and the thrust-bearing are t on an axial plane, as shown 
in Fig. 2. This thrust- has a screw-thread © formed on 





stamping blows of the kind referred to to be given. The inven- 
tion consists in the addition to, or combination with, pneu- 


has provided round a portion of its periphery a set of teeth T 
whieh enenae with a worm F revol in carried by the 
stationary member of the machine. worm F is provided with 
a shaft to which means can be fitted for revolving the worm in 
ite bearings. The rotation of the worm causes a revolution of the 
thrust-bearing by means of the teeth T formed on the same, and 
a rotary movement of the thrust-bearing causes a motion of the 
same to the right hand or left hand relative to the fixed bearing, 
due to the screw-threads. The movement of the thrust-bearin 
relative to the fixed bearing to the right hand or to the left 
causes a corresponding movement of the rotating member of the 
machine relative to the fixed member due to the engagement of 
the thrust-collars formed on the snaft with the correspo 
grooves formed in the thrust-bearing. (Sealed May 13, 1915.) 
PUMPS. 
7678/14. Societe Anonyme pour I’. loitation des 
 ngnenee - Leblanc, Paris, France. 
Ejectors. [1 Fig.) y 16, 1913.--The present invention re- 
lates to an improvement in ejectors, by which term is here meant 
apparatus of the kind which effects the entraining of one gas by 
another projected at a + velocity in order to force said gas to 
je from one receptacle into t at a higher pressure. In 
pecification No. 4068, of 1910, an improved ejector of the above- 
mentioned kind is described, comprising tiers of nozzles arranged 
in concentric rings or groups. In Specification No. 7231, of 1913, 
a further improvement is described, comprising a plurality of 
separate annular tiers of nozzles, having necks of varying cross- 
section, each tier of nozzles being separately fed with steam, the 
pressure of which can be varied at will independently of the 





tere) 


steam supply to the other tiers of nozzles. The present inven- 
tion, which is an improvement upon the apparatus described in 
the two patents above-mentioned and is illustrated in the accom- 

ying drawing, consists in the arrangement of two ejectors a, b 
n series, the upper ejector a opening directly into the lower 
ejector b. Each of the two ejectors is separately fed with steam, 
and is of such a construction that the axes of its nozzles converge 
towards the same point in the axis of the ejector. By means of 
this arrangement the mixture withdrawn arrives at the centre of 
the lower ejector without meeting any obstacle of a nature to 
create shocks or eddies which are wasteful of energy, while the 
residual velocity of the gases coming from the upper ejector is 
fully utilised in the lower ejector. It is to be understood, how- 
ever, that the arrangement described above and illustrated in the 
drawing is only given by way ofexample. (Sealed June 10, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 


21,492/14. The Martin Patent Davit Company, 
Limi and E. 8S. Gladstone, Liverpool. 8S 
Ships’ boats. [1 Fig.) October 24, 1914.—Where life- 
boats are stowed in tiers of two, three, or more boats, one above 
the other, it is in some cases considered desirable that the 
upper boat or boats should not rest directly on the boat or boats 
beneath, but should be separately supported. According to this 
invention, the supports are so constructed that a complete tier 
of boats can be deposited on a carriage and moved away clear of 
the supports. Supports thus constructed are used in conjunc- 
tion with chocks 8o made that they can be raised to allow the 
carriage to be brought beneath the lowest boat and lowered to 
bring the boats down on to the carriage, or with lifting-jacks or 














the like, or with a carriage so made that it, or a part thereof, can 
be lowered in order that the carriage may be brought beneath 
the lowest boat on its chocks, and then raised to lift the boat off 
the chocks. ais the lowest boat, > isan intermediate boat sup- 
ported on boat a, and c is the top boat carried by cross-beams 
d supported by uprights ¢ hi to the deck at the points /, and 
supported by guys g; A is a platform carried by lifting means, 
and ted to lower the tier of boats on to the carrier j. When 
it is desired to move the boats to the side of the ship the platform 
is raised until the boat b comes against the cross-beams d; the 
supports ¢ are then disconnected from the cross-beams and 
Scr ae on their hinges, so that the boat @ supports the 





its outer surface ogy hy no hy & corresponding screw- 
thread formed in the fixed g B. The thrust-bearing also 


weight of the boats ) and; the platform is then lowered until 
the lowest boat settles down on carriage, which can then be 
moved away as desired. (Sealed June 10, 1915.) 
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LITERATU RE. 
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Brasseys Naval Annual. War Edition. London: 
Wilham Clowes and Sons, Limited, 31, Haymarket, 
S.W. [Price 10s. net. } 

Tus, the most important of the naval annuals, has 
always been ed as a very convenient medium 
for the exposition and criticism of naval develop- 
ments. National exigencies now impose the strictest 
secrecy on all writers on British naval affairs, and 
it might therefore have been assumed that little 
good could have resulted from the publication of 
an edition this year. But, while serving the func- 
tion of an annual record and analysis of 

in design, construction, and naval administration 

generally, the publication achieves the further and 

useful purpose of presenting, in a form convenient 
for reference, complete tables giving the dimen- 
sions and plans of the ships and the ballistics of 
the guns of all nations. This part of the work is, 
at the present time, of augmented value to all who 
are following naval events with any degree of 
interest. For this reason alone this year’s edition 
of the Annual-is weléome. It is true that, so far 
as the British and Allied Navies are concerned, 
nothing is included except what is accessible in 
official publications ; byt an effort has been made 
to bring up to date, and to ensure accuracy in, the 
information regarding the enemies’ fleets. This 
applies also to the drawings reproduced under the 

supervision, this year as formerly, of Mr. S. W. 

Barnaby, and to the ballistics of the enemies’ naval 

and other guns, arranged by Commander C. N. 

Robinson, R.N. It is useful also to have in this 

reference part of the Annual, not only the official 

Admiralty statements, but also the important 

pronouncements, despatches, and reports in con- 

nection with naval operations, 

Instead of the usual number of treatises on naval 
developments, which ordinarily form Part I., there 
are only four contributions. The first will be wel- 
comed because its author is Earl Brassey, who, it 
will be remembered, founded the Annual thirty 
years ago, and has continued to influence its success 
throughout all the years. Latterly the editorial 
work fad passed into the hands of his son, Viscount 
Hythe, who is now engaged in enrolling and train- 
ing yeomen and in other war work, so that Lord 
Brassey has taken a more active part, and has had 
the assistance of Mr. John Leyland and Commander 
Robinson, in the preparation of this war edition. 
Lord Brassey’s contribution is entitled ‘* Con- 
siderations on the Cause and the Conduct of the 
Present War.” It is really a reproduction of an 
essay circulated privately a few months ago, but 
is very properly given this more permanent place in 
the literature of the war. Lord Brassey reviews 
with his usual directness and forcefulness the 
development of German opinion throughout many 
years, and disposes of the idea that commercial 
rivalry could have justified the war. He probably 
correctly diagnoses the situation in the statement 
that ‘‘ Military influence, from the Franco-German 
War onwards, has held the German people, as it 
were, in a vice. It has been the curse of 
Germany and the scourge of Europe. The war 
ney seen ogg epee | on in wealth 
and military strength. ey were eager to cross 
swords before a rival, already deemed to be danger- 
ous, had grown too strong. German 
support of Austria, and the aged Emperor was 
naturally averse to war. He was deeply moved by 
the assassination of the Heir-Apparent. It was an 
opportunity not to be lost. Austria insisted upon 
terms which could not be conceded by Servia with- 
out utter loss of her national independence. Russia 
was bound to stand by Servia. Germany stood by 
Austria. France stood by Russia. England, 
earnestly desiring peace, was dragged in.” 

Another contribution—that on “ ee Navies,” 
by Mr. Leyland—is also specially interesting be- 
cause of the light thrown on the motive in develop- 
ing the naval fleet of Germany. It is true that 
there is little that is new in the story, but it is 
well to have all the points brought into short com- 
pass. Prince Biilow’s excuse for naval expansion 
was the double object of protecting vast com- 
mercial interests of world-wide character and 
a volume and of giving direct weight to 

y's spoken word. “ Nauticus,” on the other 
hand, has contended that the weakness of the 
country was its dependence largely for food and 
raw material upon seaborne supplies, which would 
be imperilled in the war. England and France, 








needed the | ’ 


he held, were increasing their foreign possessions, 
which they could close to German trade, and it 
was f that the United States, through the 
opening of the Panama Canal and their policy 
in Mexico, might supplant a part of German com- 


land would not hesitate to allow her Colonies 
more or less to check German competition. Ger- 
many had been successful because of her industry, 
frugality, and ability, rather than because of her 
national resources. That these fears did not justify 
the war there cannot be a shadow of doubt, par- 
ticularly as the whole history of international com- 
merce provides no basis for them. Mr. Leyland 
considers briefly the objects sought to be achieved 
in the war by the German navy, and considers 
that there has been, by force of circumstances, a 
return to the policy of ‘‘sallying” operations indi- 
cated in the preamble of the Navy Law of 1888— 
namely, the sallying forth of a fleet from its base 
to do as much damage as it could and then to 
return. _ It will be remembered that the 1900 Law 
indicated in its preamble that the German need 
was the creation of such a fleet that the greatest 
naval:Power would not venture to en in war 
with Germany because of the lack of sufficient pre- 
a. Now that the greatest naval Power, 

ving been challenged, has taken action, and, 
instead of being weakened or endangered by the 
German fleet as it exists to-day, is strengthened 
and has maintained the command of the sea, the 
reversion to the ‘‘ sallying”’ operations is probably 
the only alternative; but conclusions should not be 
drawn until is achieved. 

This is the principle upon which Commander 
Robinson proceeds in his narrative of ‘* Naval 
Events and Incidents.” At the outset he points 
out that no attempt can be made to draw lessons 
from the war or to criticise or comment on the tac- 
tical details of the engagements. Itis well, however, 
that we should have his clear and accurate review 
of the outstanding incidents in the naval warfare, 
accompanied as it is by a diary of naval events, 
compiled by Mr.G. F. Hurford. The narrative will 
help the future strategist, in association with official 
despatches, to analyse and draw deductions from 
the tactics pursued. Mr. Leyland has also a brief 
article on the United States Navy, and Earl 
Brassey concludes this part of the work with a 
postscript to his earlier communication, giving 
thoughts on the present and future, with icular 
reference to the great part played in the war by 
the Dominions across the sea. 





THE NATIONAL PHYSICAL 
LABORATORY IN 1914-15. 
(Continued from page 709, vol. xcix.) 

Metallurgy and Metallurgical Chemistry (Super- 
intendent, Dr. W. Rosenhain, F.R.S.); Equip- 
ment.—The new Gaede pump is of the piston type ; 
the piston of the one vertical barrel is driven 
through a beam by an electric motor, and con- 


merce in Central and South America, while Eng- | th 


designed to take 30 amperes at 100 volts for 
several hours continuously. The microscope level- 
ling device, constructed by Messrs. R. J. 
Beck to the design of Dr. Rosenhain, supersedes 
older devices for setting the prepared surface o 
e specimen at right angles to the optical axis 
of the a. This is effected with the aid of 
a small vertical auto-collima’ telescope, below 
which ° ee ms of lel plate-glass is 
placed ; the polished specimen, ed by plasti- 
cine to a nd amen pe slip, is laid upon Awe 


glass. 

Chronograph.—The plotting chronograph,* de- 
signed and made by Dr. Rosenhain iat the 
Cambridge Scientific Instrument Company, much 
facilitates the taking of heating and cooling curves. 
Taking observations at every 2 deg. Cent. over a 
range of 800 deg. Cent. by means of a tapping- 
key and an ordinary chronograph would involve 
tapping 400 marks on a tape and counting and 
transferring them to squared paper. An auto- 
matic recording device avoids these troubles ; but 
on the laboratory scale of 2 mm. per second and 

2 deg. Cent., the curve of such a device would 
ve dimensions of about 80 om. by 4 metres. Dr. 
‘Rosenhain’s aim has been to render an inverse- 
rate plotting device, in which these dimensions are 
much reduced, so far as possible automatic. For this 
purpose a pen is moved at a ar rate over the 
drum carrying the paper ; the o er taps the key 
and thus causes the pen to make a mark when the 
galvanometer swings out ; the pen must then imme- 
diately be returned to its zero position, whilst the 
drum is advanced one step, so that the pen may start 
out at once again, and that the distances of the marks 
from the zero line be proportional to the time the 
pen has travelled outward. But the return path of 
the pen may be a matter of a few millimetres, or, 
when the curve is on a peak, of 20 and more centi- 
metres. In order to give the pen time always to 
return to zero at an accelerated rate, a fixed period 
of rest (4 seconds) has been introduced after each 
tapping of the key. The diagrams, Figs. 4 and 5, 
which do not quite correspond, will explain how 
this has been accomplished. 

The instrument is provided with two vertical 
spindles A and B, Fig. 4, carrying discs, and these 
spindles are driven by an electric motor at constant 
rates in ry cmp cers the periphery of disc A 
travels at 2 mm. per second, that of B at more than 
ten times that speed. Running on guides between 
the spindles is the light wooden bar O00, carrying 
the pen P; below is the drum M. Normally the bar 
is pressed against A by the spring 8 and the rollers 
R; the bar then travels outward to the left, also 
at 2 mm. second.’ When the tapping-key K 
(Fig. 5) is depressed, the bar is canal against B 
by the electromagnet III, and the bar returns at 
high speed — the 4 seconds of the of 
rest, during which the electromagnet III remains 
excited. hen the tapping-key K (Fig. 5) is 
closed, the electromagnet I overcomes the spring 1, 
and the descent of the armature a closes the circuit 















































veniently started by a hand-wheel ; the pump 
quickly produces a vacuum of 0.01 mm. pressure, 
sufficient for determining the melting-point of 
iron in vacuo and similar work. The large in- 





duction coil for the cathode-ray furnace has been 
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of electromagnet II, which depresses the pen P. 
The armature also moves the pawl of the ratchet- 
wheel on the drum over two teeth; when the key is 








* See ENGIvEERING, April 2, 1915, page 387, 
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released, the drum can advance by a definite 

thus providing the second co-ordinate of the curve. 
The descent of a further releases the commutator- 
wheel W (which is really much smaller than the 
drum, but drawn large in the diagram), which is 
connected with the driving-gear of the spindles A 
and B by a light friction-clutch. As long as W is 
arrested e stop shown in the diagram, the 
two contact-springs or brushes b rest on the ebonite 
strip e of the wheel. When, however, the K circuit 
is W rotates, and the two contacts bb are 
connected through the cylinder. When the tap- 
ping-key is released, while the commutator CO con- 
tinues its revolution until it meets the stop, the 
release of the armature a causes a contact to be 
made at q q in the circuit of the electromagnet III 
(Figs. 4 and 5), which serves to actuate the revers- 
ing mechanism of the bar. As soon as W strikes 
its stop again, the circuit IIT is broken; the bar 
— against A once more and again travels out- 
ward. 

There is a two-s mechanism for the out- 
ward (not the return) travel of the bar. This has 
been provided because at the ordinary speed of 
2 mm. per second the drum would require a width 
of 40 cm. to allow of recording a maximum interval 
of 200 seconds ; in freezing curves longer intervals 
may occur. To allow ofa slower outward movement 
of the bar, a second smaller disc has been fixed on the 
same spindle below A, and the bar C is so sha 
that, for a distance equal to half the width of the 
drum, C bears upon the large disc A, but after 
that against the lower, smaller disc, so that C and 
P travel at a reduced rate. The speed of the drum 
may, moreover, be varied with the aid of a change- 

r, and its advance can also be varied. The 

iving electric motor is fitted with a centrifugal 
overnor, and the accuracy of the chronograph has 
oon tested by replacing the key K by a torsion 
pendulum, 

Rolling-Mill.—The new rolling-mill was needed, 
as we explained last year, because the very large 
number of specimens required for a systematic 
study of bin and ternary alloys cannot pro- 
awe A be rolled in ordinary mills before the pecu- 
iarities of each alloy are inv ted. The build- 
ing for the mill was erected Messrs. Dorey 
and Co. to the designs of Mr. Jakeman. The mill 
iteelf has been constructed by Messrs. W. H. A. 
Robertson and Co., of Bedford. It is a two-high 
mill, with rolls 30 in. long, 15 in. in diameter, 
the diameter of other grooves ranging from 3 in. 
to 4 in. ; other rolls, flat and grooved, are to 
be provided. To drive the mill, a new Tudor 
battery of 120 cells and 1000 ampere - hours 
capacity has been installed in the Engineering 
Department, together with a motor-booster set of 
Messrs. Siemens Brothers for charging the two 
halves of the battery in parallel; the motor, of 
60 horse-power, which will stand overloads of 
100 per cent., the switchboard (General Electric 
Company), and the liquid starting-resistance are in 
the mill-house. Five cotton ropes connect the 
motor with the fly-wheel of the mill, which is con- 
nected with the rolls by a reduction gearing and loose 
coupling. A battery was needed on account of the 
heavy power fluctuations of a mill, and also as a 
power reserve for the 7-ft. channel of the Aero- 
nautics Division. Sir Gerard Muntz and Mr. G. A. 
Boeddicker enabled Mr. W. Walbanck, one of the 
mechanics on the staff, to acquire rolling practice 
in their works. The ingots and billets are pre- 
heated and reheated in the large electric muffle- 
furnace of the new mill; thirty bars can simul- 
taneously be heated up to 500 deg. Cent. in a steel 
tube, 12 in. in diameter, 7 ft. long, a dummy-bar 
enclosing a thermo-couple being heated at the same 
time to control the temperature. The rolls them- 
selves can directly be heated by gas-burners. To 
the mill belongs also a small forging-press for a 
pressure of 80 tons, driven by a small electric motor 
geared to a two-throw punp. 

Research Work ; Alloys (Dr. Rosenhain, Messrs. 
8. L. Archbutt, D. Hanson, J. L. Haughton).— 
Messrs. D. Ewen, J. D. Grogan, N. P. Tucker, and 
others — joined the Army, from which Mr. 
Archbutt had to be recalled to the Laboratory, 
and Mr. Humfrey having taken up an Admiralty 
appointment at Sheffield, research work has made 
little Dr. Rosenhain himself went to 
Australia with the British Association last summer, 
and was afterwards retained by the Commonwealth 
Government to advise on certain matters. As 
regards the Alloys Research Conimittee and the 
ternary aluminium-zinc-copper alloys (containing 





step, | 90 per cent. and more of Al), considerable difficulty 


has arisen in interpreting the indications of thermal 
curves and of microscopical examination relating to 
the alloys lying near the aluminium corner of the 
ternary diagram, where a reaction occurs at 560 deg. 
Cent.; an enormous number of curves have been 
taken with the chronograph. The supposed disinteg- 
ration of some light alloys has further been studied 
by Mr. A. J. Tarner, of the Aeronautical Chemical 
Division. There is also still some doubt about 
copper-tin alloys containing from 55 to 65 per cent. 
of tin; these are studied by Messrs. Haughton and 
Hanson with the aid ofan electric thermostat which 
keeps constant within + 1 deg. Cent., but is in ite 
present make (of glass) only available up to 450 
deg. Cent. 

Tron; Magnet Steels ; Etching Reagent ; Failures. 
—In the course of the investigation of the melting- 
point of iron it was noticed that there was some 
interaction between the tungsten and molybdenum 
windings of resistances and their core of alundum. 
The permanent magnet steel now being investi- 
gated, in conjunction with Mr. Campbell (Physics 
Department), for the Institution of Electrical Engi- 
neers, contains 7 per cent. of tungsten and 0 4 of 
carbon. The test-rods are turned, analysed, and 
put into an electric furnace with separate heating 
and magnetising coils ; the search-coil, protected by 
a water-jacket, is connected to a ballistic galvano- 


ped| meter. The new etching reagent for steel (ferric 


chloride, with a little copper- and tin-chloride) can, 
according to Dr. Stead, be improved by the addi- 
tion of alcohol ; the pitting would then be avoided. 
Dr. Rosenhain grants this, but considers that the 
pitting is in itself characteristic, and that the 
alcoholic solution darkens the pearlite and leaves 
the ferrite bright (as picric acid would do), whilst 
the aqueous solution has the opposite effect. He 
finds, moreover, that the presence of minute cracks 
and fissures, which cause the rejection of the 
material, in certain steels is due to the presence of 
phosphoric bands which the reagent reveals. The 
presence of a relatively high proportion of dis- 
solved phosphorus prevented in one case the diffu- 
sion of iron carbide, even at 800 deg. Cent. The 
inquiry into failures and breakages has concerned, 
among other things, the effect: of acetylene welding 
upon steel and some special alloy steels. 

Aeronautical Fabrics; Penetrometer Tests 
(Messrs. Rosenhain, G. Barr, Bircumshaw, and 
Turner) —The formation of spots on rubber fabrics 
has fairly been cleared up. In the case of cotton 
and linen fabrics the strength increases when the 
relative humidity rises above the average of 66 
per cent. by 3.5 percent. for every 10 per cent. 
rise in humidity. As this change varies, however, 
when considerable quantities of dressing are 
applied, it is considered best to soak all materials 
in water for a short time before testing, and to 
test the still wet material. The strength value 
thus found would correspond to an imaginary 
average humidity of 111 per cent., and is higher 
by about 15.5 per cent. than the figure which the 
material would give at the average humidity. 
This suggestion has been adopted in many War 
Office specifications. The tensile test of linen will 
give enhanced values if the specimens are made 
shorter than 12 cm. and narrower than4cm. As 
regards the rate of loading it is found that the 
error likely to occur is a minimum when the load- 
ing is sufficiently rapid to produce rupture within 
half-a-minute or less ; this rate is hence recom- 
mended, though the strength values then come 
out about 10 per cent. higher than with slow 
loading. 

The penetrometer tests are made in connection 
with the Road Board work, the instrument being 
the New York Testing Laboratory penetrometer. A 
sample slab, contained in a small tin pn, of the 
bitumen, pure or ‘‘ fluxed ” with oils (hydrocarbons 
of paraffin or of asphaltic nature), is placed in a water- 
bath which is kept at constant temperature (within 
0.1 deg. Cent.) by means of an electric heater and 
stirrer, and the depth is observed to which a ver- 
tical needle penetrates under constant load (attached 
to the spindle of the needle) within a certain 
period. Dr. Rosenhain prefers a flat-ended needle 
(cylindrical, 1 mm. in diameter) to the sharp- 
pointed needle of the New York practice, and is 
modifying the method so as to determine the rate 
of penetration. 

Chemistry and Metallurgical Chemistry ; Optical 
Glass; Bariwm Peroxide (Messrs. Rosenhain, J. 
Murdock, W. H. Withey, A. Marks, Grogan, 
T. E. Rooney, N. P. Tucker, P. G. Ward).— Varied 





problems have been submitted to this division con- 
cerning the manufacture of articles formerly im- 
ported from abroad—glass, porcelain, filter-paper, 
&c. The weathering of optical glasses was investi- 
gated for Messrs. Chance, and a research into the 
manufacture of optical glasses iscontemplated. The 
“eae pe dangers arising from the transport on 

ard ship of barium peroxide have been studied 
for the Board of Trade, because this peroxide was 
present in the cargoes of ships, like the Volturno, 
in which fires occurred recently. Storage of barium 
peroxide at the highest temperatures prevailing in 
holds and exposure to moisture, it is found, do not 
themselves appear to be dangerous ; but exposure 
to certain gases (chlorine, sulphur dioxide, likely 
to be ured for disinfection) is dangerous, and fric- 
tion, even under quite moderate pressure, between 
the peroxide and wood readily leads to ignition ; 
electric sparks will ignite mixtures of the peroxide 
with coal-dust or saw-dust. Certain precautions 
as to the carriage of barium peroxide have been 
suggested. 

The William Froude National Tank (Superinten- 
dent, Mr. G. S. Baker, late R.C.N.C., M. Inst. 
N.A.; Messrs. G H. Millar, J. L. Kent, W. J. O. 
Studd, and G. H. Bottomley).—Instead of the 
hoped-for increase in the staff, the war has reduced 
the staff from thirteen to nine. Mr. Millar (now 
a prisoner at Doeberitz), Mr. Studd, and two others 
joined the Army, and systematic research had to 
give way to special, urgent research. Yet a satis- 
factory amount of work and of private work has 
been done, and the department keeps its balance 
on the right side. Only twenty-nine models were 
tested, against seventy-five last year ; but that figure 
was exceptionally high. In one case—that of an 
18,000-ton steamer—the tests secured a reduction 
in power of 13 per cent. The Committee—on 
which Mr. W. S. Abell, Chief Ship Sarveyor of 
Lloyd’s, has replaced the retiring Mr. J. | Poe a 
—had proposed to participate in the Shipping, 
Engineering, and Machinery Exhibition which was 
to have been held at Olympia last September ; the 
exhibits remain available for future use. The 
towing-carriage remains steady in running. About 
15,000 gallons of water were lost per quarter from 
the tank, which has a depth of 12} ft., through 
evaporation, wash, &c.; the loss is about the same 
as last year, and represents a surface layer of 
1.8 in. 

Research Work: Ship- Forms and Resistance ; 
Struts; Sea-Water Temperature; Floats for Sea- 
planes.—The work in progress comprises the con- 
tinued examination into the effect of fulness of 
form and longitudinal distribution of displacement 
on ship resistance. The ratios beam/draught and 
beam/length are kept constant, and the midship 
section is the same as in the previous experiments. 
But the first series of models had no parallel body ; 
the sixty models now under test have the same 
over-all dimensions and the same shape of ends, 
but with 0, 10, 30, and 50 per cent. of the whole 
length formed as parallel body, and each of these 
lengths of parallel body has been tried with five 
different forms of entrance and run. The par- 
ticular study has conqerned the wave systems 
formed by the models, and the physical interpreta- 
tion of the formula for locating the humps in the 
resistance curve to a base of speed. The speed at 
which these humps occur on any ship depend upon 


the r/ PL, where P is the prismatic coefficient 


and L the length of the ship. The humps and 
hollows are cau by the interference between 
the bow- wave and the stern - wave systems, 
and by the variation of the former system with 
respect to the after-body of the ship. To effect 
this variation, models covering as large a varia- 
tion of the P L values as possible have been tried 
at various speeds, and two series of models 
have been tested, with varying length of parallel 
body, the entrance and run remaining exactly 
the same, so that each end tends to form the 
same wave system at the same » irrespec- 
tive of the length of the parallel y. Similar 
experiments had been made by D. W. Taylor and 
R. E. Froude. An account of this research was 
brought before the spring meeting of the Institu- 
tion of Naval Architects by Mr. Kent.* 

The second investigation in hand concerns the 
question of appendage resistance and the applica- 
tion of results obtained with small struts to the 
full-size ship. As it is doubtful in how far ex- 





* See Encrnggnine, April 23, page 474, 
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periments with small struts may be utilised for 
calculating the resistance of large struts, experi- 
ments are being made with struts from # in. to 
12 in. long, the ratio of length to breadth in the 
cross-section being 3:1 or5:1. So far it would 
appear that estimates based on tests of small struts 
may be as much as four times too great unless 
corrected for e. This can be done—to an 
extent now being investigated—with the aid of the 
law of comparison for surface friction and eddy- 
making, and is being studied by Dr. Stanton and 
Mr. Pannell ; the latter has assisted in the Tank 
Department, and the struts have been tried both 
in the tank and in the air-channel. But so great 
an influence of the strut dimensions would hardly 
have been expected. The matter will come up for 
discussion at the autumn meeting of the North- 
East Coast Institution of Engineers. 

A third investigation deals with the effect of the 
water temperature on the ship’s resistance, a re- 
search which has been going on for thirty months 
with a model of the Iris. The results obtained by 
plotting the resistance to a temperature base are in 
excellent agreement with other results obtained by 
observing the flow of water in pipes, and by revolv- 
ing a disc in a shallow cylinder of water. For the 
usual temperature range in the sea and in the 
water of the tank, an increase of 10 deg. Fahr. in 
temperature seems to diminish the frictional re- 
sistance of a smooth model by 3 per cent.; the 
effect would apparently be smaller for rough 
models. The actual temperature range studied at 
Teddington is 14 deg. Fahr.; the range is ter 
at Washington, where, with the warmer climate, 
apparently better results are being realised than 
at Teddington. 

An account of the research on seaplane floats was 
presented by Mr. Millar to the summer meeting of 
the Institution of Naval Architects at Newcastle, 
1914.* The research was undertaken for the Ad- 
visory Committee for Aeronautics. We illustrated 
the apparatus used for testing hydro-aeroplane 
floats Test July.t The work on stream-line velo- 
cities round a model wasalso in Mr. Millar’s hands. 
Other researches which have advanced but little 
are those on stream pressures, on the navigational 
effect of passing ships upon each other, especially in 
narrow and shallow water, and on the manceuvring 
power of rudders of various shapes and the torques 
upon the rudder-heads. 

Physics Department: Electricity ; Fundamental 
Units (Mr. F. E. Smith). Absolute Measurement 
of Resistance.—In June, 1914, Dr. E. Giebe and 
Dr. H. Schultze came over from the Reichsanstalt 
to Teddington for several weeks’ visit to the 
Laboratory. Dr. Giebe brought with him a re- 
resistance coil, the absolute value of which he had 
determined, for comparison with the National 
Physical Laboratory wire standards of resistance 
and for the determination of the absolute value 
with the Lorenz apparatus at Teddington. For 
the latter measurements the radii of the discs were 
re-determined, the coils were re-set, and the mutual 
inductance of the coils and discs was intentionally 
varied from day to day. Series of absolute measure- 
ments were made on three days, on the first two by 
Mr. Smith and Dr. Giebe together, on the third by 
Dr. Giebe alone ; the coil temperature varied from 
20 deg. up to 22.5 deg. Cent. The resulting mean 
value of the international ohm is 1.00052 ohm 
(10° c.g.s. units), which is identical with the value 
found with the same apparatus by Mr. Smith in 
1913 ; the result is known to be in close agreement 
with the Reichsanstalt value, though the exact 
figures are not available now. 

Wire and Mercury Resistance Standards.,-The 
hermetically - sealed main standards have not 
changed by .1 — in 100,000 during the year, 
except one 10,000-ohm coil. The main low-resist- 
ance standards are not sealed, and they do show 
much larger variations ; the 1-ohm manganin coils 
of 1908 have also changed, though sealed. The 
new bridge made in 1912, for the comparison of 
mercury and wire standards, has been modified for 
the standardisation of platinum thermometers, the 
dial brushes being so altered that the resistance 
can be adjusted without breaking either the galvano- 
meter or the battery circuits; the final adjust- 
ments thus become similar to the adjustments in a 
potentiometer circuit, but there is a marked ad- 
vantage over the potentiometer method. Five 
mercury resistance standards, made and calibrated 





* See ENGINExEING, Jal 31, 1914, page 166. 
+ See Enctvernine, wk soul. page 29, 





at the National Physical Laboratory for the Elec- 
trotechnical Laboratory at Tokio, have been com- 
— at Tokio with five similar tubes made in 

apan ; the mean variation from agreement found, 
8 parts in 1,000,000, is very satisfactory. 

Weston Normal Cells.—Mr. Smith has completed 
his examination of the small, but important 
irregularities of Weston cells, which have been 
so much studied by various investigators, and 
which yet remain doubtful. The main disturbing 
factor is hydrolysis of the mercurous sulphate ; 
there are further complex ions in~¢he mium 
sulphate and in solutions containing this salt and 
mercurous sulphate. Hydrolysis leads to acidity, 
which is difficult to determine, and has a marked 
(though usually temporary) effect on the concen- 
tration of the mercury ions. Mr. Smith has deter- 
mined the solubility of cadmium sulphate at various 
temperatures ; the conductivity of these solutions, 
which have a maximum conductivity at 60 per cent. 
concentration, whilst a saturated solution has the 
same conductivity as one of 27 per cent.; the 
electromotive force of cells containing solutions of 
different concentration in the two limbs, with or 
without an excess of mercurous sulphate ; the solu- 
bility of mercurous sulphate in water, in acid solu- 
tions, and in solutions of cadmium sulphate, and 
the changes in hydrolysis and in the electromotive 
forces of Weston cells under those conditions. Four 
Weston cells were brought over to Teddington 
from the Bureau of Weights and Measures at 
Peti ; two of these agreed with the N.P.L. 
cells within 1 in 100,000, the others showed slight 
hysteresis effects; N.P.L. cells have also been 
taken to Petrograd, Washington, and Tokio for 
comparison. 

Magnetometer ; Magnetographs.—The new mag- 
netometer, suggested by Dr. A. Schuster, has 
practically been completed, thanks to Dr. Schuster’s 
donation. It admits of determinations of horizontal 
intensity and of declination, and with the addition 
of a rotating inductor coil, also of vertical intensity. 
The cylinder is of Marmora marble (dolomitic, free 
from iron pyrites, but not from quartz veins), 
into which two double screw-cut grooves, each of 
lcm. axial length and } cm. pitch, have been cut. 
The base, of phosphor-bronze, has been constructed 
by Messrs. E. R. Watts and Sons ; the suspended 
system, also of phosphor-bronze, has been made 
in the Laboratory. The new magnetographs made 
in the Laboratory were mentioned last year.* Their 
sensitivéness is so great that 0.1 y (i.e., one 
millionth of the c.g.s. unit of magnetic intensity) 
can be evaluated. In connection with the electri- 
fication of the London and South-Western Railway 
the variations in horizontal intensity H and decli- 
nation D (which, it has been agreed, must not 
exceed their present value, due to the electric 
tramways, by more than 20 per cent.) are measured 
on certain days, and fifty-one records of one hour 
have been obtained; eight other records cover 
“ne of 24 hours, and each of these latter has a 
ength of 30 ft. Sudden changes in H are of the 
order of 3 y, sudden changes in D of the order of 
2 minutes ; the state of the weather, wet or dry, 
does not appear to be of marked influence. 

Optical Glasses.—The weathering properties and 
alkalinity of optical glasses have been examined by 
Mr. Smith and Mr. Withey (as already mentioned). 
The alkalinity measurements were made by the 
method of Dr. Mylius, Reichsanstalt, and agree 
with his results, though Mr. Smith does not accept 
the theory. The reagent used is a red dye 
(iodoeosin), which gives an almost colourless solu- 
tion with ether; the faint trace of alkali on the 
surface of freshly-broken glass colours the solution, 
and the intensity of the tint is estimated. 


(To be continued.) 








THE FRENCH LAUBEUF SUBMARINE 
BOATS. 

Tue French Navy, as is well known, was the 
first among the navies of the world to establish 
submarine navigation on a sound, practical basis. 
Since 1886 the French naval architects have 
tackled the numerous intricate problems which 
surround the design and construction of sub- 
marine-boats, and they were able comparatively 
early to place in the service really efficient units. 
At frst, the satisfactory results obtained in France 
received but scant attention, either in that country 
or abroad ; later in the day, however, other 
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nations followed in the steps marked out by the 
French Navy, although it must be admitted that 
Holland made a t advance in first adopting the 
internal-combustion engine for propulsion on the 
surface. Until comparatively recently, the design- 
ing and the construction of the submarines destined 
for the French Navy, and the improvement and 
the adjustment of all the various details of the 
new craft, had remained confined to the French 
naval architects exclusively working directly for 
the French Government. For this reason, the 
progress gradually made in France in regard to 
submarine navigation, and the successes gained 
there, have been hitherto but meagrely recorded. 
A few years ago, however, the French naval 
authorities, recognising the importance which sub- 
marine warfare would play in naval actions of the 
future, decided to call to their aid the private in- 
dustrial resources of the country, and to allow at 
the same time the French private industrial con- 
cerns to tender for the supply of submarines to 
foreign friendly nations in the same way as they 
tender for other means of warfare. They also gave 
them permission to point out the advantages which 
the boats built by them over boats of the 
same class built by the competitors of other nations. 

Among the private companies who added the 
construction of submarine- boats to their other 
specialities, we may mention Messrs. Schneider 
and Co., who, for years past, had done excellent 
work in the construction of battleships, torpedo- 
boate, and destroyers. For the construction of 
submarine-boats they secured the services of Mr. 
Laubeuf, the French naval architect, who has 
acquired a world-wide renown in the designing of 
the new craft. He first came to the front in 
1896, when competitive designs were received by 
the French Government for a submarine-boat not 
exceeding 200 tons displacement, from twenty-nine 
designers, including one by Mr. Laubeuf. The 
vessel built from his design—the Narval, 1114 ft. 
long and of 160 tons di ment submerged— 
proved a success, excepting that the steam machi- 
nery adopted for te on the surface in- 
volved a considerable time for submergence. But 
when, later, internal-combustion engines were 
adopted, the other features of the design secured 
high recognition. The earlier French submarine- 
boats were designed for navigation almost. ex- 
clusively below the surface, a condition which it 
was thought the boat would have to meet as a 
—= rule; as a consequence of this view, the 

t itself suffered, and caused the squadrons of 
which it formed part also to suffer, all the dis- 
advantages attendant upon the fulfilment of such 
a condition. Mr. Laubeuf very soon—as early 
as 1896—clearly realised that submersion was 
only a means to an end, a facility for carryin 
out a surprise attack, in which the officers an 
crew of the boat would have more chance of suc- 
cess the better their strength had been s 
hitherto by a relative comfort, which alone can be 
given by navigation on the surface. Very early in 
the day of practical submarine-boat construction 
the Laubeuf type of submersible boat was found to 
combine excellent sea-going qualities, rising easily to 
the waves on account of her great buoyancy, with 
adequate crew space, so comfortable relatively, and 
despite inherent imperfections, that the men pre- 
ferred serving on board submarine craft to serving 
on board surface torpedo-boats. A departure was 
made in the fitting of hydroplanes to facilitate 
diving. These planes are set at an angle with the 
direction of flow of the water, so that as the vessel 
is propelled forward there is given a perpendicular 
thrust to overcome the reserve buoyancy, and 
thus to enable the vessel to dive and rem on an 
even keel when submerged. This constitutes the 
important difference between the submarine and 
submersible boat. 

We illustrate in Figs. 1 to 6, pages 30 and 31, 
typical Laubeuf submersible boats, Figs. 1 and 2 
being sectional elevation and plan, whilet Fig. 3 
shows the Delphin, referred to later, in course of 
trials previous to delivery to the Greek Navy. a4 
illustrates a 36U-shaft-horse-power eight-cylinder 
engine, for type ‘‘C” submarine-boat, in one of 
Messrs. Schneider’s erecting-shops, and Figs: 5 
and 6 show Messrs. Schneider’s submarine- 
station at St. Mandrier, on the Mediterranean. 
Fig. 6 affords a view of the boats Ferré, Palacios, 
and Delphin, built by Messrs, Schneider. d 

The Laubeuf of boat consists of an inside 








hull, made slightly oval over its whole length, and 
of an outside hull which completely ensures the 
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inside one against all shocks. The outside hull is 
given generally the shape of the hull of an ordinary 
sea-going ship, having a‘straight stem, a vaulted 
stern, fine water-lines, and transversal sections 
which give to the boat good nautical qualities. 
The comparatively great _ of the outside 
working deck above the water-line when navigating 
on the surface allows the crew to occupy the deck 
as they would that of a torpedo-boat of similar 
dimensions, a design which, further, greatly facili 
tates internal ventilation. It will be noted that 
forward the boat has a turtle back, or downward- 
curved deck, while the German boats have gene- 
rally a sheer, and the Italian boats are level to the 
stem. 

The space comprised between the two hulls 
serves to contain the water-ballast ; it is always 
entirely empty when navigating on the surface, 
and quite full when submerged. This space is 
divided into a number of compartments by water- 
tight bulkheads. By this means, if, when the 
boat is navigating on the surface, it should collide 
with, or be struck by, another craft, or any 
derelict, one or several compartments might become 
filled with water without any danger to the boat. 
When, under such conditions, the boat has to 
carry out under - water practice, the fact that 
one or several compartments have been damaged 
makes no difference to trim and buoyancy, since 
all the compartments are normally filled with 
water when the buat is submerged. ‘The buoyancy 
of the boat on the surface would only be slightly 
affected. 

In submarine-boats of the ordinary type, buoy- 
ancy is comparatively low. In these the buoyancy 
coefficient, or, in other words, the ratio of the buoy- 
ancy when on the surface to the total displacement 
when completely submerged, does not reach 15 per 
cent. In the case of some submersible boats the 
ratio is about 22 per cent. In those of the Laubeuf 
type the figure is as much as 33 per cent., with the 





result that these have a greater power of emer- 
gence and a higher freeboard when on the surface 
than the boats of other types. This latter condi- 
tion is clearly illustrated in Figs. 3 and 6, showing 
different boats of the Laubeuf type. 

As is invariably the case, the propelling engines 
are of two types: electric generator-motors for 
subsurface navigation, and heavy-oil engines for 
navigation on. the surface ; but the latter engines 
can be coupled to. the motor-generator for re- 
charging the storage batteries for submerged navi- 
gation. The oil used has a density of at least 
0.80. The use of petrol, gasoline, or benzine was 
early discarded on the Laubeuf submarines, owing 
to the serious accidents such fuels had occasioned 
in various other navies. No explosion has ever 
occurred on the Laubeuf boats. 

For several years past, Messrs. Schneider have 
added to their specialities the construction of the 
Diesel type of engine. They first built four-cycle 
engines, designed more especially for the propul- 
sion of submarine-boats for the French and for 
foreign navies. Considering the advantages sur- 
rounding the application of the two-cycle engine for 
medium and high powers, from the point of view of 
reduction in weight and in space occupied, regu- 
larity in working, and facility of management, 
they also undertook the building of this type of 
engine. 

Before, however, placing their two-cycle engines 
in the market, Messrs. Schneider put down at 
their works a series of trial engines of this type, 
of various powers and sizes, which enabled them 
to make a very complete study of the difficulties 
surrounding regulation and working. and to devise 
means for overcoming these difficulties. The re- 
sults of their tests have enabled them to build 
most satisfactory two-cycle, high-speed light engines 
for submarine - boats. They have concurrently pro- 
ceeded with the construction of heavy, slow speed, 
four-cycle and two-cycle Diesel engines for cargo- 





boats, and also horizontal, stationary, double-acting 
engines of high powers. In all this work their ex- 

ience in the construction of steam-engines of all 
inds, and in that of gas-engines of all powers, has 
stood them in good stead. 

The vertical single-acting Diesel engines for sub- 
marine-boats, whether of the four-cycle or of the 
two-cycle type, built by Messrs. Schneider are fitted 
with trunk pistons. The foundation plates, frame 
and casing are of crucible cast steel ; the cylinders, 
cast together in one piece, or forming independent 
castings, are of cast iron or cast steel, having cast- 
iron jackets. The cylinder ends are of special 
crucible cast steel, and in the case of the four- 
cycle engines are fitted with the suction, exhaust, 
injection, and starting- valves. In the two-cycle 
sngines the suction and exhaust valves are replaced 
by scavenging - valves. The crank-shafts are of 
semi-hard steel, hardened and annealed, and all the 
more important working parts, such as cams, 
rollers, valves, needles, and compressor flap-valves, 
are of special quality steel. The scavenging air- 
pipes and the exhaust-pipes are made of sheet 
steel. 

All the parts exposed to heat, such as cylinder 
walls and ends, silencers, and exhaust-pipes, are 
water-cooled. In the two-cycle engines, and in the 
four-cycle ones having cylinders of large diameter, 
the pistons are oil-cooled. Forced lubrication is 
resorted to. The air-compressors, and, in the two- 
cycle engines, both the air-compressors and the 
scavenging pump, whether independent of each 
other or combined together, are operated directly 
by the engine-shaft, which, in many. instances, 
operates also the lubricating and cooling oil-pumps 
and the water-circulation pump. 

The inside hull of the a submariue-boats 
is divided by transversal water-tight bulkheads 
into several separate compartments, the number of 
which increases with the size of the vessel. In 
all instances the crew space is forward in a sepa- 
rate compartment, containing no electric accumu- 
lators nor any other item of apparatus liable to 
vitiate the air. The men pale in watches, as 
usual. The crew space contains a number of fixed 
berths, which varies with the size of the boat. On 
the boats of types ‘‘C” and ‘‘D,” an extra room with 
four fixed berths is provided for the petty officers, 
and one with two fixed berths for the two officers. 
All boats contain a galley, with an electric range, a 
petrol stove, and one or two lavatories, &c. As 
will be —_ by om ?e eens and by —_ 
ence to Figs. 1 and 2, on the opposite page, the 
amelioration of living conditions payee has been 
given great attention. 

Ventilation is ensured by electrically-driven fans, 
which circulate air throughout the whole vessel, 
Their number and efficiency vary according to the 
dimensions of the boat. All auxiliary apparatus, 
such as air-compressors, pumps, and winches, are 
of ample power for the work they have to perform. 
The periscope—a most important device—combines 
the results of numerous experiments, and gives 
most complete satisfaction. The armament varies 
in different vessels. 

The safety appliances include the following de- 
vices :—A dropping-keel fitted in the bottom part 
of the boat; this can be disengaged at a moment's 
notice from the inside. The water can be driven 
out of the outside ballast-tanks and all the inside 
trimming-tanks by compressed air, The oxygen 
of the air inside the boat can be renewed. A 
floating buoy, fitted with a telephone cable, can be 
disengaged ee communicating with surface ships. 

The Schneider submarine-boats of the Laubeuf 
type are built at their Chalon-sur-Saéne yard, 
which we described in a preceding issue,* and when 
completed run down the Saéne and Rhéne to St. 
Mandrier, situated in the Mediterranean, in close 
proximity to Toulon. Mesers. Schneider have built 
a base at St. Mandrier, comprising a number of 
repair and fitting shops, and warehouses, with the 
necessary 0 and barracks for the crews engaged 
on the trials of submarines. We illustrate the 
installation in Figs. 5 and 6, above, 

The trials of the submarines built by Messrs. 
Schneider are carried out off St. Mandrier., Messrs, 
Schneider have also an agreement with the French 
Navy Department, according to which they are 
able to utilise the Toulon dry docks when necessary 
for the repair of their submarine-boate ; they have 
also every facility for carrying out runs on the 
measured miles of the French Admiralty, which 
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are established in close proximity to the port of 
Toulon and the St. Mandrier base. 

The following table gives the dimensions, &c., 
of various classes of Laubeuf submarine-boats. 


Dimensions of the Principal Types of Schneider-Laubeuf 
Submarines. 








ound T Type | Type | Type | Type 
oe | De. pa. i EB | @ 
Displacement on the 
surface .. ..|840 tons 460 tons|/512 tons 616 tons 950 tons 
Displacement when, 
subme: -- 008 ,, 685 ,, |780 ,, 946 ,,.|1620,, 
Total buoyancy ../168 ,, |225 ,, (268 ,, 329. ,, | 470,, 
Coefficient of buoy- 
ancy ee -- B8p.c. | 83 p.c. /84.3 p.c. 34.8 p.c.. 33 p.c. 
Total length. . --| 524m. 67m. | 60.7 m. | m | 72m. 
| (172 ft.) (187 ft.) |(199 ft.) (216 ft.) (236 ft.) 
Maxi- (Surtace .. 14 knots, 17 kts. |16} kts. | 16 kta. 18} kta. 
Submerged) 9 ,, | 10},, {11 ,, 13 » | » 
Height of deck above! 1.83 m. | 2.05 m. | 2.05m. 215m. 270m. 
surface water-line, (6 ft.) (6 ft. (6 ft. (7 tt. (8 ft. 
——_- Qin.) | 9in). | Lim.) | 10in.) 
‘umber of 4 | 4 5 5 8 
Arma- tubes 
ment eS of 6 6 ~ s 16 
torpedoes | 








The French flotillas are now mostly made up of 
Laubeuf submersible boats of the Pluviose pA 
and, without exception, these boats have exceeded 
the contract s by 0.2 to 0.7 knot on the sur- 
face, and by 0.2 to 0.5 knot below water. As early 
as 1908, from October 6 to October 9 of that year, 
three of these boats covered the distance Brest, 
Cherbourg, Dunkirk, then back to Cherbourg, 730 
miles, in 82 hours without stoppage. At times 
foggy weather proved an inconvenience, but in this 
respect they were no worse off than the ordinary 
type of craft. During the last 17 hours they main- 
tained a constant speed of 10 knots. Their trial 
eo was completed on returning to Cher- 
urg, but the run could have continued longer 
still ; all the machinery worked most satisfactorily. 
Two such boats took part in the manceuvres of the 
Northern Squadron from May 6 to June 11, 1909. 
In an attempt to blockade the Straits of Dover, one 
boat alone succeeded in torpedoing the passing 
squadron. In the course of manceuvres for Sefend. 
ing the entrance to the port of Lorient numerous 
attacks carried out against the Northern Squadron 
were successful. Similar satisfactory results were 
obtained in a defence of the port of Cherbourg, 
which lasted three days and three nights, after 
which the boats ran to Dunkirk and back without 
er into port, and at an average speed of 11 
nots. On their return they further torpedoed the 
Northern Squadron with success. 

Many other effective runs and actions were carried 
out by these and other similar boats in the earl 
days of submarine navigation and warfare ; we shall 
add to the above record the following only :—From 
poy ane 6 to 9, 1909, the Papin ran from Rochefort 
to Brest and Cherbourg: it returned directly thence, 
on September 21, to Rochefort, a distance of 410 
miles, running alone and without putting into 
port. From September 28 to October 4 it covered 
at one stretch the distance from Rochefort to 
Oran, 1230 miles. From Oran it ran to Bizerta, a 
distance of 650 miles, where it arrived on October 12, 
1909. The Faraday, a 400-ton boat, left on Sept- 
ember 28, 1912, for Rochefort, and arrived at 
Toulon on October 5, having covered 1730 miles at 
one stretch, and meeting very bad weather on the 
way. Similar good results are recorded in 1912 for 
the Volta and Brumaire, boats fitted with two four- 
cycle six-cylinder heavy-oil engines of 420 shaft 
horse-power each. In the same year, 1912, the 
31l-ton boat Delphin, built by Messrs. Schneider 
for the Greek Navy, ran from Toulon to Pirsous, a 
distance of 1100 miles, in 130 hours, without 
— into port. A similar boat, the Xiphias, 

ad also a satisfactory run to Greece, but had on 
the way to call at Leghorn and Messina owing to 
bad weather. Of the performances of the Laubeuf 
type of submarine-boat during the present war it 
is not yet possible to write; but it may be said 
generally that it has done all that was asked of it. 

In a former issue* we gave an illustrated descrip- 
tion of the special ship Kanguroo which Messrs. 
Schneider constructed for the transport of sub- 
marines built by them, and destined for Powers 
situated at great distances from France. The sub- 
marines destined for European nations proceed to 
their destination by their own power, as was the 
case with those supplied to the Greek Navy. The 





* See Ewommenine, vol. xciv., page 86. 


first trip of the Kanguroo was made in July, 1912, 
when she carried to Callao the submarine-boat 
Ferré, of the Laubeuf ty built by Messrs. 
Schneider for the Peruvian Navy. 





“THEORY OF THE TESLA TURBINE.” 
To tHe Epiror or ENGINEERING. 
seeding ind Saenlag the dede wth T pecihed 

iscuasing ti whi pubhis in 

June last in the Revue de Mécanique on the Tesla tur- 
bine. You have kindly sent me the issue of your journal 
which contains his criticisms, and as I do not know the 
aul ae omitted to add his ras 
my y, asking you to insert itin your 
transmit it to your collaborator, 
try not toimitate. Ill-tem 
in scientific discussions ; are a only on 
condition that they remain correct and cordial. Let us, 
on this point, endeavour to entertain the amicable entente 
of which our armies afford such an admirable exam 

In the first place, I wish to set aside the re that 
I have abused the use of equations. In teh gle § 

uations occupy a part of two pages of my étude, no’ 
cepaiee, 24 aeanke portion of the seven pages of 
article.” Further, the mathematical 1s the only 
one which is suitable to mechanical études ; it is the most 
concise, the most exact, and the safest. It is the one to 
use to understand one’s self and to be understood by 
others. Your collaborator would have gained in clearness 
and would not have fallen into certain mistakes, which 
I shall point out to him, had he not feared to use the 
mechanical language, which all your readers understand. 

The Tesla turbine is an apparatus in which the flow is 
exceedingly complex, and its study without simplifica- 
tions forms an inextricable problem. As is done in 
mechanical problems, which only too frequently escape 


to 
whose acerbity I shall 
accents are out of place 


Direction of 
<— 


Fig.1. f= 
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from an absolutely rigorous analysis, I substituted for 
the Tesla turbine a much more simple scheme, which 

to me to embody with sufficient accuracy the 
essential features of the a) tus. Your collaborator 
contests the exactness of my picture, which, in his 
opinion, has no point of resemblance with the Tesla 
turbine. ‘‘It is analogous to no turbine,” he says, ‘‘and 
the Tesla machine is a turbine.” I differ totally: no, 
the Tesla machine is not a veritable turbine. But let us 
make this quite clear and not juggle with words. If all 


aad in the Tesla machines, it is the friction of the water 
on the walls which plays the essential part. ae 
Farther, your borator proposes an image which is 
about identical to mine; the only difference is that in 
my movable pipe the outflow is through a completely 
open end (pipe entirely full), whilst your collaborator, 
wishing to justify his og ye . oo gratuitous 
poner Be the flow through the pipe takes ~ t_. without 
change ¢ pee. © at the di occurs in 
the air (a /’air libre), the pipe + meng ry a yempty. I 
have never seen a Tesla turbine, but I am jain that 
that the ws fe cae “ ea dscuk rm 
e 
movable wheel; there is no i 


i ood that vacua are 
produced between the different turns of the threads. If 
my contradictor, more favoured than I, can dispose of a 
Tesla machine, I beg him to make a test w will 
remove all his doubts. If his hypothesis is exact, the 
output of the turbine must be the same as that when the 


orifice opens to the air (air libre)—i.e., mw / 29 H, 
whatever be the velocity of the wheel. I should be 
greatly astonished were such a result to be obtained. 

I ore continue to believe that my diagram 
resembles more ine than the one of your 


Tesla 
the | Collaborator, and I hope that after further considering 


the matter he will drop of his own accord the only differ- 
F ioe — > his d, and in looking i 
ollowing on own groun in loo into 
the machine he puts forward, I greatly fear that his care 
in avoiding mathematical formule has led him to an 
excessive simplification of reasoning, and that his conclu- 
sion concerning ap me A is not absolutely justified. 
The problem is less simple than appears at first glance, 
and his demonstration raises the following objections :— 
He admits that in his pipe, which is not completely 


all | filled, velocity decreases gradually as the distance from 


the entrance increases. If we suppose that such a per- 

manent régime can establish itself, the consequence is 

that the water-level will not be horizontal (Fig. 2), but 

will form an ascending curve, the section of passage w, 

being greater than the section w», since wy % = , v; and 

<v. In these conditions, the application of the 
m of the quantities of movement does not give 


F = W (x, - »). 
g 


The matter is much more complicated. If there be 
applied to the mass of water Ay, By, A;, B;, the theorem 
dimv = =>F edt, one finds 


W at(v, - %) = - Fdt + (mp % - p,,)dt+ Xat, 
g 
where p, and p, are the pressures at the centre of gravity 
of es cusieaen, X representing the sum of the projec- 
tions of superficial pressures p. on the horizontal axis. 
In order to obtain, as is stated, 


F= ¥ (% = %), 
there would have to be 
Po % =p, #, and X = 0. 

But X is not null, because the surface not being hori- 
zontal, the superficial pressures p. normal to that surface 
have a horizontal component (Fig. 3). 

Further,  % is not, in general, equal to p, w,, because 

is not equal to p,, owing to the difference in altitude 
ot the two centres of gravity, and w, > ) for the reason 
indicated above. (w, > .) 

It is therefore inexact to state that 


F = W (, - »,). 
g 


The continuation of the reasoning supposes that of a 
necessity v, > s (where v, is the absolute velocity of the 
water at the outlet, and s the velocity of the pipe), as 
° ise there would be no discharge. This condition 
does not at all follow. One can easily conceive a machine 


rotary machines are called turbines, it cannot be denied | such that S 


that the Tesla machine is a turbine ; but it is useless to 
insist in order to show that rotation is not the essential 
character of turbines ey, so-called, such as the 
Francis, Pelton turbines, In these apparatus—the 


elements of the wheel—the vanes are oblique in relation | pi 


to the direction of their motion, and the water pressure 
in the vane element has a component which is parallel to 
the displacement. Owing to the obliquity, this component 
exists even if there be no friction, and it is the component 
which is the motive power (Fig. 1). 

It is this obliquity of the vane elements in relation to 
their displacement which forms the essential character 
of turbines. 

In the Tesla machine there is nothing of the kind; all 
the moving elements are parallel to their displacement ; 
it is no longer the normal pressure which forms motive 
mage tt is the component of friction. There must be friction 
or the Tesla machine to run, whilst ordinary turbines 
would run with a fluid styled perfect, and with perfectly 
smooth vanes, this a of friction even constituting, 
as is known, a condition of better efficiencv. The T 
machine, therefore, is not a turbine ; itis a friction engine, 
aa oe - 7 ang ha cised the 

ides, after having criticised my conception at 
commencemen = of his a our collabora Ce aoe meelf 
1868 importance of friction in 
meakines, end Ian glad to find that, after his first lines, 
his mind has performed an evolution to the extent of 
admitting my ideas, whilst denying their exactness. 
_ It is not sufficient to say tha’ 6 OS ee 
is not comparable to any turbine of any kind” to prove 
that itis not justified. I reply, No; analogy is not 
oom) _ to a turbine, but it is 





comparable to the 


+S > v!; there is no water discharge, it is true, 
but after running for a certain time in these conditions. 
it would suffice to imagine a device closing the flow of 
the distributor, allowing the discharge without expendi- 
ture of cuore of - Ay 4 having accumulated in ae 
ipe, i bringing the pipe to its starting poin 
UAbout friction. There would thus be obtained a 
machine having continuous working. My critic has 
im upon himself a restriction which is quite non- 
tory. It reduces the bearing of his conclusion, 
which is otherwise already a mistaken one. 
That the machine planned by your collaborator cannot 
have an efficiency above 4 is not at all demonstrated. 
In conclusion of this too long discussion :— ; 
1. It is affirmed, but not demonstrated, that my dia- 
gram is nob a suitable re tation of the Tesla 
machine, and there is 0; to it another conception in 
which the water flows without res! the pipes. I have 
pointed out the unlikelihood of this gpetkete, which it 
seems to me is impossible of admission, and I maintain 
that my mechanical illustration is conformable, not to 
ordinary turbines, but to the Tesla machines in their 
essential features. 
2. Not only is the conception of your collaborator an 


unlikely one, but mistakes have t in the analysis of 
to himself, and i o 


the problem which he has set 
ole that it 10 prosblef apply to him, 

t it is ible for me to y im, by com- 
pleting it, one of his own observations, and to tell him 
that ‘“‘the final value of mathematical deductions de- 

not only upon the value of the original hypotheses, 
also upon the rigorousness of the reasoning which rests 





upon these hypotheses.” 
And, since he has not. discussed my mathematical 
demonstration, I am authorised to believe that be admits 
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its exactness, under reserve of my initial hypotheses. 
He will not, therefore, be very averse to m 
conclusion ; he will at least admit that the machine 
have has no extravagant feature, and that it is 
possible to conceive a mechanism working with one end 
open like the one I have sketched. It constitutes a 
machine of the Tesla type, the efficiency of which can 
exceed 4; this is all I wanted to demonstrate. I take 
it that the builder of Tesla machines in no way seeks 
to prevent the complete filling ~~ of his turbine tor the 
simple pleasure it would afford him to evade 7 oe 
clusions, removing his chance of obtaining a higher 
efficiency. ; as 

Kindly note that my object is not to rehabilitate the 
Tesla conception in the mind of your collaborator. I 
simply wish to refute the rather disagreeable criticisms 
which have been opposed to my reasoning. It is a purely 
theoretical question. ; ! 

And though it appears to me theoretically possible to 
increase the efficiency, I believe it to be not at all demon- 
strated that in practice results can be obtained as satis- 
factory as those obtained with turbines proper. The 
improvements would necessitate an increase in the fric- 
tion surfaces and in the weight, leading to a decrease in 
output and to an increase in passive resistances. Will one 
succeed in obtaining a satisfactory machine ? Itis doubt- 
ful. Is not this the opinion of my critic? On this 
point, at all events, we probably agree. 

I remain, yours truly, 

St. Etienne, June 15, 1915. E, Méeiceavtr. 

[In almost every essential point we differ pn ay A 
from our correspondent. In short, we adhere to our defi- 
pition of a turbine as a fiuid-actuated prime mover, the 
characteristic feature of which is that the useful work 
— —— at the expense of the kinetic energy of 
the fluid. 

It is quite true that the analogy used in the article 
referred to corresponded to an axial-flow impulse turbine, 
and not to a radial-flow impulse-reaction machine, such 
as the Tesla turbine. We have since shown, however, 
that the differential equation to the motion of the fluid 
in an actual Tesla turbine is 

- BY Art ? Ar=flv—spv. At, 

g ar rg 

where v denotes the tangential velocity of the fluid, r 
the radius at any point, and AZ¢ the time taken for a 
particle to cross the annulus of breadth Ar. This equa- 
tion can be integrated for certain values of n, and, as Mr. 
Pettingill has pointed out, the solution obtained shows 
that the theoretical efficiency may be very materially 
higher than would have been anticipated from the beha- 
viour of an axial-flow friction-driven turbine. The 
physical reason for this lies in the fact that a particle 
which has, say, no velocity relatively to the disc at an 
outer radius, ma: moving much faster than the disc 
when transfe! to an inner radius. An examination of 
the numerical magnitude of the factors involved shows, 
however, that the practical limit of efficiency is very 
much less than the theoretical.—Ep. E. 





MILITARY INVENTIONS. 
’ Pm a Ry. a cg OF Pye oy <= = 
1n,—We to inform you that the Belgian mili 
authorities have establi in London, at the pera d 
iven below, a branch office of the ian Service of 
ilitary Inventions, which has its headquarters in Paris. 
This service will inform the Belgian War Minister of 
all new military inventions likely to be of use in the war, 
and therefore the London branch office will be glad to 
receive details of military inventions, especially of those 
which have been experimented with and have given some 
results. This service is accredited to the French Com- 
mission of Inventions, and to the various technical 
sections of the French Army. 
We think this announcement will be of interest to some 
of your readers. 
Truly yours, 
S.-Lieutenant ANDRE FrRavup. 
Bureau de Londres, 21, City-road, London, E.C., 
July 5, 1915. 








“THE ENGINEER’S UNIT OF MASS.” 
To THE Epitor oF ENGINKERING. 
_Sir,—This long and interesting correspondence upon 
the engineer’s unit of mass arose out of my su tion 
that the name ‘“‘meng” should be given to this unit. 
or many reasons (not the least of which is the debt we 
all, as engineers, owe to Professor > it would be 
preferable to give precedence to the w ** slug,” but 
the trouble is that, as its very nature promised, ‘the pro- 
gress of this word has been too slow. Mr. Gilchrist 
thinks “ming” is the word I suggest, and finds such a 
word too *‘ladylike” (a subtle thought which I fail to 
fathom, though, I trust, “‘ minx” was not a link in 
the chain of ideas). The word I suggest is not “ming” 
but “‘meng.” If * magnificence” is needed, what short 
word could be more suggestive of it than ‘‘meng”? And 
in addition, the M suggests mass, whilst the “‘ eng” is 
the normalabbreviation both for engineer and for - 

lish. I commend ‘‘meng” once again. 

Reviewing the letters, I find but one strong argument 
against giving a name to the unit—the argument that 
no name is needed. The force of this argument lies in 
a Ege oy that — is = a Sees 

iby. question t is, whose opinion t to 

be taken in such a matter? The egialonet the physicies, 

upon whose work all engineering is » isthat mass is 
sh ny mantity. 

xcept that rst must express appreciation of Mr. 

pson’s courteous remarks, I have comments to 


make on only two of the letters in your issue of June 25. 
Mr. Gilchrist’s letter reads quite differently from his pre- 
vious one. A fortnight ago he said 





“ : force ” 
Acceleration = weight x constant ; 
whereas he now says :— 
ight 
** Force = = x acceleration,” 
and “‘g is L T-2.” 


The second of these statements is quite true, whilst the 
first, as I said a week ago, is untrue. I am eorry if my 
criticism seemed curt. 

ent, ‘‘ M. Inst.C.E.,” professes 


ee er ee eet 
“sum up ’ ing to the og 
Writers of gospels should be poem A both logic 
and for love. ere is one who lacks both. ; 

In Chapter I. he says, ‘‘ the engineer uses two unites of 
mass,” the pound and (may I, for brevity, say) the ‘‘meng” 
— Ib.). Now this is surely just as illogical as it would 

to say that the physicist, in his metric system, uses 
two units, the ki me. In one 
sense, of course, both engineer and physicist use many 
units of —- as the — stone, t = yo - 
gramme, the gramme, the kilogramme—but the discus- 
sion here is of fundamental units. The physicist has but 
one fundamental unit of mass in the metric system. A 
system which had ‘‘two units of mass” would perforce 
have two units of force and two units of work ; two units, 
indeed, of ej A me: whose dimensions involved 
mass. If, as “* Inst. C.E.” maintains, the engineer 
has two units of mass, the pound and the ‘‘ meng,” 
whilst his sole fundamental units of L and T are the foot 
and the second, it follows that he must have :— 


For force, both the ‘‘ poundal” and the ‘‘Ib.-wt.” 
For work, both the ‘‘ poundal foot” and the “‘ft.-Ib.” 
For moment of inertta, both the “‘ pound ft.2” and 
the ‘‘ meng ft.?,” 
andsoon. Yet ‘‘M. Inst. C.E.” says:—‘*The engineer 
has no use for the poundal, because to use it woul 
involve an unnecessary concepticn ;” should ‘*M. Inst. 
C.E.” object to being called illogical, he must at least 
admit inconsistency. 5 
in, ‘‘the trained engineer and the experienced 
er do not involve themselves in the confusion of 
thought which Mr. Denton takes for granted.” The 
unfortunate confusion of which I speak is not a thi 
merely taken for granted, it isa thing constantly foroed 
upon us. The writersof the Board of Education Circular 


enced teachers, yet they have carefully written down 
-— which are untrue and which exhibit sad confusion 
of thought. This letter of “‘M. Inst. C.E.” forces upon 
us an additional example of the same sort of confusion. 
It says :—‘* Any teacher of experience would take g as 
standing for 32.2, and W, not as weight meaning force, 
but as mass in pounds.” Here, then, is an engineer 
who, in his endeavour to justify an obvious error, is 
willing to maintain that W is the symbol for mass and 
g the symbol for 32.2. It is futile to argue upon such 
a point. Hverybody knows that W does not stand for 
mass, and g is not a numerical constant. 

But even if W did stand for mass (in pounds), and 
g were the numeral 32.2, the statements in the cireular 
do, all the same, involve confusion—a confusion shared, I 
conclude, by “‘M. Inst. C.E.” A man who writes 


T w 

Ene = 

“ey zx 84.2 
is obviously either stating an untruth, or using two 
systems of units in one and the same equation, a most con- 
fusing thing to do; for if the energy is to be in ‘* ft -lb.,” 
the engineer’s units, then moment of inertia is here sup- 
posed to be in ‘‘ pounds-ft.?,” the British units. 

Having thus emb: confusion on fundamentals, 
**M. Inst. C.E.” stumbles again, for he says, in Chap- 
ter I. of his gospel, that the engineer's unit of mass 
‘**is a product of sound engineering evolution, whereby 
the engineer can make practical calculations involving 
M.L.T. using the British system.” Here is inexcusable 
confusion. The pound is the unit of mass on the “* British 
system,” and it is the unit ‘‘ whereby the engineer can 
make practical calculations involving M.L.T. using the 
British system.” What, indeed, has the engineer’s unit 
of mass to do with calculations ‘‘using the British 
system” ? 

No mention is made as to what ‘“‘M. Inst. C.E.” 
thinks are the engineer’s units of length and time, so I 
presume he will grant that these are the foot and the 
second. This being s0, and he having granted in 
Chapter I. that one of the engineer’s fundamental quan- 
tities is mass, there is, logically, no need to discuss the 
unit of force, since the magnitude of this unit follows at 
once from the mass, length, and time units. He does tell 
us, however, in Chapter III., that the engineer’s unit of 
force is “‘1lb.” Taking this as gospel and i 


presuming 
that this is the only unit — (Chapter III. says, 
**the ineer has no use for poundal”), it is easy to 
work back and to discover that the “‘meng” is the unit 
of mass. Logically, then, the engineer uses only one 
unit of mass, and Chapter I. proves to be inconsistent 
with the other chapters of this unfortunate gospel. 

Nor does this end the lack of logic. To my question, 
**Why should the electrical man have to endure... ?” 
*“M., Inst. C.E.” answers, “Just as ins a 
then, ‘‘ how long,” a logical answer to *‘ why” ? 

I said: “‘The electrical engineer knows far more of 
mechanical i ing than the mechanical engineer 
knows of electrical engineering.” This isa statement of 





painful fact. ‘‘M. Inst. C.K.” calls it an “attitude of 
mind.” He is like the faith-healers, who confuse painful 
facts witb attitudes of mind; their logic is not generally 








o. 894 are probably trained engineers as well as experi- ad 


Is, | by 


approved, and engineers are usually the last men to 
countenance it. 

As to the lack of love of this writer of gospel, it is in 
that, without any more provocation than is contained in 
the simple fact just stated about the two sorts of engi- 


neers, he calls me a “victim” of my own “conceit.” Is 
it, then, my fault that 15! baby that is born tises 
mechanics every day of ite life, whilst no baby ever 
was electrics until it was full wn? 
or that e electrical engineer is lorce & ical 
engineer, whilst but few ical engineers will deign 


HW) more than a grudging attention to electrical 
studies? 

Fortunately, each year sees increase in the stress laid 
upon the electrical subjects given in mechanical engineer- 
ing courses, and time is surely not far distant when 
the natural disadvantage under which the mechanical 
wed labours in electrical matters will be overcome by 
ad technical training. 


Yours niet, 
F. Denton. 
Northampton Polytechnic Institute, Clerkenwell, 
London, E.C., June 29, 1915. 





“THE CURVES OF LIFE.” 
. | THE EpIToR oF ~~ ~y—y ro 
IR, — permission to © two remarks on 
a — oO ar. Theodore Cook in your issue of June 25? 
. He speaks of “‘the new ¢ progressi 
metrical ion the successive terms of which can 
obtained by addition as well as by multiplication by 
the common ratio in the ordinary way).” 

_ This is surely absurd, as any Bowe sf of such progres- 
sions can readily be formed. Here is a ‘‘ new y pro- 
gression” in which each term is the sum of the three 
previous successive terms :— 


ion (the only 


y-% = 0.160713 
y-2 = 0.295598 
y-! = 0.543689 

Y =1.0 

yv = 1.839287 

yw = 3.382976 

vw = 6.222262, &. 


the ratio of each term to the ing one bei 
1.8392867 .... ages ~ 
Similar progressions can, of course, be constructed 


t m. 
2. He states that ‘‘ your mathematical readers will be 
further amused to know that sin 18° = * .” Writing as 


one who does not claim to be a mathematical reader, 
I should like to know what other justification can be 
tound for Euclid, Book II., ii., than the introduction of 
the a ratios of the fifth part of a right 
ang 
I am, Sir, yours ree Sf 
CO. E. Wourr. 


31, Stamford-street, Altrincham, June 27, 1915. 





Dr. LiuneBERe’s Brquests.—Dr. Ljungberg, the emi- 
nent Swedish engineer, whose death we recorded a few 
weeks ago, has willed the bulk of his fortune to several 
institutions for the benefit of his thousands of employees. 
Some 3,000,000 kr. go to the erection of ‘‘schools for 
housewives” for daughters of his workmen. The first 
school of this kind was started seven eee ago by Dr. 
Ljungberg ; their number has constantly been increased, 
and in his lifetime Dr. Ljung gave these and other 
useful institutions most generous donations. 





Tue Motor Manvat.—We have received a copy of 
the eighteenth edition of this manual. It is compiled 
and illustrated by the staff of 7’he Motor, and is iseued by 
the Temple Press, Limited, 7 to 15, Rose -avenue, 
Lond O., av the price of 1s. 6d. net. It gives illus- 
trated detailed descriptions of the petrol-motor, its com- 
ponent parts, fittings, and accessories, and also of the 
chassis, gear, tools, &. It is a most useful manual for 
the use of both professional and amateur motor-men, it 
being a guide-book in the full meaning of the term. 





Tue InstiTvTiIOn ov Exxcrrica, Enoingeers.—The 
Institution states that, in response to the appeal which 
was issued by the Council some years sgo, a number of 
examples of electrical apparatus of historic interest have 
from time to time teen received. e of these are now 
exhibited in the Institution, including several early 
dynamos, an historic series of glow-lamps, a collection of 
pe eae from the ~~ t + guseeien, 

telegraphic apparatus. lection, though makin 
substantial progress, is still far short of what it should be 
jer to be representative of the early days of the 
electrical industry. Owing to the many changes that are 
taking place, the » is a time when obsolete types of 
apparatus and early forms of instruments are likely to be 
thrown out of use, and might become available. ence, 
with the desire of retaining for the benefit of the pro- 
fession objects of historic interest that are still in exist- 
ence, and which might otherwise be irretrievably lost, 
the Council invite members -— om —— to co-operate 

presenting apparatus suitable for museum. Earl 
forms of electric motors, arc-lampe, and measuring inetro- 
ments are desired. A Jabl ff alabaster candle- 
holder is also wanted. Members in possession of suitable 
objects are requested to send information ing them 
to the Secretary, and to state whether they would be 
to present some or all te the Institution, or to 

t them on lean, 
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SELF-PROPELLED LOW-CLEARANCE SHOVELLING-MACHINE. 
CONSTRUCTED BY THE MYERS-WHALEY COMPANY, KNOXVILLE, TENNESSEE, U.S.A. 














Fig. 1. Generat View or Unpercrounp Typr or SHOVELLING-MacHINE. 














Fie. 2. Macurne Ssovertinc Limestone ; Inprana Harpour, Inp. 





























Fia. 3. Conveyor-Bett ror SHOVELLING-MAcHINE. 
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LOW-CLEARANCE SHOVELLING -MACHINE. 
MYERS-WHALEY COMPANY, KNOXVILLE, TENNESSEE, U.8.A. 
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In such countries as the United States, where 
labour is expensive and scarce, much ingenuity is 
brought to bear on problems which in other countries 
have been tackled in but one manner for perhaps 
thousands of years. The old method, for instance, of 
filling baskets either with a mattock, as in the East, 
or with a shovel, and of then dumping the basket- 
loads on to a pile or into a cart, is one which calls for 
a plentitude of cheap labour. No one who has seen 
natives in India or Africa at work under capable 
organisation can doubt either the speed or cheapness 
of this system under suitable conditions. In the 
United States and other countries such a system is 
impossible, and other means, mostly mechanical, are 
adopted to the same end. Thus we find in connection 
with construction work of various kinds, mechanical 
loaders for loading material into carts, &c. Some of 
these machines are self-propelled, and some are more 
complicated than others. obvious field for inven- 
tiveness of this character is in the loading of rock and 
ore into dump-cars, from workings either in mines 
or quarries, and we illustrate on our two-page plate 
this week, and on this and the o ite page, devices 
of this class constructed by the pen: haley Com- 

y, Inc., Knoxville, Tennessee, U.S.A., whose 
ritish mt is Mr F. A. Perry, 25, College-hill, 
London, E.C. Machines of this type have been used 
for mining, but they are suited, of course, for any 
similar work where there is low clearance. For 
instance, they have been utilised in the construc- 
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tion of the Catskill Aqueduct, of which we gave a 
description in a former volume of ENGINEERING. 
The Myers-Whaley machine consists of a shovel 
with tipping-gear dumping the spoil on to a conveyor 
which passes it on to a second conveyor, the latter 
delivering it to the cars. The machine is self-pro- 
pelled and electrically driven, and is capable of 
numerous adjustments, so that the shovel may work 
on one line of advance while the conveyor delivers at 
@ considerable angle to it and to the rails. Of our 
illustrations, Figs. 1 and 2, page 34, and Fig. 6, 
Plate I1., with this issue, fire general views of two 
different sized machines. The general design will be 
understood by reference to these figures and to the 
drawings given in Figs. 4 and 5, Plate II., while the 
sketches, Figs. 11 to 17, show the action of the shovel. 
Our description will refer chiefly to Figs. 4 and 5, of 
which Fig. 4 is a plan and Fig. 5 an elevation of a 
No. 4 size machine. This size of machine has an over- 
all width of 5 ft. 44 in., and a minimum height of 
4ft.6in. Itis worked by a 20-horse-power electric 
motor, and has a shovelling capacity of 41 cub. ft. to 
45 cub. ft. per minute in loose material, the shovel 
working at twelve strokes per minute. In a 6}-ft. 
seam of coal, from 24 to 26 tons per hour can be handled 
by a machine of this size. The machine illustrated in 
Figs 1 and 2 is somewhat smaller. 
ferring to Figs. 4 and 5, the whole machine is 
mounted on a main-frame casting, provided with horns 
or pedestals for two axles. This will be clear from 
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Fig. 7. This main frame is provided with a large 
king-pin, and on this king-pin pivot the two arms, one 
of which extends in front of the machine and is fur- 
nished with the shovel, being built up in the form 
shown in Fig. 8. The arm extending to the rear is 
supported on a frame at the back of the carriage. 
The main drive is electrical, power being brought by 
cable for the motor A at the rear of the main frame. 
This motor drives gearing B, which transmits the drive 
through clutches and bevels either to the travelling 
gear or the shovelling mechanism. The clutch C con- 
trols the travelling motion. Itiso by a double- 
acting plunger in the cylinder D, with water or 
other liquid. This is coupled by flexible piping to the 
cylinder E, also containing a plunger, worked by « 
long hand-lever. Movement of this lever results ina 
corresponding movement of the plunger in D, and the 
clutch is thrown in one way or the other, either for 
forward or backward movement. The drive is taken 
to the axle by an outside chain, and the two axles are 
coupled by another chain on the other side of the 
machine. 

By means of the clutch F the drive is transmitted to 
the bevels G on the king-pin, whence it is taken by the 
diagonal shaft H to the shaft I. At the extremities of 
the latter are chain sprockets enclosed in gear-cases 
and — by driving-chains with large sprockets on 
cranks KK. The of the shovel is attached to 
the arm of these o by the sockets to be seen in 
Fig. 9. The complete shovel, shown in Figs. 9 and 
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10, consists of a scoop L and box M. Reference tothe 
sketches, Figs. 11 to 17, will serve to make the 
shovelling motion clear. Starting with Fig. 11, in 
which the shovel is just digging inte the pile, the 
rotation of the crank K forces the shovel and box 
forward, and then raises the scoop, as in Fig. 12. As 
the crank K continues to rotate, it tips the scoop and 
box up, as in Fig. 13. All this while roller-fitted lugs 
N at the back of the box are sliding along curved guides 
O, while during the tipping stage another pair of 
rollers P enter the curved guides Q 

second stage is to tip the material on the scoop L all into 
the box. As the box is forced by the crank K further 
back the curve of the guide Q pulls down the top, and 
the box is tipped in turn, the material being dumped 
on & conveyor-belt beneath. These stages are seen in 
Figs. 14 and 15. The further rotation of the crank 
draws the box away again, as in Figs. 16 and 17, and as 
soon as the rollers P have passed the end of the guide 
Q, the box swings down, coming up against a spring 
buffer R below, and dropping into position inside the 
scoop, ready for another forward movement. The 
box and scoop are well shown in Figs. 9 and 10. In 
the No.4 machine this part weighs about 1000 lb. 
The box is 31 in. wide inside, and has a back 22 in. 
high. The scoop is 344 in. wide outside, and projects 
in front of the box 17in. The back of the box is of 
g-in. plate, with j-in. lining. Two wings of §-in. 
plate are fitted to guide the material on to the belt. 
The scoop is a steel casting, fitted with a manganese- 
steel lip and four manganese-steel teeth. The box is 
fitted with cushions of leather to take the jar when 
it swings down on to the arms of the scoop. 

The whole of the front of the machine can be ad- 
justed vertically, so as to bring the scoop near to or 
further away from the ground, by the arm 8 and screw- 
gear T (Fig. 5), operated by a large hand-wheel at the 
side of the machine. The material dum from the 
shovel-box is deposited on a wide belt, which is chain- 
driven off a sprocket on the shaft I on the left of the 
machine facing forward. This conveyor feeds a rear 
conveyor, also chain-driven, but whose motion is de- 
rived from the small bevel of the pair G on the king- 
pin (Fig. 5). 

The mend part of the machine can be slewed through 
90 deg.—i.e., 45 deg. each side of the centre line of 
the track. This is accomplished by operating, by means 
of the hand-wheel U, a chain-driven screw-gear which, 
by means of the lever V, engages one or the other of 
a pair of bevels on the shaft I with the worm-gear W. 
This gear drivesa pinion in mesh with a circular rack 
on the main frame. The movement to the right or 
left depends upon which bevel of the pair on the shaft 
I is engaged by the clutch-gear. The rear part of the 
machine is also capable of being swung, but in 
this case the movement is accomplished by hand- 
gear on the conveyor-frame at the back of the 
main frame. The rear conveyor-frame, of course, 
only has to be set at long intervals as regards 
alignment, and the hand adjustment over some 
40 deg. suffices therefore for this. The shovel, 
however, needs to be constantly working in new 
material, and has to be adjusted both sideways and 
forwards. The crank K in the No. 4 machine is 36 in. 
in length, and the forward movement into new 
material is about 14 in., after which the scoop begins 
to lift. If the material is very lumpy, the lumps 
tend to roll down towards the machine. In such o 
case it is found advisable to move the machine for- 
wards as the forward mov t o , and back 
when the scoop leaves the heap. This is managed by 
means of the hand-lever control of the propelling 
gear, and the sensitiveness of a control which enables 
this bodily reciprocation of the machine to be steadily 
maintained for long working periods must be ma 
fest. Owing to the adoption of this to-and-fro move- 
ment, it is usually desirable either to attach the car to 
be loaded to the machine, or to have two men to keep 
it in ite proper position below the conveyor, A seat 
is provided at the foot-board just behind the motor- 
controller and propelling control-lever, and the slewing 
of the shovel and the to-and-fro movement of the 
machine and the electrical motor can all be controlled 
from this position, 

It will be seen that the machine has the necessary 
adjustments to make it serviceable under a wide range 
of conditions. It can be operated by various forms of 

wer, though electricity is the most convenient. It 
is controlled by one man, and can be fitted so as to 
dispense with rails. It works on curved or straight 
lengths of track, and will shovel a clean floor or out 
into a pile at a higher level if n . The mate- 
rial can be deposited straight behind the machine or 
to one side. While the material is on the belts it may 
be inspected. In this way it may be used for loading 
coal or ore, for stripping overburden, or may be em- 
ployed for a variety of other purposes. A full crew 
consists of four men—one on the machine, one in front 
to clean up, and two to handle cars. In coal-mines 
these machines have cleared working places twice in 
the same day where former! 
two days to clear. They have employed in lead- 
mines and rock-salt mines, and, we understand, average 
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for repairs between 1 and 2 cents per ton. The output 
of a No. 4 machine in a lead-ore mine at Flat River, 
Mo., has been about 1 ton per minute, or 6000 to 8000 
tons per month. In a salt-mine at Retsof, N.Y., a 
machine has handled daily between 250 and 300 tons in 
9hours. The power taken is about 0.22 kw.-hour per 
ton of material loaded. Lumps of 1000 lb. weight are 
easily handled. 
In cases where the capital cost of a shovelling- 
machine would not be justified, loading expenses may 
cut by utilising the conveyor shown in Figs. 18 
to 20, e 35. This is a chain-driven conveyor, 
opera by a small compressed-air or electric motor. 
e construction of this machine needs no explanation. 
It will suffice to say that conveying-loaders of this 
type are becoming popular in the United States, as 
the hand-shovelling is confined to one level, and 
throwing or carrying is eliminated. The belts of these 
machines are water-proof and stitched, and are well 
protected by steel bars. 





NOTES FROM THE UNITED STATES. 
PuILADELPHIA, June 23. 

Tue feature of the week has been the enormous 
volume of war orders. Russia has increased its orders 
for locomotives to 450. Pending negotiations for 
traction-engines call for 365, at 5000 dols. each, and 
12.700 freight-cars, at 1200 dols. each, requiring 
135,000 tons of steel, mainly for car-building. 

Russia and France pending rail negotiations call for 
40,000 tons ; in addition, France has ordered 64 loco- 
motives, and Russia will soon order 7000 small-type 
cars, at a cost of 400 dols. each ; the total locomotive 
foreign orders for the week foots up 570 and 365 trac- 
tion-engines. Domestic rail orders total 11,500 tons 
and 25 locomotives. The American Bridge Company 
has at last received the 18,000-ton order for bridge 
steel for the Paducah Bridge; other big orders 
recently mentioned are pending. Trade conditions 
are becoming somewhat critical, because of the con- 
tinued withholding of large and important domestic 
requirements. Nearly one-fourth of the present steel 
production is for European delivery ; at the present 
rate of progress, maximum producing capacity will 
soon be ate og not later than early August ; prices 
are, of course, hardening, especially on export busi- 
ness. There are several reasons why domestic railroad 
orders hang back, and there are good reasons for ex- 
pecting a rush when these reasons cease to exist. In 
@ remote sense, this country is hungry for steel. It 
is well for European buyers that there is so much idle 
capacity for home use ; severe railroad economies in- 
creased net earnings 14 per cent. during April on 
483 railroads. Russia has just ordered 60,000 car- 
wheels, mounted on axles. ‘I'hose indications of pre- 
paration do not indicate any peace proclivities any- 
where. 

A building to cover 20 acres is being hurried by 
night and day work to August completion. Shrapnel 
bars have again advanced. Lead and copper are at 
their highest levels. 

There are lines of inquiries coming in which indicate 
a heavy domestic demand, but in best-informed circles 
the inquiries will be kept well in hand until after the 
end of June. The alarming closeness of demand to 
productive capacity does not disturb the equanimity 
of those great interests charged with the prosecution 
of large steel-consuming enterprises. 

The basic reason seems to involve an estimate as to 
the probable duration of the war, which does not 
place it at a sufficiently remote date to warrant more 
than strictly conservative commercial or manufac- 
turing ventures. 





Contraots.—The British Thomson- Houston Company, 
Limited, Rugby, have received an order through Messrs. 
G. and 8S. Massey, Manchester, for 93 special Fabroil 
pinions for power-hammers for the French Government, 
to be used in a French munition works. It is of interest 
to note in this connection that the Fabroil pinion de- 
partment of the company is at present occupied with 
over 75 per cent. of Government work directly, and 95 
per cent. including both direct and indirect work. 





Gas-Frrep INpusTRiaAL Furnaces.—The Furnace Ex- 
hibition at Newcastle-on-Tyne, referred to on 634 
of our last volume, and promoted by Messrs. John Wright 
and Birmingham, and the associated firm of the 
Brayshaw Furnaces and Tools Company, Limited, was 
visited on Saturday, June 19, by the Newcastle and 
District Association of Foremen Engineers and Mecha- 


nical Draughtemen. One of the most interesting features | 7 


of the practical experiments le was an actual test in 
melting copper in an improved type of furnace which the 
manufacturers have recently introduced. Two scrutineers 
were appointed by the visitors to supervise and take the 
figures, and 61 lb. 7 oz. of pure metal was placed in the 
crucible and heated to pouring-point in 27 minutes, with 
consumption of 130 cub. ft., this being at the rate of 
2 siaeh catia tale maaan til cnabeaneh The 
mem ex surprise great appreciation 
at the result achieved. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—The advance which was 
such a noted and satisfactory feature of Wednesday morn- 
ing’s market last week was well sustained, although both 
in the afternoon and on Thursday little business was done. 
On Wednesday afternoon closing sellers were quoted at 
66s. 9d. cash and 67s. 14d. one month, a trifle up over the 
morning. Stagnation ruled on Thursday, and in the 
forenoon all the business done was one warrant, which 
realised 67s. 14d. one month. Closing sellers were further 
advanced to 94d. per ton cash, and 67s. 24d. one 
month. In the afternoon 66s. 9d. was paid for one cash 
warrant, and a a be apr remained unchanged. The 
market was particularly strong on Friday morning, and 
business on small purchases was done up to 
67s. 6d. per ton cash and 68s. one month, an advance of 10d. 
perton. In all some 3000 tons c' For cash 
closing sellers reported 67s. 74d., the same price for seven 
days, and 68s. one month. A reaction set in in the after- 
noon, however, and 6d. of the forenoon’s advance was 
dropped, business being done at 67s. 44d. cash and 
67s. 10d. one month, with closing sellers at 67s. 2d. cash 
and 67s. 8d. one month. The transactions only amounted 
to 1500 tons. Complete dulness characterised Monday’s 
market, and no business was transacted. Abt the close of 
the forenoon session cash sellers were quoted 4d. dearer 
than on Friday, at 67s. 6d., and one month at 67s. 104d. per 
ton. Idleness ruled in the afternoon also, and prices 
remained un Tuesday’s market was firm and 
steady, and 2500 tons of Cleveland warrants were dealt 
in, bid up to 67s. 6d. per ton cash, with sellers’ quotations 
3d. up from the previous day. For fifteen days 67s. 9d. 
was realised, and at the close sellers asked 67s. 7d. 
cash and 67s. 114d. one month. Only one cash war- 
rant changed hands at the afternoon session, realising 
67s. 6d. per ton. Closing sellers were a at 67s. 8d. cash 
and 68s. ld. one month. This (Wednesday) morning 
rices were strong, and a good business, amounting to 
3500 tons, was transacted at 67s. 11d. and 68s. cash, and 
68s. 3d. and 68s. 4d. one month. Sellers at the close were 
oe at 683. O}d. cash and 68s. 5d. one month. Abt 
afternoon session prices dropped slightly, and at 
67s. 104d. five days and 66s. 5d. and 66s. 4d. one month 
a business of some 2500 tons was engaged in. Closing 

sellers were 4d. below the morning’s price. 


Sulphate of Ammonia.—Sulphate of ammonia continues 
steady in demand, and the price is still on the upward 
grade. For prompt delivery, Glasgow, the price has now 
reached 14/. 15s. per ton, while the quotation for similar 
delivery, Leith, has mounted to 15/. 


Scotch Steel Trade.—The West of Scotland steel-makers 
still report excellent business, the greatest —s of 
course, being for munitions, and particularly for —_ 
tensile bars for shell-making and shipbuilding. Natu iy, 
under the exceptional circumstances ordinary mercantile 
orders receive little attention, and there is not much 
demand for age other than some sheets of a rather 
light description. otwithstanding the slight ease in 
the price of spelter, its present high rate and scarcity 
have greatly lessened the demand for the thin-gauge 
sheets, which, again, have considerably advanced in 
price. The thicker gauges, however, are in great de- 
mand, and makers generally are naming an overhead 
price. Either for home or export delivery the price 
1s steady at 112. 5s. to 11/. 7s. 6d. per ton. pite 
the shortage of skilled workers, and the fact that 
their place is be filled in many cases by unskilled 
and inexperienced labour, there is no doubt that manu- 
facturers in Glasgow and the West of Scotland are 
rendering an excellent account of themselves, and 
although, of course, both masters and men are making 
good money, their patriotic zeal in the hour of their 
country’s need is unparalleled. Night and day the work 
goes on, hours of labour are long and strenuous, and 
everyone is anxious and willing to give as much service 
ce) ible. Without doubt the ordinary export trade is 
suffering through the want of transport, so many vessels 
having been pressed into Government service. Heav 
freights and high prices notwithstanding, such a marvel- 
lously brilliant state of trade has never before been known 
in the district. The local output of bars and plates is 
something abnormal, much of this being required for the 
Allied Governments. Prices have not changed materi- 
ally, although the reduction of the discount from 5 to 

per cent. may y be consid equal to a further 

vance in price. Boiler-plates are quoted at 10/. 10s. 
per ton for Glasgow or equal delivery, less 24 per cent. ; 
ship-plates, 107. to 10/. 2s. 6d. for Glasgow or equal de- 
livery, less 24 per eent., and for export 9/. 15s. to 10/. per 


ton ; les are similarly rated. ers are much 
con regarding the Govemenged prohibition of the 
py so of steel, await further information with con- 
siderable anxiety. 


Malleable-Iron Trade.—There is little or no change to 
report in the malleable-iron trade this week; makers are 
still inordinately busy, although the continued scarcity 
of labour is preventing the full output being obtained 
for = av: —t eee ws a 
considering the large number of orders coming to > 
or this reason orders are unavoidably running behind. 
Prices remain firm, and ‘‘ crown” bars are quoted 10/. 10s. 
per ton, less 5 per cent. for Glasgow or equal delivery, 
and 10/. for export. 


Scotch Pig-Iron Trade.—The trade in Scotch pig-iron 
continues to be very steady, and while good ers are 
being booked, these seem to be only for the more pressing 
needs. Much of the business being done is for the export 
trade, the demand from overseas being exceptionally 
heavy. Locally the demand for hematite is very exten- 
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sive, iron and steel makers in and around Glasgow being 
at present in a Position to make use of it in considerable 
quantity. Makers’ (No. 1) iron still remains at the 
ices quoted last week :—Clyde, _—_ Gartsherrie, 
~ mmeriee and Langloan, 35s. ache all shi ped at 
yw wl gow): Rainbow, oe. and G eS So eh at 
Sls. (at fat Ayr); Shotts, 85s., 
py ay 86s. (both at Leith). 
Clyde Trust Revenue.— At the monthly —— ot Ge the 
Clyde my ay Trust, held yesterday, the 
year ended June 30 was submitted by 


t for ti Cle 
ap tg Craig, Convenor of the Finance Committee, 


and showed an increase of 13,911/. 2s. over the previous 

year. The total revenue, amounting to 647,669/. 5s. 4d., 

ae a full twelve months’ income from the new 

, 48 against two months’ shown in the last report. 

‘aking col things into consideration, this result must be 
looked upon as eminently satisfactory. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—The new house-coal _ 

tracts came into operation on the Ist inst., and, as 
result, there has been a considerable falling off in demand 
from both local and country consumers. Retail prices 
have been advanced, on an ave 2s. a ton. Ib is 
expected that they will remain at present level up 
to October, when the customary 1s. a ton increase will be 
enforced. The situation with 
difficult. The new shipping tions are havi 
what greater effect upon trade than was at first anticipated, 
and there has been some weakening in prices. The home 
industrial demand is very brisk, but it 1s not sufficient "4 


absorb the output. collieries tha’ 

exist on the export trade are accumulating Sain ten They 

have no op poe of ——s of their 2 output 
they are lo in mid- 


as inferior 
winter. Stacks oun quesen, ont aitiouls to buy. Prices 
remain firm at level. Ookes are a strong market. 
——— coke is offered at 24s. to 25s. on rail at the ovens, 
and steel coke at 28s. to 30s. delivered at works. Quota- 
tions :—Best branch 7; hoe 20s. to 21s.; Barnsley 
best Silkstone, 17s. to 18s.; Derbyshire best brights, 17. 
to 18s.; Derbyshire house, 16s. ; best nuts, 14s. to 
15s. ; small nuts, 13s. 6d. to 14s. 6d.; orkshire hards, 
17s. 6d. to 18s. 6d.; Derbyshire bards, ‘17s. 6d. to 18s. 6d.; 
a lls. to 12s.; seconds, 9s. 6d. to 10s.; smalls, 
8s. to 


Iron and Steel.—Raw materials are commanding more 
attention now that the half-year is ended penn ~ ws ane stock- 
operatiens are in many cases . Having 

ps Dy agen gen Stee work in the finished trades, 
contracts should be exceptionally heavy. Makers are 
confident of enfi rates sufficient to cover extra 
costs and leave a fair margin of profit. West Coast 
hematite makers are any Oh from 120s., delivered 


ab <—— for ordinary sorts, up to 13%, for 
special bran There is little change in the position 
with regard to East Coast hematites. Makers are still 


quoting 106s. 3d. delivered, but are not refusing offers 
of a few shillings less. Both forge and foundry irons 
are steady markets, prices of the latter a shade 
higher. The current quotations are: Lincolnshire No. 3 
foundry, 75s.; Lincolnshire forge, 73s. 8d.; Derbyshire 
No. 3 foundry, 71s. to 72s.; and Derbyshire forge, 
70s. The scarcity of local bars and_ billets being | the 
relieved by the increased importation of fe — 
material, much to the satisfaction of those makers = 
commercial foods who find the price of local Ciiouly 
almost prohibitive, to say nothing of the great 
experienced in securing su The eg ag A wh 
attends the delivery of American material, 
& great drawback. The South Yorkshire 5 ets ie 
Association this week decided to abolish the custom of 
giving cash discounts on bar iron. The Association’s net 
cash quotation for “‘crown” bars is now lll. per ton 
delivered. The high-speed steel position is perhaps the 
most arresting feature in the local trade position. For 
some time makers have been turning away orders 
because of the deficiency of output, and the — is for 
that deficiency to become still more pronounced 
ever munitions are made for the Allies, engineers 
nae a speed steel for tools, and the burden of supply- 
—~ need largely falls upon Sheffield. How the demand 
1 be met when all the new munition-making shops get | bh 
into working order is a problem that is creating a good 
deal ‘oo and some anxiety. In the general 
steel t the only sections that present weak patches 
are the heavy steel h - and file works. “* 
where else work is proceeding at great re. 
— University Applied Science Beparement is 
playing a prominent part in training men for munition 
work. It has already sent ninety men to the shops, and 
has on its register no fewer than four hundred names. 





BoiLens In France.—The following table shows the 
number of boilers employed in various French industries 
and their capacity :— 

Number of Oapacity, 


Boilers. Horse-Power. 


Mining and quarries .. 8,542 530,421 
Iron and metal industry 9,160 587,365 
Agriculture ri 28,834 187,549 
Articles of food industry 15,638 230,526 
Chemical industries and tanneries. 6,542 139,600 
Textile industry 11,686 644,182 
Paper may ~ and printing. 2,036 100,890 
Furniture industry 2,639 48,535 
oe -- 2,303 567,538 
Building industry, &. . 18,791 218,048 
State service 1,982 80,871 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
= an Stent ae, Se bred ee an expected, 
uction in output o' iron is mater a. 
ing the salon citeanlon. The n —_ 4 of t- 
femmenne4 in operation on the North- East Coast now totals 


turning out hematite, and 11 are pro- 

of iron. Market quotations for 
are drawing nearer remunerative rates, 
for they are Poteadily yo and cost of production is 
falling somewhat, but turers still declare that 
ruling rates leave them no t. A fair amount of 


nancial | Bi: g.specal 


week. After 67s. 6d. aid Gla Od. and’ later fee. was 
No. 3, buyers readily paid 67s. 9d., and 
realised, whilst the general marked quotation is now 
686. 3d. A few sales at the last-mentioned figure have 
occurred. No. 1 Cleveland continues so scarce as to 
- almost unobtainable, with the result that this quality 
comparatively very Loe rates. ers in- 
Gante that they experience difficulty whatever 
in obtaining 73s. 6d. for No. 1, "end eva ot them 008 
inclined to hold out for an even ae pe As a 
rule, No. 1 is 2s. to 2s. 6d. above 3, whereas the 
difference at present is fully 5s. 3d. No. 4 foundry is 
steady and firm at 67s. 9d. ; No. 4 forge is 67s. 3d. ; and 
mottled white iron, each 67s. There are 
chasers who profess to see indications of weakness in Rast 
Coast hematite pig, but sellers are very loath to acknow- 
ledge any uction, and se declare 
that they are still able to arrange business round about 
terms have prevailed for some little time past. 
Home requirements are fairly heavy, and moderate in- 
quiries from abroad are reported. The 9000 tons odd sold 
to Italy, and for which licenses for shipment have been 
secu: have not yet been des Sellers quote 
100s. for waoet num — of hematite. a de ee 
ore report 6 or nothing ° @ contin stag- 
nation is due to the large and = steadily ee 
stocks at consumers’ works. Under existing conditions 
users are not at all disposed to buy, and sellers, fully 
realising the situation, are making little effort to 
contracts. Market rates remain nominally 
basis. of 26s. ex-ship Tees for Rubio of Oe per cmt. 
ae Imports of f ore to the Tees to date 
month amount to 37, tons, or an a of 
some 6300 tons per working day. Owing to uced 
local requirements coke is easier. Sellers, as a rule, ask | ™ore 
30s. for Durham average blast-furnace kinds, but contracts 
are understood to have been made at less. 


Stocks of Pig-Iron.—To meet current needs, Cleveland 
pig is now being steadily withdrawn from the public 
warrant stores. The quantity held stands at 147,782 
tons, all of which is No. 3 quality. So far this month 


—— 


4499 tons have been taken from the stores. 
on are vg being drawn upon. 


low] and Steel.—Shipments of pig-iron 
from 


h show improvement which ises 

ief is expressed that July ces 
will be te I Ay yg year. To 
rans Bane day, the total despatches amounting to 7405 tons. 
To the same date last month the clearances were returned 
Sey 1955 tons, or a daily average of 326 tons, and for 

ding part of July a year of ago the shipments 

reached 21,655 tons, or an av ——_ 
ing day. Manufactured iron slfoped at Pet Middicsbrous 
so far this month is officially returned at 785 wan oka 
loadings of steel at 1830 tons. 


Blastfurnacemen’s Wages again Advanced.—The average 
net ass poe of No. 3 Cleveland pig-iron for the 
months pril, May, and June has just been certified 
at 58s. 7.30d. per ton, as compared with 52s. 8.95d. per 
ton for the previous three months, and 5s. 0.70d. for the 
second quarter of 1914. This carries an advance in 
blastfurnacemen’s = on the North-East Coast of 7.50 
per cent., and thus Sap Son See 25.75 per cent. 
above the standard to 33. per cent. above the standard. 
The advance takes effect from Monday last. 


Manufactured Iron and Steel.—Satisfactory accounts 
are given of ically all branches of the finished-iron 
em steel industries. 

h pressure almost entirely on Government contracts, 

inary orders held over. Prices all round are 
very strong, and values of several descriptions have been 
further advanced. Iron bars, iron ship-angles, and ship- 
rivets have all - om up 10s., and steel rails have been | # 
advanced by 15s. Principal market quotations now stand: 


bars, 11. 15s. ; 


iron, 8.; iron tes, 102. ; 
iroa ship-engles 


pla 

112. ; ; iron ship-rivets, 131. 1 ; steel bara, 
102. ; steel tes, 10/.; steel ship-angles, 9/. 15s. ; 
and steel joists, | ie, 6d.—all less the customary 24 per 
cent. discount; heavy steel rails, 8/. 15s. to 9/. ; and 
steel railway sleepers, 10/. to 10/. 10s.—both net f.0.b. ; 
and iron steel galvanised corrugated shoots 24 gauge, 
in bundles, 22/. 10s.—less the usual 4 per cent. 





Ph ee FROM THE SOUTH-WEST. 

eae Io the histoey of he South Weles evel 

trouble 
though work has been resumed at most of the 
there are still several idle for various reasons ; 
5 with, miners showing determination to enforce recent 
demands, it is difficult to form a definite opinion as to 
on hy RE 
i co! owners more 
Save ded the sobuction of satin on 0 saul of 





only 66, of which but 30 are manufacturing Cleveland | N. 


has been put through in Cleveland pig-iron this | Newport. 


the loadings of pig average 1234 tons per | ta 


Manufacturers are kept going at | the 


—Common iron bars, 11/. ; best bars, 111, 7s. 6d. ; best best | the 





The best Admiralty large steam-coal has 


as qualities have 


0. smalls have brought 16s. to 16s. 6d. | ton. The 
latest quotation for patent fuel is 49s. to 6d. ton. 
8 eo has realised 40s. to 42s. 3 good 
fou coke, to 38s.; and furnace coke, 30s. to 33s. 
per ton. As regards iron ore, Rubio has made 24s. to 
25s. per ton, u a basis of 560 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 


More Welsh Coal.—A seam of steam coal, 4 ft. thick, 
has been struck at Cwm Capel, Burry Port. The colliery 
at which the discovery was made has now four workable 
seams. Great developments are pending at Owm Capel, 
and electrical equipment is being installed with a view of 

largely i output. 

Welsh Trade Matters.—The directors of the United 
National Coilieries, my have declared a quarterly 
dividend of 1s. per share; this represents a distribution 
sane rere. annum ; it is also proposed 

to pay he dividend free of income tax. The directors of 

the Albion Steam Coal Company, Limited, have an- 
nounced a dividend of 6 per cent. on account of arrears of 


erence dividends. amount now pro to be 
istributed will clear off RT aay to the of 1911. 
The directors of the Bristol Wagon and orks 
Company, Limited, m thes after adding 5 to the 


——— fund paying an interim dividend of 
hog) in January, a balance of 10,655/. is now avail- 
able for distribution. The directors recommend the pay- 


ment of a further dividend of 3 per cent. upon the ordinary 

- en uae Semel gs divi 5 hee . for 
the y A 735651. is proposed to be carried 
fercend 00 1915-16. Mr. 5 Mills —_—e his — 
as one of the directors, . W. 

has been rita assistant A 1 director. ak 4 
company’s ro! -stock now comprises 77 wagons. 





Tue Mera.tureioaL Inpustry In Russta.—Forty- 
seven metallurgical companies are now having 
—_ shares quoted on —— ye Exchange, fourteen 

concerns having been —S the year 1910, 
Some of these companies i, -- year on 
Jul a = months later, pn = ger others finish off 

ay EEA The reports of the former are now 
available. Mosb of the companies have declared the 
same dividend as for the previous year, and some have 
able to increase their dividends, thanks to com- 
prehensive army contracts. The Fula Cartri Com- 
increased the rate by 4.9 per cent.; the 
Siesta pol concern by 2.7 per cent., and the 
Metal Works by 2.8 per cent. Kom J the Russian- 
Metallurgical any! was obliged _ reduce its divi- 
dends 5 per cent., but on the whole the financial results 
oe unsatisfactory, as will appear from the subjoined 


icopol- 
O8cow 
ian 


Dividends. 1912-13, 
Per Cent. 
—: Russian teat ama o- 


Northern Pi Industry Com PT vs 
ey ee Na spa onpany pan os 


1918-14. 
Per Cent. 


The Donez oe Company has, for the present, re- 
served the payment of the dividend. 





Tue Trans-AusTRaLia Raitway.—Good pi has 
recently been made in the construction of the east-to- west 
trans-continental railway of Australia. TheChiet Common- 
wealth Railway Engineer reports:—‘*The Western 
Australian division aoe ® is complete, and the route 

~— ~~ ~ ne | 
Sniaan cite of rowed in vance of plate 
laying and will be continued through to the Border. The 
South Australian survey is complete. It is estimated 
that the rails will be Taid benny me towards the end of 
next year, yey prey heavy earthworks are now being 
Australian end, and the rate of 
plate-laying “vill Il thereby be considerably reduced. During 
past four weeks over 46 miles of rails have been 
laid; 240 miles have been laid during the past three 
months. The original intention was that the line 
should not be but some time it was 
decided that it should be ballested throughout, and 
action was taken to select suitable quarry sites and 
necessary rock- engines, and other 
t and equipment. These are now being erected 
fe both divisions. Ballasting has been completed to 
the 40-mile in the South Australian division, and 
a canhipnti quate of gravel ballast has also been 
done in the Western division. In the Western Australian 
division at Karonia by of .00 on gal reservoir with - 
a imate ca) ons is in course o 
senecnon, op by som, Amarin 
one with an B % capacity 
gallons is now lined and roofed. At Windabout 
and Eucla ad of 5,000,000 gallons oe ae also 
bee construc tis proposed to provide others 
at suitable points the road, and surveyors are now 
engaged in ing suitable sites,” 
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LATHE WITH ATTACHMENT FOR CUTTING WAVES AND BAND-SEATS ON SHELLS. 


CONSTRUCTED BY THE 


NILES-BEMENT-POND COMPANY, ENGINEERS, LONDON AND NEW YORK. 














Tue ordinary type of engine-lathe can be rendered 
more efficient on shell work when equipped with 
certain special attachments. Such attachments can 
be readily removed at any time and standard parts 
replaced, thus rendering the machine ready for any 
regular engine-lathe work. The Niles-Bement-Pond 
Company, whose London office is at 25, Victoria- 


street, Westminster, are furnishing their lathes 
with several t: of attachments, which adapt the 
machines for high production of duplicate work in the 
finishing of shrapnel and all sizes of high-explosive 
shells, both of the svlid and hollow-forged types. One 
of these machines is illustrated on this page. 

The view shows a 30-in. swing double back-geared 
lathe of the latest design, equipped with an attach- 
ment for cutting the waves and grooving the band- 
seats of shells. 

The standard compound tool-rest has been removed 
from the carriage and a special rest substituted. This 
consists of a lower slide which is mounted directly in 
the carriage and has cross adjustment by a hand- 
screw. Mounted on this lower slide there is a tool- 
slide. In order to obtain the wave effect, this tool- 
slide is given a reciprocating motion parallel with the 
bed, while the projectile revolves,, This motion is 
obtained by means of an eocentrié carried on a cross- 
shaft which is journalled in the cross-slide. This 
cross-shaft is driven by bevel-gears from a shaft 
located along the back of the lathe. This latter shaft 
is geared to the main spindle of the head, and suitable 
change-gears are provided for obtaining the number 
of waves per revolution required on different sizes and 
types of shells. The eccentric is adjustable to pro- 
duce the desired amount of the wave. The depth of 
the wave-rib is determined by the shape of the formed 
tool 


On lathes equipped with this attachment, it is cus- 
tomary to furnish also a four-siced turret-tool post on 
the rear of the carriage, as showa above. This permits 
all the operations on the band-seat to be performed at 
one setting of the projectile in the lathe. 








THE GERMAN STEEL COMBINE. 

A NEW and important combine is in course of forma- 
tion within the German steel industry. During the 
process of arrangement both the scope and, in conse- 
quence, the name of the pew combine have been 
altered. At first the plan was to include the entire 
German production of raw steel and gather all the 
steel works into one fold, but in the course of the 











negotiations it has been found expedient to limit the 
scope, although the original aim is being kept in view. 
The name has therefore been alte from ‘‘ Raw 
Steel Union” to ‘‘German Steel Combine.” This 
new combine will, in the meantime, confine itself 
more to matters of a general nature, and will leave 
the sale of the products to the sales unions. 

The reason for abandoning the idea of controlling 
the entire production of raw steel is the undesira- 
bility of interfering too much with the freedom of 
action of the works in the matter of their produc- 
tion, as well as regards the quantities which they 
stock in addition to their sale. The main object of 
the German Steel Combine will be directed towards 
fostering further unions within the German steel in- 
dustry, and to maintaining those already in existence. 
Besides the protection of the Steel Union, the forma- 
tion of unions for bar-iron, plates, rolled wire, wire 

roducts and pipes will be advanced. In order to 
urther preparations for this purpose, the question of 
allotment for these unions will be dealt with, the 
view being held that when this point has been settled 
all other points will readily be agreed upon. The 
formation of these unions is the basis for the Steel 
Combine coming into operation. 

Foundry and hammered iron, rollers and other steel 
manufactures, screws, bolts and cold-rolled and drawn 
materials will in the meantime remain free, as, in 
order to arrive at an understanding as regards these 
lines, a great deal of detail work would have to be 
done for which there is no time at present, as the 
attainment of the main object must not be jeopardised 
by grappling with problems or difficulties which can- 
not promptly be disposed of, and these products are 
of comparatively smaller importance. The possibility, 
however, is to be left open to attach by degrees also 
these industries to the Steel Combine, whose efforts 
later on also will be directed towards the furtherance of 
all endeavours for combining additional manufactures. 

A further important work for the Steel Combine will 
be to offer its members support and protection for 
their productions by preventing the springing into 
existence of new manufactori‘s without duly con- 
sidering the possibilities of disposing of the goods, 
and thus creating an unsound cumpetition. Finally, 
the Steel Combine will have to deal with a matter of 
great importance—that of procuring for the German 
steel industry more freedom and an increased sale 
abroad by the formation of suitable organisations and 
representations, by co-operation with foreign com- 
mercial dépéts, with shipping concerns, banks and 








other organisations, as also by estsblishing connections 
of every description which may be of service in the 
attainment of the ends in view. 

The German Steel Combine is to begin operations on 
January 1, 1916, provided that by then unions for a 
duration of at least ten years have been formed with- 
in the four groups—bar-iron, wire, plates, and pipes— 
and the Steel Union prolonged for the longest term. 
Further, members who join the Steel Combine, and 
who at the time do not belong to the Steel Union, 
must declare their willingness to join the Steel Union. 
The German Steel Combine is, in the first instance, to 
be formed for a period of ten years. 





A New Inp1an Rattway.—The Teesta Valley Light 
Railway in Bengal is constructed, like the Darjeeling 
and Himalayan line, upon a 2-ft. gauge, and the loco- 
motives are of a special hill-climbing type. Although 
the new line is temporarily intended for goods traffic 
only, a journey from Siliquri to Teesta is so picturesque 
that there is little doubt that it will ultimately attract 
many tourists. At present the line stops short at Reang, 
but in a few months it will be carried another 5 miles to 
Teesta, thus bringing a traveller within easy reach of 
Kalimpong. The Teesta River forms the boundary be- 
tween Sikkim State and the Darjeeling district. ear 
Sivok, the first station past Siliquri, the Teesta is 750 ft. 
wide, and at this point a suspension bridge is to be 
erec for the purpose of opening up Duars traffic. 
Several fine bridges occur upon the Teesta Valley line, 
notably at Sivok, Kalijore, and Reang. Some of the 
spans on these bridges are 100 ft. 





THe ALLGEMEINE ELEKTRICITATS GESELLSCHAFT.— 
This company reports that the work of the financial 

ear ended June 30 may be considered in two parts. 

he first was work for military requirements, which was 
of considerable magnitude, but the profit on which must 
not be overrated ; and secondly came the regular electric 
business, which was normal both at home and in neutral 
foreign countries. The turnover, on the whole, had been 
fairly satisfactory. The export naturally suffered from 
the effects of the war, but no doubt was entertained as to 
the re-establishment of the old connections after the con- 
clusion of peace ; promptly in some places, less so in others, 
thanks to the excellent organisation and the indispensa- 
bility of the products of the German eiectrical industry. 
Nothing could be said of the dividend ; but funds, which 
had always been ample, were particularly plentiful at 
present. The company had subscribed 12,000,000 marks 
to the war loan. About 15,000 of the company’s employees 
were at the front; 450 had fallen, and 500 obtained the 
iron cross. In voluntary war aid the company 
about 5,000,000 marks. 
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THE ORGANISATION OF OUR 
NATIONAL RESOURCES. 


Tue Coalition Government has evolved the 
machinéry designed to ensure the organisation of 
our national resources. The Bills setting up this 
machinery are already, or soon will be, completely 
in force. The general plan is commendable, and 
with efficient and stringent supervision the desired 
result may be attained in spite of certain flaws 
in the details which may induce undue fric- 
tional resistance. It is well, however, at the 
outset to enforce the need for this keenness and 
watchfulness. In all delicate machinery, where 
the highest output must be maintained, prompt 
action has to be taken on the slightest sugges- 
tion of friction or of irregularity in’ working. 
Again, it has ever been the case that, even when 
plans have been prepared by skilful draughtsmen, 
and when the mechanism has been produced by 
experienced workers, the output has not been as 
anticipated. In mechanical science there is a 
definite method of measuring the work done, but 
the parallel with Parliamentary draughtsmanship 
and administrative organisation here ceases, be- 
cause it is not possible to indicate definitely the 
efficiency—the achievements. Hence there will be 
the greater need for close observation to ascertain if 
the result meets our requirements. A cursory glance 
at the machinery evolved by the Government, and 
the great chorus of approval with which it has been 
received, may result in complacency, with a con- 
sequent considerable degree of individual content- 
ment and inaction, in the belief that the collective 
effort will end satisfactorily. The machine, however, 
is only a prime mover, not a manufacturer. It isa 
means to an end, not the end. Thus, while ex- 
pressing general approval of the scheme as a scheme, 
it is important to drive home the view that success 
is dependent almost exclusively on its forceful 
working and to insist that each individual citizen 
must conform to national requirements in the fullest 
sense of the word. 

The first, and perhaps most completely satis- 
factory, unit in the machinery for organising 
the national resources is the appointment of an 
Inventions Board, ‘‘ to assist the Admiralty in 
co-ordinating and encouraging scientific effort in its 
relation to the requirements of the naval service.” 
The selection of Lord Fisher of Kilverstone as 
Chairman of this Committee is conducive to further 
satisfaction. The membership has not yet been 
announced, and it must be admitted that success 
depends largely on its composition. It is to be ho 
that the composition will not be naval, but be re- 
presentative of every department of applied science, 
and that those selected will be men whose wide 
experience is associated with truly progressive 
ideas. These undoubtedly are the strong character- 
istics of Lord Fisher, as was proved from time to 
time during his tenure of several offices on the 
Board of Admiralty. Himself a man of progress 
and great activity, he has, further, the faculty of 
stimulating others, as well as of guiding them in 
the development of original ideas. Lord Fisher’s 
Commission will probably take the place of some 
existing departmental committees to whom had 
been allotted the duty of reporting upon inventions 
after they had been classified.’ It is no disparage- 
ment to the members of such committees to say 
that the task imposed upon them, particularly in 
view of the enormous volume of the current work 
of the individual members, was too great, and in 
many cases may have prevented the searching exami- 
nation of the multiplicity of proposals presented 
to them necessary to weed out the single grains from 
the bushels of chaff. There has been a suspicion, too, 
that the traditional conservatism of the Service has 
in many cases obtruded itself unduly. This may 
be but the voice of disappointment of enthusiastic 
aspirants to invention honours; but, in any case 


’ 








stituted under Lord Fisher’s presidency it will be 
possible to have an unbiassed view of any proposals 
made. Such as are recommended 4s a consequence 
of investigation or experiment will forward 
for judgment on their military suitab ity with a 
stronger recommendation of support. e know 
that the Admiralty and the War ce have done, 
and are doing, great service through committees 
partly departmental and partly co-opted from 
scientific circles ; but the task imposed on us by a 
nation which has ituted science purely to 
massacre humanity demands absolute maximum 
efficiency in the co-ordination and application of 
our scientific knowl and experience to the 
achievement of peace through indubitable success 
in arms. 

The organisation of our manufacturing resources 
has made progress by the passing of the Munitions 
Bill into law. This is not the timie to deal with 
the blunders of the past, except in so far as they 
reveal amendments n in procedure now 
and in the immediate future. There must’ be no 
longer any possibility of a deticiency of mechanics 
required either for the manufacture of war 
material, or of the machinery necessary for this 
work, or of the buildings to house such méchi- 
nery. There must be a careful mobilisation of all 
mechanics in order to utilise continuously and 
effectively the resources we in a prepon- 
derating degree. Owing to indiscriminate recruit- 
ing in the past there has been delay, not altogether 
directly in the = of ordnance and animu- 
nition by appliances formerly existant, but in 
the manufacture of the machine-tools and in the 
erection of the buildings to accommodate them. 
Fortunately, such appliances have been enor- 
mously increased during the past few months, and 
more shops are being put up, in order to maintain 
an augmented supply for the future, under con- 
ditions which will ensure the maximum output for 
a given effort. The War Office have, very wisely, 
considered that the proper course, in order to 
sustain continuous production, is so to arrange 
that the work shall be done with the minimum of 
workers, of handling, and of transport. Thus it is 
necessary to centralise production, and to arrange 
batteries of mechanical appliances, so that the bar 
enters at one end of a shop and leaves at the other 
end as a completed shell. This is immensely prefer- 
able to the successive operations being carried out 
in isolated buildings requiring the transport of 
units over long distances at the end of each 
operation. 

As we have said, there are now a large number of 
such factories, and it is of the first importance that 
the necessary men should’ be provided for these. 
An important need is mén of high skill to supervise 
and assist the y skilled and female Eheen. 
The Ministry of Munitions, it will be remembered, 
instituted a scheme of enlistment of skilled engi- 
neers under the supervision of the trade unions. 
This was done at the request of the trade unions, 
in conference with Mr. Lloyd George, who stated 
afterwards in the House of’ Commons that ‘if 
there were an inadequate supply of labour for the 
purposes of turning out munitions of war which 


ped | are necessary for the safety of the country, compul- 


sion would be inevitable.” The trade unions put for- 
ward as an alternative that the Government should 
give them the chance for supplying that number 
of men. They said, ‘‘Give us seven days ; and if 
in seven days we cannot get the men, we will admit 
that our case is considerably weakened.” Notwith- 
standing the wide-spread net and the great number 
of enlistment officers organised by the Government, 
the seven days produced only 67,650 men. A 
certain ne ae ow of these, however, cannot be 
moved from their present occupations without 
detriment to the national interests, and it remains 
to be seen whether the remainder are adequate 
completely to man the existing factories. The 
suspicion is that this is not so, because Mr. Lloyd 
George has extended the period of enlistment, 
and when asked in the House of Commons 
whether he was completely satisfied with the 
voluntary recruiting, suggested that the question 
should be postponed. Even if 50,000 men were 
sent to the factories now, fully equipped mechanic- 
ally for the oo of shells, the result would 
be an immediately great increase in the output ; 
but if there is an insufficiency still, then it is 
surely the duty of the Minister of Munitions to 
fulfil his dictum that the only alternative is the 
introduction of compulsion. 





with a committee such as we hope is to be con 


The registration scheme of the Government is 
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satisfactory within ite limitations. It provides 
that there shall be immediately a census of men and 
women between the ages of 15 and 65, in order to 
ascertain who is en on war work, direct or 
indirect, and who is willing to undertake war work, 
and probably also the nature of the war work for 
which each considers his or her qualifications most 
suited. Again we refrain from referring to the 
sap except to urge that it proves the need 
or promptitude in completing the analysis of 
this census. The majority of the people in this 
country have probably arrived at the conclusion 
that the time must come very soon, if it is not 
already here, when there will have to be some 
measure of compulsion to obviate the ion 
of effort to achieve success. But the Regis- 
tration Bill has been passed with the Govern- 
ment assurance that compul-‘on, either of labour 
or of recruits, is not contemplated. The voluntary 
rag has nearly reached its breaking point, and 

e future will be watched with anxiety as well as 
interest. It may be that when the youth, eligible 
for the fighting line or for some other distinct 
service to maintain the safety of the Empire, 
comes to fill up the registration form he will be 
induced to reflect upon his personal responsibility 
in the matter to a greater extent than without 
such quickening influence to thought. The census 
question may add in some cases that little that is 
required to turn the balance in favour of partici- 
pation in the national task. But in any case we 
shall know how we stand in respect of reserves, 
and we shall be able so to allocate our manual 
resources as to achieve the best results in the 
trench, the munition shop, and the shipbuilding 
yard. 

Meantime, unless there is a very much greater 
recognition of duty on the part of the eligible 
workers and fighters, the liberty of the individual 
must merge into the intereste of the State. There 
is evidence that in every phase of communal life 
voluntary action is exceedingly limited. ll law is 
compulsory. Even voluntary societies, like trade 
unions, are formed on the basis of compulsion. In 
industrial warfare the workers are subject to the 
laws of conscription, because they are compelled 
to strike whether they will or not. If, therefore, 
a trade-union organisation, to establish the 
cherished and justifiable principles of their society, 
or to enforce ents, lines of demarcation, 
or the integrity of the society, community, or class, 
can exercise compulsion on the members through 
the executive council, surely the State, fighting for 
its freedom—its very life—may, through its execu- 
tive government, exercise similar compulsion on the 
same individuals. The Trades Dispute Act prac- 
tically legalises compulsion by the trade unions. 
Many other parallels could be drawn. The industrial 
army were compelled to ensure themselves, under a 
very arbitrary scheme, only three or four years 
ago. To-day more is at stake than trade-union 
ee or even the health of the individual. 

e Prime Minister stated the other day :—‘‘ We 
have at this moment one plai mount duty to 
perform—to bring to the service of the State the 
organised help of every class in the kingdom.” 
The Minister of Munitions has characterised the 
situation as too grave, ‘‘ very much too grave.” 
Another Minister, Lord Curzon, said last week 
in the House of — that ‘‘the ssp apne one 
of great anxiety, and it is not unfair to of 
this country as being in grave peril.” The toh 
published this week from General Ian Hamilton, 
regarding the operations at the Dardanelles, is 
vivid in its picture of the intensity of the struggle 
in that part of the battlefield. Every day adds to 
the ay 4 of the situation there and elsewhere. 
The day, therefore, has passed for the maintenance 
of individual liberty, even that of the trade unionist, 
when it imperils the freedom of the State. The 
Governmeut will have the support of the nation in 
any action it takes to relieve the intensity of the 
situation at the — - rt achieve — 
and lasting peace. ey have the power if the 
will poe eye Brae it. The Munitions Bill, with its 
absorption of control of works and restrictions of 

fits, has been loyally accepted by the employers. 

ey have, in every respect, waived all their rights 
and privileges. As has been officially admitted, 
they have, from the beginning, done their best. 
All ee = is a anges of ca an 
absence disputes, an time- keeping. 
The Munitions Bill prohibits lock-outs and strikes 
under severe cash penalties on erring er Or 
worker, Itsets upalternative tribunals for the im- 





mediate and compulsory settlement of all possible 
ns gre which may arise in the conduct of works, 
and enforces money ties for the breach of 
settlements. It requires that the employers shall 
give freedom of access at all times and fulfil 
stringent regulations regarding the return after 
war to the status quo ante bellum. The Act, how- 
ever, fails in this res that, while the amounts 
of fines are indica’ the workers — ~~ 
prisoned for the non-payment of a fine. ere 
there is that su tay of weakness which may 
defeat the Act. For the moment, as we have said, 
voluntaryism ison its trial ; if it fails, the Govern- 
ment has only one course open to it ‘‘if England 
to itself do rest but true.” 








MEAN SEA-LEVEL. 

In the general scheme of levelling pursued by the 
Ordnance Survey, the ado zero of level, to which 
the differences of altitude of the selected stations 
are referred, is stated to be the level of mean tide 
at Liverpool as fixed from observations made by 
the Survey. The reason for the selection of this 
particular datum is not obvious, the more so as 
some obvious disadvantages attach to the choice 
of a station in a river » where many factors 
enter to influence the height of the water. The 
principle of reference of irregularities of surface to 
@ mean sea-level, if it were ible, is eminently 
judicious, and accordingly the Ordnance authorities 


made some attempt to connect the mean tide of 
Liverpool with the mean sea-level @ series of 
tidal observations round the coast. But the diffi- 


culties in the way seem to have been under-esti- 
mated, and the precautions adopted to secure 
accuracy, or to facilitate subsequent verification, 
utterly inadequate. 

The assumed height of mean water at Liverpool, 
the datum level for Great Britain, depends u 
tidal observations made in March, 1844. At that 
date the self-registering tidal-gauge does not appear 
to have been in use, but some ten years later, 
when a continuous record was available, a further 
examination of this fundamental height was 
attempted with a very satisfactory ment. The 
mean results deduced from the ings of the self- 
registering tide-gauge at St. George’s Pier, Liver- 
pool, are as follow, and possess singular accord- 
ance :— 











| Mean High Mean Low | Reading of 

Year. | Water Above Water Below | Assumed Mean 
Zero. Zero. Water. 

ft. tt. | tt. 
1854 | 15.424 | 5.544 | 4.910 
1855 15.425 | 5.570 4.927 
1866 16.515 5.449 5.083 
1857 15.478 | 4.973 


6.532 





The average for the four years, + 4.968 ft., 
gives the reading for mean water. But by levelling 
the height of the zero of the tidal gauge proved to 
be 4.670 ft. below the assumed plane of reference, 
and in presence of this discrepancy, the statement 
is e that mean water-level is not the mean of 
high and low water, but the mean of all heights 
recorded at indefinitely small intervals, and for as 
long — as possible. This, of course, is strictly 
true, but exception may be taken to the use made 
of this statement and the substitution of an ex- 
tremely short interval. The assertion that an 
examination of the curves traced by self-registering 
gauges, even for one month or less, affords an accu- 
rate means of determining the mean height, since 
these curves permit the measurementof the height of 
the water at small intervals of time, is not warranted. 
But this course was pursued: the month May 13- 
June 14, 1859, was selected, and the true mean 
water between those dates as determined by the 
improved method of measurement was found to be 


4.602 ft. By this means the ~~) Wy between 
the readings from levelling (4.670 ft.) and from 
tidal measurement (4.60? ft.) is reduced to 0.068 ft. 
—a result abundantly satisfactory to the admirers 
ef many decimal places. 

Still another step has to be taken if we wish to 
pass from the ‘‘ assumed mean water of Liverpool” 
to the ‘‘mean sea-level ”’—the imagi @ or 
surface of the geoid. from which the variations of 
surface elevations are sup) to be measured. To 
find this constant the height of mean water at 
thirty-two stations round the coast was determined 
from an average of about fifteen tides, the height 
at each port being connected by levelling with the 
Liverpool datum. The collected table of results 





shows very considerable variation. At distant 
stations, or in comparatively land-locked harbours, 
such di cies might be anticipated, but it is 
not a little difficult to explain a difference of more 
than a foot in the height of mean water at such close 
and similarly-situated stations as Liverpool and 
Birkenhead. The general conclusion is that the 
mean water at Liv 1 is 0.718 ft. below the 
mean level at the other stations assumed to be 
the ‘‘mean sea-level,” or, applying the previous 
correction of 0.068 ft., the mean level of the sea 
is 0.650 ft. above the zero of the self-registering 
tide-gauge, and therefore the levelled altitudes 
= by the Ordnance Survey require to be 

iminished by 0.650 ft. to reduce them to the so- 
called ‘‘mean sea-level.” This is apparently the 
——— of the raed now printed on the 

rdnance maps, and o e@ accompanying hint 
that the altitudes are to be sapetel = only 
approximately correct. The object of the present 
note is to show that the method adopted could not 
ensure great accuracy, and that the determination 
of ‘* mean sea-level ” is a difficult task owing to the 
number of variables that influence the height of 
the water. 

At a commercial centre like Liverpool, the effects 
of dredging the river-bed, the construction of new 
docks, the guiding of the flow of water into par- 
ticular channels, tend to displace the position of 
mean water from year to year; but neglecting local 
disturbances, the sources of error that are generally 
operative arise mainly from two causes: an imper- 
fect tidal theory introducing periodic errors, and 
lawless fluctuations in the atmospheric pressure, 
which can exercise very considerable influence 
throughout short intervals of time, and the effects 
of which are not necessarily eliminated by carrying 
the observations over a long period. Being accus- 
tomed to consider the tides as due to the action 
of the sun and moon, the work of the atmosphere 
has been underestimated. But in estuaries and 
confined localities, suitable for harbours—positions 
in which the majority of tidal observations have 
been made—the tide may be increased or dimi- 
nished some 2 ft. or 3 ft. by atmospheric disturb- 
ances ; and, unfortunately, these irregular effects 
are, to a certain extent, seasonal. They do not 
mutually destroy each other, and cannot be satis- 
factorily removed before computing the tidal con- 
stants. Hence an uncertainty attaches to the 
amplitude of the various waves by whose super- 
position it is sought to represent the total astro- 
nomical tide-wave arising from the relative position 
and varying distances of the sun and moon. 

Moreover, it must not be overlooked that we 
live on a viscous earth that yields to the weight of 
the atmosphere. The load may vary in the ratio of 
14 : 15, and on a plausible assumption as to the 
behaviour and motion of barometric pene it is 
probable that the surface of the solid earth would 
assume an undulating surface, the tops of the wave- 
crests being some 3 in. higher than the hollows, or, 
as the late Professor Sir G. H. Darwin has ex- 

it, ‘‘ When the barometer is very high, we 
are at least 3 in. nearer the earth’s centre than 
when it is very low.” By similar reasoning, the 
variation of extreme atmospheric pressure on the 
fluid surface of the earth would raise or depress 
the sea-level by more than 2 ft., and since the height 
of the water can only be determined by reference 
to land, the observed variation in the height of the 
tide would be that due to the difference of the 

ive movements. The elastic compression of 
the solid land surface would be immediate, but the 
barometric inequalities over the ocean would be 
more gradual in their operation, so that such ex- 
treme differences could not be frequently recorded 
on the tidal gauge ; but it can be readily seen that 
the interpretation of the gauge readings is not a 
simple matter. 

Local circumstances interfere with this general 
reasoning. The barometric gradient will be asso- 
ciated with winds of particular force and direction 
that in a narrow can have a greater in- 
fluence than barometric pressure. Also the amount 
of land water carried by drainage into the river 
varies considerably at different seasons of the year, 
and introduces another modifying influence. Some 
attempt has been made to determine experi- 
mentally the effect of these varying conditions in 
the Mersey estuary, and though the amount of 
fluctuation is not trustworthy, owing to the short- 
ness of time over which the observations extend, 
and the uncertainty of the errors in the harmonic 
constants of the tides, the curve represents prob- 
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ably the order of the variation that may be ex- 
pected. The average deviations due to barometric 
pressure, wind force, and rainfall for the several 
months, expressed in centimetres, is shown in the 
following table :— 


+7 September + 7 
February+ 6 June 0 October + 10 
-—~3 November +19 
-6 December + 9 


These values are fairly well represented by the 
curve— 


+ 70 — 8 sin 6 + 69 cos @ — 11 sin 20 — 53 cos 20 
+ 8sin 36 — 12 cos 38, 


where 6 is measured from January 1 or is equal to 
the sun's longitude — 280 deg., and the coefficients 
are expr in millimetres On the accompanying 
diagram the observed deviations are marked with 
a dot ; the computed, by a cross. 


DIAGRAM SHOWING THE MONTHLY 
DEVIATIONS FROM MEAN TIDE LEVEL 
AT LIVERPOOL 
CM. Observed deviations tus +; Computed tas +. 
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The effect of the direction of the wind on the 
height of the tides is the most uncertain factor, 
and this uncertainty probably arises from the want 
of more precise information concerning the action 
of the wind at a considerable distance, in the case 
under consideration, on the Irish and Welsh coasts. 
Some doubt still exists whether the most important 
influence is felt when the tide is flowing senaliah with 


the direction of the wind, for or against, or at|of the equator, and consequently a co! 


right angles to the wind’s direction. Probably 
local conditions, as the form of the coast-line and 


the slope of the land, operate differently on different | through } second would c 


coasts. The British Association Committee fol- 
lowed the former view. Mr. Orti, in his careful 
discussion of the observations made on the Dutch 
coast, adopted the latter. Mr. Ortt has not only 


given very good reasons for his contention, but|semi-amplitude of 15 mm., and the phase epochs 


has succeeded in finding an ey satisfactory 
expression for the effect of the meteorological 
elements on the time and height of tides, aiming 
not at average results, but applicable to particular 
tides. Under certain conditions of wind and baro- 
meter the correction may exceed 2 ft. 

Such very considerable deviations from the com- 
puted heights give to the tidal range, and by con- 
sequence to the determination of mean sea-level, 
great practical im 
glibly about the 
confidently upon the tidal predictions of experts, 


the accuracy of our tidal theory still leaves some-| by the examination of the 


thing to be desired. In a pamphlet 
under the authority of the Fishery Boa 
land, Professor d’Arcy 


difficulties that oppose trastworthy 


period of time.’’ We would res 


are amply put forth in the pamphlet. 


Professor Thompson, who was attracted to this | might be reduced. Professor Thompson finds some 
question from the zoological side, since the con- | evidence of a term with about fifty a period, a 
tents and salinity of the sea might be appreciably | further complication, and one for w 
heights of the water at | explanation can be offered, but for the investigation 
different times, had at his command a long series | of which a much more extended series of observa- 
of measures made at Aberdeen and Dundee, cover-|tions is necessary. Into the general theory of 
ing in the extreme more than fifty years. He finds | tides we have no intention of entering. Our object 

periodic variations in mean sea level for | is ern to show the difficulties in obtaining a zero 

the two stations of Dundee and Aberdeen are well | to whi 
represented by the following harmonic formule, | national survey, or for any other purpose into 
in centimetres | which such a constant enters. 
with those already 


affected by the i 


that the 


where the coefficients are exp’ 
to permit them to be compared 


given for the Mersey, from which they do not! curacy brings the necessity for increased caution, 


rtance. Though we may talk|to illustrate the difficulty of reaching a definite 
eight above sea-level, or rely | solution of the problem. 


ublished | the ‘‘intertidal range,” which exhibit a close 
of Scot- | approximation to a sine curve, having an amplitude 
Thompson brings together of 

some very pertinent facts that demonstrate the|of about 18} years, corresponding with the period 
need for a close examination, and emphasise the|of rotation of the moon’s node. i i 
eductions. | su 
We are certain that he would not subscribe to the | lity,” depending on the moon’s declination, one of 
view that the height of mean tide-level at any port | the most uncertain and troublesome terms in tidal 
could be ascertained from the records of a self-| computation. Professor Thom 
registering tide-gauge for a month or less, for he| curves of mean sea-level do not exhibit the fluctua- 
clearly intimates that if an exact determination of | tion with the same distinctness that accompanies 
mean sea level is within our compass, it can|the intertidal range. 
only be effected by the ‘‘ integration of the entire | rather confirms our suspicion of a connection with 
rec -rd3 of an automatic tide-gauge over a very long | the diurnal inequality, 
tfully associate | the a.m. and P.M. tides to be influenced to a dif- 
ourselves with this opinion, and for the reasons that | ferent amount, and in taking all tides into account 


differ greatly in amplitude, though the phase shows 
considerable variation :— 
M.S. L. Dundee = A + 11.0 cos (¢ + 50 deg.) 
+ 1.8 cos (2¢ + 51 deg.) 
M.S. L. Aberdeen = A + 8.5 cos (¢ + 58 deg.) 
+ 2.1 cos (2¢ + 41 deg.) 

The epoch refers to mid-January. In individual 
years the character of the fluctuation is repeated 
with considerable constancy, exhibiting uniformly 
monthly discrepancies that are greatest in February 
and reach a minimum in July. Wherever sufficient 
observations exist the same phenomena are mani- 
fested. Professor Thompson pursues this appa- 
rently annual tide, not only round our own coasts, 
but to the Baltic ports of Sweden, Norway, and 
Denmark ; and though local conditions may influ- 
ence its amountand phase, a similar character over 
a wide area is maintained and easily recognised. 
The only point on which it is necessary to insist 
here is the difficulty of deciding on a mean sea- 
level, while no adequate explanation of the syste- 
matic fluctuations isforthcoming. We are groping 
in the dark. Lord Kelvin found similar indications 
fifty years ago in the tidal records of Ramsgate, and 
could only guess their cause. Since the observed 
amount greatly exceeded the solar semi-annual 
tide, he attributed the excess to the ‘‘ amount of 
water received into the sea by drainage, in the 
melting of ice, and from the direct fall of rain 
into it.” This explanation is inadequate, and 
the phenomena remain puzzling, for they are 
not due to true gravitational tides ; and, if meteoro- 
logical, it is to understand the perma- 
nence and similarity of character that are mani- 
fested at stations remote from each other and 
where the meteorological conditions are essen- 
tially different. - Professor Thompson’s collected 
facts and general analysis point to the probability 
of many causes contributing to the observed periodic 
fluctuations. The variation in latitude caused by 
the pe Lg of the earth’s axis has not 
been overlooked. With a shift of the axis through a 
small angle, there must be a similar a 
nding 
shift of the ocean level. In middle latitudes, where 
the effect would be greatest, a shift of the pole 
hange the ocean level 
about an inch. From _ observations made at 
stations in California, in Maine, and in Holland, a 
tide has been detected having a period of 431 days 
(accordant with that of the Pole), with a mean 


show a remarkable agreement with those derived 
from astronomical observations of latitude. The 
Dundee and Aberdeen observations generally con- 
firm this result, but since the angular motion of the 
Pole, and the consequent variation in latitude, is 
by no means constant from year to year, great 
reliance cannot be placed on such agreements, and 
in any case the displacements are too small to 
explain the whole of theanomaly. They serve only 


A more hopeful line of investigation is opened 
periodic fluctuations in 


about 21 cm., the maxima recurring at intervals 
This period 
ts a connection with the ‘‘ diurnal inequa- 


pson finds that the 


This inconspicuousness 


use we should expect 
without distinction, the amount of the inequality 


ich no physical 


to refer the measured altitudes of our 


In all etical questions the approach to ac- 





and the experienced will heartily endorse Professor 
Thompson's conclusion that * with the actual and 
little-understood causes that perturb the mean 
level of the sea, and with the difficulties which 
attend ite determination, even though nothing 
more than the complex tidal wave were present 
to disturb it, it is quite plain that the deter- 
mination of mean sea-level ‘is an extremely difficult 
thing, and one which erm any possible means 
be achieved in any brief period of time:” 





ROYAL AGRICULTURAL SOCIETY’S 
SHOW AT NOTTINGHAM. 
(Concluded from page 7.) 

Tue visitors to the Show at Nottingham of the 
Royal Agricultural ‘Society aggregated 103,883, 
which represents a very substantial falling off when 
com with the numbers recorded on the pre- 
vious visit to’ Nottingham in 1888, when 147,927 
passed the turnstiles, and is far below the record 
of 213,867 achieved at Newcastle in 1908. Under 
the adverse circumstances, however, the total may 
be considered satisfactory. Am these inimical 
conditions must be counted the lack of adequate 
transport facilities. The railway authorities ran 
no excursion trains, and, moreover, cancelled for 
the Show week the cheap market tickets normally 
issued to Nottingham on Wednesdays and Saturdays. 
The usual supplies of brakes and other vehicles be- 
tween the railway stations and the show-yard were 
also missing, the horses having presumably been 
commandeered, and many of the men having joined 
the Colours. No motor-buses were available. Not- 
tingham having speculated in electric tramways, 
the city fathers have considered it better to deprive 
the town of the benefit of modern improvements 
in urban transport facilities, rather than have 
the unwisdom of their trading gamble brought 
home by an annual deficit in the tramways account. 
Hence the majority of the visitors to the Show had 
to patronise (at double fares) the infrequent service 
of slow, noisy, and unwieldy cars, which was all 
that the Corporation oferel them. These cars, 
moreover, discharged their passengers at a point 
some considerable distance away from the entrance- 
gates. Exhibitors reported much keenness amongst 
would-be buyers, but the impossibility of guaran- 
teeing deliveries within any reasonable time went 

far to preclude the bocking of orders. 


Sream-EnGiInes. 


In addition to the steam-engine exhibits dealt 
with last week, we may mention that Messrs. 
Charles Burrell and Sons, Limited, of Thetford, 
showed one of the 5-ton tractors which secured 
a gold medal in the R.A.C. trials of 1907, and 
also one of their steam-wagons. The latter has 
a horizontal boiler, and the two driving-wheels 
are independently driven by chain-gearing, thus 
dispensing with a live back-axle, the differential 
being incorporated with the intermediate shafting. 

Mann’s Patent Steam-Coal and Wagon Company 
showed one of their standard 5-ton ons, of 
which many have been supplied to the War De- 
— while the Yorkshire Commercial Motor 

mpany, Limited, also showed their standard 
motor-wagon, the characteristic feature of which is 
the boiler. This is of the horizontal tubular type, 
but the boiler barrel and tubes are transverse to 
the axis of the wagon in place of parallel thereto. 
It is claimed that by this ement all danger is 
obviated of the plates or tubes ming uncovered 
— the wagon is ascending or descending steep 


Steam tractors or wagons were also shown by 
Messrs. Wallis and Stevens, Limited, of Basing- 
stoke, W. Tasker and Sons, Limited, of Andover, 
Wm. Foster and Co., of Lincoln, and Messrs. Wm. 
Allchin, Limited, of Northampton. 


IntreRNAt-ComBusTion Encines. 


Besides the exhibits included under this heading 
last week there were shown others with which we 
may now deal. Two motor lawn-mowers, of which 
the larger was fitted with a water-cooled engine 
rated at 4 brake horse-power, were shown by 
Messrs. Thomas Green and Son, Limited, of the 
Smithfield Iron Works, Leeds. The machine in 
question takes a cut 30 in. wide. At the same 
stand a 4-ton motor-roller was also on view. 

As has been the case for some years past, small 
eerie ome having rated — from 4 brake 

orse-power up to 5 or 10 brake horse-power were 





very prominent. Of these, two classes appear to 
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be in demand. The roughly-finished, but remark- 
ably cheap, class comes mainly from America, an 
engine developing 1? brake horse-power being priced 
at 131. 10s. The higher-class demand is met main] 

from British sources of supply, but the higher finish 
and greater durability thereby secured naturally 
results in a more costly engine. A number of 
well-designed and capi finished engines of this 
type were shown by the Wolseley Sheep-Shearing 
Machine Company, of Birmingham. These engines 
were fitted with high-tension magneto ignition, 
and one rated at 34 brake herse-power was shown 
mounted on wheels and equipped to drive three 
complete sets of sheep-shearing machines, in 
addition to a grinder for keeping the cutters in 
order. This grinder attachment derived its drive 
from a friction-pulley. 

The Bristol Wagon and Carriage Company, 
Limited, showed a number of well-finished petrol- 
engines having magneto ignition, and ranging in 
output from 14 up to 7 brake horse-power. A 
small petrol-driven pumping plant suitable for 
fire-extinguishing pur was also on view. 

.The Hobart Manufacturing Company, of Hobart 
House, Charterhouse-street, E.C., showed a small 
and very portable petrol-engine. This, though 
rated at but 2 horse-power, had two cylinders, A 
reduction gear is embodied in the design of the 
engine, which can accordingly be coupled direct to 
the machines it is intended to drive. The engine 
is water-cooled and has high-tension magneto 
ignition. 

Messrs. Blackstone and Co., Limited, Stamford, 
were awarded a silver medal for a new type of 

raffin engine, which can be started on paraftin 

rom the cold. Though using a relatively high- 
flash fuel, the engine starts as easily as a petrol- 
engine. The engine has no vaporiser, but the 
oil is sent into the cylinder in so fine a spray 
that the mixture is readily fired by the spark 
from a low-tension magneto. We reproduce in 
Fig. 4 a photograph of one of these new engines 
rated at 124 brake horse-power. A smaller size, 
rated at 7 brake horse- power, is also manufac- 
tured by the builders. e engine works on the 
usual Otto cycle, and the only additional accessory 
is a small air- pump, driven by an eccentric on 
the crank - shaft. This pump furnishes a supply 
of air compressed to 200 Ib. per sq. in., which 
is used to spray the fuel into the combustion- 
chamber, in which the compression pressure is 
70 lb. per sq. in, The sprayer has a central 
opening 0.07 in. in diameter, through which the 
jet of compressed air The paraftin enters 
from a fine annulus surrounding this jet, or rather 
from a number of very fine orifices communicating 
with an annulus into which oil is forced by a 
variable-stroke fuel-pump. These fine orifices are 
provided by knurling the edge of the bush closing 
the annulus, and the oil escapes accordingly 
between the knurls. The fuel-pump is driven 5 
a cam on the side shaft of the engine, and its 
stroke is varied by the action of the governor, in 
accordance with the load. In the case of the 12- 
brake-horse-power engine, a supply of compressed 
air sufficient to start the engine is stored in a 
reservoir formed in the bed-plate; but there is no 
difficulty in starting by hand, the engine getting 
under weigh at the third revolution of the fly- 
wheel. The smaller, 7-brake-horse-power pattern 
is therefore not provided with a self-starter. The 
engines are fitted with forced lubrication to all the 
principal rubbing surfaces. 

The Associated Manufacturers’ Company, of 72- 
80, Mansell-street, London, E., had on view a 
number of small petrol-engines of American manu- 
facture. Of these, four sizes were shown, of 13, 
2}, 4, and 6 brake horse-power respectively. The 
engines are water-cooled, the cylinders being placed 
at the bottom of hopper-tanks, the water in which 
is replaced from time to time as the loss by evapo- 
ration necessitates. All had magneto ignition. A 
reducing-gear, which can be attached to the engine- 
framing and which reduces the speed to about 
one-third that of the crank-shaft, is supplied as an 
extra. The same exhibitors had entered in the 
New Implement Class a portable electric-lighting 
set consisting of a small generator, a set of batteries, 
and a switch , all mounted on a wooden plat- 
form, so that the whole outfit can be lifted bodily 
for transfer from point to point. The generator is 
poet belting from one of the engines 
described. The smallest size will light twenty-five 


y| mechanism being such that the virtual pivot of 





16-candle-power lamps. 


Petrol-engines of much the same class as the/| 


foregoing were exhibited by the International 
Harvester Company, Finsbury Pavement, London, 
and by the Fairbanks Company, Mallow-street, 
London, E.C. 

Messrs. Fairbanks, Morse and Co., Limited, 
also showed a number of American-built petrol- 
engines, in addition to oil-engines. The latter are 
designed to be started on petrol, a special petrol- 
tank being provided to this end. 

In addition to small fixed and portable petrol- 
engines, the Keighley Gas and Oil-Engine Company, 
Limited, Keighley, exhibited a small suction plant, 





the engine being rated at 134 brake horse-power. 


system, by means of which the shares are raised 
or lowered into the ploughing position. In with- 
drawing the shares the points are tilted upwards, 
and the shares accordingly plough their way out. 
In Fig. 5 we illustrate the crude-oil engine 
exhibited by Messrs. Fielding and Platt, Limited, 
of Gloucester, to which we made a brief reference 
in our last issue. The engine is, it will be seen, 
of a very substantial design, the cylinder being 
directly supported for the whole of its working 
length. t operates on the four-cycle system, 
and will work with any fuel on which a. Diesel 
engine will run, the consumption being under 
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12}-Horse-Power Pararrin Encinz ; Messrs. BLacksTone aNd Co., Limyrep, StaMForD. 

















Fie. 5. Crups-Om Enoine ; Messrs. FIevpine anp Piatt, Limrrep, GLOUCESTER. 


A motor-plough, which we hope to illustrate in 
detail at some future date, was shown by Martin’s 
Cultivator Company, of Stamford. This plough is 
fitted with an engine designed to develop 16 to 20 
brake horse power when running at 1500 revolu- 
tions per minute. The actual driving of the 
implement is effected by chains on the “ cater- 
pillar ” system, each chain having a bearing on the 
ground of 6in. by3 ft. Provision is made by which 
the level of the chains can be adjusted on either 
side of the machine, so that one chain may run in 
the furrow and the other on virgin ground. The 
steering is very easy, the linkwork by which the 
ploughs are connected to the tractor portion of the 


the machine is forward of the centre of the cater- 
pillar chains. The framework to which the shares 





are secured is, moreover, mounted on a four-lever 


$b. per brake horse-power hour. As in a case 
of the Diesel engine, pure air is drawn in on 
the suction stroke and compressed on the return 
stroke ; but the compression pressure is very much 
smaller than is required on the Diesel system. 
The fuel is fed into the vaporiser by means 
of an oil- pump driven from the side shaft. 
This pump has one delivery valve leading direct 
to the vaporiser, and another controlled by the 
cece eading back to the fuel-tank. As the 
oad falls off, this by-pass valve is held open by 
the governor for a longer and longer period, and 
consequently a smaller and smaller proportion of 
the - ea displacement passes into the 
vaporiser. @ engine requires no water injection 
even at light loads or when working with the 
heaviest fuels. The ignition is automatic. The 
makers are prepared to supply the engine in sizes 
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ranging from 11 brake horse-power up to 160 brake 
horse-power, engines above 80 brake horse-power 
having two cylinders. 


MISCELLANEOUS. 


Exhibits showing different applications of re- 
inforced concrete have of recent years formed an 
interesting feature of the Royal Show. Cattle- 
troughs and mangers of this material were shown 
b onus. Young and Co., Limited, of 161, 
Victoria-street, S.W., and also by Messrs. Tidnams, 
Limited, of Wisbech. This latter firm had also on 
view gate-posts and fence-posts of this material. In 
many cases the posts are moulded hollow, so as to 
be less heavy for transport. Thus a 9-in. by 9 in. 
gate-post, 8 ft. long, has a tapered hole down its 
centre, ranging from 24 in. square up to 34 in. square. 
It is claimed that even in first cost the reinforced- 
concrete fence-posts are now cheaper than creo- 
soted wood. A 6-wire fence with the concrete posts 
can be, it is said, put up in most parts of the king- 
dom at a cost of 2s. per yard, whilst the 7-wire fence 
costs about 2s. 6d. per lineal yard. An excellent 
form of wire-strainer is used by Messrs. Tidnams, 
and is illustrated in Fig. 6. The strainer, which is 
made wholly of cast iron, is secured to the post by a 
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hollow bolt, through which the wire passes. In 
this way the pull of the wire is in such a direction 
that no strain comes on the bolt, and once the 
strainer is in place and tightened, this bolt could 
be rusted completely 4 without affecting the 
security of the fence. e spindle on which 
the wire is coiled when being tightened is a very 
loose fit in its bearing at the end which carries 
the ratchet-wheel. In tightening, owing to the 
looseness of this fit, the teeth slip past the 
fixed pawl without difficulty, but catch on it and 
are held fast against any motion in the direc- 
tion of unwinding. This detail is not now novel, 
but whoever was the first inventor of it had 
a remarkable aptitude for practical design. A 
hinged pawl, such as is used in a Jess rough class 
of work, would be more expensive to make, and be 
liable to fail through corrosion. The Empire Stone 
Company, Limited, of Thanet House, 231, Strand, 
W.C., and Mr. Charles W. W. Brown, of Rugeley, 
also showed fence-posts in ferro-concrete. The 
strainers in Mr. Brown’s exhibit were of the same 
type as the foregoing, but were secured to the posts 
in a different way, being held by a long bolt passing 
through the post, threaded from end to end. This 
arrangement was entered in the New Implement 
Class by its manufacturers, the ‘‘ Unibolt’”’ Company, 
of Rugeley. It is claimed that by means of the 
adjustment provided by the long screwed bolt, but 
one ordinary sized post and one set of strainers is 
needed when the wires are attached to intermediate 
straining-posts, in place of two posts and two sets 
of strainers. 

The *‘ Tillerer,” a machine intended to plant and 
cultivate wheat somewhat as potatoes are planted 
and earthed up, was exhibited in the New Imple- 
ment Class by its inventor, the Rev. Edward 
Seeley, of Tunbridge Wells. It consists of a corn- 
drill modified so as to plant single seeds. A 
moulder is attached to each seeding coulter to make 
the furrow in which the seed is sown, the soil 
removed being reserved on the. intervening ridges. 
It is fiually restored to the furrows by the action of 
two sets of forks. 

Mesers. Trewhalla Brothers Proprietary, Limited, 
of 6, Alma-street, Soho, showed as a ‘“‘new im- 
plement” a post-hole digger. This is an au 


ance in passing through ground. With one of these 
augers a hole 9 in. ot diameter and 22 in. deep has 
been drilled in one minute. With the standard 
patterns holes can readily be drilled up to a depth 
of 3 ft., but this can be exceeded by the use of 
extension-pieces, with which addition the tool often 
proves useful in sinking for water. 
A large assortment of engineering sundries were 
on view at the stand of Messrs. W. H. Wilcox and 
Co., Limited, of Southwark-street, London, S.E. 
The tools exhibited included drilling-machines, 
lathes, and vices, as well as the ingenious portable 
valve-facing machine which was illustrated by us 
on its first appearance at the Royal Show. 
A very comprehensive exhibit was made by 
Messrs. W. and T. Avery, Limited, of the Soho 
Foundry, Birmingham. The weighing - machines 
shown ranged in size from small counter-scales to 
a 50-ton weigh-bridge. Amongst them was included 
an Avery ‘‘ Totaliser,” which is a machine which 
automatically adds up and records a whole series 
of consecutive weighings. The machine has been 
largely used for weighing mine-trucks, railway 
wagons, ropeway buckets, and the like. This 
machine is said to record such a series of weighings 
with an error in the total aggregate of not more 
than about per cent. Provision is also made 
for a record of the total number of weighings 
made, and, if desired, the machine can, in addi- 
tion, be fitted with a printing gear to give also 
a record of each individual weighing. e hope 
to illustrate and describe this machine in detail 
in a future issue. Another interesting special 
weighing-machine was one for counting small 
rivets, bolts, and the like produced by automatic 
machinery. In this case the jockey weight of 
the ordinary steelyard is replaced by a small pan, 
into which one dozen of the parts to be counted 
are placed. When the pan thus loaded balances 
the weight on the platform, its position on the 
yard indicates in plain figures the number of gross 
and dozens on the platform. Provision is made 
for balancing the tare of the hopper holding the 
articles to be counted, so that it does not interfere 
with the indications of the machine. At the same 
stand one of the well-known Izod machines for 
impact tests on notched bars was also exhibited. 
he Kitson-Empire Lighting Company, Limited, 
of Stamford, exhibited a number of incandescent 
oil-lamps, rated at 100 to 1000 candle-power. The 
lamps operate on the same principle as the well- 
known ‘*‘ Primus” stove, but are noiseless. They 
are started, like the stoves, by means of a little 
spirit, which heats up the vaporiser by which the 
oil is converted into gas. Once the lamp is fairly 
started, this vaporiser is kept hot by the waste 
heat. Very complete combustion is attained and 
the light is brilliant. 

Messrs. Tuke and Bell, Limited, showed a semi- 
septic installation for sewage purification, suitable 
for a group of cottages or for a country house. 
The plant consisted of a septic tank constructed 
of ferro-concrete, in which much of the solid 
matter of the sewage is liquefied. After passing 
through this tank the purification is completed by 
a small filter-bed, the tank effluent being sprayed 
over the surface of the filter by means of. an oscil- 
latory distributor, which, as it receives the effluent, 
tilts, as it fills, alternately to one side or another. 
The mechanism closely resembles that used on 
certain forms of recording rain-gauges. 

As in previous years, the fire protection of the 
shedding was provided for by Messrs. Merry- 
weather and Sons, Limited, of London, S.E., who 
placed in the fire-station both a petrol-motor pump 
and one of the older steam fire-engines. 





ANTIMONY AND THE WAR. 

Antimony, together with its sulphides and 
oxides, has been made contraband of war both 
by this country and France. Among the minor 
metals which have been greatly affected by the 
war, antimony is the most important. Its main 
use and value isas a hardener of lead, which renders 
it important for munitions. Thus the British bullet 
has a cupro-nickel sheath ; its core consists of two 
parts, the front portion being an alley of aluminium 
90 per cent., and zinc 10 per cent., or pure 
aluminium, and the rear portion an alloy of 98 per 
cent. lead and 2 per cent. antimony, in an envelope 
of 80 per cent. copper and 20 per cent. nickel. 
We are entirely dependent on outside sources for 





shaped so as to experience the least possible resist- 


regulus. Our imports of the former during repent 
years have been as follow :— — 


Tons. & Tons. £ 
1909 .. 1972 22,386 wi2 .. 4587 49,118 
1910 .. 2627 27,058 1913. 5508 668,508 
1911 .. 4647 = 47,341 


The crude antimony and regulus have been 
imported in diminishing quantities, and as we are 
now re-exporting as much as we receive, as shown 
by the table below, we are evidently depending 
more and more on our own smelters. 


Imports. Ex 
Tons. £ Tons. oor 
1900.. .. 7826 185,684  1909.. 4986 147,745 
1910.: .. 9905 175,205  1910.. 4047 =: 114,496 
1911 .- 6126 124,008 1911 4607 117,360 
1912 .. 6180 117,509 1912 5925 140,931 
19138 .. 4881 118,575 1913 4302 183,907 
The value of 


antimony has varied within the 
widest limits. During 1912 the average monthly 
rice was 301. 33. 9d.; the average for 1913 was 
ll. 15s. 11d.; the highest price during 1913 was 
401., and the lowest 28/.; at the end of 1913 English 
refined was quoted at 29/. During 1914 the value 
fluctuated from 261. to 651. At the end of July, 
1914, it was 281.; by November it had risen to 551., 
and at the end of the year it reached 60]. The 
official quotations ceased from the beginning of 
August till the middle of November, when they 
were about 55/.a ton. The gradual rise of price 
can be followed in our Metal-Price Diagrams pub- 
lished on February 5, March 5, April 9, May 7, 
June 4, and July 2. During this summer 120/. to 
1301. can be obtained by sellers, as supply cannot 
meet the demand. During the autumn the war 
demand developed. Russia bought large supplies 
in this country, Japan, and the United States, 
where it was stated all available stock was bought 
up. The total Russian demand during 1914 ex- 
ceeded 2500 tons ; at least an equal quantity was 
purchased on behalf of other nations, and Japan 
also competed for supplies. Armament-makers, as 
well as cartridge and shrapnel manufacturers, both 
in Europe and the United | States, have been large 
buyers. It seems probable that the demand will 
continue, possibly on an increasing scale, to the end 
of this year. Prices may increase, for stocks both 
here and abroad are at the lowest level, and pro- 
duction cannot keep pace. with the increasing 
demand. 

The main sources of supply are limited to 
four countries, as shown by Totals below. Apart 
from commercial antimony obtained from ores and 
smelted, there is a secondary source of supply from 
gold and silver ores. When these are smelted 
the antimony combines with the lead of the 
charge to form antimonial lead. By this in- 
direct means a considerable output of antimony 
is produced, though it goes to the market as 
antimonial lead, for which there is a 
demand, and from which the metallic antimony is 
never separated, as the alloy has been found to 
be extremely useful for many purposes ; in fact, the 
ordinary commercial uses fl antimony are in alloys. 
The antimonial leads generally average 10 to 11 
per cent. antimony ; some 2000 or 3000 tons are 
obtained annually from the remelting of discarded 
alloys, including such materials as waste type, 
babbit metal, journal bearings, and so on. An 
alloy of antimony (or antimonial lead) is used 
for type metal, as the antimony causes a slight 
expansion on cooling, ensuring complete filling 
of the moulds, resulting in clean cut edges to 
the letters. The alloys are also weed for stereo- 
type-plates and britannia metal, which consists 
of 10 per cent. antimony and 90 per cent. tin ; 
Babbit anti-friction metal and other bearing 
metals ; linings for acid tanks ; shot (thus Mauser 
ammunition contains 5 per cent. of antimony) ; 
clock-cases and other articles, for which a fairly 
hard metal, to be gilded or otherwise finished, 
is desirable. Antimony-lead has been used as an 
adulterant in solder, and is considered a very 
objectionable element, especially when used for 
sealing cans holding provisions. The use of anti- 
mony salts and oxides is comparatively large, the 
trioxide is used as a pigment in place of white lead 
and zinc oxide, and antimony oxide is used to some 
extent as a substitute for oxide of tin in the enamel 
and ceramic industry. It is also used for making 
the glass required to coat iron in enamelled ware ; 
as a reducing agent in chemical work, and as a 
detector of alkaloids and phenol. The trichloride 
is used in bronzing iron, especially gun-barrels. 

Antimonial , which is now used in very 
considerable quantities for various industrial pur- 





—, and import both ore to be smelted and 
refined in this country and crude antimony and 





poses, as stated above, and which is a by-pro- 
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duct resulting from: the smelting and refining of 
silver, is much cheaper than similar material 
obtained by combining pure antimony with lead. 
It is not usual, therefore, to separate antimony 
from antimonial lead. When obtained in the 
refining of silver the antimony is very impure, 
the chief impurity being arsenic. removal of 
the arsenic has involved some difficulty, and until 
comparatively recently it was not unusual to 
find several per cent. of this metal in the anti- 
monial lead, considerably decreasing ite value ; the 
— alloys ag at were, therefore, of 
an inferior e e following process appears 
to have or ied good results ; it S based pa the 
fact that molten caustic soda, when in contact with 
the molten antimonial lead, removes the arsenic 
without appreciably ——s the antimony. Three 
rece are placed side by side, step-wise ; the 
highest contains the impure lead, the lowest the 
refined lead, whilst in the intermediate one the 
refining is effected. The im lead in the first 
receptacle, after being melted, is allowed to flow in 
a small stream through a pipe placed in the bottom 
of the receptacle into the second receptacle con- 
taining molten caustic soda. As the antimonial 
lead slowly passes through the molten caustic soda, 
a large surface is ex and the arsenic is removed 
from it. From time to time the caustic soda must 
be replaced by a fresh supply. Caustic potash 
gives similar results. In the bate of the inter- 
mediate oon grey there is a bent pipe, or trap, 
through which the refined lead flows into the lowest 
of the three receptacles, from which it is poured or 
ladled into moulds. 

This pipe prevents the caustic soda from flowing 
into the refined lead receptacle along with the lead. 
Over the top of the intermediate receptacle a basin 
is placed, through which the impure lead passes, 
constructed so as to break up the stream of lead 
into as small particles as possible, thus exposing 
the maximum amount of surface to the action of 
the caustic soda. Whilst the trap between the 
second and third receptacles practically prevents 
the caustic soda reaching the lowest receptacle, a 
small quantity may get through, and to remove 
this some hydrogen sodium sulphate in the an- 
hydrous state is added to the refined lead. This 
neutralises the caustic soda, and by rendering it 
inert prevents it attacking the lead and antimony, 
or covering the lead when ladled out into the 
moulds. After the sulphate has acted, the slag on 
the top of the metal is skimmed off. When the 
amount of arsenic present in the lead is small, and 
the caustic soda acts rapidly, it may be desirable 
to introduce a ‘‘ retarder” with the soda to prevent 
it attacking the lead and antimony. Iron scale 
may be used for this p in the proportion of 
20 parts of iron scale to 80 of caustic 

Oxide of antimony (stibiwm oxydatum), Sb,O,, or 
Sb,O,, exists naturally as white antimony and as 
antimony bloom. It is produced by roastin 
crushed antimony ore, alternately. oxidising an 
reducing it, and by treating the antimony vapours 
with steam. The process of extracting anti- 
mony from the ore is a simple one, but there 
are several processes employed. The crude and 
commercial antimony is the ore separated from the 
associated earthy gangue ; this operation is per- 
formed by simple fusion. From this there are 
several means of obtaining the regulus of antimony. 
The raw antimony, whether obtained direct from 
the ore or from the purified sulphide, must be 
calcined, in order to separate such impurities as 
arsenic and sulphur. In the direct process of ob- 
taining antimony, the ore is smelted with some 
alkaline slag and old scrap-iron. When this com- 
bination has completely fused, it is poured into 
conically-sha moulds, and this mixture, after 
cooling, consists of impure antimony and sulphide 
of iron. There are several mmo available for 
purifying the regulus; one of the simplest is to 

each of a number of crucibles with this 
regulus along with soda, common salt and 
oxidised antimony ore. When sufficient heat has 
been applied, the foreign impurities, or metals, 
beg — << oo ona oh the antimony is 
thus obtained. It is a bri ilver metal, 
brittle, and readily pulverised. siti 

The roasting of antimony is very similar to the 
roasting of lead matte ; until recently it was roasted 
either in hand reverberatory furnaces or in single- 
hearth furnaces. The essential point of the furnace 


is the absolute control of tem - In roasting 
antimony, should the tem re rise to about 
350 deg. Cent. in the tages of: the roast, 


there is a t towards fusion ; but later in 
the roast the temperature may be raised consider- 
ably beyond 350 deg. Cent.; it is, in fact, quite 
— to do so without = difficulty arising. 
e fusion takes place in the early part of the roast. 
The control of temperatures in improved furnaces 
enables the heat of the sulphur to be utilised when 
present. The older system of hand reverberatory 
furnaces entailed « large fuel consumption. 


Below we give an account of the chief sources’ 


of supply of antimony at present :— 

China.—Of the world’s total output of antimony 
three-fourths of the ordinary 99 per cent. e 
comes from China ; the cost of production is lower 
than in any other country. No less than 100 min- 
ing companies have been established, and eight 
smelters have been erected, but they are not as yet 
all at work. The important companies are the 
Wah Chang Mining and Smelting Company, of 
Changsha, and the Pao Tai Mining and Smelting 
Company, of Wuchow. Antimony is not at pre- 
sent known to occur in northern China, the main 
source of supply is the western central region ; 
the trade routes by means of which the mineral 
wealth of Central China reaches the coast are the 
Yan; river, with Shanghai at the estuary, and 
the West river. The total exports exceed 12,000 
tons yearly, the main portion being shipped from 
Changsha and smaller quantities from Yochow, 
Hankow, Wuchow, and some other ports. Amoy 
is a district from which antimony may be exported 
in considerable quantities in the future. 

The bulk of the Chinese output is ~~ as 
crude ore, to be smelted and refined in Europe. 
Reliable returns for 1914 are not yet available ; 
for recent years they have been as follow :— 


1910. 1911. 1912. 1913. 
Tons Tons Tons Tons 
Ore .. 5,665 6,700 2,020 4,250 
Crude 6,685 6,875 18,310 12,820 


The ore “exported to this country has been as 


given below :— 


Tons Tons Tons Tons 

Ore... 632 1,965 970 2,166 
£ £ £ £ 

6,492 17,430 18,890 24,452 

Tons Tons Tons Tons 

Crudeandregulus 65,817 683 1,107 = 2,040 
£ £ £ £ 

82,208 10,989 14,803 35,546 


The Japanese output of antimony is rapidly de- 
clining, as the following figures indicate :— 


Year. Tons. Year. Tons. Year. Tons. 
1901 .. 595 1905 .. 306 1909 185 
1902 .. 667 1906 .. 324 1910 140 
1903 .. 630 1907 .. 266 1911 105 
1904 .. 456 1908 .. 212 1912 76 
The natural inference from these figures is that 


the mines have been exhausted. 

North America.—Antimony in any considerable 
‘economic quantity is of somewhat rare occurrence 
throughout the entire North American continent, 
including Canada. It has not been produced in 
quantity in the United States. So recently as 1908 
there was no output ; in 1909 only one lot of ore 
was mined and marketed—in Humboldt County, 
Nevada ; all supplies of ore uired were im- 
ported—during 1908 to the value of 200,0001.. No 
antimony was produced in the United States from 
domestic ore in 1912, and very little during 1913, 
but the ore occurs in many localities— Washington, 
Idaho, Utah, California, and Oregon. The high 
— now obtainable may result in these deposits 

ing opened out. The United States import 
large quantities of crude and regulus from this 
country ; in fact, the bulk of our exports go to 
America. The total imports of antimony into the 
United States from all countries has been as follow : 


1912. 1913. 1914. 
Tone. Tons. Tons. 
6215 8700 6400 


The United States imports from China and Hong 
Kong are as follow :— 


Tons. Tons. Tons. 
1500 2175 8185 


Probably the bulk of the antimony imported into 
the States from this country is of Chinese origin, 
and efforts are now being made in America to 
import it direct, which may not succeed. Large 

uantities of antimony are now uired in the 
nited States to exeeute orders for bullets on an 
enormous scale. 

There are both mines and smelters in Mexico, one 
is in course of erection in San Luis, Potosi ; by the 
time mining and transportation conditions permit 
ore to be produced it will be ready for operation. The 
smelter will have a capacity of 3000 tons per annum 
of refined antimony and will employ at least 150men. 


Tone. 
2000 





The output ie mere likelyto go-te America than 





Europe. The ores to be worked up will be obtained 
from mines in Queretavo and San Luis, Potosi. 
At — there is only one antimony smelter 
working in Mexico, located at Wadley, a small 
station about 100 miles north of San Luis, Potosi. 
The Wadley smelter is not equipped for finishing 
the product, and has exported its output to this 
country for further réfining. This smelter has been 
worked for about fourteen years, and has drawn 
a large part of its ore from the Catorce district. 

The quantities of crude antimony and regulus 
_ from Mexico to this country have been as 
‘ollow :— 


Tons £ Tons £ 
1910 8,788 84,780 1912 8,296 88,384 
1911 3,997 101,397 1913 2,345 68,470 


Canada.—In Canada there has been a small 
output of antimony from Nova Scotia; but no 
Canadian antimony has been sent to this country 
since 1911, and then only in very small quantities. 

A few years ago interesting and apparently 
important deposits were found in the northern 
portion of the Yukon territory. They are limited 
in their occurrence, so far as ascertained, to a small 
area 8 or 10 square miles in extent, known as 
Carbon and Chieftain Hills, about 33 miles above 
the point where the Wheaton River flows into Lake 
Bennett. The deposits are not more than 10 or 
12 miles north of the sixtieth degree of latitude, 
forming the British Columbia-Yukon boundary. 
The deposits can be reached from Vancouver by 
steamer, then rail followed by road. Oddly enough, 
these deposits were discovered as far back as 1893 
by two prospectors, who died without disclosing 
the locality, and they were rediscovered about five 
years ago. The veins vary in width from a few 
inches to 5 ft., and consist principally of stibnite, 
sphalerite, tetrahedrite (grey copper) galena (silver 
bearing) antimony and ochre; the latter occurs 
near the surface asa product of oxidation. The 
veins are occasionally wholly made up of stibnite. 
— gangue material is generally quartz, occasionally 

ite 


South America.—There is a small output from 
Chili. In Peru antimony, as well as other ores, 
occur in the Sierra, or plateau; at present the 
output is very small owing to transport and other 


difficulties. The general height of the outcrops 


above sea-level ranges from 12,000 ft. to 14,000 ft., 
at which elevation there is snow during the winter 
months, but for mining the climate may be de- 
scribed as mild and suitable. Antimony is also 
found in Ecuador, but the deposits have not yet 
been opened out. Many years may elapse before 
— in quantity can be chronicled. 
'rance.—French antimony, reduced both from 
native and imported ores, supplies the home demand, 
and before the declaration of war found a market 
in the United States. The output may be approxi- 
mately estimated to be as follows :— 
1910. 1911. 1912. 
Tons Tons Tons Tons 
4550 4790 5900 
Various.—No antimony ore has been produced in 
the United Kingdom since 1892 ; before that date 
small quantities were raised from veins in Scotland 
and North Cornwall. Extensive smelting and re- 
fining is carried on by seven important companies, 
the works being located as follow :—One each in 
Runcorn, Newcastle-on-Tyne, and St. Helens, and 
four in London, with a branch in Patricroft, near 
Manchester. 
Small quantities of ore are imported from Turkey, 
as shown below :— 


1913. 


Tons £ Tons £ 
1910 298 2,904 1912 1,091 7,002 
1911 761 7,634 1913. 402 4,383 
Australian exports of antimony ore are sent to 
this country in steadily-increasing quantities, to be 
worked up in our smelters. 
Tons £ Tons £ 
1909 581 8,066 1912 1,388 17,127 
1910 657 8,958 1918 2,039 29,297 
1911 1,001 —-:18,278 _ - - 
Other supplies come from Italy, Austria, 


Bohemia, Turkey, and New South Wales. The 
Italian antimony deposits occur in Sardinia and 
Tuscany, but the output is not large. 





NOTES. 
ScreNcE AND THE State. 

TuerE is a feeling abroad that sufficient use is 
not being made of the scientific knowledge of the 
country in the carrying on of the war. The feeling 
is common among chemiste, anos and scien- 
tific men generally. Sir Wi Ramsay states 














Jury 9, 1915-] 


ENGINEERING. 


45 








that had the Government declared cotton contra- 
band months ago, the war would probably be 
nearing its end by now. This is a fair example, 
illustrating the charges of neglect, or ignorance, 
of science brought against the Government. The 
example brings us straight to the point at issue. 
We do not know that Parliament was ever 
favoured with a reasoned defence of the late 
Government's ure in connection with cotton, 
but clearly there are only two ex tions. 
Either the Government were ignorant of the scien- 
tific importance of the matter, in which case the 
general charge is justified, especially if one accepts 
Sir William Ramsay’s statement about the termina- 
tion of the war; or else the action was dictated 
by political considerations. Here we get to the 
beginning and end of the matter. This country is 
not run by scientific men ; it is run by politicians, 
and politicians, like other business men, consider 
that they only are competent to judge issues affect- 
ing their craft. If the cotton and contraband 
question is a political one, then, as ay - are, there 
is no appeal beyond the politicians. Sir William 
Ramsay and others, who are attempting to obtain 
a better recognition of science in the State, are 
immediately concerned with the war, but theirs 
is no new crusade. The new problems with which 
we are surrounded may furnish an opportunity for 
science to obtain an entry to the councils of State. 
One hopes so, and if it does obtain that entry one 
hopes it may stay there in peace as in war. Sir 
William Ramsay’s latest contribution to this con- 
trove was made at the ninth annual meeting of 
the British Science Guild, held in the hall of the 
Institution of Electrical Engineers, on the 1st inst. 
He quoted a scheme proposed by Lord Sydenham, 
under which the Council of the Royal Society 
would be constituted a national advisory body on 
scientific questions arising out of the war. Govern- 
ment departments would be compelled to mo 
the advisory body for advice and assistance. i 

would bring the departments together on scientific 
questions and would prevent, Sir William said, 
overlapping by the numerous small and secret bodies 
we now had. There was no object in the constitution 
of such bodies being kept secret. Other scientific 
institutions would be asked to affiliate themselves 
with the Royal Society for the purposes of the 
scheme, and would take the main part in the 
various activities—engineering, chemical, &c.—with 
which the national body would be concerned. 
Necessary funds would be found by the Treasury. 


Mopgrn Munitions oF Wak. 


On Wednesday last, the 7th inst., Professor 
Vivian B. Lewes, F.I.C., F.C.S., late Professor 
of Chemistry, Royal Naval College, delivered a 
lecture at the Royal Society of Arts on ‘‘ Guns and 
Propellants.” Hestated that the French Army was 
developing exceedingly great activity in providing 
itself with high explosive shells, the class of projec- 
tiles which since last September had become 
necessary for the destruction of trenches, these 
being veritable fortified works, defended notabl 
by machine-guns. It would be found that in all 
wars the cry for more munitions had always 
been raised, and when the history of the present 
war came to be written it would be ascertained 
that our supply of munitions was so good as to 
form a striking feature of the struggle. Professor 
Lewes then briefly described the stages followed 
in the development of artillery, and stated, as an 
illustration, that the old battleship Victory had 
a broadside fire of 52 guns, but the weight of her 
broadside was only 60 per cent. of the weight of 
one single shell fired by one of the 15-in. guns of 
our super-Dreadnoughts. At the Crimea, the 
largest guns used were the old smooth-bore 68- 
pounders. Following that war, the manufacture 
of guns progressed with great rapidity. Rifling was 
introduced in order to increase both the range and 
the accuracy of firing. Then armour was manu- 
factured, and there commenced the race between 
the gun and the armour-plate, which is still con- 
tinuing. In regard to powder, Mr. Lewes 
reviewed the early notiiedlens in the various 
qualities and forms of powder used to suit the 
progressive requirements demanded of the guns, 
and called attention to the s jon made by 

man, which consisted in making a cartridge 


having holes through it from end to end, 
parallel with its longitudinal axis, in order to 
Increase the surface of combustion. This was 
found to be impracticable, but it had the advan- 
tage of leading to the manufagture of prismatic 


powder having a central hole, enabling the 
making of cartridges of any size and of uniform 
density, rendering it possible also to regulate the 
ballistics of the guns. One disadvantage, how- 
ever, which still existed in the early days was 
the enormous cloud of smoke given out on 
firing each round. Smokeless firing became an 
absolutely necessary condition. Among the early 
investigators in the manufacture of smokeless 
powder was the French scientist Braconnot, who, in 
1832, treated starch with concentrated nitric acid and 
— loidine. In 1838, another Frenchman, 

elouze, discovered that when blotting-paper had 
been soaked in nitric acid it caught fire ata —_ low 
temperature, even when washed in water and dried, 
burning vigorously, leaving no ash, and emitting 
no smoke. In 1845 the Swiss chemist, Schoenbein, 
experimented with cotton wool and nitric acid, his 
work leading to the introduction of gun-cotton. But 
explosions, which at first remained unexplained, 
occurred in the stores containing the new explosive. 


defect was remedied by the treatment of the gun- 
cotton with alcohol and camphor. The cause of 
the explosions was later explained by an Austrian 
ge oak who found that every cotton fibre was a 
tube; when the gun-cotton was washed, there 
remained a minute quantity of acid inside the 
tubes, which in the bulk gave out heat, and 
the heat gradually rising, | 
Maceration and further treatment got rid of the 
difficulty. Abel introduced the Stowmarket method 
of making gun-cotton in this country, and the 
crowning touch was given to smokeless powder 
manufacture by a gentleman who was then in the 
room, and who had not received the credit due to 
him—namely, Mr. Walter Reed. He steeped the 

n-cotton in alcohol, and obtained a form which 
urned from the surface. The powders now used 
proceeded from Reed’s discoveries. Later, glycerine 
was converted under the action of nitric acid, 
producing nitro-glycerine; but this was unstable, 
and its handling required precautions; thedangerous 
features were removed by Nobel mixing it with 
kieselguhr—i.e., infusorial earth—which yielded 
dynamite. Nobel, by treating nitro-cotton with 
nitro-glycerine, obtained blasting gelatine, which, 
mixed with proportions of camphor, gave an excel- 
lent smokeless powder. Later, Abel and Dewar 
introduced acetone in thetreatment, and blended the 
product with 5 per cent. vaseline, the result being 
the present British smokeless powder, in which the 
percentage of nitro-glycerine varied. This was given 
the various forms to suit all calibres. Professor 
Lewes concluded his lecture by a few brief com- 
a between mortars, howitzers, and guns. 
t was illustrated by a few striking experiments 
with samples of nitrified paper and cotton. 


CuHemicaL Reactions 1n Maenetic Fiexps. 


The much-contested problem, whether or not the 
magnetic field influences chemical reactions and the 
electromotive forces of galvanic couples, appears 
recently to have received a solution. For the last 
thirty years and more various experimenters have 
observed that an electromotive force is set up when 
two electrodes of iron, equal in all respects, except 
that the one electrode is magnetised and the other 
not, are immersed in an electrolyte. Theoretically, 
there should be an electromotive force; but it 
should be very small indeed, and the forces ob- 
served were far too large, and the currents some- 
times of the right and sometimes of the wrong 
direction. In 1881 Remsen further observed that 
when an iron vessel, containing a solution of copper 
sulphate, was placed on a magnetic pole, the copper 
was not uniformly deposited on the bottom of the 
vessel ; the outline of the — pole was 
visible in the copper deposit, little copper having 
been deposited just above the pole, while more 


copper settled in a ring outside the field. 
Jiiptner, who described n’s experiments 
in La Lumiére Electrique in 1882, 


that iron was less soluble in a magnetic-field than 
under ordinary conditions ; and thus, as copper 


can only be deposited from the solution when iron 
is dissolved in its place, no cop should be 
Bucherer 


— in the strong magnetic field. 
did not accept this and other explanations of similar 
phenomena, but ascribed them all to fluctuations 
in the concentrations of the resulting solutions 
ef iron salts. This is the explanation which 
W. Rathert, su and extended by new ex- 





last year in the Zeitechrift 
"repeated 








It was also found irregular in ite action, but this} th 


to the explosions. | beca 


SS ee ee ee He 
ow owever, t when he placed a tra very 
thin sheet-iron on the magnetic pole, ee | poured 
copper sulphate solution into the tray, the depo- 
sition of copper was first ‘ectly uniform ; soon, 
however, the ring formation noticed by Remsen 
established itself, within a few seconds, in very 
diluted solutions, after a longer period in concen- 
trated solutions. The resulting ferrous sulphate, 
he argues, is more diamagnetic than the copper 
sulphate ; the iron sulphate is hence more strongly 
attracted by the pole than the copper ge 
and the copper sulphate cannot readily diffuse 
through to the iron immediately above the 
pole, which therefore remains practically free from 
copper. That this explanation is correct he proved 
by stirring the solution, and by placing the pole 
and the tray obliquely, when the deposit remained 
uniform. Experimenting with sheets of other 
ves @ - 
magnetic (not diamagnetic) sulphate—he found that 

e phenomenon might be reversed—i.e., 
more copper was deposited immediately above the 
pole than outside it. A couple, consisting of one 
magnetic and one not ic piece of iron in 
sulphuric acid, gave no electromotive force, and 
the iron dissolved with equal readiness at both the 
plates. But when the one iron plate was more 
strongly magnetised by a coil, a current was excited, 
use this latter plate became surrounded by a 
more concentrated solution of ferrous sulphate, and 
thus acted as anode. Modifying these experiments 
in various ways, Rathert showed that the magnetisa- 
tion of the one electrode must be pretty strong 
to set up any visible electromotive force in the 
electrolyte, but that even the strongest magnetisa- 
tion he could use was not sufficiently intense to 
separate the salts of different magnetisations con- 
tained in a liquid. All that he could effect was (as 
in the Remsen experiment) to keep the iron sul- 
phate near the iron as it was being formed; but 
the constituents of an already produced mixture 
could not be demixed by the magnetic force. The 
ferrous iron sulphate readily oxidises, of course, 
in contact with the air, and turns into the un- 
magnetic ferricsulphate. Such experiments should 
therefore be made with the exclusion of air, and 
the fact that this was not done as a rule partly 
explains the contradictory results of various in- 
vestigators. 


metals, moreover—e.g ,. zinc, which 





INDUSTRIAL NOTES. 

Wirs reference to the Scottish miners’ claim for 
an advance in men in our last issue, Sir 
George Askwith informed the secretary of the Scottish 
Coal-Owners’ Association that ‘“‘ having carefully con- 
sidered the arguments and statements submitted by 
representatives of the coal-owners and representatives 
of the miners, he decides that the es of under- 
ground workmen shall be advanced to extent of 
31} per cent. on the 1888 basis, less the advance of 187 
per cent. given in respect of circumstances arising 
out of the war, to take effect from June 29, 1915, in 
collieries where that day was the beginning of o 
pay or the beginning of the second week of a pay, 
and from June 30 in other collieries. In arriving at 
this decision he has had regard to the abnormal cir- 
cumstances due to the war, including the increased 
cost of uction, diminished output, and to the 
P is of the Government in regard to the price of 

and profits.” 

Sir George Askwith’s award means an actual ad- 


vance of 1 cent., or 6d. per day. 
om Trades Union Congress 


A special conference of 

delegates was held in G won Saturday last, the 
3rd inet. Mr. D. Gilmour, of the Lanarkshire Miners’ 
Union, presided ; he stated that since the war was 
d the cost of living had increased by at least 
35 per cent., whilst wages in most cases had not been 
advanord by more than 10 per cent. In regard to the 
award made by Sir George Askwith to the Scottish 
miners of 6d. per day, Mr. Gilmour said that 
although the price of coal had been steadily advancing, 
the Soottish miners received no advance until eight 


gested | months after the declaration of war. The two ad- 


vances recently granted amounted, he pointed out, to 
ls. 3d. per day, which, on the admission of the em- 
ployers, ls. 0}d. to the cost of a ton of coal. 
**Consumers who paid 10s. per ton extra would there- 
fore see that the miners were receiving only one-tenth 
of the increased price of coal.” 

Since we on the South Wales coal crisis, 
meetings have held both in Cardiff and in London, 
and Mr. Runciman, the President of the Board of 
Trade, has been in communication both with the coal- 
owners and with the men’s representatives. 





Ate mesting on Saturday of: men employed by the 
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Ebbw Vale Steel, Iron and Coal Company, Limited, 
it was stated that a war bonus deputation had waited 
upon one of the company’s officials, and that the 
maximum had now been raised to 2/. 10s, instead of 
2l. Mr. A. Axford, in presenting a report of the 
Wage Board, said the audit showed at the last meet- 
ing that the average selling price of tin bars and rails 
was 5/. 15s. ld. per ton, which meant an advance of 
4% per cent. As compared with the previous audit, 
‘his showed an average increased selling price of 
7s. 3d. per ton. The men were disappointed with 
une result of the audit, and Mr. Mills, the chairman 
of-the Wage Board, also admitted he was surprised 
that there was not a,larger advance. One of the 
reasons was that Dowlais had been working on an old 
South African rail contract. The additional increase 
would bring up the total percentage above the stan- 
card to 274, yet at the present time the men were 
receiving 30 per cent. above the standard. This was 
due to the fact that a new p had been accepted 
by the masters by which the scale had been re- 
arranged. The masters had to make the new 
scale retrospective, so that the men received an addi- 
tional 24 per cent. increase. He anticipated a further 
advance as the result of the next audit. 


In the House of Commons on Tuesday last, the 
Postmaster-General stated that about 36,000 of the 
Post-Office staff were already serving in the Army and 
Navy, and arrangements had been made that would 
voable a considerable further number to be released. 
Unless the circumstances of the district were ex- 
veptional, permission to enlist in combatant units was 
not refused to any sorter, postman, porter, or labourer, 
and every effort would be made to release clerks for 
the same purpose. He regretted that it was not 
possible to give the same general facilities for enlist- 
ment in combatant units to telegraphists, linesmen, 
and to other skilled workmen on the engineering staff 
of the Post Office, because many thousands of those 
classes were required at home for military and naval 
work. Deficiencies of staff were made good by the 
employment of men not eligible for military service, 
and by the increased employment of women for duties 
for which they were suitable. Any readjustment of 
the labour force which was now made was for the 
period of the war only, and it was clearly understood 
that the measures taken under present circumstances 
would not set any precedent when the service was 
restored to normal conditions. 

In order that postmen and others who enlist may not 
be put at a disadvantage, he propused to suspend 
during the period of the war all competitive examina- 
tions tor hightér posts for which members of the male 
staff were eligible. He had arranged to give a period 
of special leave to postmen who desired to work in the 
harvest, and who were offered employment by farmers. 
They would continue to receive their Post Office pay 
as usual, but they would be required to defray the 
cost of substitutes. Except when the conditions of 
the distance to be travelled, or the weight of the load 
to be carried, were such as to preclude their employ- 
ment, the substitutes may be women. 

He felt sure that the Hvuuse would desire that the 
Post Office, as a Government department, and as the 
largest employer of labour in the country, should set 
an example in furnishing employment to soldiers and 
sailors Sa in the war. The ques- 
tion had already mn closely examined, and the 
department will be prepared to co-operate to the 
fullest extent pondticahie with the authority for assist- 
ing disabled men. He ho that many might be 
employed on delivering te ms, and accordingly 
instructions had been issued that no more boys should 
be taken on as telegraph messengers on deliveries 
where disabled men can be properly employed. Also 
the disabled soldiers and sailors should be given first 
consideration for employment as night telephone 
operators and in certain other capacities. 








OLakk AND Pow.es’ MecuanicaL EnGineers’ Pocxet- 
Boox.—The ninth edition of this pocket-book, which was 
originally compiled by the late D.. Kinnear Clark, has 
recently been published by Messrs Crosby Lockwood 
and Son, of 7, Stationers’ Hall-court, EC. The book, 
which is bound in red-cloth covers, contains upwards of 
700 pages, but as the paper is thin and tough, the thick- 
ness does not exceed ? in. Its contents include ma’ 
matical tables, notes on mensvration, conversion-tables 
for weights and measures, weights of materials, and a 
mass of useful notes and data on the strength of materials, 
power transmission, heat, steam-engines and boilers, 
pumps, railways, tramways, gases, water-power, machine- 
tools, electrical engineering, and many other subjects 
No important changes have been found necessary in the 
present edition, but various corrections have been 
made in the text, and the railway and tramway statistics 


have been brought up to date. A few additions have | f 


also been made to the Appendix on subjects of interest, 
such as the evaporation of water from soils and reser- 
ee ete ip woes hich 
with a sati index to its contents, which is 
a very important feature in a work of this kind. The 
price of the book is 4s. 6d. net. 











THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 

id on June 25, at the Imperial College of Science, 
South Kensington, Dr. A. Russell, M.A., Vice-Presi- 
dent, in the chair, a paper, entitled ‘‘ Conduction of 
Electricity Through Metals,” was read by the President, 
Sir J. J. Thomson, O.M., F.R S. 

The discovery by Kamerlingh Onnes, that at the tem- 
perature of liquid helium some metals can exist in a state 
in which their specific resistance is Jess than one hundred 
thousand millionth part of that at 0 deg. Cent., appears 
to necessitate the abandonment of the ordi: theory of 
metallic conduction, as the experimental conditions pro- 
hibit the explanation of the phenomenon by an abnormal 
increase either in the number or mean free path of the 
free electrons. The effects observed by Kamerlingh 
Onnes may, however, be accounted for by a theory of 
metallic conduction previously given by the author in 
“The Corpuscular ry of Matter.” On this theory 
the atoms of Law pen age oe an doublets 
—i¢., pairs of equ opposite electrical c ats 
small Sistance apart. The effect of an a Hell dhesteo- 
motive force is to alter the heterogeneous distribution of 
the axes of these doublets by bringing them into partial 
alignment with the field. The influences preventing 
a gage alignment are considered, and it is shown that 
if M is the moment of a doublet, N the number per unit 
volume, w the average kinetic energy of the molecules 
(= R @, except at — low temperatures), and I is the 
resultant of the molecular moments in the direction of X, 
the electric force on the doublets, then 

I= NM/(XM/w) =NM((z) . (1) 
in which /(xz) = 0 when x = 0, and /(x) = © when z is 
infinite. 

X is made up of the applied electric field X, plus an 
internal field due to the polarised doublets, the latter of 
which is assumed to be portional to I. Hence, 
X = X, + kI, and z = M (X_y + kI)/ w, or 

I= w2a/Mk-X5/k (2) 


For any value of X, the value of I can be found from 
the intercept of the straight line (2) with = curve (1). 
The effects due to any value of I will be the same as if 
I doubtlets per unit volume pointed in the direction of 
the field, the axes of the rest being uniformly distributed 
in all directions, and the substance may be pictured as 
containing a number of chains of polarised atoms whose 
doublets all point in the direction of the field. The 
electrons in the atoms will be acted on by forces due to 
the neighbouring polarised atoms, and the theory su 
poses that in conductors the electrons are easily ~ 4 
stracted by these forces from the atoms to which they 
are attached, and pass, under their influence, from atom 
to atom round the polarised chain. If p electrons pass 
along each chain per second, and if there are n chains 
per sq. cm. dicular to the field, the current density 
t=epn, where ¢ is the electronic charge. Ib is shown 
that p is independent of X», and so the ratio of i to Xy 
will follow the same laws as that of I to Xo. 

en w/ is large, as at ordinary temperatures, the 
slope of (2) will be steep, and will intersect (1) near the 
origin, where it approximates to a straight line. In 
these circumstances it is shown that Ohm’s law holds. 
As the temperature falls the slope of (2) also decreases, 
and may ultimately become less than that of the tangent 
at the origin of (1). In this case, if we start with an 
external field producing « polarisation I, and gradually 
reduce the field to zero, the point of intersection of (1) 
and (2) moves along the former, but still gives a finite 
value of I when (1) passes through the origin (i.¢., when 
X, = 0) and a current continues to flow in the absence 
of an applied electromotive force, as observed in one of 
Kamerlingh Onnes’ experiments. 

On this view, therefore, the function of the applied 
field is to produce the alignment of the doublets ; the 
actual transference of electricity is effected by the large 
inter-atomic forces brought into being by the polarisation 
of the doublets. Thus, if the p>larisation remains on 
withdrawing the applied electromotive force, the current 
will also remain. 

In addition to the disturbing effects on the chains due 
to thermal energy, there may be mutually directive action 
between different atoms, such as give rise to crystallisa- 
tion. The effect of this is considered, and it is shown 
that if this factor is large, the metal cannot become super- 


conducting. 

Professor 8. P. Thompson, in proposi ad a vote of 
thanks to the President for his paper, said there were 
one or two points which he had not quite a in the 
course of the lecture, and which he would like to have 
cleared up. We were asked to assume a ring of polarised 
atoms with positive and negative sides producing an 
electric force which caused the transference of electrons 
from one atom to the next, and so on, round the circuit, 
this transference constituting the electric current. 
Although the responsible factor in the transference of the 
electrons was the — aS — was 
necessary to produce this, an e did not see why, on 
withdrawing the applied field, the process should go on 
instead of stopping after one or, at most, a few transfers 
had taken place. Were there any physical grounds for 
supposing that the forces of restitution were greater in 
the case of mixed crystals than in homogeneous ones? 
Lastly, he did not see the physical necessity of introduc- 
ing the quantity d. Could the total force of restitution 
rom all causes not have been included ina single symbol? 

The President, replying to the points raised by Pro 
fessor Thompson, said that the energy was not spent in 
the movements of the electrons, but in creating the 
initial polarisation, and if, in any circumstances, this 
could be maintai the current would go on without 


any loss of energy, except a little by radiation. The for- | b 





mation of mixed crystals of A and B was 4ue to the force 
between « molecule of A and one of B being greater than 
that between two of A or twoof B. Hence, the force of 
restitution called into play on displacing a molecule will 
be greater in the case of the mixture than in that of the 
= metals. Hehad thought it better to denote the 
‘orce of restitution due to the directive action of neigh- 
bouring molecules, which did not depend much on tem- 
perature, by a separate symbol d, and keep it clear from 
the restoring couple due to the gyrostatic action, which 
did depend on the thermal conditions. 

A a **On an Unbroken Alternating Current for 
mg elegraphy” was read by Lieut.-Col. G. O. Squier, 


1. The paper proposes a new angle of view in the 
method of transmission of signals in the submarine tele- 
graph cable, and describes some apparatus for operating 
on the general principles involved. 

2. An ovean cable is considered as a power line, and 
starting with the standard form of circuit which would 
be used in case it were uired to operate an electric 
motor through an ocean cable, experiments are described 
to determine the minimum possible variations required 
in such a circuit to permit the alternating current re- 
ceived to be in reted in dots, dashes, and spaces of 
the present alphabet. Tne uninterrupted alternating 
current in transmission is operated on synchro- 
nously by the ordinary transmitting tape, so as to alter 
the impedance of the transmitting circuits at the instants 
when the current is naturally zero. Dots, dashes, and 
spacés are each cent by semi-waves of either sign, but of 
different amplitudes. The alternating current received 
may be read directly from the record made by a siphon 
recorder, or this current may be employed to operate a 
siphon Morse printer, by means of an adaptation of 

uirhead’s gold-wire relay, or a Heurtley magnifier and 
a local wire relay. 

3. The voltage stress along an Atlantic cable when an 
alternator is employed is shown, and the transmitting 
impedance of such a cable is computed as the frequency 
varies. 

4. A special form of cable dynamo to operate at fre- 

uencies from 4 to 10 was used in the experiments 


escribed. 

5. The fundamental principle is developed of never 
metallically ‘‘ breaking” the transmitter circuit, which 
permits of greater accuracy in balancing the\duplex bridge. 

Di:cussion.—Mr. W. Duddell said the author and Dr. 
Crehore, some twenty years ago, were trying to get rid of 
the square corners of the wave, due to the upper har- 
monics. The difficulties now appeared to have been 
entirely surmounted. As pointed outin the paper, if the 
current be broken the harmonics are again introduced, 
and he thought the method of avoiding this by exact syn- 
chronism of the transmitter and generator very ingenious. 

Professor S. P. Thompson thought the great merit of 
the method of working was that it reduced everything to 
the sine curve. Anything else than a sine curve was less 
economical, financially and electrically. He admired the 
author’s method of obtaining synchronism, and of making 
the alterations in amplitude exactly at the zero points. 

Mr. A. Campbell said that frequencies of 4 to 10 seemed 
to be usually employed. What were the limits of 
frequency practically possible on an Atlantic cable, for 
example? Was the limit set by the facility with which 
the signals could be read by the operator ? 

Dr. H. W. Malcolm thought that by adopting the 
principle of never breaking the circuit the author was 
working on the right lines. The distortion in a | 
cable was so oe that the wave-form of the sign 
received depended very little on the form transmitted, and 
so the wave form could be chosen to uce the least 
disturbance at the transmitting end. For this the use of 
@ series inductance was helpful. Another method was to 
use a commutator toshutoff the recorder while the battery 
circuit was made or broken. 

Professor G. W. O. Howe asked why the amplitude of 
the current which passed between signals could not be 

e zero. Was it an instrumental difficulty, or was 
there a theoretical advantage in having it ? 

The author, in ~—_ , said it was desirable to have 
the amplitude large between signals, so as to depart as 
little as was practicable from its ideal sine wave. More- 
over, the emergy was utilised to feed the tape. With 

to frequency, ten was very high from a cable 
standpoint, but he was hopeful that when the physicist 
had attended to the problem of the receiving instrument, 
much higher frequencies, say, within the aural limit, 
would be possible. 





OPENINGS FOR BRITISH ARTICLES IN ITALIAN MARKETS. 
—The British Chamber of Commerce for Italy, Genoa, 
has sent us a copy of their list No. 20, giving particulars 
of Italian firms who are seeking British connections. 
Information is also given of the class of trade dealt with 
in each case. 





PERSONAL.—Mr. J. Shepherd states that he is termi- 
nating his engagement with the London County Council, 
to continue the practice of consulting engineer carri 
out during the twenty-four years by Mr. T. S. 
Watney, under name of Shepherd and Watney, at 
32 to Greek-street Chambers, Park-row, Leeds, and 
47-48, Queen Anne’s Chambers, Westminster. Mr. 
Watney will continue his interest in the tice in an 
advisory capacity.—The Westminster Tool and Electric 
Company, of Suffolk House, Laurence Pountney Hill, 
Cannon-street, London, E.C., inform_us that they have 
discontinued the use of the name “ Vulcan” in conrec- 
tion with their electric tools. In future these portable 
electric drills, blowers and liftin magnets will be known 


y the registered trade-mar estool. 











Jury 9, 1915.] 


ENGINEERING. 





47 








VAPOUR-COMPRESSION REFRIGERA- 
TION.* 


By Joun H. Grinpwey, D.Sc., M.I. Mech. E., Member. 
(Concluded from page 24.) 

Cycle Suggested by the Author.—About two years ago 
the author s ted} the following cycle of operations 
which would io relatively large increases in perform- 
ance over the ordinary cycle. In Fig. 9 let Ay By) C D 
be the ordinary cycle assumed for simplicity to be with- 
out under-cooling. Now, let the vapour in condition Ay 
take up heat from the relatively hot liquid in condition O, 
the interchange being effected in a regenerative manner. 
These two operations will be represented by A, A and 
C C,, both of which are parts of constant-pressure lines. 
The vapour is now in ition A before compression, and 
the liquid in condition C, before free expansion, 
intercepts coc and a)@ being equal and representing the 
heat given up and absorbed respectively. The refrige- 
rating eff ct has obviously been increased by coc. As 
regards the work of compression, since the gas in the 
compressor is now at a temperature which is never less 
than that in the condensing water, —_s the cylinder 
is likely to be of advantage, and, further, compound or 
stage compression with intercooling would have great 
effect in reducing the work of compression. This stage 
compression, if carried out in unjacketed cylinders —and, 








2) Same using interchanger, but keeping full 
adiebatin = Cycle A FO, D, 


39.45 _ 3.16 


9= [265 ° (2) 


This is only a small increase on (1), not enough to war- 
experiment in view of possible losses. 


Fig.d. CYCLE USING AN INTERCHANGER. 


rant practi: 











3396.6) 














giving 7 = 4.2 approximately, an increase of about 40 per 


cent. on (1). 
acluss: . el penne — lication involved in 
carrying out some 
give increased performances, may not warrant their 
practical application, but undoubtedly some of them 
ing. wth Lige-tompendees aonteiy ooata cnt chee 
ing wi - pera: water, ww 
oling has to be carried out at temperatures above the 
ori point. 
Part II.—Somz New DiaGRaMs GIVING THE 
PERTIES OF CO, anD NH. 


From the diagrams referred to in Part I. the heat 
perties of the refrigerants can be obtained ot enee far 


any given re and temperature, but there is one 
entity which the refri ting engi requires to know 
which is not included in these di y, the 


specific volume of the saturated or superheated ur 
at different pressures and temperatures. It will, of 
course, be at once conceded that the ordinary law of 
gases, Charles’ Law pv = RT, does not apply here, 
particularly to CO,, for we are working too near the satu- 
ration and critical points, and in order to find the specific 
volume v, the author has had to have recourse to formule 
which are mueh too complicated for practical use, but 
which = ee with reasonable accuracy the properties 

rigerants as determined by experiments. For 
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therefore, nearly adiabatic—would be re 

Fig. 9by AB, A,B, Ag B,.&c. The refrigerating effect 

Ris given by cya» or ca, while the work done is repre- 

= by the projections of AB, A,B,, &., on the 
of i. 

The author’s suggestion was that the compression be 
carried out as near as powible isothermally, the best 
*pproximation to which in practice could only be obtained 
by jacketing the cylinder, or by stage compression with 

To show the effect of this by actual ex- 
amples on « CO, machine, let ¢, = 30 deg. Cent., and 
tg = — 10 deg. Cent. 

(1) Usual dry compression cycle, no under-cooling. 

Cycle A, B, C D (Fig. 9). 
29.8 


"= gy = 27% . * . 


ted in 


(1) 


* Paper read before the Institution of Civil Engineers 
of Ireland, May 5, 1915. 7 2 

Lee, 191k. cents taatitation of Mechanical Eagi- 
neers, 1912. Engiveegine, December 6, 1912, page 789. 














mediate receivers at 50) lb., 650 lb., and 800 ib. pressure. 
Cycle AB, A, B,.. ©) D, 
39.45 
1.8 
an increase of 22 per cent. on (1). 


(4) Same as last case with jacketed cylinders. The 
effect of jackets would be tv further increase the per- 
formance to some extent. 

(5) The theoretical limiting case of the above 
would be that of isothermal compression. Cycle A 
D,. The work done ia “i ” compression is not 
given directly by the diagram, but it may be obtained 
from it by putting the values of ¢ and ¢ at the beginning 

from 4 


and end of compression, ob the ¢-s diagram, 
W = ,—4,—T (¢:—s)" 


in the equation 
* The author has developed di 


7= = 3.65 (3) 


cle 
C, 








for isothermal 
compression in his paper before the Institution of 


(3) Using interchanger, stage compression with inter- | 





example, the formula connecting the p, v and T of CO, 
vapour which represents the best experimental results ix 
that proposed by Van der Waals and used by Mollier— 


y:— it 
oe BP. 06: By * (1)° 
? v-u (v+f)? 


the second term on the right beleg by no means small 
relative to the first, R, C,a and ing constants, ¢ the 


base of the napierian logarithms, and T; the critical tem- 
perature. Similarly, for NH; the formula is— 
v-c= BT _O ‘ (2)t 
Wh. 





\ ical Engineers (1912), but this formula deduced 

Mechani ingineers ( vem want ne W, 
using 4 diagram. 
ynamics ;” Transac- 

University of Illinois 


Mosher, 
Bulletin, January 27, 1913, page 68, 
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where B, OC, c and n are constants. Ib is, of course, 

ible to represent these equations graphically, as, 

‘or example, by Soins a family of oo ee 
curves on a diagram having rectangular axes of p an 

T, but anyone who has tried this method for deter- 

mining v will not’ be enamoured of its usefulness or 

accuracy. Or again, the results of these equations may 

be given in a series of tables which give values of v for 

stated intervals of pand T. Such values, for example, 

are given by enough in his memoir on NH;,* 

occupying the ter part of a table covering 14 pages. 

In order to make the results of these equations of more 

immediate service, the author has in uced a series of 

graphics which he believes to be unknown to the majority 

of British engineers. The scheme adopted is briefly as 

follows :—Three curves, one or more of which may be 

straight, are found on which to place scales of the three 

vaniables p, v, and T, and these three curves are so placed 

in relation to each other that the scaled values of any 

/ three points, one on each curve, which are collinear, give 

simultaneous values of p, v, and T, which satisfy the 

desired equation. Taking equation (2), for example, it 

was found by asimple mathematical reasoning that two 

parallel straight lines would suffice on which to place 

scales p and v, ths scale of v being linear one, and of 

p an inverse one. The shape of the third curve on which 

to place the scale of T was also determined mathemati- 

cally, -but it was found easier to construct the curve 

in the following way :—Two parallel straight lines 
were drawn, and, as just déscribed, on one was plac 

a linear open scale of v, and on the other line an in- 

verse scale of p—i.e., linear distances from the zero of 





























































the scale represent not p, but . Having constructed 
these two scales, values of v were calculated for two (or 
more) values of p for a given temperature T, say, 500 deg. ; 
the intersection of the two (or more) straight lines join- 
ing the points giving these simultaneous values of p and 
v gives a point on the third curve, the scaled value of 
this point being 600 deg. Obther points were obtained at 
different temperatures, so as to give the full-scaled curve 
of T, shown in Fig. 11. 3 

The beauty of this diagram consists in its extreme sim- 

licity for practical work. A straight-edge placed on this 
Saocien, crossing the three curves, gives values of p, v, 
and T which satisfy the given equation (2), so that if we 
are given the pressure and the temperature of the NH; 
vapour, @ straight line through the corresponding scale- 
points cuts the third scale in the ui value of the 
specific volume v. Similarly, if p and v were given, the 
tem’ ture could be found at once. ae: 

The author believes that a fuller appreciation by 
engineers of the re = J of such graphical methods would 
lead to a great simplification of work whenever the results 
of equations connecting three variables are used in prac- 
ti roblems. Examples of such equations occur to the 
mind at once in connection with hydraulics, heat engines, 
and design of machinery. Thus, taking Goodenough’s 
table referred to above, for intermediate values of p and 
T not given in the table, a double interpolation must be 
effected before the value of v can be obtained. The 
di gives the answer at once. 

The theory of Abacs, as these correlated scaled curves 
are called, shows that it is not always possible to repre- 
sent an équation —— three variables by three 
scales placed on three (or less) curves in definite relative 
positions. An Abac for an equation of three variables 
can, however, in be made if the equation can be 
putin the form of a determinant in which only one vari- 
able occurs in each row of the determinant. For a fuller 
explanation of the theory of Abacs. the author would 
refer readers to D’Ocagne’s ‘‘ Tréite de Monographie ” 
and to Dr. J. Clark’s memoir in the Revue de Mécanique, 
1907 


For CO, vapour it may be noted at once that equation 
(1) is the equation of condition alway: whether the CO, 
is in the liquid, saturated, or superheated condition. 
The equation is a complicated one, being a cubic equation 
in vif p and T are given, anda more awkward equation 
still if we require to find T from given values of p and v. 
But the Abac sbown in Fig. 10 enables us to find the 
required v or T at once by ing a straight-edge over 
the three curves. The foundation of this Abac for CO, 
consists of two lel lines, on which li open scales 
of p and T v~ in opposite directions, and a curve 
on which a le of v is . This use of two straight 
lines is not here mathematically accurate ; but any error 
involved does not affect the accuracy of the Abac within 
the limits of the error to which the scales can be read. 
When dealing with values of p and T below the critical 
point, equation (1) has three real roots for v, and these are 
given by the Abac ; but the middle root has no real exist- 
ence,+ the other two roots giving the specific volumes of 
ny and the dry saturated vapour. The Abac gives 
all values of p, v, and T likely to be met with in refrigera- 
tion work, the figures necessary for its construction being 
taken from Amagat’s experiments: ¢ 


APPENDIX. 
bs following simple theory covers the rules given in 
‘art I. :— 
Entropy.—Let ih be a small quantity of heat taken in 


in 8 reversible manner by unit weight of a substance when 
at an absolute temperature T, and let ¢ be a function, 





* Goodenough and Mosher, University of Illinois 
Bulletin, Saausey 37, 1913. 
+ Zuenor, “echnical” Thermodynamics,” vol. i. 


A Annales de Chemie et de Physi Sixth 
Serica, 1808, vol. xxix. weeiie 





called the entropy, such that in this absorption of heat 


¢ changes by an amount 4 ¢ given by the equation 
do= ° (1) 


This equation is sufficient to define ¢, for the total 
change ¢ in a substance taking in a continuous supply of 
heat at a constant or varying temperature T is given by 


1 
-| a. 
m-a-[ 4 ’ 


if, therefore, we measure ¢ from a clearly-defined zero, it 
is ible to calculate its value for any condition of the 
substance. 
For example, let 0 deg. Cent. (273 deg. Cent. absolute) 
be taken as the temperature of a refrigerant, the refri- 
rant being then in the liquid form, at which its ¢ = O, 
uring the process of taking in heat at constant pressure 
its entropy will change, the entropy at any temperature 


T being given by 
= (i 
o= , 


273 
where s is the specific heat of the liquid, for 5h = 86 T. 
Similarly, during the process of evaporation from liquid 
to dry vapour at constant temperature T), its entropy 
will increase by an amount 


dh 1 L 
= »- = lh = u 
| Fs, \ ty 
where L, is the latent heat of evaporation at tempera- 


ture T). 
Further application of heat would superheat the 
vapour, the increase of entropy being given by 


cdT 
¥ 4 


where c is the specific heat under constant pressure of 
the vapour, which may, of course, not be constant. 
Adding these changes of ¢ together we get the total ¢ 
of unit weight of the refrigerant at temperature T, in 
the superheated condition to be 
| aT 
7, @* 


T) 
273 T t 

Provided, therefore, that the specific and latent heats 
are known, ¢ can be calculated for any condition of the 
refrigerant, for it can always be brought to that condi- 
tion by the application of heat at constant pressure to 
the refrigerant from its liquid condition at 0 deg. Cent. 

Rule I.—Dauring adiabatic compression or expansion 
the entropy of a refrigerant undergoes no change. This 
follows at once from equation (1), for during adiabatic 
operations no heat is taken in or rejected, or dh = 0, so 
that 5 @ must also = 0; that is, ¢ undergoes no change. 
The work of compression (or expansion) simply increases 
(or decreases) the internal energy of the refrigerant. 

_Enthalpy.—When heat H is applied to a substance it 
either changes the stock of internal energy E the sub- 
stance or is expended in doing external work by 
the expansion of the substance, or it may be expended 
in both ways. Hence we may write at once the funda- 
mental equation for unit weight of the stuff. 


dH=dE+Apdv 


(3) 
where A is the reciprocal of ‘‘ Joule’s equivalent.” 
— let ¢ be such a function, to be called the enthalpy, 

at 

(4) 


where obviously some datum condition of the stuff must 
be taken as the zero for Eand i. From (4) it is evident 
that small changes of 4 are given by 
di=d(E+Apv) 
=dE+Apdv+Arvrdp. 
A comparison of this equation and (3) at once gives the 
important result 
dH=di-Avdp (5) 

which leads, as will be seen later, to one of our rules and 
toa simple method of calculating the value of ¢ for any 
condition of a refrigerant. 
_ Rule 2.—During a freeexpansion operation the enthalpy 
is unaltered. The definition of i involved in equation (4) 
shows that 7 is simply a measure of the total energy the 
substance for E gives its stock of internal 
energy and pv its stock of mechanical energy in space 
represented by a rectangle of height p and length v on an 
indicator (or work) diagram. Now im a free ex ion 
operation, its total stock of energy is uanttesed, Ser it 
does no external work on the whole, neither does it give 
out or take in any heat during the operation. Hence 
the ¢ of a refrigerant is unaltered by freely expanding it. 

Rule 111.—In adiabatic operations the change of 7 in 
the refrigerant measures the work done in the compres- 
sion or expansion cylinder. Thus, from (5), since in adia- 
batic operations dH = 0 we must have 


di = Avdp, 
or, between limits corresponding to upper and lower 
pressures p, and po, 


: Pi 
Be ty =A 
P2 


but the in here given is sim: the area of the 
indtontor-ond i we assume no f noma Bly and hence the 
—— as — the work done. 

d -—In constant-pressure operations, ch of 
# measure at once the heat taken oa supeetel toy te 


(2) 


*#=E+Apv ° ‘ 


vdp; 





substance. This follows at once from (5), for if dp = 0 
—i.¢., there is no change in p—we muat have 
di=dH; 
or, between definite limits, 
th = ty = H, ad H, . . 
so that the change of ¢ gives the total heat taken 
rejected by the refrigerant. 

_ To Find the Value of « for a Refrigerant.—The equa- 
tion (6), just given, affords a very simple method of 
determining the + of the —— at any temperature 
and pressure. Taking the liquid condition at 0 deg. Cent. 
and at saturation pressure as the datum state, and taking 
the lower limit in (6) to correspond to this state, then 
He = 0, and the value of ¢ in the stuff at this datum state 
is equal to A pvp, where v is the specific volume of the 
liquid at 0 deg. Cent. and pressure p, for by (4) i= E 
+Apv always, and E is measu from this datum 
state, so that 1,= A pv. Hence (6) gives for the value 
of ¢ : the refrigerant at any pressure p and tempera- 
ture 


(6) 


in or 


t=H+Apw, 
where H is the total heat of formation of the refrigerant 
from the liquid condition at 0 deg. Cent. under constant 
pressure p. 

For example, the value of « for a dry saturated vapour 
at temperature T and pressure p is simply the total heat 
of evaporation at this pressure, plus the relatively small 
quantity A p %. 





FOREIGN ENGINEERING PROJECT. 

We give below an extract from the Board of Trade 
Journal. Further information can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

Argentina: The Boletin Oficial, Buenos Aires, publishes 
a Decree authorising the Direccion General de Explota- 
cion de Petréleo de Comodoro Rivadavia to contract, 
without calling for public tenders, for the purchase out- 
side the Republic of material and plant urgently required 
> connection with working the Comodoro Rivadavia oil 

jeposits. 








DanisH State Raitways.—The earnings of the State 
Railways in Denmark during the financial year 1914-15 
represent a record figure, amounting to about 11,500,000 kr. 
Owing to the extraordinary conditions prevailing, ample 
sums have been written off and added to the different 
funds, the net profits thereby being fixed at 8,500,000 kr., 
the same amount as the previous year. Last year differed 
considerably from ordinary years, inasmuch as the war 
at the outset reduced the takings to an unprecedented 
minimum, but by-and-bye the traffic grew to such an 
extent as has never been witnessed before. 





New ZEALAND TimBER.—New Zealand is rich in timber, 
possessirg, as it does, 86 different species of trees, many 
of which, however, have little commercial value. The 
favourite woods in use are kauri pine, totara, rimu or 
red pine, kahikatea or white pine, matai or black pine, 
puriri, rata, and beeches. The girth of marketable kauri 
trees ranges from 4 ft. to 30 ft., the general average being 
12 ft. It is estimated that kauri pine takes from 600 to 
1200 years to attain its full development. Totara is 
found throughout New Zealand, but the bulk of the 
supply is obtained in Wellington, Auckland, Hawke’s 

y, and Westland. It is a very durable wood, and of 
all the timbers of New Zealand it is the best for resisting 
the ravages of the teredo, so that it is largely used in the 
construction of wharves, bridges, &c. Puriri is a hard, 
tough wood, and very durable. It is largely used for 
railway works, bridge stringers, &c. It is expected that 
the indigenous forests of New Zealand will not be able to 
cope with the demand for tawa timber for a longer period 
than 35 or 40 years. The Dominion Government has, 
accordingly, inaugurated a policy of afforestation, plan- 
tations of various trees having been started on the 

ingaroa plains, between Taupo and Rotorua, at 
Tarukenga on the Rotorua railway, and at some other 
points. 





Sypyry City Raitway.—The city railway scheme, the 
draft Bill of which has been completed by the New South 
Wales Minister for Works (Mr. Cann), involves a capital 
outlay of some 6,000,000/. and the complete reorganisa- 
tion of the present Sydney Central Station, which will 
also be considerably enlarged. So far as the scheme 
itself is concerned, the survey of the route and prepara- 
tion of the plans have been completed, and as soon as the 
Bill has been passed by the Legislature work will be 
entered upon. The first section will be entrusted to the 
Norton Griffiths Syndicate. It was at first proposed to 
have the central city station under the present Central 
Station, but it was subsequently decided, as being cheaper, 
to resume certain properties in the vicinity, and erect a 
en oe with the present station. This deci- 
sion will also mean a thorough reorganisation of the old 
station, so that probably, when the work has been com- 
pleted, an elaborate edifice will be 1 into being at 
a cost of many thousands of pounds. This alteration in 
the original scheme has been ——— about by the 
adoption of what is known as the high-level m ; that 
is to say, from Station to Goul -street 
the line will run on the surface, and from there to the 
Quay it will be underground. The Bill will enable the 
railway to run under private property without any com- 
pensation being paid, unless, of course, damage is done 
to such property. Where buildings have to be pulled 
down only ordinary resumption conditions will be 
allowed. Altogether the city railway scheme is a big 
undertaking, and will take four or five years to complete, 
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2000-K W. “ MIXED-PRESSURE ” STEAM- 
TURBINE. 


As is generally known, Messrs. Fraser and 
Chalmers, Timited, were one of the earliest of 
British firms to embark in the construction of 
impulse steam-turbines, having secured a license 
from Professor Rateau in 1905. In our issue 
of May 15, 1908, we described and illustrated in 
full these turbines as then constructed. Very 
considerable modifications in structural details 
have, however, been effected during the last few 
years, brought about in the main by the great 
improvements realised in the design of yo 
generators. It is not long since the stan 
speed of a three-phase generator, rated at 2000 kw., 
was 1500 revolutions per minute, whilst for one of 
5000 kw. output the limiting speed was 750 revo- 
lutions per minute, a figure which, indeed, was 
often adopted for 3000-kw. units. The progress 
since e is perhaps best exemplified by — 
that 750 revolutions per minute is the speed adop 
for the 26,000-kw. units at Chicago, generati 
25 cycles current. For 50 cycles current turbo- 
generator units up to 25,000 kw., running at 1000 
revolutions per minute, up to 15,000 kw. at a speed 


Fig.t6. 


a._..With HP. Stearn only. 
b...With L.P.Steam only. 
.... MP. with 30000 Lbs. per 
@d..UP 40000 » 
DLP, 60,000 


CONDITIONS. 
.P. STEAM. | 
- 60Lbs.per 
Temperature — 100°F. 
below. 
Barometer =~ 30° 
L.P STEAM. 
- % Lbe.pe, 
- Dry 
below. 
~ 30° 


t 


200 600 
asp Load K.W. ——> 
of 1500 revolutions per minute, and 5000 kw. at 


3000 revolutions per minute, are in successful 
operation. These impulse turbines have been 
designed in a single casing, single flow. The limit 
of size is, of course, the same whether the impulse 
or reaction principle be adopted, and is, in prac- 
tice, fixed the loading gauge of our railways, 
which will not admit of the transport of a wheel 
larger than some 13 ft. in diameter. The advan- 
tages of the higher s which have of recent 
years become practicable consist mainly in the 
age output obtained for a given weight of plant. 
n fact, as has been pointed out by Mr. Gerald 
Stoney, F.R.S., the dats of a turbine of a given 
type and given efficiency varies as N d? (R.P.M.)*, 
where N denotes the number of pressure stages, 
and d the mean diameter of the bucket path. 
Hence by increasing the speed of rotation this 
volume can be reduced in the same proportion, and 
there is a corresponding reduction in weight. 

The possible saving in weight would be in nearly 
direct proportion to the saving in volume were it 
not for the fact that this reduction in volume 
cannot be made merely by making the mean 
diameter vary in inverse ratio with the revolutions 





KW. 
AM CONSUMPTION CURVES SHOWING TO 


oO L.P Steam and additional 





per minute. Were this possible, the centrifugal 
stresses would be the same whatever the speed of 
rotation and consequent bulk of the turbine. In 
actual fact, however, the mean diameter of the 
turbine at the exhaust end must be such that there 
is no excessive loss by the ‘‘ carry over ” of kinetic 
energy to the exhaust, and for a 28} in. vacuum 
the mean diameter in inches of the last row of 
blades of a high-pressure turbine is frequently 
about 0.75 ./ output in kw., whilst for still higher 
vacua the coefficient may run up to unity. Hence 
the adoption of high speeds of rotation involves 
higher centrifugal stresses on the buckets and 
wheels, and methods of construction, fully satis- 
factory when centrifugal stresses were low, have 
now had to be tly modified. 

The general teristics of the Rateau turbine 
as now built by Messrs. Fraser and Chalmers, 
Limited, is well shown by the illustrations which 
we publish on Plate III. and pages 50, 51, and 52. 
These represent a mixed-pressure turbine erected 


rating |at the Bargoed Colliery of the Powell-Duffryn 


Steam-Coal Company, and designed to develop 
2000 kw., the speed of rotation being 3000 revolu- 
tions per minute. 


R. P.M. MIXED PRESS. TURBINE. 
STEAM 


Steam. 





1000 1500 


Of particular interest is the point that this tur- 
bine is giving a load of 2190 kw. with low-pressure 
steam alone, amounting to 71,000 lb. per hour, 
this output constituting at the time of construction 
a record for low-pressure steam in a single- flow 
turbine running at 3000 revolutions per minute. 
If the essential elements of the low-pressure part 
of this turbine were added to a high-pressure 
turbine designed for the same steam quantity—i.c., 
71,000 Ib. per hour—the output obtainable would 
be, with good steam conditions, more than 5000kw., 
which well illustrates the ot made in steam- 
turbine design during the last few years. 

A longitudinal section through the 2000-kw. 
mixed-pressure turbine is represented in Fig. 1, 
Plate III., and a comparison of the exhaust end 
of this with the section through an exhaust-steam 
turbine by the same builders, illustrated on e 
640 of our issue of May 15, 1908, demonstrates in 
a very striking fashion the sweeping character of 
ras: Somes made. In the new turbine the steam 
is expanded from about atmospheric pressure down 
to condenser pressure in four stages, whilst the 
older turbine took seven. The mean blade _— 
at the last stage has, however, been increased from 








378 ft. per second in the old pattern to 650 ft. in 
the new. 

As stated, the turbine is of the mixed-pressure 
type, being designed to operate either with live 
steam supplied at a pressure of 150 lb. per 
sq. in. and at a superheat of 100 deg. Fahr., or with 
low pressure steam at about 15 lb. absolute derived 
from heat-accumulators, or with a combination 
of thetwo. The guarantees given for the two first- 
named conditions were as follow :— 

With High-Pressure Steam Only. 





25 
Oent. 
Overload. 
88,400 
28.7 


| — stat | tnt 





81,850 | 25,800 | 18,800 


Consumption per Hour Ib. 
Vacuum ..—iww—Ssi. 28.75 28.75 | 28.75 








With Low-Pressure Steam Only. 





9.5 per Full | | 
- Cent. | |} Load. |} Load. 
Overload. | Load. * \é 





Vacuum 





Consumption per hour Ib.| 71,000 | 60,500 | 49,800 | 38.100 
_. a ae | ane? | Sees | Se 


In mixed-preasure ' . working the following outputs 


ay 


> 
2000 2100 KW. 2600 Kw.” 
were teed under different conditions. Twenty- 
five cent. overload was to be obtained with 


60, Ib. of exhaust steam and 11,000 Ib. of live 
steam per hour, or with 40,000 lb. of exhaust steam 
and 20,500 lb. of live steam, or with 30,000 lb of 
exhaust steam and 25,700 lb. of live steam ; the 
corresponding vacua being 28.25 in., 28.5 in., and 
28.55 in. respectively. Full load was to be obtained 
with 60,000 Ib. of exhaust steam and 400 Ib. of 
live steam, or with 40,000 lb. of exhaust steam 
and 13,550 lb. of live steam, or with 30,000 lb. of 
exhaust steam and 19,000 Ib. of live steam ; the 
corresponding vacua aa | 28.56 in., 28.6 in., and 
28.55 in. respectively. e normal hourly supply 
of exhaust steam available at the power-station is 


60,000 Ib. per hour, and the cooling-water supply 
on which the bees wero based is 9808 qilleae 
per hour at 60 deg. Fahr. In Fig. 16, annexed, 


the above-named guarantees are represented in 
diagrammatic form. 

ferring to our illustrations, it will be seen from 
Fig. 1 that the high-pressure section of the turbine 
comprises two stages only, the first of which is 
velocity-compounded, the wheel, which is 43 in. 
in mean diameter, having two rows of bucketa. 
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Although this wheel has a smaller mean diameter 
than the larger wheel at the exhaust end of the 
turbine, it carries a heavier rim-load, and is subject 
therefore to nearly the same centrifugal stresses. 
The design is such that these stresses are well 
below the elastic limit of the material used, which 
is mild steel. 

Details of this wheel to a somewhat larger scale 
are represented in 7 10 and 11, Plate III., 
and in Fig. 31, page 52, we reproduce a photo- 
graph of this wheel. The wheel fits on to a conical 
seat on the shaft, and is secured in place by a nut, 
as best seen in Fig. 1. Special interest attaches 


Fig 17. SECTION THRO'C.C. 


poner 


Water 
(43364) 


to the method by which the blades are seoured. 
The blades are milled out of rectangular bars of 
nickel steel. As shown in Figs. 33 and 34, 
page 52, each blade terminates at its inner end in 
a fork, which straddles a seat turned for it on the 
wheel, and to which it is secured by rivets, as 
indicated. This system of fixing the blades is used 
throughout the turbine. Each. blade is held by 
two rivets, each rivet holdiag the forks of two 
a ie ~_~ blade a o- held at two 
points, any shifting being ren im ible, 
and yet the number of rivets is phe amy the 
number of blades. For short blades (see Fig. 33) 
where the centrifugal pull on the fork is small, 
the forks are also short and the rivets arranged 
on one pitch circle. The blade is, owing to the 
shortness of the fork, very light, which is im- 
portant for high-s wheels with two or more 
rows of blades. For long blades the fork is made 

and the rivets arranged on two different 


the fork on one of these pitch circles is reduced 
by one rivet only; the fork is thus capable of 


peat grt | higher ogy pull and can be 
applied for blades. e particular advan- 
tage of these blades is that the sectional area 
of the fork where a rivet through can 
be made equal to or even larger than the sectional 
area of the blade proper, so that the stresses 
in the fork are not greater than in the blade 
instead of being much increased, as may happen 
when made with dovetail roots. A number of 
blades mounted on the rim, preparatory to drilling 














lon; 
piteh circles (see Fig. 34); the sectional area of 


and riveting, are shown in Fig. 32, page 52. As 
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Fig..20. 





will be seen, the form of the 
blades is such that an inde- 
pendent shrouding strip is not 
required, each blade having a 
snug at its outer end, which fits 
into the hollow of the succeed- 
ing blade. This is the plan adopted when the 
blades are short, but with long blades an inde- 
pendent shrouding strip is used. 

The low-pressure part of the turbine was de- 
signed for 71,000 lb. per hour of low-pressure steam, 
supplied at 15 lb. per sq. in. absolute. With this 
steam ganty there is, in the interspace, between 
the high-pressure and low-pressure part, about atmo- 

heric pressure. With reduced steam quantity 
this pressure falls nearly proportionately. 

When the turbine operates with high-pressure 
steam only, the steam quantity is considerably 
smaller; therefore the pressure in the interspace 
will be considerably below atmospheric pressure. 


Fg. ®. SECTION THRO’'A.A. 


re oe 


Fig 21. Detain At ¥.Fig.22 Derait at Z. 








When working at full load, with high-pressure 


steam only, the pressure drop in the first e is 
from about 150 lb. per sq. in. absolute to about 
atmospheric pressure ; the second stage utilises the 
pressure drop down to about half of the atmo- 
spheric pressure, the rest being utilised in the 
low-pressure . If a supply of low-pressure 
steam be available, the high-pressure supply is auto- 
matically throttled by the action of the governor, as 
will be explained in detail later on. The last 
four stages form simply a Rateau exhaust-steam 
turbine. The most noteworthy point is that the 
wheel at the last stage is 50in. in mean diameter, 
corresponding to a mean blade speed of 650 ft. per 
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Y Riveted 
second, Of these four wheels, all but the last rest 
on parallel seats on the shaft, and are tightened up 
one against the other by a single nut, as shown. 
The last wheel of the four is provided with a conical 
seat, on which it is held by an independent nut. 
All wheels after being bladed and ced are rup 
up toas 30 per cent. in excess of their normal 
working limit. This operation is carried out in « 
steel box, the wheel being mounted on a vertical 
spindle and spun round by steam jets till it attains 
the desired velocity. After this operation it is 
again balanced. Since a 30 per cent. increase in 
speed means an increase of 69 per cent. in the 
centrifugal stresses, the wheels which have under- 
gone this test should be safe, not merely against 
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bursting, but against the risk of shedding their | The diaphragms, Figs. 12 to 15, Plate III., which 
blades as a consequence of the stresses developed | divide the turbine into stages are also in halves, 
in normal working. and are bolted together for machining ; but these 

The casing of the turbine consists of four cast- bolts are removed before they are put into place in 
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prevented by means of the feather shown in Fig. 12, 
which also shows how the guide-blading is con- 
tinued past the joint. As be seen, the curved 
rtion of the blade is omitted from one of the 
lades at the joint, merely the straight tail-end 
being retained. To check leakage between the 
shaft and diaphragms, baffles are fitted, as shown in 
Fig. 1, and to a larger scale in Figs. 13 and 14. 

The shaft where it passes through the turbine 
casing is packed by means of labyrinth glands. 
These are shown in place in Fig. 1, and separately 
in Figs. 25 to 29, annexed. = the case of the 
gland at the low-pressure end of the turbine, steam 
ata pressure slightly above that of the atmosphere 
is admitted to a steam-belt near the centre, its 
pressure being adjusted so that a little vapour is 
always issuing from the leak-off pipe, shown. Atthe 
high-pressure end steam slightly above atmospheric 
pressure is similarly admitted to a belt in the gland 
at partial loads, as then the pressure in the casin 
is below atmospheric pressure. At full load an 
overloads the pressure in the casing is above atmos- 
pheric pressure, consequently the separate supply 
of sealing steam may be cut off. The design of the 
baffles in the glands is shown to an enlarged scale 
in Figs. 28 and 29. Those on the bush are made 
of brass, and are forked, the ends of the fork being 
brought to a fine edge. Hence, if a touch occurs 
between them and the steel sleeve protecting the 
shaft, the fine edges simply rub away, without 
langer of the shaft being bent by the heat de- 
veloped by the friction. The baffles shown in 
Fig. 29 intermesh with those on the external bush, 
and thus rye the steam blowing right through 
in a straight line from one end of the gland to the 
other. ‘ Experience has proved the necessity of this 
intermeshing. 

As shown in Fig. 1, the bearings are not spheri- 
cally seated, thus somewhat stiffening the shaft. In 
any case, however, the normal speed of the rotor 
is very much below the critical. 

A small thrust, or rather alignment-block (see 
Fig. 30), is fitted at the high-pressure end of the 
shaft, as indicated in Fig. 1. The block is of cast 
iron lined with white metal, which is cast on to the 
previously tinned surface. Forced lubrication is 
provided throughout, and oil under pressure is also 
used for working the relays which operate the 
governor-valves. The oil-pump, which is of the 
gear type, is driven by a bevel-wheel on the end 
of the governor-spindle (see Figs. 1 and 5). As 
shown in the latter figure, the governor-shaft is 
horizontal, and the helical gears driving it are so 
arranged that the governor can be withdrawn 
bodily, if required, for examination or repair. 
The governors are, in faet, manufact in 
quantity, and when required for a new turbine, 
one is simply taken from store. This plan enables 
the cost to be very materially reduced, which is 
particularly important in the case of turbines of 
small output, where the shop-cost of such acces- 
sories as governor, oil-pumps, valves, &c., may 
aggregate as much as 45 per cent. of the total 
turbine costs. 

A separate view of the governor is given in 
Fig. 24, annexed. As will seen on reference 
te Fig. 5, it consists of two cast-iron blocks A 

ivoted to the arms g, g and pressed together by 
Rrelical springs, as shown. A slotted link, bolted 
to one block, engages with a set-screw on the other, 
and serves as a limit to the outward movement of 
blocks. Arms i keyed to each block engage with a 
collar on the shaft, which is accordingly moved 
up as the blocks move out. This motion of the 
collar, by means of appropriate link-work, operates 
the valve of the oil relay controlling the governor- 
valves. The motion of the collar is resisted by the 
spring j, the pressure of which is adjustable by the 
hand-wheel shown, so that the euliine can, when 
necessary, be speeded up 5 per cent. above ite 
normal rate of revolution. @ governor-spindle 
is attached to the collar and passes through the 
hollow governor-shaft. This spindle rotates with 
the whole governor, and ita longitudinal movement, 
corresponding to the out and inward movement of 
the governor-blocks, is transmitted by means of a 
double ball-bearing k to a sleeve connected to the 
oil-relay. The tachometer — is, as indicated 
in Fig. 5, driven in similar fashion, the oil-pump 
spindle being shown immediately below it. 


ings, combined in two’s to form upper and lower the casing. The pa? half of each diaphragm is} The governor, main bearing, and thrust-hlock are 


half casings, which are united at a horizontal joint. | bolted to the upper 


If of the casing, so that, on | all carried in a bracket registered to the turbine- 


The exhaust end of the lower half is rigidly bolted | lifting the latter, the half diaphragms come away | casing, as indicated in Fig. 1. Detail views of this 
to the bed-plate, provision for the expansion of the at the same time, leaving the rotor fully exposed. | bracket are — in Figs. 6 to 9. 


casing by heat being made at the high-pressure end, | Leakage at the horizontal joint of the diaphragmsis| As a 








against ® runaway an emergency 
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vernor is also fitted. This is mounted at the 
Ciotp-pocemmne end of the main shaft of the turbine, 
as shown at b, Fig. 1. This trips the main stop- 
valve on the high-pressure supply when the speed 
of rotation exceeds the normal by 10 per cent., and 
simultaneously destroys the vacuum by opening 
a valve which allows air to enter the condenser. 

The steam-supply valves and the relays operating 
them are illustrated in Figs. 2 to 4. The main 
stop-valve for the high-pressure steam is shown at 
», Fig. 4. It is a combined stop and emergency 
valve. The bush in which the screwed valve 


spindle works, in opening or closing the valve by | 
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hand, is held in place by a catch, on release of which 
by the action of the emergency governor the valve 
automatically closes. For the low-pressure steam 
su ply, on the other hand, it is the stop and 
ordinary governor valves which are combined into 
one at m (Fig. 2). This valve is closed by screw- 
ing down the hand-wheel, which forces it on to its 
seat. In starting up, the valve is released by un- 
screwing the wan be dey but this operation merely 
permite the valve to rise, and does not positively 
open it. 

This is done by raising the fulcrum k of the float- 
ing lever p q by operating the hand-wheel Z. If 
there be a supply of low-pressure steam available, 
this action causes the low-pressure valve to open ; 
whilst if there is no such supply, the high-pressure 
valve is opened by the rising of the end q of the 
floating lever, the end p being prevented from 
moving by piston n, Fig. 3, which should be shown 
resting on top of the sleeve ¢. The rising of this 
piston is barred by oil pressure above it. So long 
as oil is prevented from escaping from the top of the 
piston nso long will the low-pressure valve remain 
closed, and the turbine run with high-pressure 
steam. The floating lever pq in that case pivots 
about p as a fixed point, and the amount by which 
the high-pressure valve is opened depends upon the 
governor which controls the valve u, by which oil 
is admitted to or exhausted from the piston in the 
relay-cylinder v. The spring above this piston 
always tends to keep both supply-valves closed. A 
second floating lever w, Fig. 3, connects —— the 
piston-rod of the relay-cylinder, the relay valve- 


rod, and a link coupled up with the governor. As 
the speed rises the motion of the relay-valve allows 
oil to escape from below the piston v, which accord- 
ingly moves down, thereby closing to a greater or 
lesser degree one or both of the manages ad valves. 

If whilst the turbine is running on high-pressure 
steam a supply of low-pressure steam becomes avail- 
able, the spring-loaded piston «x, Fig. 3, is raised 
against the pressure of the spring above it, and 
by means of the floating lever y actuates the relay- 
valve shown, moving it into such a position that oil 
is allowed to escape from the above piston n. The 
low-pressure valve-spindle then moves up accord- 








charge-pipe and valve being fitted, as shown at D, 
Fig. 18 The generator was supplied by the Siemens- 
Schuckert Works, Berlin, and in view of the large 
development of power within a limited volume, 
very careful arrangements have been made for a 
thorough ventilation of the armature and field 
Pcceny oy An air-filter is provided, as shown, 
to avoid the possibility of ens ducts getting 
cl with dust. 
e plant was built to the specifications of Mr. 
C. P. Sparks and to the designs of Mr. B. 
Pochobradsky, of the builders’ firm. 
A view of the turbine-shop at the works of the 
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builders is reproduced in Fig. 37, pase 60. It is 
equipped with plant permitting of the construction 
of turbines up to a capacity of 25,000 kw. 




















F GRINDING-MACHINES.— No. IX. 


By JoserH Horner. 
Tue holding —_ of a magnetic chuck varies 
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~N \g with the the poles. A statement that a 
EN \\ chuck will exert a pull of, say, 100 lb. per sq. in. 
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to be held is also stated. In many cases, such as 
those of very thin articles to be finely ground, 
such a pull is excessive, and may tend to produce 
distortion. If a small magnet exerts a pull of 
100 lb. per sq. in. on a cube 1 in. square, it will 
only give half that per cube if two cubes are placed 
side by side ; and if four such cubes are placed, only 
25 lb, each. Also, a large chuck with a surface 
of, say, 30 in. by 8 in., if finely divided, may pull 
100 lb. on any single square inch of ite surface. 
But under no circumstances can that pull be multi- 
plied by the total area of 30 in. by 8in. Hence it 
follows that the pitch of the poles should be arranged 
to suit the class of work required to be held. 
Finely-divided poles are used for very small pieces. 
For work of heavy section the magnets must be of 
heavy section if the best results are to be obtained. 
For fine grinding it is well, therefore, to reduce 
the magnetic pull of a chuck-face either by inserting 
resistances in the coil circuit or by the interposition 
of non-magnetic material between the work and 
the chuck-face. The lighter the hold, provided it 
is sufficient, the more accurate will be the resultant 
work, so that specially constructed chucks of a 
very light, but even, pull are constructed for very 
ight piston-rings, thin saws, &c. 

Messrs. J. H. Humphreys and Sons, of Oldham, 
— this fact in a patented superface, which is 
applied in various ways to their chucks both for 
general and for special services. Figs. 115 and 116 
illustrate sections of superfaces planed to hold 
— sections of bars of mild steel to be ground. 

he superfaces ‘contain no coils, being simply 
located on the face of the ordinary chuck y- 
The bars of the superface are so designed that 
No. 1 bar will make contact with all the N poles of 
the chuck, No. 2 bar with all the S poles, No. 3 
bar the N poles, and so on, making the bars of the 
superface alternately N and S poles for the whole 
— of the chuck and at right angles to the poles 
of the magnetic chuck proper. 

A chuck, Figs. 117 and 118, has a superface of 
another class, shown by Figs. 119 and 120. This 
chuck has but one centre pole, Fig. 118. It was 
constructed for use with superfaces only in order 
to hold certain cutters for grinding. The angle of 
the grooves across the superface was planed to suit 
the cutters, as was also the width of the centre 
magnet pole, Fig. 120, of the superface. Another 


ingly, opening the low-pressure valve, and at the 
|same time closing to a greater or lesser degree 
the high-pressure governor-valve. 

It should be noted that whether the steam supply 
is high-pressure, low-pressure, or ‘‘ mixed,” the speed 
remains constant. This is demonstrated in a remark- 
able manner by Fig. 36, page 60, reproduced froma 
photograph of the plant in actual operation. Here 
it will be seen that the floating lever connecting the 
high-pressure and low-pressure valve spindles has 
moved several times during the exposure. On the 
other hand, the cross-lever to the governor shown 
just above it has remained statio , showing that 
the change-over has not affected the speed of the 
turbine. In fact, the amount of low-pressure 
steam supplied depends primarily on the pressure 
above the low-pressure valve, and the relay x 
always moves so as to maintain this nearly con- 
stant. Should the supply tend to fail, the pres- 
sure will fall. As a consequence, the piston ~ will 
meve down, carrying with it the relay valve. 
The latter will accordingly admit oil above the 
~~ n, which will move down in its turn, thrott- 

ing the steam by more or less closing the low-pres- 
sure valve, whilst simultaneously the high-pressure 
valve is opened. As soon as the pressure in front 
of the low-pressure valve ie restored, the relay-valve 
is closed by the upward motion of the piston «x. 

A flexible coupling of the claw type is used to 
connect the turbine and generator-shafts. A 
photograph of it is reproduced in Fig. 35. 

The general arrangement of the turbine as erected 
in place is represented in Figs. 17 to 23, page 50. 
As shown, the turbine is supported on I-beams, to 
which it is clam by holding-down bolts, as shown 
in Figs. 21 to23. The condenser is of the multiple- 
jet type on the Mirrlees-Watson-Leblanc system, 
and is shown in place at OC. The turbine can, how- 
ever, also be run non-condensing, a special dis- 
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type of superface is shown by Fig. 121. It has no 
coils, only an angular face made for holding thin 
plates for grinding. Fig. 122 illustrates a super- 
face 8} in. in diameter, to be located on the centre 
of a large chuck, 42in. in diameter, Fig. 123, to 
enable a large chuck to be used for very small 
work. The superface is 14 in. thick, without coils. 
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The chuck is one designed for general work with | 


three T-slots included for holding centring stops. 
To assist the hdlding power of oblongchucks, 


stops | 
areemployed, and guide-pieces and clamps. Figs. 1b 
to 126 illustrate the general design of a flat magnetic An adjustable parallel strip B at one side is used 
essrs. Humphreys, suitable to lay work against, and a series of movable fingers 
A takes the thrust C on the other side hold work at different hei 
pattern is adapted to taper-grinding, 
earance to open and sectional dies 


chuck, as made by 
for general work. An end sto 
of the work, a llel strip B 
ment at one side, and finger-stri 


C are clamped | such as giving cl 
to the chuck body by means of screws Mp yn pg tools, 
permitting them to be adjusted to any height ' sub-base hinged at one end, and has a fine knurled 





serves as an abut- | The same 


required. All kinds of iron and steel articles having 
a flat side can be held thus, such as straight-edges, 
parallel strips, teeth for inserted-tooth milling, 
cuttera, &. 

The general design of another flat magnetic 
chuck by this firm for standard work is shown in 


Figs. 127 to 130. The magnet coils are seen in the 
Fig. (27. 
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53 
screw adjustment at the other. The index gradua- 
tion is in inches per foot. 

Another common application of utility is that 
of the employment of pole-pieces not in one plane 
— hederwe pe that a raised surface or a 

pressed edge may convey magnetism just as a 
plane surface will, and this fact is at the basis of 
the design of many special forms of chucks. Since 
iron conducts magnetism a hundred times better 
than air does, an extension of the pole-pieces above 
‘the general plane will provide a path which the 
magnetism will take in preference to the air. In 
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The chuck is then carried on 
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DIAGRAM OF 
CONNECTIONS 


longitudinal section, Fig. 130, and the poles in the 
plan, Fig. 127. An end stop A takes the thrust. 


ts. 














Lead 


the case of such a chuck, which has to hold pieces 
of work by two edges or sides, the adjacent — 
of the chuck parts must have N and 8 po! 


The one is connected with one end of the cores, 
and the other with the other end of the cores. The 
N and S edges may also be at right or other angles 
to suit any special forms of work. 

Current is taken differently, according to the 
type of chuck, whether fixed or rotary. Inthe first 
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the wires are simply brought in and connected to 
the positive and negative coils. In the second the 
current is collected through brushes. Fig. 131 is 
an illustration of the method of taking the current 
supply to a circular chuck by Messrs. J. H. 
Humphreys and Sons. The carbon brushes are 
seen at A, A, and the wires passing to the chuck at 
B. The slip-ring spindle is fitted with a Morse 
taper to the main spindle, and is released with a 
nut. The carbon brushes and the rings are pro- 
tected from oil drippings by a flanged plate, which 
throws them off. 

A Walker rotary magnetic chuck, shown by 
Figs. 132 to 134, page 53, illustrates the means of 
taking current with annular rings. It is one of 
24 in. diameter, and is an eight-pole type, with 
magnetic gaps of triangular outline in plan. e 
body or shell A has four magnet cores B cast with 
it. The coils wound on their bobbins C are slipped 
over the et-cores. A cover or face-plate D is 
screwed to the body and is cut out to receive the 
four triangular pieces E. The spaces between D 
and E are tilled with non-magnetic material, form- 
ing the gap between the poles. Collector-rings 
F, G receive the current from two spring-brushes 
which bear on them. The screws a, b, which secure 
the rings, convey the current to the coils, one wire 
going from each screw-head to the coils. The rings 
are insulated by blocks H, by which the rings are 
screwed to the body. The face-plate is screwed to 
the recess J in the rear. 

The most important piece of auxiliary apparatus 
in connection with magnetic chucks is the switch. 
When the current from a magnetic chuck is cut 
off, a back current is induced in the chuck coils. 
This induced current is of a very high voltage, and 
if the switch-gear is not perfectly designed to deal 
with it, the insulation of the p tee yy omathead well 
constructed, will inevitably break down. The 
switch must be of double-pole type—that is, it 
must operate on both the positive and negative 
supply wires at the same time. Also it must be 
capable of admitting current to the chuck in either 
direction. It must be provided with a non-induc- 
tive resistance, which must be automatically put 
into circuit with the chuck prior to breaking the 
circuit. 

Figs. 135 to 137 illustrate a demagnetising switch 
in an ironclad case, as manufactured by Messrs. 
J. H. Humphreys and Sons. To operate it, the 
switch-handle is moved from the ‘‘on” position 
past the ‘‘ off” position, and held momentarily on 
the reverse, going back quickly to the ‘‘ off” posi- 
tion. This will demagnetise the chuck-face suffi- 
ciently to allow the work to be removed easily. 

We cannot doubt that a wider future lies before 
the magnetic chuck than is even yet anticipated. 
Its present function is limited mostly to the hold- 
ing of light articles on the surface - grinding 
machines. But the practice of including stops to 
take side thrust suggests that great extensions are 
feasible to milling, planing, and shaping-machines. 
Generally the sphere of the magnetic chucks has 
been limited to the grinding of small and flimsy 
articles which offer special difficulties in the way of 
holding by ge. But the employment of such 
clutches is now being extended to larger, heavier 

ieces. Also the magnetic chuck was introduced 
or dealing with magnetic materials, iron and steel 
only. But it is adaptable to holding brass, bronze. 
aluminium, and their alloys by utilising clamps of 
iron or steel provided with means for holding non- 
magnetic articles by some form of instantaneous 
gtip. In some forms of hollow work a slab of iron 
can be laid inside to draw the work down on to a 
chuck. Further, the magnetic chuck lends itself to 
a vast variety in design suitable for an extensive 
range of service. This is effected, as has been shown, 
by multiplication of shapes and arrangements of 
poles and of windings. 





LAPLAND [RON ORE AND THE Wart.—The war has made 
its a wae - in od amr A of the Swedish iron- 
ore industry through impeding export, and special 

ments have had to be made both at Narvik and 
Lalea to meet the new contingencies. It soon proved 
necessary to reduce the production of iron ore at Kiruna- 
vaara and other places controlled by the large Griinges- 
berg concern, and much increased s' accommoda- 
tion has had to be found at the two ports of shipping. 
The company’s storage accommodation at Narvik had a 
capacity of 700,000 tons, but by new arrangements the 
sous was increased to 1,100,000 tons. This, however, 
did not suffice, and the Griingesberg company has suc- 
ceeded in securing additional s from the } Norwegian 
State. where storage accom tion for an additional 
1,000,000 tons of ore will be provided, 


INDUSTRIAL NOTES. 


TuE crisis in the South Wales coal trade and the 
application by Royal Proclamation of the compulsory 
arbitration clauses of the Munitions of War Act, 1915, 
to the South Wales mining district is the subject of 
our leading article. Here it may be stated that the 
original demands of the men were as follow :— 

at a new minimum rate of wages shall be estab- 
lished at a figure higher than the maximum rate under 
the expiring agreement. That in future there shall be 
no maximum rate. That all the 1879 and 1877 standard 
rates be abolished and replaced by new standard rates 
50 per cent. and 35 per cent. higher respectively. That 
all men employed on afternoon and night shifts be paid 
at the rate of six turns for five worked. That ever 
— surfaceman be paid a minimum rate of 5s. 6d. 

r day. 

The following is an outline of the terms offered by 
Mr. Runciman, President of the Board of Trade :— 

The standard rates of surfacemen which are below 
3s. 4d. per day to be advanced to 3s 4d. per day. The 

yment to men employed on the afternoon and night 
shifts of six turns for five. Hauliers employed on the 
afternoon and night shifts to be paid the same rates of 
wages as those employed on the day shift. A new 
standard of 50 per cent. on the 1879 standard to be 
established, and standards in operation oth-r than the 
1879 standard to be correspondingly adjusted ; this 
alteration in the standard not to involve any chan 
in wages. The minimum and maximum clauses in the 
expired 1910 agreement not to be operative. Any 
question of interpretation arising on these terms to be 
submitted in writing. 

An acute stage was reached at a Conference at 
Cardiff on Monday of delegates of the South Wales 
miners’ lodges, called to discuss the recommen- 
dation of the Executive Council of the South Wales 
Miners’ Federation, namely :—‘‘ That there are points 
in the Board of Trade proposals with which we do not 
agree, and we are in doubt as to the precise meaning 
of interpretations given by the Board of Trade to 
other points, but we are willing to meet the owners at 
a joint meeting to be presided over by the President 
of the Board of Trade, with the view of endeavouring 
to arrive at an arrangement eatisfactory to the work- 
men. We further recommend, pending this meeting 
and a decision being arrived at, that work be con- 
tinued on the understanding that any terms which are 
come to shall relate back to July 1, 1915, it being 
further distinctly understeod that before any agree- 
ment is entered into it ehall be submitted to and 
ratified by the workmen.” After the above recom- 
mendation had been submitted, and a discussion by 
the delegates, the following amendment was sub- 
mitted by a delegate :—‘‘ That we do not accept any- 
thing less than our original proposals, and that we 
stop the collieries on Thureday next until these terms 
are conceded.” The voting was as follows :— 


For the amendment : fae. 1894 
For the Executive's resolution ... 1037 
Majority for the amendment 857 


Each vote represents fifty Federation members. On 
the Federation membership, the voting on the amend- 
ment to reject the leaders’ advice gives a majority cf 
42,850. There was a further proposal that the Execu- 
tive’s recommendation be submitted to a ballot vote 
of the coalfield, but this was defeated. The confer- 
ence thereupon decided to instruct their Executive to 
inform the rd of Trade of the result of the confer- 
ence and to state that the Executive was prepared to 
hold themselves in readiness to negotiate on the 
Federation’s original proposals. 

Following upon this, the President of the Board of 
Trade announced in the House of Commons, on Tues- 
day, the issue of the Royal Proclamation, which, 
briefly expressed, makes strikes in the South Wales 
coal industry punishable offences. 





A meeting of the Executive Council of the South 
Wales Miners’ Federation was held in private at 
Cardiff on Wednesday ; it lasted about ten hours, but 
no statement of the proceedings was issued. The 
Executive, however, Gieamehel te Mr. Runciman, 
asking for an interview with him in London, with the 
object of clearing up doubts concerning the interpreta- 
tion of the Government’s award. On the other hand, 
the South Wales miners’ delegates were summoned to 
a conference yesterday afternoon. 

On Tuesday last Mr. Runciman introduced in Par- 
liament a Bill providing for the limitation of the price 
of coal. It states that coal at the pit-mouth shall not 
be sold at a rate exceeding by 4s. per ton the price 
charged on the corresponding date in the twelve 
months ended June 30, 1914. The Bill does not 
apply to coal for export or fur the manufacture of 
patent fuel for export, or, again, for use on ships, and 
does not affect existing contracts. 





The Government intends to convene a national con- 
ference of representatives of the mining industry, at 





which the need for united efforts on the part of both 








owners and men to increase the output of coal will be 
urged by the Home Secretary, the Minister for Muni- 
tions, the President of the Board of Trade, and repre- 
sentatives of the miners and owners. The conference 
is to be held in London on Wednesday, the 21st inst., 
when the chair will be taken by the Home Secretary. 
The meeting will be private. It will be held at the 
London Opera House, Kingsway. 





We are informed that the July Engineering Central 
Conference at York, held on Friday, the 9th inst., 
failed to agree on the claim of the Clyde engineers for 
@ general increase of wages of ld. an hour. That 
question, the more important of the two which were 
considered, will accordingly be referred for settlement 
under the Munitions of War Act when the Glasgow 
and Greenock District Committees of the Amalgamated 
Society of Engineers have heard the report of the 
representatives to the conference. 

A joint recommendation was reached by the Central 
Conference on the minor question of allowances for 
work in enclosed s , and the point will now be 
submitted to a ballot of the Clyde men. It will be re- 
membered that about a year ago a local agreement was 
made, under which men working in certain specified 
enclosed spaces in oil-burning war-vessels were to be 
given an extra allowance of ld. an hour. The claim 
which came before the conference was for an exten- 
sion of the allowance to work in enclosed spaces 
on all types of ships. The recommendation which 
has been sent down is practically that which was 
made last month in the case of a Tyne reference. 
Men employed on battieships and cruisers fitting and 
fixing oil-fuel heating-pipes and oil-fuel suction-pipes 
(a) in double bottoms; ()) in outer wing compart- 
ments ; (c) in fore and aft air spaces situated between 
boiler-room wing, bulkhead, and tanks, are to be 
paid an allowance of Is. per day extra when working 
continuously in (a), (6), and (c), and 6d. per day 
extra when engaged upon work partly in and partly 
out of (a), (b), and (c) prior to sea trials. The allow- 
ance is also to apply to spaces at the extreme ends of 
light cruisers, to o-boats, and torpedo-boat de- 
stroyers where oil-fuel heating-pipes and oil-fuel 
suction-pipes are fitted when the section of the vessel 
renders such spaces similar to the outer wing com- 
partments of battleships., The agreement does not 
affect work in enclosed spaces on merchant ships. 


The latest report of the Amalgamated Society of 
Engineers contains the followirg statements, written 
from an account of a visit paid by Clyde engineers to 
the Front :—‘‘ From all the evidence we could gather, 
there is a lack of shelle, especially high-explosive .sheHs. 
We were informed that this class of ammunition had 
been tried in the Egyptian campaign and the Boer War, 
and found to be a failure, and therefore the manu- 
facture of them had been neglected. The lines on 
which the present war is being conducted make this 
class of ammunition absolutely necessary, but the 
blame for the alleged shortage should not be laid on 
the engineers or their unions. The production of 
shells could have been accelerated if a well-regulated 
system of conscription had been in existence, in which 
each man would have been allocated the task he was 
best fitted for. Under the present circumstances, to 
send engineers to the trenches, and to get ministers, 
students, and other patriots to turn shells is silly. 
. . . We had ample evidence to prove to us that the 
Germans are unscrupulous foes, to whom no deed is 
too foul or destruction too wanton, and to force us to 
the conclusion that in the event of their winning in 
the war, our trade unionism and the democratic 
movement generally would be destroyed for ever.” 


In their report dated the 8th inst. the Steam-Engine 
Makers’ Society ‘‘ urge upon their members to do their 
very utmost in this time of stress, and to make every 
effort to play their part as men at this critical juncture. 
All by this time have now come to realise that it is 
absolutely essential in order to secure victory that the 
fullest possible output of munitions and equipment be 
made from factory and workshop. The eyes of the 
whole world are as watchful upon the men in the 
workshops of the country as upon our gallant soldiers 
in the field, and well they might be, since so much 
depends upon them. But much resentment has been 
shown by industrious, steady, and efficient workmen 
to the unjust slurs cast upon the general body by 
reason of the vile and abominable conduct of a few for 
whom no one can be made responsible, and who 
should be dealt with by measures far more drastic 
than trade - union rules. The irritation is caused 
by ill-founded, wide, and general charges, which 
are often flurg about by people who have never 
known of a §ay’s hard, laborious work in ship- 
yard and factory. Nevertheless it would be idle 
to deny that there are not serious grounds for com- 
plaint in some instances . . . Every honest and con- 
scientious worker should part company with those who 
are bringing such discredit upon their fellow-men and 
their craft. . . . Overwork, long hours, lack of proper 
food, and drink, all tend to produce the evils which 
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have been complained of. They can be mitigated, and 
even done away with, by looking after the welfare of 
the workmen, and seeing that every facility is given 
to maintain a high standard of efficiency. . .” 


A private conference was held at Manchester at the 
end of last week between representatives of the Home 
Office and of the employers and operatives in the 
cotten trade, with a view to consider what percentage 
of male labour in the cotton-mills could be replaced 
by female labour. 

It is reported that there is a consensus of opinion 
amongst employers and ratives to the effect that 
the employment of female labour has not only reached 
its limit, but that, owing to the large number of enlist- 
ments from the Lancashire cotton-spinning and manu- 
facturing towne, there is now a large amount of machi- 
nery lying idle owing to the absence of the requisite 
skilled. la 


ur. 

We read in the Jron Age, New York, that the 
situation recently developed in the ordinance shops 
of the War Department as the result of the resigna- 
tion of army officers to accept positions with privatecon- 
cerns manufacturing munitions of war, the hiring 
away of a considerable number of skilled workmen by 
these concerns, has been rendered more embarrassing 
to the Government by a new incident. This is the 
threat of a strike on the part of some 1200 machinists 
and other skilled workers in the Washington Navy 
Yard who resent the inability of the Secretary of the 
Navy to maintain at the maximum the increase in 
the heey Yard wages authorised by Congress a year 
ago; the lump sum available for increase has now to 
be divided among a somewhat large number of 
employees. The organised labour leaders not only 
declare their intention of calling out the men at the 
Washington yard uvless the Secretary of the Navy 
agrees to violate the law by incurring a deficit in the 
appropriation, but promise to find the employees of 
the yard positions in private establishments at con- 
siderably higher wages. This wage controversy, _ 
our contemporary, is an excellent illustration of the 
spirit so frequently manifested by o ised workmen 
and of. the promptness with which labour leaders 
take advantage of an employer’s embarrassments. 
Two years ago Congress appropriated 240,000 dols., 
to be distributed among the employees of the Wash- 
ington yard, as an increase over the scale then 
in force. This gave a net increase to the Navy Yard 
employees averaging 7.8 per cent. But it was the 
intention of Congress that this increase should spply 
also to the employees of the naval proving-groun 
at India Head ; in default, however, of a direction to 
that effect, those at the Washington Navy Yard 
received the entire appropriation. The India Head 
employees are now to be included, and this reduces 
the increase in the wages of the Washington yard men 
from 7.8 to 7.2 per cent. ; the result in practice is 
merely a slight revision, affecting only a part of the 
employees, for wherever the reduction amounts to less 
than 1 cent per hour the wages are not disturbed. Of 
those affected, all but a very few will lose just 8 cents 
per day in their share of the Congressional bonus. 








The New York journal Machinery says that the 
Bureau of Labour Statistics of the United States 
Department of Labour is making a series of investi- 
gations into unemployment. The second inquiry, 
which was undertaken for the bureau by the Metro- 
politan Life Insurance Company, includes the follow- 
ing fifteen cities outside of greater New York and the 
Metropolitan districtof Northern New Jersey, which 
territory was covered in the first inquiry on unem- 
ployment. The cities are Boston, Bridgeport, Chicago, 
Cleveland, Duluth, Kansas City, Millwaukee, Minnea- 
polis, Philadelphia, Pittsburg, St. Louis, Springfield, 
St. Paul, Toledo, and Wilkesbarre. The cities include 
399,881 families, in which there were found 644,358 
wage-earners. Of this number, 73,800, or 11.5 per 
cent. of all wage-earners in the families visited. were 
wholly unemployed, and in addition thereto 106,652, 
or 16.6 per cent., were reported as part-time workers. 
the highest per cent. of unemployment was found in 
Duluth, Minn., where 20.3 per cent. of the wage- 
earners were without work, and 17.8 per cent. were 
working part time only. The lowest percentage of 
unemployment was found in Bridgeport, Conn., where 
only 4.3 per cent. were unemployed and 19.9 per cent. 
were working only part time. This report was pub- 
lished on May 31, 1915. 





Io the various States of the Australian Common- 
wealth complete provision is made for teaching 
the technical, scientific, and practical sides of the 
primary industries, and from the agricultural col- 
leges administered by the Governments young men 
have been able to launch out on their own account 
and to cultivate the land successfully. The con- 
ditions generally are eo easy that young lads are 
able to undertake courses of instruction and at 
the same time to do practical work. The Hawkes- 
bury Agricultural College, in New South Wales, 
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has already been ible for the trainin 

large number of pres ay The total number of 
students and pupils who have attended the college 
since its inception, including those in residence, was : 
—Resident college students, 885; farmers attending 
winter schools, 846; public-school teachers attendin 

summer schools, 621. Not in residence : Scholars of rura 
camp schools, 2180; teachers of rural camp schools, 
180. Of the 1765 students that have left, the Old 
Boys’ Union reports that 1054 are following up the 
training received at the college, 74 are instructors, or 
occupying official positions in agriculture ; 43 are 
teachers from the training college ; nine are under- 
going further training elsewhere ; or a total of 1180. 
This is 67.9 per cent. 

The compulsory military training conducted at the 
college during the past three years has had an im- 
portant influence. The Veterinary Field Staff and 
the Army Medical Corps have been selected by the 
students as the most suitable forms for active service, 
and the majority of the Hawkesbury boys at the front 
are immediately under the prised of their old 
officers and teachers, Major Helsham, college surgeon, 
and Captain Max Henry, college veterinary surgeon. 





The great labour conflict in Norway, which 
threatened to bring ahout an extensive lock-out, has 
been avoided, both the Employers’ Union and the 
men having informed the mediator that they accept 


agreements shall be decided by arbitration. Work 
was to be resumed not later than July 7, the lock-out 
has been abandoned, and all notices are withdrawn. 





“THE ENGINEER’S UNIT OF MASS.” 
To THe Epitror oF ENGINEERING. 

S1r,—The subject under discussion is far too important 

to the younger members of the mechanical engineering 

profession to allow it to remain in what may appear vo 

some of them, from Mr. Denton’s criticisms, to be a state 

of confusion—where no confusion exists. 

In my letter published in your issue of June 25, and 
criticised by Mr. Denton in your issue of the 9th inst., 
I made the following statements :— 

1. ‘* The engineer uses two units of mass: the pound, 
the prototype piece of platinum ; this he regards as his 
minor unit. (b) A mojor unit, which is 32.2 times the 
smaller unit.” 

2. ‘*The engineer’s unit of force is the pound, and is 
that force which, acting ~~ on or in inter- 
stellar s ) on a mass of 1 tb., produces an acceleration 
of 32.2 ft. per second per second. It is also the resultant 
earth-force on the standard prototype pound at a place 
where g is 32.2 (32.2 is the close approximation to the 
value of g in London, where rests the standard prototype 
pound).” Or it may be defined as the force which, acting 
on a mass of 32.2 lb., produces an acceleration of 1 ft. per 


truth may often be expressed or reached in different 
ways. 

3. “*The engineer has no use for the poundal, because 
to use it would involve an unnecessary conception with- 
out giving additional accuracy, even from the physicist’s 
point of view. The pound-unit of force, as defi above, 
is as absolute a unit as the powndal or the dyne; and 
engineers’ calculations are as fundamentally sound, logic- 
ally, dimensionally, and therefore astronomically, as 
those made with C.G.8. units.” 

No ments or wordy misrep: such as those 
indul, in by Mr. Denton can obscure the truth of the 
above statements. For if from (1) we adopt the major 
unit of mass as our fundamental unit, then with the foot 
and second as units of length and time we derive our 
pound unit of force. If, however, we prefer to start from 
(2), and adopt the pound as our fundamental unit of 
force, and the foot and second as length and time units, 
we derive our major unit of mass. r. Denton’s percep- 
tion has, at all events, enabled him to see the truth of 
this. But Mr. Denton makes play with the minor unit 
—the pound—as a fundamental unit of mass in order to 
introduce the unnecessary poundal, which I expressly 
excluded. Having made this false step in logic, he then 
states: ‘‘Should ‘M. Inst. C.E.’ object to be called 
illogical, he must, at least, admit inconsistency.” 

Had Mr. Denton m a logician or a trained mecha- 
nical engineer he would have used the major unit of mass 
—the engineer’s unit—for his fundamental unit. thus 
rendering the useless poundal unn . “But,” says 
Mr. Denton, *‘a system which had two units of mass 
would, perforce, have two units of force and two units of 
work.” Now, the physicist’s fundamental unit of mass 
—the gram—is the thousandth part of a standard piece 
or mass of metal, whilst the engineer’s unit of mass is 
32.2 times that of another standard piece or mass of metal 
(the pound). Surely it would be just as futile to argue 
that the physicist takes his fundamental unit 
as the thousandth of the standard metal, he must also 
adopt the kilogram mass as a fundamental unit of 
mass in order to derive another and unnecessary unit 
of force. 

Take a further example of Mr. Denton’s controversial 
methods. He quotes a part 1 J of a statement I made, 
and writes: ‘‘This letter of ‘M. Inst. C.E.’ forces upon 
us an additional example of the same sort of confusion. 
It says: ‘Any teacher of experience would take g as 
standing for 32.2, and W not as weight meaning force. 
but as mass in pounds.’” Then Mr. Denton, havirg 
quoted unfairly, states; ‘“‘Everybody knows that W 


+o +4. 














his proposal that the question of the length of the|,; 


per second. This last is an addition. The same | the 


does not stand for mass, and that g is not a numerical 
constant.” 


What I did state was this: ‘‘ In the two equations 
given by the Board of Education circular (intended for 
teachers) and criticised severely by Mr, Denton. I would 
remark that any teacher of experience would take g as 
standing for a shorthand abbreviation of 32.2, and W not 
as weight meaning force, but as mass in pounds ;” and 

I went on to say that it ‘‘ would have been better to 
have used a little more printer’s ink,” meaning, of course, 
in the explanation of the meaning of the symbols. A 
comparison of Mr. Denton’s quotation from my letter 
and his remarks with the statements actually made 
render further comment unnecessary. 

But Mr. Den i : “* Even if W did stand for 
mass (in pounds), and g were the numeral 32.2. the state- 
ments made in the circular do, all the same, involve con- 
fusion, a confusion shared, I conclude, by ‘ M. Inst. 0. K.’ 
A man who writes: te 

nergy GB gees 

= 2x 32.2 
is obviously stating an untruth, or using two systems of 
units in one and the same equation.” Note here the per- 
sonal implication. No reference was made by me to this 
equation, nor is the equation as Mr. Denton written 
it in the of Education ei criticised by him. 
Moreover, the equation which he has just given is quite 
sound, and does not employ two units of mass, except in 
so far as the engineer’s unit of mass is expressed in terms 
of the minor unit. Is not the physicist’s fundamental 
unit of mass now expressed in terms of the larger unit, 
aoe fraction of the standard piece of metal—named the 


If Mr, Denton would indulge less freely in snch words 
as ‘* ” * confusi ** inconsistency,” ‘* logic,” 
“meng,” “‘untruth,” “fundamental,” *‘* »” Bt, 
and find out what engineers’ unite really are by actually 
working the calculations of the mechanical engineer, he 
would then see how much be is mistaken in imagining 
that ‘‘ confusion of thought,” he now so fondly takes for 
granted, exists in the minds of the trained engineer and 
the thoughtful engineering teacher. 
Yours faithfully, 
July 10, 1915. **M, Inst. C.E.” 





Kértine Broruers.—The well-known Kérting con- 
cern of Linden, near Hanover, paid no dividend for 
last year, whilet a dividend of 8 cent., representing 
1,580,000 marks, was distributed the previous year. 
net profits for 1914, including balance carried forward, 
amounted to 719,414 marks (against 1,823,217 marka for 
1913), which, after the deduction of a small sum added to 
the reserve fund, is being carried forward to the current 
year. The report states that Kérting Brothers were 
amongst the first firms to alter their business after the 
commencement of the war and go in for the manufacture 


of mili requisites. The home business , in con- 
sequence, satisf , but as rds the compani 
located in hostile countries, it had impossible to 


obtain exhaustive reports and they conld not figure in 

balance-sheet. In Austria-Hungary business suffered 
much at the outset; but from there, too, military orders 
have since been received on a fairly comprehensive scale. 


Enemy Contrracts—Aocrion In AvsTRALIA.—Accord- 
ing to news received from the High Commissioner for 
Australia, the Commonwealth Parliament has taken 
action with 8 view to preventing the enemy from con- 
tinuing to hold interests in Australian industries, and 
especially the mining ind In the course of his 
oe the debate in the House of i 
on the recond i 


read 

ment Bill, the Attorney-General (Mr. W. 
inted out that one-third of the shares in the 
tic Company were held by Aaron Hirsch, of Germany. 
is company refined all the copper of the Mount 
Morgan Company, while the Mount Lyell Company had 
latterly con with it. Hirsch and Co. were also the 
sole selling ogee for Wallaroo and Moonta. That 
showed that the Germans had complete control of the 
output, price. ahd distribution of . Australia 
was placed in the abject position of finding that 
the only company which could carry on this work 
was one-third owned by a German. The Australian 
Metal Company was frankly admitted to be a branch 
of @ great an concern. Every traneaction upon 
which it made a profit meant a profit for the Ger- 
prey esa J of = it was an mr wee He would 

never be a Lm to expropriation ivate propert: 
under the cloak of national cneliaiieas. However, ‘the 
Minister proposed to take such action as would prevent 
such concerns as the Australian Metal Company from 
trading during the war. It would appear that certain 
members were under the impression that the Bill would 
give the power, where contracts been partly per- 
formed, of cancelling obligations to pay the money or 
deliver the goods. ab was not so. Where money had 
been paid in respect of goods, or 8 delivered in re- 
spect of money to be paid, the Bill would not interfere. ° 
It was not for Australia, Mr. Hughes added, to advise 
or suggest what the British Government should do, bus 
the Ministry — ventured to ask the Imperial authori- 
ties to supplemen legislation concerning Austra- 
lian scan’ hueinee business was to po By ider ite 
own position. It was, in his opinion, essential that 
Australia should shake itself free from the enemy influ- 
ence which dominated the metal industry. As a general 
rinciple, moreover, Australia must break entirely with 
any, in order that it should be free to meet the 
demands of trac and commerce which would occur as 4 

result of the war, 
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ELECTRIC CONTROL-GEAR FOR AIR-COMPRESSOR MOTOR. 


CONSTRUCTED BY MESSRS. J. H. HOLMES AND CO., ENGINEERS, NEWCASTLE-ON-TYNE. 


mains | | 


| 


Tue two figures on this page show a motor control- 
gear which well illustrates the advances which have 
taken place in this class of apparatus during recent 
years. The gear was constructed by Messrs. J. H. 
Holmes and ce, of Portland-road, Newcastle-on-Tyne, 
for the Commonwealth Portland Cement Company, 
and is intended for the control of a 300-horse-power 
direct-current motor driving an air-compressor. The 
apparatus consists of a starter of the multiple-lever 
ratchet type, which is so arran that the motor 
cannot be started until its field is at maximum 
strength—i.e., until the field-regulator is in the posi- 
tion of all resistance out. The starter is also so con- 
nected to two clapper switches that the main current 
is broken on them, and never on the starter-contacts. 
There is, however, in addition a circuit - breaker 
which takes the break in case of overload. The 
clapper switchers are opened in the event of the 
supply voltage failing. The field-regulator is operated 
by reversible motor. When running in one direction, 
it cuts resistance out; when running in the other, 
it puts it in. The control of the motor is entirely 
automatic, and operates in terms of the air pressure 
in the air-receiver. The normal position of starting 
up will be when the air pressure is low. In this case 
the field-regulator motor cuts in resistance and quickly 
raises the speed of the main motor to the maximum. 
If, however, the receiver pressure reaches full value 
before the resistance is all cut in, the regulat: r motor 
will reverse and begin to lower the main motor speed. 
The result of this arrangement is that the main motor 
runs at a varying speed, which follows the d d on 





down and economise the holding-on current. 
arrangement can be seen in the figure. 

The motor will now start. 1t is accelerated by 
gradually cutting out resistance by closing the start- 
ing switches successively. When the last switch is 
closed, the second clapper-switch f will close, being 
actuated by an operating-coil in a similar way to the 
other. This short-circuits the whole of the starting 
resistance. The starting-handle is now left, unless it 
is desired to stop. If so, a further movement of this 
handle a the tappet-switch g, which breaks the 
circuit of the opersting-coil of the tappet-switch c, 
so that it opens and cuts off all current. It is clear 
from the connections that, in the event of a failure of 
current, the clapper-switches cand / will open, and 
isolate the gear. The field regulatiun is of the usual 
rheostatic type, with two sets of resistances, and con- 
tacts arranged in psrallel, and bridged across by a 
sliding contact-bar. This bar is traversed by a small 
series-wound pilot-motor h, which is connected across 
the mains in series with a permanent resistance i, and 
has a rheostat in parallel with the armature for regu- 
lating the speed. 

The path of the current to the pilot motor is from 
the positive main, through the circuit-breaker 5, but 
avoiding the clapper-switch c, through the motor- 
series field, and to the inner top eontacts of the sole- 
noid switches k and/. Solenoid k is known as the 
**lower-speed ” solenoid, and solenoid / as the ‘* raise- 
speed’ solenoid. Following through the motor con- 
nections, it will be seen that if the ‘‘ lower-speed ” 


The 





the air-receiver. 

The operation of the gear may be followed in detail 
from the diagram, but it will be well if we deal 
rather more fully than we have yet done with its 
main points. It is not necessary, however, that we 
should attempt to trace through every connection. 
The main circuit contains a double-pole switch a, 
which, when open, isolates the whole gear. The 
positive circuit from this switch passes through an 
overload circuit-breaker b, to a clapper-switch c, and 
thence to the multiple-lever starter d, and to the 
motor. At the start, the current passes through the 
whole of the series resistance, which is gradually cut 
out as the clapper-switches are closed. e negative 
main is carried direct to the motor. To start, the 
main switch a and the circuit-breaker } are closed, and 
the starter ratchet-handle operated. This closes the 
left-hand switch of the starter, whieh energises the 
operating coil of the clapper-switch c, so that it closes. 
From the diagram it will be seen, however, that this 
coil cannot be energised until the plunger contacts ¢ 
on the field-regulator are short-circuited. This only 
occurs when the field rheostat is in the position to 
give a field of maximum strength. The clapper- 
switch c carries a small contact-bar on its ik, 
which short-circuits two points when it is closed. 
This maintains the cirouit through the operating coil, 
when the plunger contacts ¢ are open-circuited. When 
the clapper-switch c closes, it also introduces a small 
resistance into its operating-coil circuit so as to cut 





solenoid k is up, the current will go through the arma- 
ture of the pilot-motor in one direction ; but if the 
‘* raise-speed ” solenoid / is up, it will go through in 
the other. As the connections, if traced through, 
will show, however, the direction of current through 
the field and permanent resistance will be the same 
in both cases. The result is that, depending on which 
solenoid is up, the motor will run in one direction or the 
other. The raising of solenoid & or / depends on the ac- 
tion of the air pressure regulation-relay switch m. The 
usual conditions for starting up will either be no or 
low air pressure, so that it will be desirable to run at 
full speed as soon as possible. Under these conditions the 
uppercontacts of therelayswitch mwill beformed. This 
is the position for lifting the ‘‘ raise-speed ” solenoid 
1, so that the field regulator will be run from one end 
of its position to the other, and will raise the speed of 
the main motor from normal to the maximum. The 
—_— with which the pilot motor runs depends on 
1@ position of its regulating resistance, which is set 
to suit the prevailing conditions. It can, of course, 
be adjusted at any time. It should be noted that 
the connections made by the air-regulator switch m 
are ineffective until all the main starting resistance 
is cut out, since the circuit from them is carried 
through two contacts which are not short-circuited 
until the clapper-switch fis closed. This switch 
carries a small short-circuiting bar on its back which 
is lifted against the contacts when the switch closes. 
Should the air pressure rise to its full value before 
the field-regulator has reached ite limit of travel, the 








upper contact of the air-regulator switch m will be 


broken and the lower contact made. The result will 
be that the ‘‘ raise-speed” solenoid / will drop and 
eut off current from the pilot motor momentarily. 
Directly the ‘‘ raise-speed ” solenoid 2 drops, how- 
ever, the ‘‘lower-epeed” solenoid & rises, and the 
pilot motor is reversed, returning the field-regulator 
towards its original position, and so reducing the 
speed of the main motor. If the air pressure drops 
to the lower limit while the motor speed is being 
reduced, the air-regulator switch m will change over, 
and the field-regulator will again raise the main motor 
speed, and so on. 





Tur Roap Boarp—Grants TO Highway AUTHORI- 
T1zs.—During the months of April, May, and June, 1915, 
the Road Board indicated additional advances to High. 
way Authorities, amounting in the aggregate to 109, 903/., 
of which 107,007/. was by way of grant and 28961 by way 
of loan. The advances made and indicated up to June 30, 
1915, less indications cancelled, amount to 6,132,279/. Of 
this total, 4,685,753/. is by way of grant, and 1,446,526/. 
by way of loan. The formal grants completed, with the 
approval of the Treasury, during the last qua: ter, amount- 
ing to 125,847/., were applied as follow :— 


z 
Road crust improvement .. os ot wa 123,045 
Road widenings and improvement of curves 
and corners. . - en 7 ae = 419 
Reconstruction and improvement of bridges . . 1,333 
New roads and bridges... % Sa ie 1,060 


Postic Works In New Sout Wates.—Information 
received through the High Commissioner for Australia 
states that the public works t» be carried out by the firm 
of Norton-Griffiths for the New South Wales Govern- 
ment total 10,000,000/., and are as follow :—Warragamba 
water conservation scheme ; Chichester water conserva- 
tion scheme ; city railway and portions of eastern and 
western suburbs railway to Bondi Junction and Weston- 
road, Balmain, respectively; Broken Hill-Condobolin 
Railway; Glenreagh-Dorrigo Railway; North Coast 
Railway, Kempsey to Macksville ; North Coast Railway, 
Mackaville to Coff’s Harbour; North Coast Railway, 
Coff’s Harbour to Glenreagh ; Dubbo-Werris Creek 
Railway, section Binnaway to Werris Creek; Ccff's 
Harbour works ; Stockinbingal to Forbes Railway, sec- 
tion No. 2; Wagga to Tumbarumba Railway. section 
Rumula to Tumbarumba ; Sydenham to Botany Railway; 

t of the main canal of the Northern Murrum- 
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CRACKED AND SEIZED PISTONS ON 
DIESEL ENGINES. 


In our issue of July 2, p 


pistons was discussed. e are now able to give a 
full abstract of the remarks of Mr. Geo. E. Windeler, 
chief engineer to Messrs. Mirrlees, Bickerton and 
Day, Limited, together with copies of the diagrams 
by which they were illustrated. 





A very considerable amount of research work has been 
carried out in different parts of the world in connection 
with the “‘ growth ” of cast iron and the difficulties with 
cast iron when subjected alternately to high and low 
temperatures, and any remarks that I make on the subject 
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17 ante, we noticed | 
briefly a meeting of the Diesel-Engine Users’ Associa- | Which 


tion at which the subject of cracked and seized perature takes place 
| majority of cases to precipitate the salts which were held 


| naturally, became 
| have now adopted 


piston, cylinder cover, valves, and such parts as are in 
contact with the combustion space, must have a large 
number of heat unitsstored in them, and when the engine 
is shut down these heat units are absorbed by the water 

ich remains in the jacket. The Serr ny of water is 
comparatively small, and a very considerable rise in tem- 
; in fact, sufficiently high in the 


in solution in the water. We were so sure that our 
theory was correct (which, as faras we knew, was quite a 
new interpretation of the difficulty) that we wrote to the 
various users of our engines suggesting to them, where 


| the circulating water was known to be of a considerable 


hardness, that they should run water through the water 
spaces for some time after the engine been shut 
down—with the most happy results. This information 
—_— and most Diesel-engine users 

is system to their advantage. 
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are entirely based on the investigations which we have 
carried out at the works of the firm with whom I am 
associated. 

. In the internal-combustion engine (in this particular 
imstance I will deal specially with the Diesel engine) 
ever thing poasitte is done to keep down the temperature 
of the cylinder-liner, cylinder-cover or breech-end, ex- 
haust-valves, and exhaust-passages which are in contact 
with the fuel or gases. Special attention has, therefore, to 
be paid to water. cooling arrangements to ensure that the 
circulation is thorough, and that no air or steam-pocketing 
is likely to ocour. Particular care should be paid to the 
arrangements to prevent short-circuiting in the water 
circulation, otherwise certain parts are liable to become 


overheated locally. 
in the course of our investigations we found that the 
mejor portion of the defects that had arisen on cylinder 
covers and pistons were due to serious deposits having 
een allowed to form in the water spaces of the cylin- 
liners, and a good deal 


er covers and on the cylinder 
of time was spent in investigating the cause of such 


deposits having formed, and ultimately we came to the 
conclusion that they were not formed on the liners and 


cylinder walls d i i 
but aftec the uring the time the engine was working, 


engine was shut down. Naturally, the 








VM 








Wl 





I have myself personally inspected a cylinder cover 
which contained a water space about 6 in. deep and found 
a deposit of as much as 5 in. thick in the water space. 
Naturally the cover had cracked. The aforesaid sugges- 
tion was adopted in this particular station, and the results 
have been very satisfactory indeed. 

In an internal-combustion engine without a water- 
cooled piston, the heat units that have been absorbed by 
the piston crown must, out of necessity, be dispersed 
from the crown down the body of the piston, and passed 
away through the liner to the water space by the contact 
that the piston forms with the liner. It is therefore 
necessary to study carefully the design of the piston 
in order to obtain the best results. At the same time the 
Piston must be designed in such a way that the load that is 
applied to the crown shall be transmitted to the cross- 
head pin attached to the ar without causing 
any distortion to the piston, which has to maintain its 
roundness to enable it to work without trouble in an 
accurately bored cylinder. 

Tn the case of smal! int ] b engines, such as 
are used on automobiles and aircraft, there is quite a dif- 
ference of opinion as to whether cast iron or oil-tempered 


oti 








steel is the most suitable material to use for s. One 
would almost imagine that the oil-tem steel piston 





would be the most suitable for such machines, where high 
power is developed in comparatively small cylinders, and 
ata ~ rate of revolution ; but for large engines, such 
as we have under dircussion, it is necessary to have a 
fairly heavy section of material to enable the heat units 
to away in the time available, in order to prevent 
undue heating of that part of the piston which is in con- 
tact with the gases. 

In Figs. 1 and 2 is shown a piston with the usual 
dished top, and supported by four radial ribs, two 
ribs being carried down to the piston-pin boss, so as 
to form a more or less rigid connection between the 

-crown and the piston-pin, to enable the forces to 
transmitted direct with the minimum amount of dis- 
tortion. It will be noted that this piston is com - 
tively thin in the crown and in the body, and when fitted 
to a number of engines was found to work admirably ; but 
ultimately distortions appeared between the ribs, and it 
was deemed advisable to modify the design to that shown 
in Figs. 3 and 4, in which six radial ribs are carried well 
down the body of the piston from the crown, two extend- 
ing to the piston-pin s, with a thicker rib behind the 
main rib to assist in the transmission of the load. The 
= crown was made slightly thicker. Generally this 
developed i — satisfactory, but at ee = bere 
ev in the piston ; sometimes the cracks have 
taken a circular form round the base of the centre cone 
which is formed in the piston. Such cracks, however 
are not of serious import, and pistons which have cracked 
in this manner have been in use for twelve or fifteen 
months without any trouble ; a slight blowing past takes 
place when starting up, but this ceases after the ae 
top has bevome heated, the expansion evidently closing 
up the crack. But a more serious state of affairs exists 
when the piston cracks either radially or diametrically, 
as it is liable to cause seizures in the cylinder owing to 
the piston losing its rigidity and consequently its sym- 
metry. It is desirable under such circumstances to 
im iately shut down and remove the piston. 

“hy 1 to 4 illustrate pistons 12 in. in diameter ; Figs. 5 
and 6 chow a piston 20 in. in diameter, the design of 
which was uimilar to that of 12 in., but the piston-crown 
was supported by a number of circular ribs projecting 
into the interior of the piston. Radial ribs were also 
carried down from the crown of the piston to the piston- 
ow boss. This piston at first appeared to be quite satis- 

actory, but it was noticed on examining a number of 
hich had been unmachined that slight cracks 
en across the tips of these ribs, and on 
examination it was found these cracks had been cet up by 
the cooling of the casting. 

A number of such castings were broken up, and found 
to contain many flaws. It was therefore decided to cast 
the piston in two ions, and Fig, 7 illustrates the 
type of piston which is now generally adopted by the 
firm. e construction of the upper portion of the piston 
is secured to the main body of the piston by six or eight 

uare-necked studs; the object of the square-necked stud, 
which fits into a square hole in the body of the piston, is 
to ensure that the stud itself will not come out or get 
slack when the : oy is at work. 

The design of this piston top is somewhat novel, in so 
much that there are no ribs embodied in the design, the 
support to the crown of the piston top being obtained 
by throwing out a conical cylindrical chamber which also 
has the advantage that it forms another lane by which 
heat units can reach the body of the piston for transmis- 
sion to the water spaces. It also permits of uniform 
expapsion. The upper portion of the piston is carefully 

ded on to the lower portion, and care is taken 
to have sufficient contact area to allow for rapid heat 
transmission. The internal cone thus formed in the 
is filled with asbestos to prevent the heat being thrown 
down from the crown of the piston on to the connecting- 
rod bearing. This design has several advantages, one 
being that different qualities of material may be used for 
the upper portion of the piston and the lower portion. 
The other is, that, should any cracks develop, it is a 
comparatively simple and ee nme matter to replace 
the top. As will be readily un , the lower portion, 
which acts as a c ead, must necessarily be of a ey 
of iron which is hard and which will attain a hig 
polish when running, and not wear readily ; the upper 
portion should be of a material capable of resisting heat 
stresses. Fig. 8; shows a similar design as adopted on 
the 12-in. pistons. 

When these modifications were carried out, a num- 
ber of experiments and analyses were made in our 
laboratory with the different qualities of material used, 
and careful records were taken of such, and when any 
defects developed we were able to trace the particular 
quality of material that was used. By this com 
tive method we could arrive at a more or less definite 
conclusion as regards the quality of material which best 
suited the pur pose. pnt ae ~ — that 
cast iron, containing hig’ tages osphorus, was 
most unreliable, and Testhow, tguttiiontions established 
that the elimination of phos would, to a 
extent, remove the difficulty of cracks developing. Great 
care is taken by us in controlling the mixtures that are 


head | used, and each batch of pistons and cylinder-covers, 


liners, &c., is carefully analysed and records taken in 


our laboratory so as to ensure consistency of the material 


as desired. Naturally these experiments have taken a 
considerable time to carry out, and have been repeated 
many times to ensure r) and particulars 


obtained are reliable and consistent. 
Fig. 9 shows the general arrangement of the combus- 
tion space, with the valves and on in position. 
Reverting to the question of reizures of pi sag Bnd 
have formed the opinion that almost invariably 





seizures are due to heating of the piston-pin and its bear- 
log, ond from our investigaticns we bave found that such 
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seizures take place almost immediately after starting up. 
The opinion we have formed is that, when an engine has 
been set to work and shut down, the heat stored in the 
piston body flows downwards, and tends to eva) te the 
oil in the top end-bearing, with the result that when 


the engine starts up again, this particular bearing is not | barbed 


amply supplied with lubricating oil, and seizures take 

place. Again, running the circuiating water through the 

engi = atter shutting down tends to minimise this 
culty. 

In our enclosed type of engines, where forced lubrica- 
tion is used, this difficulty is toa large extent removed » 4 
the fisting of a hand lu ing pump, by means of whic! 
lubricating oil uoder pressure can pumped to all the 
bearings, including the piston-pin bearing, whilst the 
engine 1s being round into its starting position 
before being started up. ‘ 7 

As proof of our contention that the heating of this 
bearing is generally the cause of such seizures, I may 
mention that the abrasions generally show seizure to have 
taken place at four points of the circumference of the 
piston and liner, and if careful note is taken of the posi- 
tion of these a>rasions it will be found that they occur at 
the point where the pi ~~ bosses join on to the 
thinner section of the y of the piston. At this point 
there is a qongemenly sudden reduction in the section 
of material, allowing one portion of the piston to be 
extremely rigid and the other portion more or less 
flexible; when seizures take yoann the piston-pin becomes 
over-heated, and by reason of its friction fits in the piston 


body, plus its ter coefficient of expansion, causes an 
extension to e place which forces the piston out of 
sbape, flattens the crosshead portion of the piston body, 


and causes distortion to occur at the four points referred 
to. If the engine is not shut down quickly, other seizures 
are liable to occur, but the main seizures will almost 
invariably be found to occur at these four points. 

When piston seizures do occur it is desirable that the 
connecting-rod bolts should be carefully examined, as 
extension of the length of the bolt is likely to take place, 
and, if examination is not made, ultimately fractures of 
the bolts are likely to occur, with most disastrous results. 





Inp1an Coat.—The output of coal at the collieries of 
the East Indian Railway Company in 1914-15 was 367,051 
tons, of which 283,084 tons were steam coal. The quantity 
of steam coal consumed by the underpaking (including 
coal purchased) in the same period was 449,058 tons, as 
compared with 424,345 tons in 1913-14. The cost of the 
coal thus used was 7d. per ton higher in 1914-15 than in 
1913-14. This increase was principally due to the larger 
proportionate quantity of market coal used. 





IRRIGATION IN AUSTRALIA.—One of the effects of the 
comparative failure of the wheat crops of Australia last 
year was to induce the farmers to p additional areas 
under crop for the next season. Already the rainfall 
has been sufficient to make the season’s outlook bright, 
and those who were disappointed with their harvest last 
year will probably be more than repaid with this season’s 
crop. Another effect was to direct increased attention 
to the newly-estsblished and extensive irrigation areas in 
the various Staves. Under the irrigation schemes the 
settler obtains his land and water from the Government, 
and in some cases the Government will also help him to 
dispose of his products, as well as giving him great 
assistance in getting his supplies to his holding and his 
produce to the market. In New South Wales good work 
is being done in this direction. 





Tue German Perroteum Company.—The report of the 
German Petroleum Company, read at the general meeting 
of the company, held on June 15, states that 1s 
taking a very favourable turn, and that the company is 
exerting itself to exploit its home and foreign concerns as 
much as possible, so as to be able to supply the present 
urgent demand for raw products. The combine of the 
German refineries under one head very materially enhances 
the capacity under the present circumstances. The increase 
in prices caused by the strong demand will principally bear 
upon the current year. The financial position of the com 
pany has improved by fully 13,000,000 marks in the course 
of the year under review. ‘The company has subscribed 
2,000 000 marks to the War Loan. As regards the com- 
pany’s share in alkali works, tH ae had nob, with one 
exception, been , although the alkali industry 
had suffered very much from the effects of the war. As 
vo the writing-off, amounting to 6,100,000 marks, on the 
shares in the North German Mineral Oil Company, the 
need for this could hardly be a surprise. The prospects 
of the company would be much better had it not entered 
upon contracts at very low prices, which still run. The 
debts of the daughter companies to the German Petroleum 
Company had i as far as the Roumanian and also 
the Austrian undertakings were concerned. It was stated 
at the meeting that the Concordia Company, which 
owed German Petroleum Company 4,559,000 marks, 
was the weak point; but this large indebtedness was 
due to extensive borings undertaken after the ccncern 
had passed into the hands of the German Petroleum 
Company. The borings in the Bustenari district had, 
however, nen —s which could apy ope we —— 
hand, as eum bori generally y calculation. 
In the Moreal district, wineh had since been acquired, 
there —— yon LA ay inasm = 0 very rich 
spring n spoilt re on some adjoining property, 
whilst the neighbouring concern had been able to exploit 


a large quantity of pecroleum, thereby obtaining a large 


fix. ‘The development in Roumania had further been 
pered by mobilisation and political disturbances. In 
the end, however, fairly satisfactory results might be 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 30. 
Export business occupies increasing attention, but 
it is impossible to verify all announcements. New 
wire demand cannot be met, as it is physically 
imp ssible for the mills to meet it. Large shipments 
of tin-plate are being made to England and Russia, 
and under increasing domestic demand all mills are 
up = capacity, large export orders for pig are re- 


ported. 

Italy has taken 8000 tons Bessemer, and 6000 tons 

will soon go. Canada is taking some pig ; several 
Eastern sheet-mills are operating to capacity on export 
orders. The drop in spelter has enabled some plants 
to resume. 
Fresh rumours to-day point to more Euro’ war 
orders ; basic iron is being widely sought ; the Colonial 
Steel Company has ordered 10,000 tons. Several fur- 
naces refuse to contract for delivery beyond Septem- 
ber 30; locomotive builders are rushing work on 638 
engines for Europe and six for Brazil; the Standard 
Steel Car Company is rushing work on 2500 freight- 
cars. Car-builders’ material has recently been placed, 
or will soon be placed, for 125,000 tons. Shrapnel 
bars are now up te 1.25 dols. ‘The Carnegie Steel 
Company is now close to 95 per cent. of its maxi- 
mum capacity. Bar mills in the Pittsburg dis- 
trict are working to 100 per cent. Sha and 
bars are likely to be advanced 1 dol. Railroads 
are now inquiring for more cars. The entire rolling- 
stock in the agricultural regions will soon be taxed ; 
several indications now point to an enlarging 
domestic demand. Steel-bar capacity has been 
largely sold up for the rest of the year. Critical 
conditions as to meeting prospective demand are 
threatening; large shipbuiluing contracts are again 
talked of as near at d. Implements are also 
attracting more attention. War dangers still restrain 
enterprise. With all the impetus of European de- 
mand, there is a degree of trade apathy in the Ameri- 
can market. The abundant volume of money has no 
ny ages influence on promoters. Total export of 
ead tor the month amounts to 6586 tons. Spelter is 
194 dols. at St. Louis. Two smelters are being con- 
tracted to handle Bolivian tin ores, one under English 
supervision. 





INCREASED EXPENDITURE FOR BUILDING oF STATE 
Rattways in Noxway.—The State railway construction 
in Norway is progressing on a very i scale, although 
some of the important work now in d will not 
completed at the time originally intended. Thus the 
Doore railway was to have been ready in 1917, and the 
Rauma railway in 1917, but neither undertaking will be 
completed at the time. According to the railway plan 
of 1908, the railways which it compri were calculated 
to cost 51,000,000 kr., but the actual expenditure has now 
been put at 87,000,000 kr. Alterations and further new 
lines, which have been decided upon later, were calcu- 
lated to entail an aggregate expenditure of 35,000,000 kr., 
but they will, it has transpired, cost some 10,000,000 kr. 
more than originally calculated. (18kr. = 1/.) 





Ruies GOVERNING AUSTRALIAN Imports.—The follow- 
ing special requirements regarding the importation into 
Australia of goods from Holland, Denmark, Sweden, 
Norway, Switzerland, and [taly became effective from 
July 7, 1915 :—(1) The Customs authorities in Australia 
require a British Consular certificate of non-enemy origin 
in respect of all goods imported from Holland, Denmark, 
Sweden, Norway, Switzerland, and Italy, either direct 
or after transhipment under the Customs regulations at 
any port in the United Kingdom. (2) When goods are 
im ported into the United Kingdom from the countries 
named and subsequently re-exported to Australia, a certifi- 
cate of origin will not be required in the Commonwealth, 
but in lieu thereof importers: there will be called upon to 
produce an official copy of the Specification for Foreign 
and Colonial Merchandise (Form 30) or the Shipping Bill 
(Form 64), as the case may be, which isrequired to be 
lodged with the British Customs in connection with the 
—— of such goods from the United Kingdom. 
(3) When requested by exporters, the proper officers of 
Customs in the Uni Kingdom are authorised by the 
Board of Customs and Excise to sign and stamp complete 
copies of the Specification or Shippi ill, or extracts 
therefrom, free of charge, provided thé copy or extract 
is presented at the same time as theoriginal. (4) When 
the goods described on a Specification or Shipping Bill 
are intended for two or more consignees in Australia, 
exporters may have extracts signed and stamped for 
transmission to each consignee. (5) The attention of 
merchants, exporters, shipping agents, and all others 
concerned is invited to the necessity of seeing that the 
—— eee in paragraphs 1 and 
plied with, otherwise co 
their is detained by the Commonwealth Customs. 
(6) It is to be noted that the above requirements apply 
to all goods exported from the countries named in para- 
graph 1. (7) Itis to be also noted that the copy Speci- 
cation or Shipping Bill referred to in paragraph 3 must 
be tendered with the original to the proper officer of 
Customs in the United Kingdom, with the request that 
it may be si stamped, and returned. It is then to 
be forwarded for production to the Customs at the port 
in the Commonwealth to which the gocds are consigned 


2 are com- 
will be liable to have 





looked for. 


NOTES FROM THE NORTH. 

4 Guascow, Wednesday. 
Glasgow Pig-Iron Market.—There was a decided reac- 

tion in Se 5 of Cleveland warrants on Thursda: 
forenoon, 1000 tons were dealt in at 67s. 74d. om 
and 68s. one month, closing eellers’ prices being 67s. 94d. 
cash and 68s. 24d. one month. At the afternoon session 
an uncertain tone characterised the market, and while 
one month’s warrants were disposed of at 68s., there was 
@ fall at the close, and both cash and one month prices 
== 2d. to 3d. ae ‘Shad lower, showing a — over the 
jay’s transactions . per ton. 1500 tons changed 
hands. At the close seliers’ prices » Fr 67s. . cash, 
67s. 11d. one month, and August 11. Firmness 
ruled on Friday morning, and the tone was steady, 
an advance of 1}d. to 2d. per ton being recorded. 
The transactions consisted of 1000 tons, which realised 
- per ton one month, with 


from 68s. to 67s. 11 

closing sellers at 67s. 8d. cash and 68s. 1d. one month. 
The near approach of the Annual Fair Holidays was 
no doubt reason for the prevailing flatness of the 
iron market on Monday morning. There was a scarcity 
of buyers, and Cleveland cash warrants were offered as 
low as 67s. 3d.--a considerable drop from Friday. Closing 
sellers’ price for cash was 1d. per ton over this at 67s. 4d., 
while 67s. 6d. for three days and 67s. 9d. one month were 
reported. A further 6d. per ton was lost in the afternoon, 
business being done down to 66s. 9d. cash and 67s. 3d. one 
month, with —e sellers at 66s. 94d. per ton cash and 
67s. 24d. one month. In the morning the transactions 
amounted to 1500 tons, the same quantity being dealt 
with in the afternoon. Yesterday morning a slight 
advance was noted, and Cleveland warrants changed 
hands at prices nominall < 2p ton over the pre- 
vious day’s dealings. ft) business was done, 
and 2000 tons changed hands at 66s. 10d. thirteen 
days and 67s. to 67s. 2d. twenty days. Closing sellers 
were 67s. 14d. per ton cash, and 67s. 6d. one month. 
A further advance took Pome in the afternoon, when 
1500 tons were dealt in. liers were 6d. per ton for cash 
up from the morning, and 64d. for one month. Dealings 
took place at 67s. 6d. cash, and 67s. 9d. twenty days, and 
at the close sellers were quoted 66s. 74d. per ton > 
and 68s 04d. one month. This (Wednesday) morning 
the market was quite idle, and yesterday’s gain in price 
was dropped. Abt 67s. cash, one warrant was dealt in, 
and closing sellers stood at 67s. 3d. per ton cash, and 
67s. 8d. one month, In the afternoon business was 
entirely at a standstill, and prices dro a further 
1d. to 3d. per ton from the morning. Abt the close the 
quotations for sellers were 67s. 6d. cash and 67s. 11d. 
one month. 


Sulphate of Ammonia.—Very little business is reported, 
and the price remains firm at last week’s quotation. 

Scotch Steel Trade.—Every effort is being made to con- 
tinue and increase the output of steel in all the large 
establishments in the West of Scotland, and the produc- 
tion of munitions of war goes on with great vigour. The 
scarcity of skilled labour is still the most important item 
with which manufacturers have to contend, and con- 
sidering this difficulty, the output is phenomenal. 
Finished material of all kinds is steadily increasing in 
price, and if their orders are to be carried out at all, 
consumers have no other choice than to pay the higher 
price. It would be well for all would-be buyers to con- 
sider their needs nob | for immediate use, but like- 
wise for some time ahead, for there is every evidence 
that prices will still further increase, and that to a 
higher level than any touched for some years. Instead 
of decreasing, the demands th of our own and 
several of the Allied Governments are steadily increasing, 
and with this more stringent restrictions are daily put 
into force. Indeed, it has been noised abroad that ere 
long some of the steel works will be completely com- 
mandeered for the production of munitions, and that in 
others little else will be done, for it seems scarcely pos- 
sible otherwise to cope with the demand for the high 
tensile and tested steel required by Government. Nothing 
but the greatest activity prevails in order to get as many 
of the orders as possible put out before the works slow 
down to-morrow or Friday. The output, it is reckoned, will 
constitute a record. While the demand for sectional 
steel is exceptionally heavy, the demand for plates has 
slightly eased off, although prices still continue firm. 
For G wor equal delivery, boiler-plates are quoted 
at 102. 10s., less 24 per cent., the new rate of discount; 
ship-plates for Glasgow or equal delivery, 10/., and for 
export 9/. 15s. to 10/.; while angles are 10/. per ton, all 
less the 24 per cent. discount. 


Malleable-Iron Trade.—Although no official advance 
has been reported in the malleable-iron trade, prices are 
firm and steadily on the increase, and makers are quotin 
higher rates. e increasing cost of raw material, as w 
as the scarcity of labour and the heavy wages’ bill, are 
accountable for this, and in consequence the revised list 
of extras, at t in course of Pe y- « mye is bein 
anxiously awaited. It is expected that this new list wi 
be ready for issue to the ie in a few days now. Prices 
are rather in a transition stage at the moment, but 
“‘crown” bars are being quoted at 11/. per ton, less the 
customary 5 per cent. for Glasgow or equal delivery, 
and for export these run from 10/. 10s. to 10/. 15s. per ton, 
less 5 per cent. 


Scotch Pig-Iron Trade.—The continued heavy demand 
for finished material is having a very favourable 
effect, and the local pig-iron trade is in a fairly healthy 
condition. Undoubtedly the increasing output of muni- 
tions cannot fail to benefit the market, and the best 
brands are firmer in price than a week ago. A steady 


advance is ex ing to the prevailing require- 





on and after July 7, 1915. 


pected, owing 
ments both for home and export trade. The con- 
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sumption of hematite by the iron and steel works engaged 
on the production of munitions has greatly increased the 
douane locally, although in the meantime the price has 
not risen. An exceptionally heavy demand for makers’ 
iron for export trade is noted with much satisfaction, as 
this will help to balance the export and import trade in 
the way suggested by the Prime Minister. This may 
bring an advance in price, but, at the present, makers’ 
(No. 1) iron remains still at the old figure :—Olyde, 
Calder, Gartsherrie, Summerlee and Langloan, 95s. per 
ton (all shipped at Glasgow); Eglinton, 80s., and Glen- 
garnock, 86s. (both at Ardrossan) ; Dalmelli n, Sls. (at 
Ayr); Shotts, 85s., and Carron, 86s. (both at Leith). 


Glasgow Fair Holidays.—Owing to the extreme 

sure of Government work, the annual holiday 1 be 
much curtailed, and, acting upon the suggestion of the 
Admiralty, the respite from toil will only cover five days, 
and those engaged in shipyards and iron and steel works 
will be set free to-morrow (Thursday) and are expected to 
resume labour on Wednesday morning at breakfast time. 
This arrangement has been most carefully considered, 
and, looking to the vast importance of the work at pre- 
sent in hand, it is advisable that all concerned should fall 
in with the scheme. Employers have had to guarantee 
that a sufficient staff shall be available to undertake any 
urgent repair work. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—Only 378,113 tons were dealt with 
last month, compared with 611,878 tons in June, 1914—a 
reduction of 233,765 tons. This was largely due to export 
restrictions. Up to the end of June the receipts aggre- 
gated 2,375,946 tons, com with 3,123,583 tons for the 
tirst half-year of 1914—a decrease of 747,637 tons. Exports 
for the month totalled 124,649 tons, against 469,266 tons 
in June, 1914, and for the half-year 1,107,765 tons, against 
1,601,694 tons in 1914. During June, France took nearly 
double the tonnage of a year ago. Over half the business 
done during the half-year was with that country. The 
only other case of improved trade was with Denmark. 


South Yorkshire Coal Trade.—The outlook in the house- 
coal section is not very promising. The demand has 
weakened considerably during the past fortnight. Country 
trade is practically at a standstill owing to the fact tha 
farmers are busy with the harvest. don sales are 
affected by the usual summer conditions Gas coal is 
going away very freely under the new contracts, and this 
is relieving the situation from the colliery point of view. 
There are practically no stocks at the pits, and prices 
show no signs of weakening. How long the hard 
’ steam market will be able to withstand the effect of the 
new shipping regulations, time alone will show. The 
general conditions are undoubtedly weaker, but up to 
now there has been no further downward movement in 
prices. Slacks are as buoyant as during the past month. 
‘The tendency in coke values is upward. Quotations :— Best 
branch hand-picked, 20s. to 2is.; Barnsley best Silk- 
atone, 17s. 6d. to 183. 6d.; Derbyshire best brights, 17s. 6d. 
to 18s. 6d.; Derbyshire house, 15s. to 16s.; best large 
nuts, 14s. 6d to 15s. 6d.; small nuts, 14s. to 15s.; York- 
shire hards, 17s. 6d. to 18s. 6d.; Derbyshire bards, 
17s. 6d. to 183. 6d.; best slacks, 11s. to 124.; seconds, 
9s. 6d. to 10s.; smalls, 8s. to 9s. 


Iron and Steel.—Producers and buyers of metal are 
very slow in getting to business. Both are displaying an 
unusual degree of caution, and while the latter are hoping 
that their inaction may influence prices, the former are 
“sitting tight” in the almost certain knowledge that 
with consumption continuing at its present high rate, a 
move—and an almost general move—must be made to 
{ acquire and ensure supplies. The current quotations 
; are as follow:—West Coast hematites, 120s.; special 
qualities, 133s. 6d.; East Coast mixed numbers, 106s. 3d.; 
Lincolnshire No. 3 gy 6 753.; Lincolnshire forge, 
73s. 8d.; Derbyshire No. 3 foundry, 70s. to 71s.; Derby- 
shire forge, 69s. to 70s. per ton. The South York- 
shire bar-iron industry is in a more flourishing condi- 
tion to-day than for several months past so far as 
the amount of business on hand is concerned, but the 
increase in working costs is a very serious item, and 
one which is responsible for the Association abolishing its 
old custom of allowing 24 per cent. discount on cash pay- 
ments. The difficulties facing ordinary commercial users 
of manufactured steel continue to increase. Even with 
the la quantity of American billets imported, there is 
net sufficient to meet every call in full, and some manu- 
facturers are feeling the ome very keenly, particu- 
larly as it is accompanied by constant di isation of 
transport arrangements and consequent loss. Local 
makers have not the slightest difficulty in maintaining 
the high prices; in fact, they are frequently offered 
considerable premiums for supplies. Acid sorts bave 
advanced another 5s. Special Siemens are now quoted 
at 131. 15s., ordinary Siemens at 11/. 15s. to 12/., and 
Bessemer at 110, 5s. to 111.103. A deal remains to 
'); accomplished before the best results can be secured in 
the heavy engineering trades. It is believed locally that 
one of the earliest results of the mobilisation of volunteer 
munition workers — a general —— ——— 

he engin ies of a system ree eight-hour 
shifts, by whick i ~ 
out unnecessary strain being upon the men. The 
universal adoption of such a system is only possible, of 
course, if the requisite number of men is forthcoming. 
' The organisation of a better supply of small tools would 

Save much valuable time that is now being lost by men 
waiting for each other’s implements. Overseas inquiries 
for steel implements and machinery are of an encouraging 
character, particularly as regards South African and 
Indian requirements. Twist-drills, railway tyres, axles, 
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movement. 


continuous working will be assured with- | and 


buffers and springs, mining machinery and implements, 
and wet ape ge = sought. Canada and 
also appear to be improving markets. 





NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MiIppLesBRoucH, Wednesday. 

The Cleveland Iron Trade.—F ollowing on a fair amount 
of business the market is quiet, and prices are easy. This 
week up to 68s. has been paid for No. 3 g.m.b. Cleveland 
Pig, but no difficulty is now experienced in obtaining the 

ing quality at 67s. 9d., which, despite falling cost of 
production, makers declare is an al z 
tive rate. There is hardly any No. 1 Uleveland pig to be 
had, and, as a consequence, 
have to pay high rates for it. As a rule, the 
f-a-crown above No. 3, but just nowany 
the a my AS round about 73s. wed pt me = 
up. Fairly inquiries are repor' ‘or No. 4 foundry, 
the price of which 1s 67s. 3d. to 67s. 6d. No. 4 forge is 
66s. 9d., and mottled and white iron each 66s. 6d. The 
East Coast hematite branch of the staple industry is life- 
less. Makers report a good deal of work on han 
are very reluctant to acknowledge actual reduction in 
quotation, though they are obliged to admit a downward 
Reports of business with Sheffield at 95s. for 
Nos. 1, 2, and 3are not confirmed, but buyers declare that 
they now experience no difficulty in 
97s. 6d. Business in forei 
to remain so as long as d 


ship-rivets, 13/. 10s. ; steel bars (basic), 107. 


102. to 102. 10s. 


Trade Statistics.—The quarterly returns of the Middles- 
brough Chamber of Commerce show the number of blast- 
furnaces in operation within the port of Middlesbrough 
at the end of June last at 44, as compared with 50 at the 
same time a year ago. The statistics give the output of 
pig-iron in Middlesbrough during the second three 
months of the year at 536,000 tons, 279,000 tons of which 
was Cleveland pig, and 257,000 tons hematite, spiegel, 
basic, and other special irons. For the previous 
the uction was returned at 552,000 tons, 322, 
of which was Cleveland, and 230,000 tons hematite, &c., 
for the second quarter of last year the make was 595,000 | motor 
tons, 355,000 tons of which was Cleveland, and 240,000 
tons hematite, &c. Imports of foreign ore to Middles- 
brough last quarter amounted to 452,862 tons, as com-| Com 

with 330 tons for the previous three months, 
and 490,768 tons for the second quarter of 1914. The total | The 
value of goods other than coal and coke exported 
Middlesbrough to foreign and colonial destinations d 
the past — was 1,882,467/., as compared 
year. 


2,730,7201. for the second quarter of last 


ther unremunera- 


ose who need this quality 


ing orders at 

ore is stagnant, and is likely 
veries on contracts are such as 
further to increase consumers’ already rather heavy stocks. 
In the continued absence of transactions, market rates 
remain nominally on the basis of 26s. ex-ship Tees for 
Rubio of 50 per cent. quality, but it is very difficult to 
learn on what terms business could actually 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are being steadily drawn upon. The quantity 
Cleveland in the public warrant stores here now stands 
at 146,737 tons—a reduction so far this month of 5544 
tons. As was anticipated, shipments of pig are showing 
marked improvement, and loadings for July i 
be the heaviest since the outbreak of war. 
month the despatches from Middlesbrough average 1901 
tons per working day, the total loadings amounting to 
22,821 tons. To the same date last month the clearances 
were returned at 10,820 tons, or a daily average of 901 
tons, and for the corresponding part of July last year the 
shipments reached 34,288 tons, or an average of 2857 tons 
per working day. 

Coke.—Much interest centres in coke just now. Nego- 
tiations are in progress for renewal of a good 
tracts for local consumption, but buyers and sellers 
considerably in their opinions as to values, and terms are 
not easily arranged. y sellers hold out for 30s. for 
Durham blast-furnace coke of average 
at Tees-side works, but consumers consi: 
should be some shillings below that figure. 


Ironstone Miners’ Wages.—The Cleveland ironstone 
mine-owners this week met representatives of the miners 
to discuss and agree as to the amount of advance under 
the last ascertainment that would have accrued to the 
miners if the special advance of 15 per cent. under the 
terms of the Prime Minister’s award had not been in 
eenten. Sir Hugh Ball, Bart., who ided, said the 

irae Minister's award stipulated t avy advance 
which might become due as a result of hig i 

ices should be merged in the special advance given in 
y last. It was agreed to regard 74 per cent. as the 
amount of advance which would have peen paid for the 
third quarter of the year if the special advance had not 
been given. Wages which stand at 464 per cent. above 
the standard are unchanged. 


Manufactured Iron and Steel.—In all branches of the 
finished-iron and steel industries a lot of work is being 
turned out. Manufacturers are still almost entirely en- 
on Government contracts. There are a few 
nary orders in the market, but those who have them 
to place intimate that they experience difficulty in obtain- 
ing assurance as to when they can be executed. Quota. 
tions all round are very firm. Common iron bars are 11/.; 
best bars, 11/. 7s. 6d.; best best bars, 11/. 15s.; packing 
iron, 8.; iron ship-plates, 10/.; iron 4 ay wl 
(Siemens), 11/. 15s. ; steel ship-plates, 10/.; steel ship- 
angles, 9/. 15s. ; steel boiler-plates, 11/.; steel joists, 
91. 178. 6d. to 10/.; steel strip, 10/. 5s.; and steel hoops, 
10/7. 10s.—all less the usual 24 per cent. discount. Heavy 
steel rails are 8. 15s. to 9/.; and steel railway sleepers, 


uality, delivered 
that the price 


tons in the imports. 
tons in the shipments o' 





re on Solid- 
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ear. The new re 


ery 
unnecesssary number of wheel diameters, wi 
range of 30 in. to 42 in., all of which more or lees 
closely approached each other, but were not interchange- 
able. It was ascertained from the chassis-makers that 
there was no real demand for a very large number 
of the sizes listed by 
process of elimination, it was found practicable to reduce 
the number of diameters to six and at the same time 
ically all the requirements of the commercial 
hoped that the time may not be 
far distant when this number can be still further reduced 
to four, or even less, and with this object in view the 

dard ai ap ey ith for general 

stan sizes is with for purposes. 
report, the price of which is 5s. 3d., 

published for the Committee Messrs. 
wood and Son, 7, Stationers’ Hall-court, E.C 
obtained direct from the offices of 
Victoria-street, Westminster, 8.W 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has ruled quiet. 
addition to customary week-end influences, anxiety has 
been occasioned by the action of the mimers over 
new w: agreement question. 
many Saseesintian that buyers and sellers generally 
confined their attention to business for prompt shipment; 
transactions were also limited by the licenses granted by 
the authorities for exports to neutral countries. 
have shown continued firmness. House-coal, patent fuel, 
and coke have exhibited no change. Quotations for the 
best Admiralty large steam-coal have cuntinued, to a large 
extent, nominal ; secondary qualities have made 263. 10 
27s.; best Monmouthshire Biack Vein , 258. to 26s. ; 


inary 
19s. 6d. to 20s. 6d. ; an 


This action involved so 


Smalis 


nker emails, 
15s. 6d. to 16s. 6d. 
‘he best household coal has been quoted at 
29s. to 30s.; No. 2 Rhondda large at 19a. to Zls. ; and 
No. 2 smalis at 16s. to 16s. 6d. per ton. 
quotation for patent fuel has beeu 33s. to 35s. per ton. 
Dpecial foundry coke has made 40s. to 42s. 6a.; good 
foundry coke, 35s. to 388.; and furnace coke, 30s. to 33s. 
q@| per ton. As regards iron ore, Rubio has realised 24s. to 
a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 


The iatest 


ewport Bridge.—A meeting of the Parliamentary, 
Works, and General Purposes Committee of the Newport 
Town Council was held on Tuesday, last week, when a 
report was received from Mr. Mott, who was appointed 
to report on the condition of the present end 
necessity for providing extra cross-river communication. 
ted that the present structure was suffi- 
ciently safe for at least four or five years, provided that 
. | it received careful attention and 
abutments were looked after. 
of a steel bridge, at a cost of 
opinion, ferro-concrete was a doubtful substance. Pre- 
vious experts had reported that a ferro-concrete bridge 
would be quite suitable. The committee decided to call 
a further meeting. 


Welsh Trade Matters.—The directors of Consolidated 
Cambrian, Limited, have declared 
at the rate of 10 


bridge and the 


that cracks in one of the 
He favoured the erection 
about 97,000/., as, in his 


an —y = a 
r cent. per annum upon the inary 
shares. No interim dividend was paid in August, 1914, 
but a dividend of 10 per cent. annum was forthcoming 
ear. The directors of the Cambrian, 
organ aval Companies, Limited, have invested 
jointly 100,000/. in the War Loan. An interim dividend 
of 5s. per share upon the fully-paid ordinary shares, and 
the partly-paid ordinary shares 
reat Western Colliery Company, 
imited, is announced for payment on the 26th inst. 
These dividends are at the rate of 10 per cent. per 
annum, and are similar to those 
1914. The returns of the Swansea Harbour Trust for 
June show an improvement as com 
1914, of 43,000 tons, notwithstanding a falling off of 19,00U 
i here was an increase of 86,000 
f coal, but patent fuel declined 
total trade movement for the first half 
of this year was 3,056,392 tons, showi 
about 300,000 tons as compared with the first half of 1914. 


declared in August, 


with June, 


a falling off of 


ENGINEERING STANDARDS CommitTrTer.—Following on 
the recent issue of the Report on Pneumatic Tyre- 
for Automobiles, Motor-Cycles, and Cycles, 
neering Standards Committee have now published a 

Rim Diameters fur Commercial 
} port No. 71), the work of the Sec- 
tional Committee on Automobile Parts, of which Colonel 
H. OC. L. Holden, U.B., R.A., is chairman. The present 
publication amplifies the recommendations contained in 
the interim report on this subject, which was issued in 

; ! gives, in addition to 
rim diameters, the limits within which 
the rims must be manufactured, and recommendations 
in regard to the lead to facilitate the fitting of the 
tyres, and the number and width of the slots re- 
uired for the removal of tyres if rims with raised 
anges are used. The report also contains a very 
useful recommendation that solid tyres themselves sha)! 
be clearly marked with th 
the diameter of the standard rim they are intended to 
fit. As in the case of the pneumatic-tyre rims, the 

i work in connection with the standardisation 
of those for solid tyres was undertaken by the Tyre 
Committee of the Society of Motor Manufacturers and 
Traders, Limited, under the chairmansh 
Sealy Clarke. Mr. W. 
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ip of Major J. 
H. Paull, who analysed the 
data obtained from the various tyre and chassis makers, 
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THE TEST OF THE MUNITIONS ACT. 


Tue Government had no alternative this week 
than to advise the King to issue a Proclamation 
bringing South Wales miners under the compul- 
sory arbitration clauses of the Munitions Act. It 
is still more imperative upon them to enforce the 
continuance of work at the mines, not only because 
coal is.of vital necessity to the nation at the pre- 
sent time, but because any indication of weakness 
on the part of the Cabinet would be an incen- 
tive to lawlessness and to the flouting of the 
very fundamental principles of government. 
Briefly explained, and without introducing com- 
plicated details, the sequence of events in connection 
with the South Wales mining dispute establishes 
beyond all doubt the need for the most stringent 
enforcement of national, rather than trade or sec- 
tional, claims. The wages agreement under which 
the South Wales miners have worked for some time 
terminated in the early spring, and the executive 
of the South Wales Miners’ Federation proceeded 
to the drafting of a new agreement. But it was 
very properly contended by the owners that as the 
conditions prevailing at the present time are ex- 
eessively abnormal, the preferable course was to 
give to the miners such a war bonus on existing 
scales as has been accepted by a preponderating 
majority of other workers in the country. Uzti- 
mately, in May, Lord St. Aldwyn, the independent 
referee in the matter, awarded the miners a bonus 
of 174 percent , instead of the 20 per cent. for which 
they asked. Still, however, the men insisted ona 
new agreement, and put forward demands, the most 
important of which are enumerated in our ‘* Indus- 
trial Notes,” on page 54. The result of frequent 
conferences was that a fortnight ago the: President 
of the Board of Trade submitted an outline of 
new terms as a basis of discussion (also given on 
page 54), and the executive of the Miners’ Associa- 
tion consented to keep the pits going for a fort- 
night on day-to-day contracts. Meanwhile negotia- 
tions were continued, with a view principally to the 
interpretation of some of the points in the scheme 
of the President of the Board of Trade. The 
Executive Council of the South Wales Miners’ Fede- 
ration recommended that work should continue on 
the condition that whatever agreement was arrived 
at should be made retrospective as from July 1. 
On Monday, however, the men themselves rejected 
this offer, and decided that unless their original 
proposals were conceded by the owners in every 
respect the collieries should be stopped. The leaders 
were thus placed in a helpless position ; the men 
not only threw them over, but by a majority of 
nearly two to one rendered abortive any concilia- 
tory action which the Government might take. On 
Wednesday the President of the Board of Trade 
announced that a Proclamation had been issued 
that day, applying the provisions of Part 1 of the 
Munitions of War Act to the South Wales coal- 
mining industry, thereby making it an offence to 
take part in a strike or lock-out unless the differ- 
ence between the employers and the men had been 
reported to the Board of Trade, and the Board of 
Trade had not within twenty-one days of such 
report referred it for settlement by one of the 
methods prescribed in the Act. 

We do not propose to enter into any appraise- 
ment of the justice of the original claims of the 
miners. It may be accepted that Mr. Runciman, 
as President of the Board of Trade, gave full con- 
sideration to all the circumstances, and that his 
award erred, if at all, on-the side of liberality towards 
the men, since that, rightly or wrongly, is the tra- 
ditional attitude of Government arbitrators in all 
wages disputes. The issue now, however, is one 
of far greater portent. It raises questions of vital 
interest to the nation. The miners of the count 
have not displayed that regard for agreement whic 
to the maintenance of all government. 


greatly to the New Army. Mr. Lloyd George has 

laced the figure of recruits from the collieries at 
500,000 men, and tribute has been paid to their 
tremendous tenacity and almost reckless courage. 
They have been invaluable in trench work, in 
mining and sapping, and have played the of 





Britons in the use of the bayonet and other weapons 








of war. But there is in this no justification for 
those remaining at the collieries to take —-_ 
of this time of stress and peril in the history of the 
country in order to exact excessive rates of remune- 
ration. The depletion of the ranks of the collieries 
to fill up the trenches in Flanders, France, and the 
Gallipoli Peninsula reduced the supply of labour in 
the collieries, while the demand for coal is not only 
increased generally, but the lack of fuel jeopardises 
our military operations, directly because our ships 
cannot maintain the supremacy of the seas without 
fuel, and indirectly because the flow of ammunition 
and shells to the Front will be checked if there is 
insufficient fuel to keep the manufactories in opera- 
tion. Those miners remaining, instead of putting 
forward the plea that such enlistment establishes 
their patriotxm, must be branded as traitors, 
because the sacrifices of their fellows are utilised 
to obtain shekels of gold. 

The situation once more raises, in its most in- 
tense form, the question whether trade-unionism 
or the Government shall prevail. It throws an 
illuminative light on the system of legislation during 
the past few years. It is a failing of human nature 
that, when to it an inch is conceded, it takes, or at 
least demands, an ell. For years the successive 
enactments of Parliament have granted such 
concessions to trade-unionism that, on the prin- 
ciple that ‘‘appetite grows with eating,” demand 
has succeeded demand, and the Government 
have not been firm enough, even since the out- 
break of the war, to resist such action in the 
interests of the common weal. Even when the 
Munitions of War Bill was under consideration, 
Mr. Lloyd George, while recognising the import- 
ance of bringing all miners within its scope, ac- 
cepted instead the assurance of the leaders of the 
miners that there would be no cessation of work at 
any ofthe mines. He must have known, cognisant 
as he was of the labour difficulties during the past 
few months, that the men were in many cases 
intractable. The tenure of office of trade-union 
leaders—their very source of sustenance—is depen- 
dent upon the goodwill of the men, so that they 
can only go a certain way along the line of forcible 
action, and must ultiniately yield to influences 
exerted by others who are competitors for their 
posts. The grave blunder was therefore committed 
at the outset of not detinitely including the miners 
in the Munitions Bill when it was originally drafted. 
There is no need to enforce here the view that coal 
is one of the most essential elements in all manu- 
factures, and particularly in making munitions of 
war, so that to compel a mechanic engaged at the 
lathe or the riveter on the hull of a ship to comply 
with the requirements of the Act in respect of 
compulsory arbitration, and yet to leave out the 
miner, without whose work no factory could con- 
tinue in operation for a day, was a concession to 
recalcitrancy, unjustifiable at any time, and parti- 
cularly so when the nation is engaged in a struggle 
for its very existence. 

We have said that the issue is one between the 
Government and trade-unionism. If the Munitions 
Act and its compulsory arbitration clauses are 
to be worth more than a scrap of paper, there 
must be an immediate and unflinching exercise of 
the powers conferred by it. The people of the 
country without exception, employer and em- 
ployed, worker and slacker, must be taught the 
lesson that the duty of each to the State requires 
absolutely disinterested and the most intense effort. 
The Scotch miners, after receiving a liberal increase 
to meet the bigher cost of living, now demand a 25 
per cent. increase on basis rates. The Clyde engi- 
neers are still seeking for another advance in wages, 
and in many other directions labour’s aim is to reap 
a harvest from the nation’s exigencies. This must 
be controlled with a vigorous hand. If the claims 
of the worker are just, in whole or in ~~ they 
must be met; if they are not, they must be resisted 
with all the force of law. Here cotties the difficulty. 
The South Wales miners, like so many of the other 
munition workers, will, if they continue to resist, 
come under the penalties of the Munitions of War 
Act. It provides that every man who takes part in a 
strike is liable to a fine not exceeding 5/. per day of 
the duration of such stoppage of work, just as the 
employers can be similarly punished for refusing to 
comply with the award of the Board of Trade, or 
for enforcing a lock-out.. The 6l. per day is in 
their case to be exacted for each employee out 
of work. If the South Wales men strike, the 
Government will set up a tribunal, which may 
impose a fine on each worker. How is the payment 
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of the fine to be exacted ? The idea was that either 
the union or the employer should be the medium 
for the recovery of the tine. If the men continue 
on strike, there is no pay from which the em- 

loyer can deduct the fine at the will of the 
ler tribunal. Since the men can, by 
vote, control their union, who of the trade-union 
leaders dare exact the fine? The error of the Muni- 
tions Act is that it provides for no alternative of 
imprisonment upon the refusal of a worker to pay 
the fine. The Government may therefore be placed 
ina position of absolute impotence, and nothing can. 
do more harm in the carrying into effect of the 
Munitions Bill than such a situation. For this 
the Government alone are to blame. The absence 
of the alternative of imprisonment was one of those 
concessions to trade-unionism which have been the 
cause of so much mischief, and it remains to be 
seen how the power behind the Act will prove 
efficacious. Beyond this, however, there is the 
Defence of the Realm Act, which confers almost 
unlimited powers, widens the interpretation of 
treason, and brings many within short range of 
the muzzle of a rifle. 

We douht not that the South Wales miners will 
yet realise the gravity of their action, and perhaps 
also the awakening of the Government of the day to 
their full responsibility. There are several proofs 
ofthis, notably the increasing inclination torecognise 
that voluntaryism is failing, and that compulsion 
must be imposed very soon, alike as regards enlist- 
ment in the Army and for munition work. The 
war must be prosecuted without any regard for 
personal interests. At the same time, financial 
resources must be conserved. Even in this res 
compulsion may be necessary. Wastage is intoler- 
able, and it is not satisfactory from an economic 

int of view that the wasteful worker should 
~ his wages increased when such involves 
an increase in the cost of living. Coal is one 
of the commodities the increased cost of producing 
which tells most directly on the pockets of the 
common people. The Government has decided to 
fix a maximum price for household coal, so that the 
miner will be brought into the same category as 
most of the munition workers, in respect that he 
will have a guarantee that his work is not being 
exploited with a view of increasing the profits 
earned by the employer. There is consequently no 
justification whatever for that lack of patriotism 
which the recalcitrant South Wales miners have 
displayed. We hope, therefore, that the firmness 
of the Government will result in a broader concep- 
tion of their duty to the State. 





STANDARDISATION OF CALORI- 
METERS. 

Wuite coal is to a certain extent sold on the 
Continent and also in the United States per heat 
unit of sample, so to say, purchasers in this 
country continue to rely chiefly on the reputation 
of a seam and of a colliery. The engineer has not 
too much confidence in tests made in a bomb calori- 
meter by the combustion of 1 me—a tea- 
spoonful—of powdered coal], because he knows that 
calorimeter work requires judicious sampling to 
start with, and a great deal of care, roe § that it 
involves many corrections. It is acknowledged 
that the relative accuracy of determinations made 
by the eame observer, with the same apparatus, 
under similar conditions, is often very satisfactory. 
But the true accuracy—the agreement between 
tests conducted by different observers at different 
places with different apparatus and by different 
methods—is questioned, not without reason. There 
is hence an urgent demand for a standardisation 
of calorimeters. Several of calorimeters enjoy 
favour ; they are worked by different methods, and 
though these differences are not great, it is too 
early yet to insist upon any particular type. But it 
is agreed that a good calorimeter will yield a definite 
number of heat units when 1 gramme of a pure sub- 
stance like naphthalene is burned in it, and a certain 
standardisation of calorimeters is hence ible. 
Coal is unsuitable as a standard material for such 
tests, since there is no such thing as a pure coal. 
Naphthalene has much been recommended of late ; 
it one disadvantage, however—a rather high 
volatility, so that a 1-gramme brick of naphthalene 
becomes lighter by about 1 milligramme within an 
hour. The most recent investigation of this kind, 
conducted by H. C. Dickinson at the Bureau of 
Standards, Washington, favours benzoic acid. 

Last year Dickinson presented a communication 





on the results of his researches to the American 
Academy of Sciences, and a more detailed account 
has since been published in No. 230 of the Scien- 
tific Papers of the Bureau under the title: ‘‘ Com- 
bustion Calorimetry and the Heat of Combustion of 
Cane-Sugar, Benzoic Acid, and Naphthalene.” The 
paper, of about seventy pages, is rather a discussion 
of the theory, methods, sources of error, and cali- 
bration of calorimeters than a descriptive account ; 
it is, in fact, not easy to find out the dimensions 
and detail of the apparatus used. The bomb of a 
calorimeter is a thick-walled metal cylinder, closed 
by a screwed-on cover, in which a known weight of 
the substance is burned, after ignition by an electri- 
cally heated wire, in an atmosphere of oxygen, under 
a pressure which may reach 100 atmospheres. The 
bomb is immersed in a water-chamber, which is 
eurrounded by a water-jacket, an annular space, 
of a width of 1 cm. in the apparatus used, inter- 
vening between the calorimeter proper and its 
cylindrical jacket. The heat generated by the 
combustion is taken up by the water of the calori- 
meter and ly traneferred by convection, con- 
duction, and radiation across the air space to the 
jacket water. Such a bomb calorimeter may be 
operated in four ways: Firstly, the rise of tem- 
perature in the calorimeter is observed, and the 
jacket temperature is kept constant ; some pre- 
liminary determinations render this comparatively 
easy. Secondly, the calorimeter and jacket (the 
latter by means of auxiliary electric heating) are 
kept at the same temperature, the initial and final 
temperature —. measured (this method has been 
fected by T. W. Richards, at Harvard College). 
hirdly, the temperature of the calorimeter is 
kept constant by supplying additional cold water as 
the temperature rises (Hesehus, at Petrograd). 
Fourthly, the temperature rise of the bomb itself 
is measured ; this fourth method requires a special 
form of apparatus, and has been applied by C. Féry 
for fuel-combustion tests, and by Nernst for deter- 
mining specific heats. 

Dickinsen selected the first two methods, . which 
are the most common in use. The second method 
offers the advantage that errors can be minimised ; 
the results of experiments made alternately by 
the first and se:ond methods were in very good 
agreement. Dickinson’s primary unit is the calorie. 
Since the amount of electric energy can be so 
accurately measured, however, he made use of 
the joule as a secondary unit for calibration, 
during which electric heating of a coil in the bomb 
replaces the chemical combustion. In determining 
the water equivalent of a calorimeter, the tempera- 
ture at which the experiments were carried on, and 
to which the results are reduced, must be stated. 
Many experimenters have worked at 15 deg. Cent. 
Dickinson prefers 20 deg. Cent., for two reasons : 
in the first place, the rate of change of the specific 
heat of water at 20 deg. is onlya third of what it is 
at 15 deg ; and, seconaly, working at 15 deg. Cent. 
(59 deg. Fahr.) generally means keeping the appa- 
ratus slightly below room temperature (which is 
inconvenient), whilst working at 20 deg. Cent. 
(68 deg. Fahr.) means operating at room tempera- 
ture or ata slightly higher temperature (which is 
much more convenient). 

Four kinds of bombs have been used. Two made 
by J. Peters, of Berlin, are of the Kroeker type, 
being steel vessels with bronze covers lined with 
> or with porcelain enamel ; the third, made 

y H. J. Williams, of Boston, is of bronze, electro- 
lytically coated with gold; the fourth, by the 
Emerson Instrument Company, of Boston, con- 
sists of two steel hemispheres, lined with platinum ; 
the capacities of the four bombs were 275, 275, 
600, and 400 cub. cm. The calorimeter vessels 
are of thin copper, polished and nickel-plated ; 
the stirrers are screw-propellers, moun on & 
thin shaft, all gold-plated steel ; the resistance 
thermometers consist of platinum wire 0.1 mm. 
in diameter, wound on a mica blade and she:thed 
with platinum ; the differential thermometers cun- 
sist of platinum wire only 0.05 mm. in diameter. 
The ignition wire, which is embedded in the sub- 
stance, is better made of iron than of platinum, 
because the iron actually burns, whilst the plati- 
num only melts. The leads to the bri are 
te pe on the Siemens plan (not on the ndar 
plan), so that a Wheatstone or Kelvin bridge or 
a potentiometer method may be used. 

Several hundreds of calorimeter determinations 
were performed by Dickinson with this a tus 
under varying conditions. The total weight of the 
calorimeter, with its water, was about 3.5 kg.; the 








sample, generally compressed to a brick, weighed 
from 0.6 to 2 grammes and more; it was weighed 
in air in a platinum crucible, which was then placed 
in the bomb. The oxygen pressures ranged from 
30 to 45 atmospheres. substances, all easily 
obtained pure, were studied : naphthalene, benzoic 
acid, and sucrose (cane sugar). The sugar was 
rather difficult to ignite, and required for this 
purpose about 3 cm. of the same iron wire, of 
which 1 cm. sufficed in the other cases. The sugar, 
moreover, gave the lowest heat of combustion, 
3949 + 2 calories per gramme of sucrose, and is 
hence not regarded as suited for standardisation. 
The heat of combustion of benzoic acid was found 
to be 6329 + 1 calorie; that of naphthalene, 
9622 +2 calories. All these calories are under- 
stood reduced to water of 20 deg. Cent. The con- 
cordance of the results was very satisfactory 
throughout, but most satisfactory in the case of 
benzoic acid, which is hence recommended as the 
best combustion standard. When the results are 
a in calories at 15 deg. Cent., Dickinson’s 
values for naphthalene, benzoic acid, and sucrose 
are : 9612, 6223, and 3945 calories; two of these 
figures are somewhat smaller than those of Fischer 
and Wrede, who in 1909 and 1910 made a syste- 
matic study of the same three substances, with 
the results : 9633, 6223, and 3952. In the case of 
benzoic acid the agreement, it will be seen, is 
perfect. Dickinson arranged the combustion in 
such a manner that the temperatures of the water 
in the calorimeter and in the jacket did not differ 
by more than a few tenths of a degree Centigrade. 
The three forms of bombs mostly experimented 
with (the two Peters bombs and the Williams 
bomb) practically gave the same results, so that 
careful calorimetry proves more reliable than may 
have been expected. 








THE FRASNE-VALLORBE LINE AND 
TUNNEL. 

ASTONISHING as it may seem, at a time when 
France is in the midst of a great war, which makes 
demands upon the whole activity of the nation, 
including in a large measure that of the railway 
companies, a new line in the French Jura, at no 
very great distance from the battle front, has 
recently been opened to traffic. The new line in 
question forms a most important link in the Con- 
tinental railway systems. It runs from Frasne to 
Vallorbe, to the south of Pontarlier, and a large 
portion of its length is in tunnel. It greatly 
shortens the route from Paris to Milan, and beyond 
to Italy, and is of the greatest moment for the 
traffic between Great Britain, Italy, and the East. 
Its construction was decided upon years ago, but 
delay due to many causes intervened, and it was 
only recently that it could be opened to traffic. 

For a long time past France has been alive to 
the consequences which the driving of several 
Alpine tunnels in Switzerland would have for the 
French railway systems. Matters in this respect 
reached a crisis when the Simplon Tunnel was con- 
structed, and was followed shortly afterwards by 
the construction of the Létschberg line and tunnel, 
which completed the Simplon route and tended to 
remove traffic from the French railway systems. 
The Gothard line and tunnel had, since their com- 
pletion in the early ’eighties of last century, greatly 
favoured the German to the detriment of the 
French railway systems, and France, as she now 
frankly confesses, was too long in taking full advan- 
tage of the cutting of the Simplon system, for 
bringing back to her railways the traffic they had 
lost by the construction of the Swiss through lines 
above referred to. Formerly the whole of the 
traffic from the west and north-west of France, 
and from Great Britain, Belgium, and Germany to 
Milan, followed the French railway systems, and 
reached Milan by the Mont Cenis route. The 
opening of the St. Gothard line had for effect to 
divert a large portion of this traffic to the advan- 
tage of the whole of Germany, and afforded extra 
facilities between Great Britain and Northern 
France and Northern Italy. The opening through 
the Simplon, and, later, the construction of the 
Létschberg line, led to a further diversion of traffic. 

About seventeen years ago French economists 
became anxious concerning the extension of the 
through traffic via Germany, and started a campaign 
for an agreement with the Swiss railways, which 
had not then been uired by the Swiss State. 
The object was to establish on French or on Swiss 
territory, or on both, a series of new lines, of no 














JuLy 16, 1915. ] 





ENGINEERING. 





63 








great length, but constituting more direct routes, 
facilitating both passenger and goods traffic from 
the Eastern of France and the Paris-Lyons-Medi- 
terranean systems to the Simplon. Later, in March, 
1908, and also in June, 1909, conferences took 
place with a view to establish an agreement between 
the French and the Swiss representatives. We 
may here remark that towards the end of 1902 the 
Paris-Lyons-Mediterranean Railway signed a pro- 
visional agreement with the Jura-Simplon Company 
for the construction of the Frasne-Vallorbe os 
which is now opened to traffic. The French 
Government long hesitated in arriving at a final 
decision ; this caused much discontent in Switzer- 
land, where Germany pushed her own interests with 
great ability. France insisted more particularly on 
the construction of the short cut from Moutiers to 
Granges, which lies entirely in Swiss territory, on 
the line joining Délémont with Berne, thus doing 
away with the bend through Bienne. The Swiss 
authorities, on the other hand, attached greater im- 
portance to the Frasne-Vallorbe shortening, which 
they considered would form a useful approach to 
the Simplon, as it was situated on the Dijon- 


work have led to a considerable excess in expendi- 
ture. The track-work, the buildings at Vallorbe 
for the double (French and Swiss) custom- house, 
the widening of the Vallorbe station, and its trans- 
formation into an international custom - house 
station, have cost the Swiss railways 7,500,000 
francs (300,000I.). 

The track from Frasne to Vallorbe is practically 
straight, in a north-west south-east direction. Its 
length is slightly above 22 km. 13.7 (miles), on 
French territory. It crosses the Swiss frontier 
inside the Mont d’Or Tunnel, and has a length 
of over 2 km. (1.25 miles) in Swiss territory. Ite 
total length is therefore about 24 km. (15 miles). 
From Frasne to Pontarlier the distance is 16 km. 
(9.9 miles), and from Pontarlier to Vallorbe there is 
a further 26 km. (16.1 miles). The saving in dis- 
tance amounts therefore to 17 km. (about 11 miles); 
the steepest gradient on the new line does not exceed 
1 in 66, as against 1 in 40 via Pontarlier. The 
curves have a minimum radius of 700 m. (2300 ft.), 
and the straight between two curves is never 
less than 153 m. (502 ft.) in length. The longi- 
tudinal profile shows seven formation levels of a 





Lausanne route, which had hitherto comprised an 


total length of about 4400 m. (2.7 miles) ; further 
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extensive bend through Pontarlier. Finally, both 
short cuts—the Moutiers-Granges and the Frasne- 
Vallorbe—were decided upon. 

The original line through Pontarlier reaches an 
altitude of 1012 m. (over 3300 ft.); it has, moreover, 
very sharp curves, and also steep gradients which 
frequently reach 1 in 40, all which conditions render 
it unsuitable for rapid international traffic. Rather 
than meet these conditions, the Paris-Lyons-Medi- 
terranean Company preferred, in some instances, we 
are told, to transport via the Mont Cenis Tunnel 
the goods which logically should travel via Pont- 
arlier to the Simplon, thus loring 88 km. (about 
55 miles) on the tariff. Such a measure had, of 
course, serious consequences for the Jura-Simplon 
system, as this system was called before the 
nationalisation of the Swiss railways. In the 
winter months snow frequently causes delays on 
the Pontarlier line ; traffic was also delayed by 
the fact that Vallorbe was not a through station. 

The new Frasne-Vallorbe line straightens in a 
marked degree the Paris-Milan railway system. It 


lies almost entirely on French territory. The cost 


was, in the first instance, estimated to reach 
21 million franes (840,000/.), in which Switzerland 
was to participate to the extent of six million francs 
(240,0001.). Switzerland, moreover, undertook to 
reconstruct the Vallorbe railway station and to 
double the Vallorbe-Daillens track; both these 
conditions were fulfilled some time ago. Owing to 
advances made to labour, the estimates have been 
increased by 25 to 30 per cent., and Switzerland 
decided to participate in the extra cost in the form 
of an aunuity which represents a capital slightly in 
excess of the participation formerly agreed upon. 
The Paris-Lyons-Mediterranean Company under- 
took to build the new line and tunnel, and has 
received from the French State a subsidy of nine 
million francs (360,000/.). The full figures of cost 
are not yet available; it is known, however, that 





the particularly difficult conditions surrounding the 





nineteen up-grades have a length of about 7000 m. 
(4.3 miles), and fourteen down-grades towards 
Switzerland, the total length of which approxi- 
mates 13,000 m. (8 miles). The steepest gradient, 
of 1 in 66, is inthe open ; in the tunnel it is only 
1 in 77, on a straight line of about 1400 m. (0.87 
mile) in length. The line leaves Frasne station 
at an altitude of 856.95 m. (2811 ft.) and reaches 
Vallorbe at an altitude of 806.61 m. (2647 ft.), a 
difference of 50 m. (164 ft.) between the two 
extreme points. It first crosses the peat-beds of 
Frasne, then the small stream called the Brugeon, 
whence it runs in a short tunnel of about 1000 m. 
(0.620 mile) in length ; on leaving this it crosses 
the marshy plains of Vaux and Bonnavette, which 
have greatly complicated the work. Then follow 
the Ste. Marie marshes between the St. Point and 
Remoray lakes, the line then entering a tunnel 
500 m. (1640 ft.) in length, where it reaches its 
highest altitude ; shortly after emerging from 
this, the line enters the 6098-m. (3.75-mile) 
tunnel under the Mont d’Or, the construction of 
which was particularly difficult. On leaving the 
tunnel, the line runs parallel with the Orbe and 
reaches Vallorbe, where it joins the line to Lau- 
sanne. 

The tunnels cut through calcareous formation, 
marl and glacial beds. At other places, and out- 
side the marshy grounds, the work is in calcareous 
beds, in the upper and medium jurassic system, 
and in the lower cretaceous formation. Apart 
from the Mont d’Or Tunnel, the most difficult part 
of the work has been the formation of the embank- 
ment on the St. Marie marshy ground, an 
embankment 800 m. (2625 ft.) in length in a 
marshy tield, where fourteen trial borings, 64 m. 
(210 ft.) in depth, were carried out, and where a 
shaft, 3 m. (10 ft.) in diameter, was also sunk. 
The ground was found to consist of a layer of turf, 
1.5 m. to 2 m. (about 6 ft.) in thickness ; followed 
by from 20 m. to 35 m. (about 90 ft.) of black mud, 


containing at places abundant water spri and 
yielding marsh gas ; underneath grey ooze, having 
no consistency, was encountered, and further down 
a bed of glacial moraine, containing large and +mall 
blocks and clay. The site could have been avoided 
and the line made to run round the Remoray Lake, 
but this would have made the track longer by 
3.7 km. (2.3 miles). The building of the embank- 
ment necersitated the dumping on the site of 
430,000 cub. m. (over 15,000,000 cub. ft.) of spoil 
and débris. At one period the embankment sunk 
by about 35 m. (115 ft.), and by reason of this 
sinking there were formed on each side ridges of 
marshy ground 50 m. to 60 m. (180 ft.) in width 
and about 4 m. (13 ft.) high. At the worst points 
the ratio of total to useful cubical contents has 
exceeded 8. At the present time the embankment 
ap to be perfectly stable. 

e really interesting work on the line in ques- 
tion is the tunnel through the Mont d’Or. The 
geologists who were consulted in regard to. it 
were far from foreseeing all the difficulties with 
which it would be surrounded, although they sus- 
pected a great many. They had foreseen, for 
example, a. maximum water discharge of 900 litres 
(about 200 gallons) per second from the various 
sources liable to be encountered in the cutting 
operations, a figure which was greatly exceeded. 
Work on the tunnel was commenced on Nov- 
ember 16, 1910, and it was only on October 2, 
1913, that the two headings met, at a distance of 
1056 m. (0.65 mile) from the French portal, and of 
5043 m. (3.10 miles) from that on the Swiss side. 
There is a continuous down gradient in the tunnel 
from France towards Switzerland, and for this 
reason the driving of the tunnel could proceed 
rapidly from the Swiss side only. On the French 
side it was necessary after a short distance 
had been attained to pump the water out. The 
vertical section of the tunnel shows it to have a 
width of 8 m. (26 ft. 3 in.) at the rail-level ; the 
height at the centre line is 6.10 m. (20 ft.) above 
the rail-level. The original plan provided for a 
central, bottom culvert 60 cm. (2 ft.) wide and 
60 cm. high, able to carry away 1000 litres (220 
gallons) per second down the gradient of 1 in 77. 
On the French side a trench was first cut oppo- 
site the entrance, and the heading was driven 
above the level of the springing of the arch. Side 
excavation was first carried out, and then the build- 
ing of the arch, which rested on both sides on the 
ground still to be excavated. The building of the 
side walls and invert, which followed, was compa- 
ratively easy work. Drilling was effected by means 
of compressed-air percussion drills of the Ingersoll 
Rand type, working at a pressure of from 6 kg. to 
8 kg. per sq. cm. (about 99 lb. per sq.in.). The 
workings were drained by means of pumps driven 
both by electric and by petrol-motors ; the water 
infiltrations on the French side never exceeded 
0.04 cub. m. (about 9 gallons) per second. The 
excavated earth was removed from the workings 
by gn traction-engines. 

e operations on the Swiss side were much more 
important and difficult. The heading driven at 
the bottom of the tunnel section was subsequently 
side-excavated and provided with timbering. A top 
heading was driven to the rear of this, and shafts 
were cut through the thickness of earth separating 
the two, through which the débris could be thrown 
into trucks running in the bottom heading. When 
the top heading was side excavated, the arch was 
built in, this being followed by the removal of the 
horizontal natural platform, the building of the 
side wallsand of theinvert. Drilling by hand was 
first resorted to, then ordinary pneumatic percus- 
sion drills were used, also compressed-air Meyer, In- 
gersoll, and other drills. Thecompressed air required 
was supplied by power-stations put down on either 
side. On the Swiss side there were put down three 
air-compressors driven by electric motors develop- 
ing together 690 horse-power, and compressing 
12.5 - m. (440 cub. ft.) of free air per minute to 
« pressure of 150 atmospheres. These supplied the 
compressed-air lucomotives. Four similar sets, of 
which two were in constant use alternately, the 
other two being spare machines, supplied the drills. 
Each set developed 320 horse-power, and dealt with 
50 cub. m. (1765 cub. ft.) of free air per minute. 
The compressed air for the locomotives was stored 
in forty steel receivers located near the tunnel 
entrance, and having a total capacity of 20,000 
litres (710 cub. ft.). That for the diills was stored 


in four receivers having a total capacity of 33,000 





litres (1165 cub. ft.). 


Ventilation in the Swiss 
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workings was ensured by two 50-horse-power 
Sulzer fans, electrically driven, each supplying 
10,000 cub. m. (353,000 cub. ft.) of air per hour, 
at a pressure corresponding to a water column 
450 mm. (17} in.) high. This air was delivered by 
a concrete conduit, 1.30 m. (4 ft. 3 in ) in diameter, 
then to the heading by a steel pipe, 50 cm. (19} in.) 
in diameter. In order to ensure more complete 
ventilation as the heading advanced, a series of 
three further fans were put down in the workings. 
On the French side the compressed-air and fan 
installations were less importaut than on the Swiss 
side. The electric power required was supplied by 
the Forces de |’Orbe electric station, situated at a 
short distance from the Swiss entrance, on the 
banks of the River Orbe. ; 
The first portion of the work on the Swiss side 
was not surrounded with any special difficulty. The 
workings were first through a zone of rubble, then 
for ubout 600 yards through the upper jurassic forma- 


tion, where there were no infiltrations. They then | pressed 


ran for about 800 yards through marl and various 
jurassic bede. The operations proceeded regularly 
until the end of December, 1912, when, after 
penetrating over a length of about 150 yards in a 
fissured calcareous formation, a fault filled with 
clay was encountered. This at first yielded only 
about 15 litres (3.3 gallons) of water per second, 
but the clay gave way suddenly, and water rushed 
through the workings to the extent of about 3000 
litres (660 gallons) per second, a volume which fell 
to 950 and 700 litres (about 175 gallons) after a few 
days. Unfortunately very rainy weather super- 
vened, and the workings were quickly flooded, the 
flow reaching within a very short time 5000 litres 
(1100 gallons) per second. A veritable river was 
Leonel, which carried away about 17,000 cub. m. 
(600,000 cub. ft.) of embankment which was being 
laid for carrying the track to the Vallorbe railway 
station, and emptied itself into the Orbe. We 
gave a few particulars on this occurrence in former 
issues.* 

It was obviously necessary to prevent the recur- 
rence of a similar accident, and to take steps to allow 
the work to proceed rapidly and in complete safety. 
The portion of the cutting which ran through the 
marl zones had to be lined with masonry as quickly 
as possible, since the marl formation splits up easily 
when under the action of water. A strong barrage 
of masonry was built in slightly below the water 
inlet ; the barrage closed up the heading com- 
pletely ; it was provided with two steel pipes fitted 
with valves, for draining out at will the water 
between it and the face. Immediately the bar- 
rage was built, and when the space between 
it and the face was filled with water, a number 
of streams on the French side which had dried 
up commenced to appear again. The barrage 
allowed side excavation and masonry lining to the 
rear to be proceeded with ; the central bottom 
culvert also was built in as far as the barrage, and 
on the outside, close to the Swiss entrance, it 
ended in a steel pipe, which carried the water 
directly into the Orbe river. The barrage was 
taken down in February, 1913, when the water 
inlet was found to have decreased considerably. In 
rainy weather, fresh trouble occurred, and led to 
further stoppages of the work. In the following 
month of April, when the heading had reached a 
distance of about 4500 yards from the Swiss en- 
trance, water gushed out from a bore-hole at the 
face. The flow was at first 7000 litres (about 1500 
gallons) per second ; it fel! to 2000 litres (about 
400 gallons) during the following days ; but rainy 
weather again supervening, it rose rapidly to 
10,000 litres (2200 gallons). Owing to the measures 
which had been taken, the water flow did not cause 
any very great damage, but work at the headi 
had to be discontinued for atime. It was decid 
to close the heading up below the first water 
source, and to allow only the running away of a 
volume of water which could be: dealt with by the 
culvert, about 1000 litres (220 gallons) per second. 
A new heading was then driven from a point about 
30 yards below the barrage to the left of the first 
one, thus forming a new gallery on a curve to the 
left on a radius of 75 m. (246ft.), asecond reverse 
curve being then worked to, the new gallery then 
running parallel with the first one and ata distance 
of 20 m. (65 ft.) from it. The new heading came 
across a transversal natural grotto, and was pushed 
forward, after walling in to the right and to the 
left the part which met the grotto. In July, 1913, 


* See ENGINEERING, vol. xcv., pages 62 and 495. 





further water sources were tapped, which yielded 
up to 3400 litres (750 gallons) per second. The 
Swiss heading finally met that driven from the 
French side, with a difference of 0.038 m. (1} in.) 
in plan and of 0.209 m. (8} in.) in height. The 
arch was c mpleted on February 7, 1914, and very 
effective means were taken subsequently for pre- 
venting all water infiltrations through the masonry 
lining, grouting being extensively resorted to. 

The removal of débris, the transport of material 
to the workings, and the carrying to and fro of the 
workmen were effected on a 1-m. (39j-in ) track, 
haulage being by the compressed-air locomotives ; 
the dampness of the gallery rendered electric trac- 
tion unsuitable. Two types of engines were used ; 
the larger engines were 8.60 m. (28 ft. 3 in.) long 
over buffers, 2.55 m. (8 ft. 4 in.) high above the 
rails, and 1.95 m. (6 ft. 5in.) in breadth. They 
were carried on eight coupled wheels, the latter 
being 650 mm. (258 in ) in diameter. Their com- 
-air receivers had a capacity of 11 cub. m. 
(388 cub. ft.). Each engine weighed 29 tons and 
had a draw-bar pull of 4000 kg. (89001b). - It 
travelled up the gradient of 1 in 77 at a speed of 
15 km. (9.3 miles) per hour. Each engine could 
haul a train weighing 180 tons. The smaller type 
of engine, had a draw-bar pull of 1500 kg. (3300 lb.) 
and was able to haul trains weighing 55 tons. 

The new line, as we have already stated, is 
destined greatly to facilitate traffic to and from 
the Simplon, and to play an important part in the 
French commercial intercourse with Switzerland 
and Italy. It will also greatly facilitate British com- 
merce with these two countries and with the Near 
Kast. 





THE NATIONAL PHYSICAL 
LABORATORY IN 1914-15. 
(Continued from page 29.) 

General Electrical Measurements (Messrs. A. Camp- 
bell, B.A., D.W.Dye, B.Sc., H. C. Booth). Induct- 
ance.—Some further inductometers have been con- 
structed ; they: generally consist of a pair of coils, 
mounted on the upper and lower side of a board, 
the one fixed, the other eccentrically movable with 
regard to the first coil; im some apparatus two 
pairs of coils arecombined. The range of the new 
inductometer for high-frequency (radiotelegraphy) 
work is from 0.7 up to 6 millihenries, but by put- 
ting all the four coils in parallel a range from 
45 to 380 microhenries is obtained ; the coils are 
flat, the thickness being only two wires. 

Dr. Giebe had brought two standard self-induct- 
ance coils, of approximately 10 and 15 millihenries, 
from the Reichsanstalt for comparison with 
the standard of mutual inductance of the Labora- 
tory. The coils consisted of highly stranded wire 
wound in many layers on marble bobbins and em- 
bedded in solid paraffin after winding, and had a 
negative temperature coeflicient of 18 and 30 parts 
in 1,000,000 per deg. Cent., whilst the Tedding- 
ton inductometer has a positive coefficient of 
10 parts in 1,000,000 per deg. Cent. The tem- 
perature in the room rising on one of the test 
days to 22 deg. Cent., the presence of the solid 
wax introduced some uncertainty. The tests 
were performed by comparing first the mutual 
inductometer of the Laboratory with the marble 
primary standard coil (currents of 100 periods per 
second) and then the Charlottenburg coils with the 
inductometer; two bridge arrangements were 
made use of, observations Sela taken at tempera- 
tures ranging from 16 deg. to 22 deg. Cent. A 
subsequent redetermination of the primary stan- 
dard suggested a correction of the results, and 
accepting Mr. F. E. Smith’s value of the ohm, 
the Teddington measurements of the Reichsan- 
stalt coils would come out to be 14 and 8 parts in 
100,000 lower than Giebe’s results. If possible, 
such comparisons of self-inductance coils should 
be made with single-layer coils on marble bobbins 
of small temperature coefticients ; such coils are 
now being constructed. 

The just - mentioned redetermination of the 
primary marble standard of mutual inductance was 
made in conjunction with Mr. Attwell, of. the 
Metrology Department, ina more elaborate manner 
than had been possible in 1908, the new Whitworth 
diameter- and pitch-measuring machines being used. 
The wire had been wound under tension on a 

ved marble cylinder, which had afterwards 
m immersed in fused paraffin; paraffin thus 
covered the outside of the wire, and had also pene- 
trated into the marble and into the spaces in the 





grooves between the marble and the wire. The 
whole cylinder had probably expanded by the 
absorption of the wax, and the measurements 
confirm this assumption. The axial length of the 
coil seems to have increased by 1 part in 10,000, 
aud the mean diameter by 1 part in 20,000; the 
periodic error in pitch was also determined. The 
outer layer of wax on the wire was removed by 
eames washing in petrol for the measurements. 
erwise everything was, of course, left as far as 
possible unchanged, and the mutual inductance was 
very carefully checked against a secondary inducto- 
meter before and after the removal of the wax, 
and after the tests. To keep a further check on 
the secondary. standard, comparisons were made at 
the same time with a practically invariable pair of 
coils (aluminium and copper wires) of small 
temperature coefficients, wound on a marble bobbin 
immersed in paraffin oil. The removal of the 
wax from the primary decreased the inductance 
by 5 parts in 100,000. The final result is, how- 
ever, practically identical with that of the 1908 
measurements, the old and new value for the mutual 
inductance being 10.01785 and 10.01778 milli- 
henries ; that the agreement is so close is due to 
the fact that the changes in diameter and in axial 
length compensate one another. 
rge High-Frequency Currents; Wave-Meters.— 
Mr. Campbell and Mr. Dye have much extended 
the range and accuracy of high-frequency current 
measurements. Such measurements are compara- 
tively easy for currents of about 0.2 ampere, as 
used in radiotelegraphy ; but owing to skin effects 
measurements become very difficult for currents 
of 10 amperes and above. Several methods—e g., 
the so-called thermo-electric cross—are objection- 
able, because in them the high-frequency current 
under test itself passes through the galvanometer. 
At Teddington the high - frequency current is 
passed through a wire immersed in paraffin oil, and 
the temperature of this wire is measured with the 
aid of a thermopile (from four to ten pairs of wires, 
1 cm. long, 0.1 mm. thick) brought near the wire. 
Very accurate results for frequencies up to 2 millions 
per second (A = 150 m.) were obtained with the air- 
core transformers of T. L. Eckersley (formerly of the 
Laboratory), provided the damping of the oscilla- 
tions was not excessive, and Mr. Campbell finds 
that even iron-core transformers give excellent 
results, the ratio of the transformation being prac- 
tically the inverse ratio of the turns, when the 
thermal ammeter in the secondary circuit has a 
reasonably low resistance. In the transformer 
made of circular-ring stampings of silicon-iron, 
5 cm. in diameter, well insulated with paraffined 
silk, the secondary hae, e.g., 200 turns, and the 
primary only two turns, and the transformation 
ratio was found to be 100.4 : 1 instead of 100: 1. 
The general belief regards the use of iron-core 
transformers as impossible for high-frequency 
measurements on account of eddy currents and 
hysteresis ; but this, Mr. Campbell points out, 
does not hold for current transformers at all. 

Wave-meter tests can now be made for waves of 
50.000 metres, while wireless receiving sets can be 
tuned to a maximum wave-length of 10,000 metres, 
the frequency being directly determined by the 
photographic method. The enclosed - arc Jamp 
(Poulsen type), for producing high-frequency cur- 
rents, now under construction, is made to the 
design of R. Lindemann, of the Reichsanstalt. 

Magnetic Tests.—Iron rods, up to 2.5 cm. in 
diameter, are tested in an apparatus similar to that 
recently described by E. Gumlich (Reicheanstalt). 
The rod is surrounded by a magnetising solenoid, 
the rod ends being clamped between double yokes, 
consisting of laminated rings of silicon - iron ; 
auxiliary coils are put over the ends of the rod 
and on the yokes to secure uniformity of the 
magnetic field of 800 gauss, maximum, which is 
determined with the aid of annular search - coils 
clore to the surface of the rod. 

Electrotechnics: A. General Work (Messrs. C. C. 
Paterson, E. H. Rayner, M.A., A. Kinnes, B.Sc., 
B. P. Dudding, J. W. T. Walsh, B.Sc.).—Routine 
work has occupied 51 per cent. (against 45 per cent. 
last year) of the time of the staff: The negative 
electrodes of the heavy battery have been replaced, 
after seven years of hard use, the capacity having 
fallen to 60 per cent. its original value ; the less- 
strained machine battery is now in the same con- 
dition, after eight years of use. 

Photometry: Unit of Light; Colour of Light.— 
The remarkable researches of Mr. Paterson and 
Mr. Dudding on the unit of light were last May 
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brought before the Physical Society. The now 
completed realisation of the pentane unit of light 
agrees with the original N.P.L. unit of candle- 
power within less than 0.1 per cent. The baro- 
meter correction is identical with that of the pre- 
vious determination, but there is a slight difference 
as to the correction for humidity. Changes of atmo- 
spheric humidity are largely caused by temperature 
anaes, and changes in candle-power, generally 
ascribed to humidity, are partly due to temperature 
variations ; the humidity and temperature factor are 
not easily differentiated and are frequently com- 
bined in one constant, which would not be the 
same for two localities, however, having the same 
humidity for one temperature, but not for others. 
Those corrections would not affect ordinary photo- 
metric work ; but for high-class work great accuracy 
is required. Photographic measurements can be 
made within 0.1 per cent.; but that change of 1 in 
1000 would be caused by a change of 1 : 5000 in the 
voltage, and by a still smaller change in the current 
intensity. 

The electric sub-standards, tungsten-filament 
lamps, are run at low efficiency, so that their 
light matches the colour of the pentane lamp ; 
together with the Fleming-Ediswan lamps (run at 
higher efficiency), these groups now form the 
fundamental sets. These latter sets and the higher 
efficiency lamps (up to 1.5 watt per candle) have 
been compared in six steps, by the cascade method, 
and in one direct determination ; the two methods 
are in most satisfactory agreement. All the deter- 
minations were made with the aid of the Lummer- 
Brodhun photometer head ; the flicker photometer 
was not found sufficiently accurate. All the six 
sets of sub-standards are now defined by the tem- 
perature at which the filaments operate. The 
colour of the light emitted by the carbon and 
tungsten lamps depends mainly upon the tempera- 
ture of the filaments ; glow lamps of the colour of 
the pentane standard operate at 1600 deg. Cent., 
1.5-watt lamps at 2300 deg. Cent., and the other 
groups occupy’ intermediate itions at fairly 
equal steps. With the aid of lamps presented by 
the General Electric Company (Osram Works) the 
experiments are extended to filaments glowing in 
gas-filled bulbs at up to 0.6 watt per candle. If in 
optical pyrometers identity of colour were made 
the criterion, instead of equality in the amount 
of light flux radiated per unit area, the black-body 
temperature so determined would, according to 
Messrs. Paterson and Dudding, be much more 
nearly the true temperature than in other deter- 
minations. They have arrived at formule connect- 
ing the lumens per watt and the temperature of 
the filament for carbon and for tungsten lamps ; 
the formule admit of extrapolation, and the very 
promising research is being continued. Melting 
platinum (Violle standard)— which, radiating in the 
open, departs considerably from the black - body 
condition—emits light of a colour identical with 
that of a carbon-filament lamp at 4.75 watts per 
mean spherical candle. 

Reflection from Cards; Translucenev ; Factory 
Lighting; Ships’ Navigation Lights.—The sur- 
tace of the white cards used in illumination pho- 
tometry not being absolutely matt, the reflection 
coefficient varies somewhat with the direction. 
The British Thomson-Houston Company presented 
high-power gas-filled lamps for this investigation. 
The translucency of certain materials, through 
which type and writing are to be read, has been 
inquired into for the Government. Much valuable 
data have been collected on factory lighting in 
works all over the country, and the question of 
daylight efficiency and suitable illumination for 
special kinds of work has received much atten- 
tion; the report submitted to the Home Office 
has not been published yet; nor has the report 
on Ships’ Navigation Lights been issued. 

Power Measurements ; Alternating Ourrents ; 
Resistances; Wattmeter ; Switches.—Instruments 
have been submitted to be tested at 6000 amperes 
and 20,000 volts, and the highest accuracy is de- 
sired in integrating meters for steam-consumption 
trials, &c. These demands for instruments of an 
increasing range neces-itate additions to the equip- 
ment, and most of the new apparatus have to 
made in the Laboratory with a reduced staff. As 
regards voltage resistances for electrostatic volt- 
ineter tests, a resistance of 100,000 ohms is placed 
across the terminals of the instrument for voltages 
un to 5000, and a tapping corresponding with 
100 volts is connected to the needle. Other 
tappings are made at other points, so as to obtain 








so, go» as. &e., of the main voltage ; since in 
bridge measurements ratios are alone wanted, the 
highest accuracy is not needed, and the resistance 
of the connections may be neglected; yet high 
resistances are not uniform throughout, and the 
resistance fluctuations in the hot wires can only be 
measured under working conditions, which is a 
difficult task. In the current circuit a resistance 
is inserted which will cause the voltage drop of 
about 2 volts required to operate the wattmeter. 
For testing commercial instruments a range of 
resistances from a few ohms down to 0.001 ohm and 
less (sets of three for three-phase measurements) is 
required ; the exact value of these resistances must 
quickly be determinable. A new Kelvin brid 
suitable for this work was recently described in the 
Physical Society* by Mr. Rayner. 

Other new additions to the equipment comprise 
two water-tube resistances of 0.001 ohm, to carry 
2000, and even 3000, amperes ; three similar sets of 
0.04 ohm for 500 amperes ; and wires, silk-covered 
before and after twinning, wound on frames for 
25 amperes, each wire to carry 0.5 ampere. These 
latter wires replace very fine bare manganin wires 
immersed in oil, whose use has been discontinued 
because the oil (or the sulphur in it) seemed to 
attack the manganin even when coated with 
varnish, so that the resistance changed gradually. 
Dividing resistances altogether up to 40,000 volts 
are being constructed in the Laboratory. The chief 
novelty is the three-phase switch for operating the 
electrostatic wattmeter on three-phase circuits up 
to 20,000 volts. The switch is of the rotary type, 
and is actuated from the distance through a fexbi 
steel cord by the observer, who faces the wattmeter. 
We must refer our readers to the Report for a 
description of this interesting switch. The new 
direct-reading scale of the electrostatic wattmeter 
has a length of 6 metres and 3800 divisions, each of 
approximately 1.5 mm. 

n conducting the rating teste of switches the 
current is ascertained at which the switch just fails 
to **bresk” at different voltages, and also the 
current which produces a flare on break, curves 
being drawn to connect voltage and maximum 
current. These curves show that an increase of 
50 per cent. in the voltage is much more exacting 
than the same increase in the current. When the 
current is increased a point is reached, on breaking 
the circuit, when the are is drawn out and bridges 
the contacts, and the arc then assumes the character 
of a flame, lasting a longer time. The switch will 
yet break the circuit ; but the flame is a source of 
danger in double-pole switches, and generally, 
therefore, the point of flaring marks the maximum 
possible breaking current for such switches. 

B. Direct Ourrent and Resistance; Heating of 
Buried Cables and Twin Flexible Wires (Mr. 8. W. 
Melsom, Mr. H. C. Booth).—This division has had 
to do more test work, mostly for the Admiralty, 
than in any previous year, with a depleted staff. 
The chief research concerns the heating of buried 
cables, investigated at the request of the Institu- 
tion of Electrical Engineers. Having analysed the 
whole literature on the subject, Mr. Melsom began 
experimenting at Bristol, for three weeke, on cables 
(of from 0.1 sq. in. to 0.3 sq. in.) buried directly in 
the ground ; the supply was alternating, and the 
tests were made at 50 and 93 cycles per second, 
the resistance being determined on a double bridge 
within 0.1 per cent. by superposing a small accu- 
mulator current (in series to the secondary of the 
transformer) on the alternating current. The fre- 
quency made little difference in the heating. Other 
experiments followed at Marylebone (machine 
feeder-cables, 2 sq. in., up to 2400 amperes), and 
at Wolverhampton (two cables, one drawn into a 
duct, the other buried in solid bitumen). In these 
two places continuous testa have also been carried 
on for a week, with the aid of a modification of the 
Callendar recorder, on feeder-cables of 1 sq. in. and 
0 5 sq. in., drawn into multiple ducts, and on single 
cables drawn in and laid solid ; the recorder is now 
installed at Glasgow for testing triple concentric 
cables laid solid in bitumen ; in concentric cables the 
temperatures of the inner and the outer conductors 
are determined. The general trend of the tempe- 
rature and current curves is very similar, but the 

ks on the current curve appear toned down in 


its temperature curves which lsy behind the current | i 


fluctuations. Both the heating and the cooling of 
the cables are studied, and the temperature of the 
rubber insulation is also investigated. Measure- 


* See ENGINgERING, Jane 11, page 661. 


ments—not for the Institution—on the skin effect 
in two large stranded cables, about 1 sq. in. in 
section, have also been made by Mr. Rayner at 
different frequencies with the aid of the electrostatic 
watt-meter and a 1 : 100 step-up transformer ; the 
skin effect increased the apparent resistance of the 
cable appreciably, of course. 

‘The report ou the temperature rise in flexible 
wires has been published by the Wiring Rules 
Committee of the Institution of Electrical Engi- 
neers. Very high temperatures were sometimes 
observed in the portions of flexible wires nearest 
to heating apparatus, especially in small portable 
apparatus, unfortunately, where the mechanical 
strain is greatest. 


(To be continued.) 





NOTES. 

THe ResuscrraTion OF THE ASPHYXIATED. 
AN apparatus for facilitating the resuscitation of 
the asphyxiated was devi in German 


some 
years ago, and introduced into the United States 
under the name of the ‘*‘ pulmotor.” An investiga- 


tion into its merits by a Commission appointed by 
the National Electric Light Association of America 
has shown, however, that some serious drawbacks 
attend its use. In general terms the pulmotor con- 
sists of a pump which forces oxygen into the lungs 
of the patient, and on the return stroke empties 


the lungs by suction. This apparatus is adversely 
repo on by the Commission, who find in it two 
grave defects. In many cases the preesure pro- 


vided in the inspiration stroke was insufficient to 
overcome obstructions in the air passages, whilst 
the plan of emptying the lungs by suction is said 
to be seriously defective. In natural breathing the 
air is forcibly expelled from the lungs, and the 
attempt to procure exhalation by suction leads, it 
is said, to the collapse of the walls of many of the 
bronchioles and alveoli, with the result that they 
stick together, and are not separated by the next 
inspiration. In this connection it is of interest to 
note that Messrs. Siebe, Gorman and Co. are now 
introducing another form of oxygen pump for use 
on the apparently drowned or patients similar!y 
suffering, which is claimed to be free from this 
drawback. In their apparatus the exhalation is 
effected entirely by the natural recoil of the 
muscles, once the pressure which has forced the 
oxygen into the lungs is removed. The pump pro- 
vided has an adjustable stroke, and draws in its 
supply of oxygen from a bag kept charged by an 
oxygen cylinder. For use in cases where such 
cylinders are not readily attainable, the firm pro- 
vide generators for producing oxygen by the action 
of water on oxylith. 


Mines, SHeris, anp High Exp osives. 


In his second lecture, delivered before the Royal 
Society of Arts on Wednesday afternoon, the 
14th inst., Professor Vivian B. Lewes briefly re- 
capitulated his first lecture, adding that in their 
navies Austria and Germany used a powder which 
was akin to our own, being a nitro-glycerine powder. 
In this war the most serious mistake which had 
been made was to omit to place from the very 
beginning an absolute embargo upon cotton, for 
cotton was an absolute necessity in the manufac- 
ture of every propellant. If this had been done 
Germany malt now be in a bad position indeed. 
She had stored cotton before the war, and it was a 
significant fact that the imports of cotton into 
Holland, Sweden, and other neutral countries 
had since the war broke out reached six times the 
figures of the corresponding months of last year. 

e trusted that diplomatic methods would be found 
to remedy the situation, for it was essential to stop 
cotton from entering into Germany. Professor 
Lewes then explained by means of drawings the 
difference between a high-explosive shell and a 
— the latter being filled with spherical balls 
which, as the shrapnel bursts, are distributed over 
a depth of 300 yards. There was no shortage of 
shrapnel with our  - but there was a shortage 
of high-explosive shells, for a cause which had 
occurred only in the present conflict—namely, 
extensive trench warfare. The effect of high- 
explosive shells was tremendous, owing to the 
as set up in the air. He also explained the 
difference in the work done against an armour-plate 
by a capped and an uncapped armour-piercing pro- 
jectile, and showed four specimens of grenades for 
firing from an ordinary rifle and for hand-firing. In 





regard to explosives generally, he explained the 
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necessity of adding to the substances used one con- 
taining oxygen in a —_————- form. Chlorate of 
potash, for example, yielded 600 cub. in. of oxygen 
per cub. in., and he showed by an experiment the 
violence it gave to the combustion of powdered 
sugar. Potassium nitrate was.a substance having 
a similar effect ; it entered into the composition of 
the older gunpowder to the extent of 75 per cent. 
Professor ne then gave a few actual illustrations 
showing the comparative slowness of combustion 
of powders in the open, and added that in a gun the 
charge being fired by a primer, detonation occurred 
at a velocity which might be stated to be 200 miles 
per minute. The high explosives used for charging 
the shells were obtained from coal-tar derivatives. 
Coal-tar distilled up to about 150 deg. gave out 
aromatic substances ; at a further distillation up to 
a temperature of about 200 deg., carbolic acid was 
obtained, and this, under the action of nitric acid, 
yielded picric acid. In about 1882 Sprengel read a 
paper before the Chemical Society dealing with the 
explosion of picric acid. In 1885 Turpin took out 
a patent for using this in the filling of shells, and 
introduced the explosive called melinite. Abel 
and Dewar had dealt also with picrate powders ; 
experiments were made in this country at Lydd, and 
our powder received the name of lyddite. On occa- 
sions, in South Africa notably, this had proved 
somewhat disappointing, owing to an insufficiently 
powerful detonator having been used for fear of pre- 
matureexplosions. Later, the Japanese used a similar 
powder, but they also used with it a strong deto- 
nator ; their powder did very effective work in 
their last war, but they had to register also some 
serious cases of premature explosions. Germany 
had been watching and experimenting all the time, 
and they hit upon trinitrotoluol. Toluol was 
obtained from tar oils, it was an aromatic hydro- 
carbon; the yield of toluol depended upon the 
temperature at which the carbonisation of the coal 
took place; when the coal was distilled at high 
temperatures, the yield of toluol fell. Toluol, 
when nitrified, was a crystal which had the appear- 
ance of brown sugar; specimens of this and of 
trinitrotoluol pressed in the shape of small hard 
cylinders were shown. This was, the lecturer said, 
a beautiful explosive, very inert, difficult to light, 
and which burned with a smoky flame. When 
detonated, it yielded a vast amount of black smoke, 
due to the low oxygen content of the compound. 
Ammonal was trinitrotoluol mixed with a further 
proportion of nitrates; it was stronger than tri- 
nitrotoluol itself. Benzene could be nitrated, and 
was the basis of roburite and bellite ; it could also 
be made to yield aniline, and this could be con- 
verted into a further compound, which would yield 
the greatest explosive hitherto made. Professor 
Lewes touched upon poison gases, and added that 
these would form the subject of his next week’s 
lecture. 





InongaseD Steam-Frery TRarric BETWEEN SwEDEN 
AND DenMARK.—On account of the increased traffic, it 
has been deemed advisable to put another ferry on the 
Copenhagen-Malmé trade, and negotiations are stated to 
be peoding besween the Danish and the Swedish State 
Railway Departments as to which country shall build the 
new ferry. 





CALENDAR FoR 1915-16.—The beginning of July is not 
the period at which the ap of a new almanack is 
erally anticipated, but that issued by Mesars. W. T. 
Glover and Oo., Limited, of Manchester, is distinguished 
from the common herd of calendars by much more notable 
characteristics than by mere eccentricity of date. Its 
advent is awaited with expectant interest by all electrical 
engineers. The new issue compares well with even the 
best of ite predecessors, both in the humour of the sketches 
interpolated here and there and in the excellence of the 
selection of abstracts from the scientific papers and 
journals of the preceding twelve months. At the same 
time the calendar serves to some extent as a catalogue, 
containing as it does numerous illustrations of charac- 
teristic products manufactured by its publishers. 





Tue Finspury Tecunicat Cotitece.—The new edition 
of the programme of the Finsbury Technical College 
has now been issued. The college provides courses 
in mechanical and civil engineering, in electrical engi- 

ing, and in chemistry. This institution offers 
apocial advantages to young men who have already 
served an apprenticeship or pupilage in some branch of 
engineering, since a two years’ course of instruction is 
provided, at the end of which the student may gain the 
college certificate. There are, in addition, three-year 
courses arranged for matriculated students, many of 
whom enter the college before commencing practical work. 
Candidates for admissien, who have not matriculated at 
some British university, are required to pass an entrance 
examination, admission to which must be applied for 
before September 15 next, 
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Electrical Engineering in India: A Practicil vee i 
Civil, Mechanical, and Elctrical Engineers. ith 
many Tables and Illu-trations. By J. W. Mxarzs, 
F.R.A.S. Calcutta: Thacker, Spink and Co.; Lon- 
- ‘ani Thacker and Co., Creed-lane, E.C. [Price 

Mr. Meares has long been actively engaged, as 
electrical adviser to the Indian Government, in pro- 
moting the electrical industries of India, and is well 
known for his works explaining the Indian Electri- 
city Acts that the Government Raspes in force. His 
local knowledge is therefore particularly useful in 
instructing those who propose to practise in India, 
where, on account of the climate, special precau- 
tions are necessary, and are rigorously enforced. 
On other grounds a book intended for use in India 
should be written by an Anglo-Indian. Contracts 
and prices differ very much from those current in 
Great Britain, and from instances given in the 
work some authoritative guidance is necessary in 
the preparation of tenders and estimates. Primarily 
the book may be considered to be offered to those 
who have been trained in the Indian Public Works 
Department ; but beyond this local limit the author 
hopes that the treatise will prove useful to all 
who have been trained as civil engineers, but 
have not specialised in the electrical branch of the 
industry. Such an expectation is well justified. 
The theoretical side is not treated in any great 
detail, but the constructional side receives so much 
attention that any intelligent engineer, or engineer- 
ing student, pre A to have a competent p of 
the fixing and use of the various kinds of electrical 
machinery with which his duties may bring him in 
contact. 

In his arrangement, the author maintains three 
—— divisions. The first part is devoted to 

efinitions, elementary explanations of electrical 
phenomena, of apparatus and systems. The 
second to domestic applications, while the third 
deals with electric plant and supply. Definitions 
are always difficult, if accuracy is demanded. Per- 
haps that is the reason no attempt is made to 
define ‘* resistance,” ‘‘ potential difference,” ‘‘ cur- 
rent,” &c. Ohm’s law looks very simple as it 
stands here, and from the text no one would sus- 
spect that the product of resistance and current 
may not always represent correctly the potential 
difference. ithin the compass of this treatise it 
is not necessary to enter into refinements and 
conditions that may not occur in — and so 
far the author has a sufficient defence ; but we 
doubt the wisdom of introducing hydraulic analo- 
ies, however frequently they are repeated. We 
ve never been enamoured with these analogies, 

and we imagine the author sets little store by 
them, permitting students and reviewers to skip 
these little embroideries, which afford very little real 
illumination, for the laws of hydrodynamics do not 
easily fit electrical phenomena, and oftentimes the 
student of electricity has no previous acquaintance 
with hydraulics. But when the author tells us that he 
has met with persons so lacking in the geometrical 
sense that they have no conception of an angle, 
and that electrical engineers of repute cannot dis- 
tinguish between the meaning of a ‘‘ watt” anda 
‘*watt-hour,” he is evidently addressing such a 
wide clientéle that he must adopt his own methods 
and employ every device for explanation. There is 
ample evidence that he has profound knowledge of 
the student mind, and that he is able to hold the 
attention and stimulate the exertions of students 
of very varied capacity. 

The second part treats of the application of elec- 
trical energy to domestic purposes, and the author 
has little sympathy with that tendency which is 
occasionally noticeable, of handling such small 
matters slightingly. Sound and efficient apparatus 
are necessary if the public is to be encouraged to 
substitute the cleanly, but less understood, processes 
of electrie lighting, heating, cooking, &c., for the 
ordinary, but inconvenient, and at times wasteful, 
methods of coal-firing. It is to the advantage of 
both consumer and supplier to secure an equable 
distribution of ‘* load,” and the wider the range of 
application the more uniform will be thedistribution. 
With the view of securing intelligent and practical 
methods of installation full examples are worked out, 
and very useful hints for management are given. This 
careful attention to the economic side is seen more 
particularly in the case of artificial lighting, where 
the author not only considers the candle-power of 
the lamps, but enters into such details of their 





arrangement as will secure a pleasant and satis- 
factory result. The lessons of the illuminating 
engineer have not passed unheeded, and the public 
have become r for a more judicious method of 
lighting than hitherto prevailed. To this 
demand the author gives sympathetic attention. 
Indirect lighting of interiors, as well as direct light- 
ing and schemes of external illumination, are care- 
fully considered ; costs of installation and of main- 
tenance are accurately worked out. Owing to the 
climatic conditions in India, fans and punkah- 
pullers become a necessity, and for the working of 
these electricity is largely employed. The ceiling 
fan has, to a large extent, supplanted the punkah, 
and high-speed fans can be adapted to conditions 
in which the punkah would be inconvenient. In 
the usual form the fan consists of a small electric 
motor having several blades attached to a hub. 
The sweep of the blades will vary from 2 ft. to 5 ft., 
the larger size making 150 to 200 revolutions a 
minute, while the smaller revolve two or three 
times as rapidly. Both continuous and alternating 
currents are used, but the continuous current works 
the more silently. Punkah-pulling machines, driven 
electrically, are not without advantages, but the 
rotary fan seems to have captured the market. 
There is, however, a large field for the display of 
ingenuity in the application of electricity to 
domestic service. The author supplies a rather 
lengthy list of apparatus, and some of these appear 
sufficiently luxurious in their character, though they 
may be defended as ministering to comfort, cleanli- 
ness, and health. But whether in this country 
or in India, the author insists on the danger attend- 
ing the use of too high a voltage. If alternating 
current is supplied to apparatus to be used by 
servants, it should not be higher than 50 or 25 volts. 
‘*It is nothing short of a crime to place in the 
hands of ordinary domestic servants electric-cook- 
ing apparatus worked at 220 volts off one side of 
a 440-volt service.” 

The chapters on wiring are important, because 
the details are arranged with special reference to 
the requirements of the legislative enactments re- 
lating to the use of electrical energy in India, and 
indicate the precautions that are necessary owing 
to climatic conditions, against which the home- 
instructed engineer has not to struggle. We do 
not have to protect ourselves against the de- 
structive habits of white ants, and to employ such 
timber as will resist the ravages of these pests. 
Excessive moisture may call for special precau- 
tionary measures, but such details are only men- 
tioned here to show the need of attention to local 
conditions, and to illustrate the minute care with 
which the author has endeavoured to provide for 
the intending practitioner. 

In the third part, dealing with electric plant and 
supply on a larger scale than required for domestic 
purposes, the variations from home apparatus and 
methods are less noticeable. Although there is a 
general elementary description of motors and gene- 
rators, the view is that such machinery would be 
purchased, and not made in India, it is with the 
employment of the energy, whether for traction, or 
in mines for ventilation, haulage, &., or with the 
transmission of power, that the author is concerned. 
Asarule, the energy is purchased under license 
from a public company or local authority, but the 
number of places where electricity is generated is 
small. Private plant is expensive and is not re- 
commended, even where generating costs may be 
low, due possibly to abundant fuel or convenient 
water storage. ‘The range in cost of production 
seems excessive, varying from a quarter anna to five 
or six annas per unit ; the higher cost seems 
absolutely prohibitive. In the case of hydraulic 
electric plant, usually preferred to steam on 
economic grounds, the charges are relatively 
high. The capital cost of such schemes is said 
to be as high as that of a steam or oil-driven plant, 
but the working expenses are lower and almost 
independent of the ‘‘load.” Provision has to be made 
for landslips in mountainous country, where a high 
head may offer advantages, and a substantial per- 
centage must invariably be allowed for this costly 
contingency. The capital outlay ranges from 31. 10s. 
to 841. per horse-power. With such a in each 
case has to be considered on its merits, and such 
diversity lends an additional interest to the huge 
Tata hydro-electric power scheme of Bombay, so 
happily inaugurated. Where a natural storage 
site for water exists, the Humphrey pump is 
regarded as affording a possible solution of many 
practical and economical difficulties that stand in 
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the way of an efficient water-lift. A fuel consump- 
tion not exceeding 1.6 lb. of Bengal coal per pump 
horse-power has Conn guaranteed, and a reduction 
of 25.per cent. on this estimate is considered pos- 
sible. On the larger consumption, however, with 
coal at 10 rupees a ton, the cost works out at less 
than }anna per electric unit, a price that would be 
considered very satisfactory. 

Electric traction and mining are large subjects 
that more especially concern the specialist. The 
remarks here, necessarily limited in character, can 
do little more than indicate the possibilities and 
the difficulties of a general scheme. The engineer 

of the information here supplied would 
able to decide whether a particular case war- 
ranted reference to a specialist, or could be dealt 
with by a local staff. In either case the notes on 
specifications would be found eminently useful, 
while the remarks on depreciation, maintenance, 
and testing, giving the results of a wide experience, 
will be valued. 

The work is admirably indexed, the illustrations 
are clear and effective, and the tables ap) accu- 
rate and informing. It is eminently desirable that 
a treatise on Indian engineering should be pre- 
pared, printed, and published in India, and we 
may congratulate all who are concerned in the 
handsome results achieved. We have noticed a 
misprint here and there, and on page 55 the 
numbers of the diagrams have been misplaced, but 
such slight errors are easily perceived, and do not 
diminish the high standard attained. 
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WORKMAN’S COMPENSATION CASE. 


Loss of the Chief Engineer of a Ship.—The case of 
Proctor v. the Owners of the s.s. bino, recently 
decided in the Court of Appeal, raises an interesting 
poms as to whether the dependants of a man who meets 

is death in circumstances about which there is no direct 
evidence are entitled to compensation from his emplo 
In this case the applicants were the dependants of the 
chief engineer of a ship who was lost at sea while the 
vessel was on a voyage from Petrograd to Hull in June, 
1913. It By that the engineer had discovered that 
the tips of the propeller were bent, and was unduly 
concer about this and about some other defectsin the 
machinery of the vessel. On the day before his disap- 


rance he instructed the ste to call him at 
.40 a.m. on the following day, and it was for 
the applicants that he thus put hi on duty 


earlier than usual, as he was entitled to do, being the 
chief engineer, for the purpose of examining the state of 
the propeller and other machinery. Ten minutes after 
he had been called he was seen to turn in behind the 
wheel-house, where the steam steering- was in- 
stalled, and was never seen again. ike applicants 
therefore submitted that the accident had arisen out 
of, and in the course of, his employment, and claimed 
compensation. The respondents, Sooemn contended 
that there was no evidence of the way in which the man 
met his death, and that the Court could not, in these 
circumstances, conjecture or guess. The Judge of the 
Kingston-upon-Hill County Court, sitting as arbitrator 
under the Workmen’s Compensation Act, 1906, held that 
the death was due to an accident arising out of, and in 
the course of, man’s employment, and made an 
award in favour of the licants. 

The employers appealed against this decision, and the 
appeal was heard by the Master of the Rolls, Lord Justice 
Pickford, and Lord Justice Warrington. In deliveri 
judgment, the Master of the Rolls said that the aon | 

@ question on which there had been great difference 
of judicial opinion. There were at least three theories 
to account for the disappearance of a sailor in mid-ocean 
when there was no direct evidence as to the cause of his 
death. It might be due to suicide, murder, or accident, 
and the accident might, or might not, have arisen out of 
his employment. His Lordshi thought that it was 
settled law that, if nothing was known, and the circum. 
stances could only be surmised or conjectured, the depen- 
dants of the man could not succeed in their claim for 
compensation. It was for them to prove that death 
occurred by reason of accident arising out of and in the 
course of the employment. This, however, did not 
impose upon the dependants the burden of furnihing 
= evidence of the —_— If oe See —_ —_ 
which a presumption could properly rawn, the appli- 
cation might succeed. The facts in each case, his Lord- 
= continued, had to be scrutinised with great care, in 

er to decide whether a presumption could be legally 
made; very slight facts might serve as a basis for 
very wide presumptions. He thought also that a sailor 
on board a ship at sea, whose employment was con- 
tinuous, stood in a somewhat agar position, and that if 
it could be shown, or properly inferred, that when last 
seen he was engaged in doing his duty as a seaman, the 
Court might presume that the accident arose out of his 
employment. 

After giving a few instances of cases in which presump- 
tions been made, his Lordship stated that it was not 
the duty of the Court to draw the inference, but to con- 
sider whether there was sufficient justification for the 
inference drawn by the County Court Judge. They 
ought, he said, to be slow in interfering with this deci- 
sion. Proctor’s watch would not have n until eight 
o’clock, and the inference seemed to be that he got up 
earlier for some special reason. His position as chief 
engineer entitled him, and it was bis duty, to go to 
examine any part of the machinery about which he felt 
a doubt without any express order from the master of 
the ship ; his duties were certainly not confined to the 
engine-room. He was last seen going in the direction of 
the place where the eteering-gear was installed, and it 
was possible, though not very easy, for a man in this 
place to look down upon the propeller even when the ship 
was proceeding at her usual rate. 

In these circumstances the learned County Court 
Judge had held that he wus justified in presuming, and 
he had presumed, that an accident occurred, and, further, 

t the accident arose out of the employment. His 
Lordship was unable to say that the learned County 
Court Judge was not justified in drawing this inference. 
It was more than a guess or surmise, and that sufficed to 
support the award. He therefore thought the appeal 
must be dismissed. 

Lords Justices Pickford and Warrington gave judg- 
ment to the same effect. 





STANDARDISATION OF B.A. SCREWS. 

We have received from the National Physical Labora- 
tory the following circular:—The standardisation of 
B.A. screws, taps and dies, and gauges has heen before 
the Small Screws Sub-Committee of the Engineering 
Standards Committee for some time, and though, on 
account mainly of the difficulty of finding satisfactory 
methods for the standardisation of the small screws and 
gauges, no definite decisions have been taken, yet certain 
provisional conclusions have been reached which enable 
the Laboratory to issue a tentative list of dimensions 
which there is reason to believe may, at the present junc- 


ture, be of service to persons using the screws and assist 
in obtaining interchangable work. 
The scheme given in Tables I.a and I.B appended is 





intended to secure 4 fairly easy fit, and for some purposes 





it might be necessary to reduce somewhat the limits 
given :— 


TaBLe I.a.—Limsts of Size for B.A. Screws. 











a tact & 











; j ; 

1 2. 6. 7. 8% | % {10.11 
Full Effective 
wo | ttn, | RES | ote, | SRST oem 
mm. | mm. m.| om. mm. mm.| mm. mm. eg, 

0 5.933 | 6.000 | 5.267 | 5.333 4.600 | 4.783 | 9.985 10.016)424 5' 
1 | 5,289 | 5.300 | 4.638 | 4.699 | 4.037 4.159 | 8.987  9.018)424 52, 
2 4.644 | 4.700 | 4.108 | 4.169 | 3.562 3.674) 8.088 8112/42) 6: 
8 | 4.048 | 4.100 | 3.556 | 3.608 | 3.064 | 8.168 | 7.289 7.311)424 52 
4 | 3.552 | 8.600 | 3.109 | 8.157 | 2.666 | 2.762 | 6.689 | 6.611\42 
5 | 8.156 | 3.200 | 2.757 | 2.801 | 2.258 2.446 | 5.890 5 910)424 5: 
6 | 2.760 | 2.800 2.400 | 2.440 | 2.040 2.120 | 5.291 62 


6.309 42 
i 








N.B.—The limite scheduled above for effective diameter, pitch, 
and angle may all be allowed simultaneously. If the errors on one 
or more of these elements exceed the limits given, the work is not 
necessarily re , but the limits allowable for the remaining 
element, or elements, are correspondingly narrowed—e.g., if a 
No. 0 screw had a length of 10.030 mm. in 10 pitches, the —_ 
would have to be exactly 474 deg., or else the effective diameter 
would have to be less than 5. mm. On theother hand if the 
pitch and thread form were both perfect, the effective diameter 
could be increased to as much as 5.400 mm., with advantage to the 
Py. must in no case be less than 6.267 mm., or more than 
.400 mm. 


Tas I.8.—Limits of Siee for B.A. Nuts and 
Tapped H 








oles. 

1. 2. 3. iy a 6. 6. 7. 
No. Full Diameter. | Effective Diameter. Core Diameter. 

mn. mm. mm, mm. mm. mm, 
0 6.067 6.200 6.467 | 5,683 4.800 | 4.867 
1 6.361 5.483 | 4.621 4882 | 4.220 | 4.981 
2 4 766 4 868 4.271 4.327 3.730 | 8.786 
3 4.152 4.256 8.712 3.764 8.220 | 3272 
4 8.648 8.744 8.253 4.801 2810 | 2,868 
5 2244) 3.339-| 2.689 2.988 | 2490 | 26534 
6 2.840 2 920 2 520 2.560 2160 | 2.900 


Limite of pitch and angie as for screws, 

The sizes of taps and dies suitable for these screws 
depend on various circumstances. The following tables 
have been prepared at the Laboratory from such data as 
are available, and though the amount of information on 
which they are based is small, they may be of service :— 


Tasie I1l.—Schedule of Limits for B.A. Taps and Dies 
isional) 














(Provisional). 

Nominal | Limite for Limite for Ta: 
No. | "Size. Taps. | Limite for Dies. | 004 to Out Dies. 

(A) Pull Diameters. 
mm. | mm. mm. | mm. j mn. nm. | mm. 
0 6,000 | 6.167| 6.188! 6.067 | 6.033 | 6.083 | 6.000 
1 5.300 | 6.452 5,422 6.361 | 5.230 | 5.880 | 6,800 
2 | 4.700 | 4.840/ 4.812) 4.766 | 4.728 | 4.728 | 4.700 
3 4.100 | 4.430) 4.204! 4.152 | 4.126 | 4.126 | 4.100 
4 8.600 | 8.720/8.696| 3.648 | 8.624 | 3.624 | 3,600 
A 8.200 8.310 | 8.288 | 3.244 | 3.222 | 3,222 | 3,200 
6 2.800 | 2.900/2.880' 2.840 | 2.820 | 2.820 | 2.800 

(B) Effective Diameters. 
0 5.400 | 5.467 | 5.483 | 5.367 6.388 | 5.800 | 6,267 
1 4.760 | 4821|4.790| 4.780 | 4.699 4.600 | 4.688 
2 4.216 | 4.271| 4.248| 4.187 | 4.159 | 4.181 | 4,108 
3 | 3.660 | 3.712 /8.686| 8.634 | 3.608 | 3.582 | 8.566 
4 | 8205 | 8253/8.229/ 8.181 | 8157 | 8136 | &112 
5 | 2845 | 2989/2.967| 2.8293 | 2801 | 2.779 | 2.767 
6 2.480 | 2.520/2.500| 2460 | 2.440! 2.420 | 2400 

(C) Core Diameters. 
0 4.800 | 4.767 | 4.788! 4.667 | 4.683 | 4.600 | 4,667 
1 4.220 | 4.190/4159 4.098 | 4.068 | 4.087 | 4.007 
2 | 2.730 | 8.702 8674) 2.618 | 3.590 | 8.562 | 8.634 
8 8.220 | 8.194) 8.168) 3.116 | 8.090 | 3.064 | 3.088 
4 2.810 | 2.786 | 2.762| 2714 | 2.600 | 2.666 | 2.642 
5 2.490 2.468/ 2.446) 2.492 | 2880 | 2.858 | 2.886 
6 2.160 | 2.140 ani 2.080 2.060 | aon | 2.020 

| } | 
(D) Pitch. 


The pitches of tans should be either standard or short, 
by amounts not exceeding the limits given in the follow- 
ing schedule :— 

Maximum Pitch Error in Length of 10 Pitches. 
Ne...| © 1{s| s{| «{ 56] e 


— | 0.029 | 0.087 0.025 | 0.028 | 0.021 | 0.019 | 0.018 





The pitches of dies should be either standard or long 
by amounts not exceeding the same limits. ; 

The pitches of taps for cutting dies should not be either 
short or long by more than half the above limits. 


(Z) Angle. 
The le of thread on all tools should not deviate 
by more +2 deg. from the standard angle of 474 deg. 
The question of gauging has also to some extent been 


The should preferably consist of a plug-form 
gauge oles te Ginetnionsl given in Table iit. on the 
next page, and a ring gauge. 

The ring gauge would not actually be measured, but 
would be specified to have the same thread form as the 

lug, and would pL by 4 oer ty - ie 
be plo u ould carry at its o' end a in 
cyli wn a of ard nominal core diameter, 
which should also be a fit in the screwed ring. This 
plain part also serves the purpose of » “go” gauge for 
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the core diameters of nuts or tapped holes. The screwed 
plug does not effect this owing to the extra depth of the 
thread. 

In addition, a plain cylindrical ‘* not-go” gauge for 
nuts must be provided, which may conveniently have the 
dimension given in column 7 of Table I.s. A _ corre- 
sponding pair of plain cylindrical holes for gauging the 
full diameters of screws is required, and may conveniently 
be provided in the same plate with the ring screw-gauge. 

he limits of accuracy scheduled above for the screwed 
gauges are so fine that they can oy be attained in prac- 
tice by the most careful and highly skilled work. It is 
undesirable, for various reasons, to widen the limits sug- 
posted, which should be aimed at as closely as possible; 
ut, on the basis of the table, a certain amount of 
discretion is permissible in accepting gauges which 
do not quite come up bo the ification. The limits 
on pitch, angle, and effective diameter, for instance, 
are inter-related ia a precisely similar manner to those 
laid down for the work in Table lI.a. If, for instance, 


the pitch and angle were absolutely perfect, the 
effective diameter of a No. 0 plug gauge might have 
any size from nominal to —0., mm. Also, since 


separate gauges are provided for core diameter, the limite 
laid down for this element of the plug screw-gauge need 
not be very closely observed. e table has been 
designed, however, to encou the symmetrical form of 
thread as far as possible, the allowance between plug and 
ring being all over alike, so that the fit is determined in 
practice by the flanks of the threads, since the effect of 
any small error in pitch or angle is felt on the effective 
diameter, and not on the full or core diameters. It is 
this result which it is desirable to achieve. 
The following table of limits for B.A. screw-gau 

should be of some assistance in indicating to manufac- 
turers the sort of accuracy that is necessary :— 


Tasie IIT.a.—Limits for Screwed-Plug Gauges. 


1. 2. 3. 4. 5. 6. 7. 8. 


9 | 10. | 11. 
noe |— 
z Full | Effective Pitch | 
NO. Diameter.| Di ter. . (10 threads) Angle. 
— | = oe 
mm.|mm.| mm. | mm. | mm. | mm. | mm. | mm. |deg|deg 
0 6.9936.000 6.380 | 5.387 | 4.767 | 4.773 9.997 10.003) 46.5 48.5 
1 5.2945.300 4.742 | 4.748 | 4.190 | 4.196 | 8.997 | 9.008 46.5 48.5 
2 4.694 4.700 4.198 | 4.204 | 8.702 3.708 8.097| 8.103 46.5 48.5 
8 4.005 4.100 3.644 | 3.450 3.194 3.199 7.298 | 7.302 46.5 48.5 
4 8.505 3.600 3.191 | 3.196 | 2.786 | 2.701 6.598 6.602) 46.5 48.5 
5 2, 
6 3. 








8.196 3.200 2.832 | 2.886 | 2,468 | 2.472 | 5.898) 6.902 46.5 48.5 


2.796 2.800 2.468 | 2.472 140 | 2.144 | 5.208 | 5.802) 46.5 48.5 





Tasix III.n.—Stzes of Plain Gauges. 


1. 2. 38. 4. 


No. ‘*Go” Plug. |** Not-Go” Plug.|‘‘Go” Ring.|** Not-Go” Ring. 














— | 








mm. mm. mm. | mm. 
0 4.800 4.867 6.000 | 5.933 
? 4.220 4.281 | 6.800 5.289 
2 3.730 3.786 | 4.700 4.644 
3 3.220 | 3.272 | 4.100 4.048 
4 2.810 2858 | 3.600 3.552 
5 2.490 2.538 | 3200 3.156 
6 2.160 2200 | 2800 2.760 


The screwed-ring gauges are to be made of similar 
thread form to the plugs, and may be either solid or ad- 
justable. The EsReoutety is prepared, pending an 
authoritative decision on the matter, to certify screws, 
&c., which fall within these limits, as B.A. screws, taps, 
or gauges. 





ine gee ee E.E., hee been 
appoin mamees. irector of the ig lectric 
Supply Company, Limited. Mr. E. Rowley Hill retired 
from ti dgtdy and manager at the end of Juns 
last.—Mr. Robert H. Lash, engineer, informs us that, in 
order to be nearer works, he has now moved his offices 
and warehouses to Letchworth, Herts, where in due 
course he will have improved manufacturing facilities. 





German InpusTRigs.— Although German industries 
generally feel the effect of the war keenly in many 
ways, as has ——— from redaced dividends, or the 
absence of dividends, not s few concerns have bene- 
fited from the large army contracts which the war has 
brought them. This may be gathered from the rise in 
their — in many cases is very material. In 
the first flight come undertakings based upon the manu- 
facture of military necessities, such as the German 
Weapon and A tion Company, the sh of which 
have risen from 280 to 430, since the war began, and the 
Cologne and Rottweiler Powder Company, 296 to 415, 
also Ludw. Liwe and Co , which paid a surprisingly high 
dividend, shows a substantial advance, from 280 to 375; 
the Daimler Motor Company boasts an even larger ad- 
vance, from 328 to 500 on the eleven months the war has 
lasted. Although the dye industry has seen its export 
almost stopped, some of the big concerns, on account, no 
doubt, of auxiliary manufactures, also record substantial 
advances in the quotations of their shares, the Baden 
Anilin Company from 365 to 440, and the Elberfeld Dye 
Comesng from 370 to 432. The value of shares of bi 
electrical concerns, like Allgemeine Elektricitiits Gesell. 
schaft and Siemensand Halske, have remained stationary, 
whilst those of the concern have advanced from 
90 to 130. Several of large mining concerns and iron 
works likewise show an upward movement of their shares, 
the Bismarck Hiitte, from 127 to 206; the Gelsenkirchen 
Company, from 154 to 163; the Pheenix Company, from 
204 to 219, &o. 








BARGE-DISCHARGING ELEVATOR. 


CONSTRUCTED BY MESSRS. G. 


ROBSON AND CO., ENGINEERS, SHEFFIELD. 





WE illustrate in the view above a barge-discharging 
elevator, built by Messrs. Geo. Robson and Co., 
Eclipse Engineering Works, Napier-street, Sheffield. 
It was designed by them for unloading coal-barges, 
one of the conditions required being that there 
should be no projecting framework to interfere 
with the craft passing up and down the canal when 
the elevator was not in use. In the ordinary 
type of barge-elevator, driven by bevel-gear through 
sliding shatts, the supporting framework overhangs 
the canal. On the other hand, the type for discharg- 
ing grain was not considered ‘snitable owing to the 
coal requiring dredging, an action which a grain- 
elevator was not sufficiently rigid to withstand. 

The Robson elevator we illustrate is supported on 
two parallel arms, and is perfectly rigid in any posi- 
tion ; there is no bevel-gearing, all drives being by 
simple gear-chain. The machine can also be worked 
as an inclined elevator In the arrangement shown, 
the coal is discharged on to a conveyor communicatin 
direct to the boilers. The elevator can be raised an 
lowered by hand or power; as compared with the 
older type of elevator used for coal, the initial cost 
and the charges for maintenance are lower. Very 
little power is required to work it. 

The installation shown in the view has been in 
operation for over two and a half years, and has given 
entire satisfaction. 





THE LATE MR. THOMAS DYSON WEST. 

WE regret to have to record the death, which 
occurred on June 18, at Glenville Hospital, Cleve- 
land, Ohio, of Mr. Thomas Dyson West, the well- 
known foundry expert. Mr. West was crossing the 
street near his residence when he was struck by an 
automobile ; he was immediately removed to the hos- 
pital, but the end came a few hours after the accident. 

Mr. West was born at Manchester, on August 31, 
1851; he was the son of William H. and Sara A. 
West (née Faraday), and when he was an infant his 


parents emigrated to the United States. He was | the 


mainly self-educated. He entered a foundry at the 
age of twelve, and after several years spent as a 








moulder in different American works, he became 
the organiser, then the vice-president and general 
manager—a period covering the years 1887 to 1909 
—of the Thomas D. West Foundry Company, now 
the Valley Mould and Iron Company, S ville, 
Pa. He also organised, in 1907, the West Steel Casting 
Company, Cleveland, a company of which at the time 
of his death he was the chairman and managing 
director. 

Mr. West was a recognised authority on subjects 

ining to foundry work. He commenced writing 
or technical publications in 1881, and gained wide 
recognition for research and the origination of prac- 
tical and valuable processes. He introduced and estab- 
lished the use of standardised drillings adopted by the 
United States Bureau of Standards in 1905. He was 
the founder, in 1908, and the president of the American 
Anti-Accident Association e started the ‘‘ Safety 
First” agitation, and was the originator of ‘‘ Cleve- 
land’s Sane Fourth of July.” He was an honorary 
member of the Philadelphia and Pittsburg Foundry- 
men’s Associations; president of the American 
Foundrymen’s Association, 1905-6; and a member of 
the American Society of Mechanical Engineers, of the 
American Society for Testing Materials, of the Cleve- 
land ‘~Y* Society, and of other bodies. 

Mr. West was the author of ‘‘ American Foundry 
Practice,” 1882; of the ‘‘ Moulders’ Test-Book,” 
1885 ; ‘* Metallurgy of Cast Iron,” 1897 ; ‘‘ The Com- 

tent Life,” 1905 ; ‘‘ Accidents: Their Causes and 
Remedies,” 1908 ; ‘‘ The Efficient Man,” 1914 ; also 
of six foundry instraction pamphlets for tho Inter- 
national Correspondence Schools; and of numerous 
technical papers. His books have gone through 
| several editions, and are universally known: 


| 


| Conrracts.—The General Electric Company, Limited, 
has been successful in securing a yearly contract from the 
Great Northern Railway Company for the supply of 

| standard ‘‘ Osram ” drawn-wire lamps and for ‘Osram 

| Atmos-type lamps. These lamps are manufactured at 








Osram Lamp Wor Hammersmith, London, the 
| bulbs being blown at the ington Glass Works, New- 
castle-on-Tyn . 
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cular inclined water- Another dial records i 
NOTES ON THE CROSS.CURVES AND | the eum of the areas of these portions of the sections, = |" ne 1m seotions, and 
GZ CURVES OF STABILITY.* mo now elemental on aes an .-x ef ic: 10 Gy Y? = Z ra® 
p : che! eff sections as oS . for the ten seo 
By E. F. Graze, B.O.0.0., o- Member. angle A G, B being called dé © area of these It is fairly a then, that if d @ is sufficiently 
(Ginnitcwiiummiamte ee biel 
8 curves for a v: x G, Y = Birt 
method whieh i is shorter and more flexible than thas = cA Grd@ + 5A Gua 8 aa Petia sm we = Siew AGS 
srealainah des oun eupatiendtadion eames me PR Similarly, take points M on Gy A A, and N on Gy BB, 
the GZ curves at the cost of little additional Soom a wee (r.2 + rai*), such that 10 x GoM? = Z¢,3 
— ‘ 0 a 
Toby chet section re dra wa forthe vessel, By ean or for the ten “— cheff sections, for the ten sections and 
f an in tor, the tome centre of buoyancy < 
the vessel from s line throagh the centre of the lead | = OSA 10 x GyN? = Era’ 
We then see that, if d @ is sufficiently small, 
Fig.7. 10 x moment of MG, N about PQ = = moments 
of AGB. . about PQ 
d rz | for the ten sections. 
re The following procedure for obtaining data for the 
al ~~ queue for a vessel is upon the above very 
& imate reasoning :— 
F. Luo the sheer draught draw half-sections at the 
ebeby cet stations. 
2) Construct a complete section such that 
o> x ey, ordinate of the section at angle 6) 
= (Radial ordinates of Tchebycheff sections 
: 4 ab angle 6), 
, and construct also a complete section such that 
10 x (Radial ordinate of section at — S= 6 = 
i > (Radial ordinates of Tchebyche 
(ess6 4) at angle 6)°, 
P Fig. &. 
g. 3. m 
| | 
a ‘ it 
oe L L 
2 a, An 
3 WL. 
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Fig.6. VESSEL A. 
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assumed to be floati 
performed assuming 


of G,)Z are 
angle of inclination ; cross- 


non angles, 
the use of ‘the in 
dial the sum of 











water-line, normal to ~ water-line at which the vessel is 


vessel floati: 
placements, and at water-lines incli 

to the load water-line. The resulting distances or 
plotted on a base of displacement for each 


curves 
a - ~ values of Go Z for & constant displacement can 
ulated, the ves-el being inclined th: 
When obtaining the vhenat Go Z by 
tor, tenet — t records 


Tchebycheff sections of the shi ship oie 
the inclined water- line, about a line through “C 


in Paper read before the Institution of Naval Architects 





obtained. This operation is 


at different dis- 
at various angles 
ues 
are thus obtained from | 


rough a series of 


the 
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The moment of these sectors about a line P Q is very 
approximately 


= SAGrde x 5 4G, sin + i Ai Gedo 


x 2 A, Gosin ¢, 
ie, = ia O sin $ (r.2 + 74,3), 
or for the ten Tchebycheff sections, 
= 5a Gein $ Zr 


Take points X on G,) A A; and Y on G, BB, such that 
10 G, X2 =Zr,2 








the origin aang Sete Sad case. 


(It will be found con- 
venient to take values of 


6 = 0°, + 15°, + 30°, + 45°, + 60°, + 75°, + 90°.) 
(3) Having mt me these two sections, the method of 
the value of G, Z at any a= is fairly obvious. 

Seomens the dotted section (Fig. 2) represents what may 
be called the area section, and the drawn section 
sents the moment section. By running round G GA BO 
with the integrator we ee the moment of all the 
cheff sections about P Q, and ty ventas teend Gente 
we get the area of all the Tchebycheff sections. 

Let the values be M and A Ah reas expressed in 
appropriate units. we ha 
an Volume of prow buschan x = length x A, 
Value of G, Z =M+A. 














70 


ENGINEERING, 








[JuLy 16, 1915. 






























































(4) By constructing sections as described in (2), but Tasie IL when d @ is sufficiently small. Hence 
taking the origin Ga instead of Gp (Fig. 3), we get a| - ; L 1 
moment an area section from which values of Ga Z ae a i ee ee W(GoZ - BZd 64+ 7) + ao Sr + 1,3) 
and thence G, Z can be obtained for a range of displace- A.W.L. 10 3 
mente greater than the first series. Similarly, taking - = (W + w) GZ, 
— 2 and G;, we may obtain sections for these| angie Tche>- Positive Angle. Negative Angle. or 
lighter ranges of displacement. To reduce the levers Ord. | — Le, lagsinae? 7 
1 Z, Gy Z, &e., to common origin Go, it is merely R. | RB | R. | RB. R2. Rs. 10 x 3% Z(r? + 7;°5)-W x BZ d@-w x Gy Z, 
ne ry tocorrect by adding Ga Gp sin 6, or subtracting | —— a = W (GZ, - GeZ) 
Ga. Gy cin 6 & Re eee sag. dog. | Vv a4 | ne “Sa, oe | pice apogee 
As regards the amount of work involved in obtaining IV. 69 47.6 3209 | _— = — | Put W=pV, where V = volume of displacement, and 
the cross-curves, this method appears to offer the fol- IL. 111 193.2 | 1368 | — jin a an to the limit whend @ is very small. Our equation 
lowing advantages over the method usually adopted :— IL. 14.6 2132 8112 | — — -— | mes 
(a) The obtaining of the moment and area sections is an 1. 15.6 234) 8706 | — - — | aofle .1s (r3 + 7,3) -pV xB z} 
operation requiring nothing but the most ordinary care, ee - Gt - th oie ae Lio 3 : 
consisting as it does of reading off, squaring and cubing, IILA 19.5 3802 | 7415 ti a =) - —-pxdVxG)Z=pVxd.G,Z, 
&c., a series of ordinates. (b) Having obtained the new IV.A 20.5 420.38 | 8615 a ar —- lee 
sections, the work of getting a spot on one of the cross- V.A 26 4%.4) 872 | — = _ _ | SNe Saeuee 
curves is very If using an integrator, it is neces- | —— | | ——— ——_—__—_ —_____ | ae xy (s+ 3) BZ Gy Z 
sary to run once round each ‘of two clearly distinct| — _- — 2622.2 | 45306 | — - — | os 1. 
sections, whereas with the ordinary method one has to| — oa = | 16.56 ~ el Vv : 
run round ten sections, often crossing and recrossing ina| +15  V. - —_ _ - _ — x adV _d.G) Z 
very confusing manner. The liability to error from this IV. - = = = = - av dg 
cause alone is very much reduced. If an integrator is - = - tee Vso) Mee — |Now 
not available, it is an easy matter to obtain a spot on the 4 ao we a oe Pes ne av =140 x bs (2-72) 
cross-curves by direct calculation, as the O.G. of only LA a — ee ie efi i a lu~ he 
one area has to be calculated ; with the rg demey ILA — ws ain ea i os and therefore 
cheff sections the positions of ten such C.G.’s have to Lal — _ — _- _ _ . 
calculated. (c) Again, intermediate cross-curves can very WV.A | — = “ ze 2 = €.GoZ_1) LD sisy r3)-— BZ 
readily be obtained, while if it is necessary to check any VA) - = =< hah ese Bees: _ dé 3° WV 
result the work can be done very rapidly. +30, V. 4.1 16.8 69 388 144 55 me Gh wis n 
The area and moment sections possess geometrical IV. 14.2 2016 | 2863 116 134.6 1561 ‘~2 ‘ou (r? — 1). 
properties which are of interest, and which should render a — = | ,— | as wy | 4827 , 
them very useful for purposes of comparison or contrast L 152 980) 3512 | 229 oo. B.. Refer now to the moment and area sections for the 
between vessels of similar or widely differing types. LA | 15.2 231.0 3512 | 23.1 6588.6 | 1939g | Vessel when rotated about the point G, (Fig. 5, page 69). 
These remarks apply particularly to the moment sections. ILA. | 15.0 | 225.0 | 3875 | 211 4452) 9394 | A, D A is the moment section 
With vessels of peculiar form, the curve of statical IIL.A 14.9 | 222.0 | 3308 | 17.8 316.9 | 5640 | _Ctht@eanct=a 
stability (or G Z curve) is of a curious and unusual TV.A | 14.7 | 216.1 | 8177 135 1823 2460 | 5 : , 
character, and in each cases it is desirable to have cem- V.A | 8&7 | 75.7 | 650 | 69 47.6 | 329 | From the method of construction :— 
lete knowledge of the actual shape of the curve. This|~ _ nix Pr , 1 . 
involves either the obtaining of cross-curves ata large} —  — | — | = = as a > | (A Gos + A; Go*) = 10 = (r? + 17°) 
number of angles, or else the investigation of the slope of | — | — | Col 1 | Col. 2 | Col. 3 {Col 1! Col. 2 | Col. 3 
the G Z curve at various points along its length. 1 : | (BG,2 -— G, B,)? = 1 D(r2 — 7,2) 
The method already outlined is of great value when| 1, practice, the table is continued for ote so Ge | . | ae , 
peg ey are required for a large number of angles, as | , 60 deg., + 75 deg., + 90 deg., and for L.W.L., 2 W.L., and| V =areaof BCB, x L. This area has already been 
the labour attached to the obtaining of the individual ' 3 w.L. obtained when obtaining the cross-curves. 
VESSEL A. 
TABLE ILa. TABLE IV.a. 
Moment Area chy | i WERE tae “Dis- q a : yraen i a B C. | . 7 
Angle. | W.L. ad- | Differ- Read. | Differ- Ig. 2.1 Gx Go sin 0.\Go Z  place- | Read. | Differ- | pifter. ny, tn | + n%)| a ~ ry). Gx 2, Gx Z2-) |, goog g |b: God 
ings. "| inge | ria ment. | ings. | ©"°* | ence. ™ 3 Area. 2 Area | ae 
Bdeg. |AW.L 9906 $1 7,842 | 1,112 |0.223| 40.174 (0.397 4170 | 1,918 | sss | 1112 689 8,702 8.16 3.1 | 0.14 +199 3.85 
9875 6,730 | 1080 
L.W.L. 9820 55 | (5,804 926 | 0.535 — 0.685 3470 | 406 | 624 | 926 | 5.39, 8,503 9.57 4.7 | 0.45) _ = 4.27 
2W.L = 9756 64 5,061 743 | 0.689} -0.174 (0.515 2785 | 9,986 | 420 | 743 | 4.52 8,308 11.63 62 | 0.60 — ~ 1.99 5.21 
3 W.L. 9679 77 4,495 566 | 1 086 -0.348 (0.7388 2120 | 9,725 261 566 8.69 | 7,907 14.55 13.6 | 1.00 0.04 — 3.98 6.73 
Wdeg. | A.W.L. a4 58 788 1,110 | 0.418 | +0.848 | 0.766) 4165 | 9,981 891 1110 | 6.41 | 8,969 8.41 8.0 | 0.33) - 1.97 4.06 
672 | 9,040 
L.W.L. 1890 100 4,748 924 | 0.866 _ 0.866 43460 | 8.418 | 628 924 5.44 8,767 9.89 7.9 | 0.78 0.01 — 4.58 
2W.L. 1770 120 4,005 743 |1.200| -0.348 0.942 2785 7,986 426 7438 «4.59 | 8,447 11.84 17.1 | 1.20) 0.04 -1.97 5.33 
8W.L. 1627 148 3,436 669 | 2.010 — 0.696 1.314 2135 7,719 267 569 8.75 7,774 14.25 37.5 1.92 0.20 - 3.94 6.45 
Ib deg. | A.W.L. 7580 86 mane , 1,119 | 0.615} +0.518 1.188) 4200 1,786 893 1119 6.39 ~=—s-9, 468 9.02 + 113 | 0.53) 0.01 4-1.98 4.64 
’ 8938 | 
L.W.L. 7117 147 11,726 | 923 | 1.272 — 1.272 3460 250 643 | 928 6.57 9,219 10.40 + 13.6 1.20) 0.3 _— 4.89 
10,803 | - 0.618 | | 
2W.L. 6031 186 by | 749 | 1.985 _ 1.467 2810 | 9,809 441 749 4.71 | 8,568 11 90 + 36.1 | 1.90) 0.14 —1.93 5.41 
, | 
3W.L. 6719 212 4 575 | 2.950 1.085 1.915 2155 9,527 282 575 3.92 | 7,598 13.80 + 73.6 1.86) 0.37 - 3.86 5.74 
475 | | 
B80deg. |A.W.L. or7e 183 ROH 1,120 | 1.305; +1.0 2.305 4200 | 9,781 925 | 1120 6.60 | 8,829 8.22 ~ 28.5 | 1.22) -0.5 +1.73 3.49 
. 8,806 
L.W.L. | 6287 306 wn 946 | 2.590 _ 2.590 3545 8,105 701 046 | 5.93 9,706 10.69 + 92.4 2.50 0.38 = 4.47 
375 | | | | } 
ant 2W.L. 6925 362 | 1,107 786 | 3.690 -10 2.690 2845 7,596 509 786 | 5.18 9,211 11.20 +162.6 3.60 1.16 —1.73 3.22 
nd 80 on 821 | } 
to 105 deg.| 3 W.L. | 5588 387 1,740 683 | 4.890] —2.0 | 2800 | 2375 | 7,987 | 359 33 | 4.54/ 8,181 13.38 +208.9 | 4.80 2.47 -3.46 3.00 
yl y { 
VESSEL B. 
15 deg B.W.L. a9 y 9,061 1,807 | 0.5 +1.0385 | 1.085; 5250 | 8,264; 1280 , 1307 7.52 10,073 8.08 24.4 -0.04 _ +3.864 4.46 
: »744 | | 7,084 
|A.W.L. 2730 65 10,179 | 1,128 | 046) +40.518 (0.978' 4530 | 9,203; 939 1128 666 9,800 9.05 24.3 | 0.37 0.01 +1.98 4.40 
} 2655 9,051 8,264 | 
L.W.L. 2655 185 1,126 947, «1.14 — 1.14 3810 9,890 | 687 947 5.81 9,409 10.35 29.1 1. 05 0.05 — 4.55 
2820 179 | 9,208 | 
}2W.L. 2820 180 1,897 771 187 - 0.518 1.352 3100 | 10,3872 482 771 5.00 8,780 10.85 41.8 1.78 0.15 - 1.93 4.86 
| 2340 1,126 | 9,890 | 
80 deg. | B.W.L. 1560 17 8,680 1,301 | 0.1 +2.0 210 5230 | 1,673 1288 | 1301 7.59 8,448 6.75 -104.7 0.01 — +3.46 271 
| 54s ,229 | "440 | 
| A.W.L, 1843 191 9,680 | 1,150/ 1.83 +10 2.83 4620 | 2,646 973 1150 | 6.77 ——9, 955 9.02 8&5 | 1.24 0.01 +1.73 4.06 
| 1352 8,530 1,673 
| L.W.L, 1368 302 | 10,647 967 | 2.50 - 2.50 3890 | 3,882 736 967 | 609 11,016 11.88 111.9 2.41 0.44 = 5.44 
9,680 | 2,646 | 
And soon 2W.L. 1050 369 «=s«1,454 | «= 807 | 8.6600 - 1.0 2.66 8240 | 8,927) 545 807 6.41 10,265 13.25 162.5 3.57 1.12 ~ 1.78 5.08 
to 105 deg. | 681 647 | 3,382 | 





spots is so small; it also lends itself very readily to the 
obtaining of the slope of the G Z curve at any point, as 
— seen from the following investigation : — 

msider the variation of G, Z with variation of 0, the 
angle of a water-line passing through G, to the load 
water-line. 

Assume the vessel to be floating at the water-line 
M, Gy M, and consider the result of inclining her to the 
water-line N, Gy N (Fig. 4). 

Let 

B = old centre of buoyancy. 
B, = new centre of buoyancy. 
W = old displacement. 
W + w = new displacement. 
G, Z = old righting lever. 
Go Z, = new righting lever. 
Draw BZ’ perpendicular to N, G)N, The section 





With the vessel at her new water-line, taking moments 
about Go, we have :— 


W x GZ’ + z(FMG?a0 x 2M G +> M, G2 de 
Ron he ’ 
x 7M: Go) 1g = (W + ©) Go Za. 


L = length of vessel, and p = density of water (tons 
per cubic foot), t 
p 


ie, Wx Gy Zi + fx 5a OE (r> +733) 
= (W + w) Go Z. 
Gy Z' = (Gy Z - B Z tan @) cos d 0, 


Now 





= GZ = BZd@9é, 


drawn is any one of the ordinary ten Tchebycheff sections. | 


mF Nate of A D A, about A A, + Area of 
One pair of readings from the integrator gives a value 


G Z is given already in the tabulated data for the cross- 
curves. 

By a suitable arrangement of the tables it isa simple 
matter to combine the various elements of the final 
equation, arriving at data from which we can plot the 
values of the tangent to the G, Z curve for a constant 
angle of heel on a base of displacement. The tables are 
completed on the foregoing lines for the range of dis- 
placements re by the different centres G., Go, 
Ge, and Gs, all values of the tangents being reduced to 
the common centre G, by correcting for G. Gp» cos 6, Xe. 
A series of cross-curves 1s thus obtained from which, for 
any given di t, the tangents tothe Gy Z curve 
can be reed o for successive values of 0, 


of 
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AsGZ=G)Z — GG) sin 0, G being above Go, calculations referred to in the second part of the paper, | this record these sections can be reproduced at any 
GZ d.G@oZ it forms an interesting and instructive exercise when one /| time, 
d. ee G Gp cos 6. is first considering the properties of ‘‘ship-shape ” floating af i< —y 
wes for G G, cos 0, therefore, will give values wi - o~ 
«tS at any point on the G Z curve. ae: at the foot of column 2, is the radial ordinate of the 
Although, at first glance, the obtaining of the tangent — section for the particular angle being considered, 
to the G Z curve may appear to be a laborious process, it as on she 
is actually found that the work is by no means lengthy, = n/ l yRs 
as so much of it has already been done in obtaining the P| 10~ 
ordinary cross-curves of —e : ‘ “~~ e_| Be 
It was the author’s intention thoroughly to investigate en A > at the foot of column 3, is the radial ordinate of the 
the statical stability curves for a series of vessels by this . —— PL, moment section at that angle. 
method, but it has not been possible to find time to do 3 > (Throughout the work the le of the immersed wedge 
this. In the Appeed=. however, are draft statements, wj; | ae is taken as pase, the angle of the emerged wedge boing 
suitable for the lating of data, and calculations and | | ae 7 | negative. is note will be found important when con- 
curves for two vessels of fine form, differing slightly in he te ee sidering the tangent to the G Z curve.) 
the character of their lines. From the experience | » P+} Ea According to the range of displacement over which 
gathered in ey these calculations, it is found that | _,,, > ie we = cross-curves are required, the number of sections of this 
the longest part of the work is the obtaining of the sec- | et Table I. may be three or four, a separate section being 
tions, but that in doing this ordinary care is all that is oe ‘te necessary for each initial water-line—.e., for each of the 
required. Having obtained the sections, # cross-curve | es sets of ordinates obtained from centres G., Go, &c. 
at any angle can be obtained in a few minutes, while the a a ee Ge ee In the ‘actual cases worked out for vessel A, initial 
simplicity of the work—the sections one has to run round ye ee ee ee ee ee water-lines were taken 2 ft. apart, one deep and two 
are very distinct—eliminates many causes of error which light. The resulting sections are shown in Fig.6. Fig. 7 
exist with the usual Tchebycheff body, with its ten sec- |e shows the sections obtained for vessel B, initial water- 
tions crossi recrossing in an intricate manner. -—$+—— lines being taken 2 ft. apart, two deep and one light 
With the ordinary process these sections have to be 0s] For convenience in obtaining the values of G, Z, Gp 
run round, and a considerable amount of concentration 7 &c., with the integrator, the sections for the four water 
Fig.9. Fig.il. Sig J2 
a 
SS . KT \<unaeee <a ee 
> 
s| | | Pt shack ead * 8 * 
2 —| . st _] ab 4 >= 
‘ 8 on WY os" - “pe 
" Wy PNA eT : | 
4 r 
a lA + | 21 
ne + OVSPLACcement & =) & et | Ps sh _——j— J | 2 
for ee eee ee ML. ae ae _——_ - s§00 a site corey 200 40 480 «6,00 Shoo shoe hee 
eo 
TL st AABLILINE LOI PLAC EMG nT LT 
oe — le i ee ee ee ee 
oT | of * wa 
La ot | | i] 
uo ra 
(7560) 
Fitg.10 
ANGLE bY ° CLINATION 30° ro oo 7K —“s° ees INCLINATION 30° 
ff. = 
(4356.4) 
VESSEL A. 
_ TABLE III.a. | TABLE V.a. TABLE IILa. | TABLE V.a. TABLE IILa. TABLE V.a. 
Condition Light Displacement = 3000Tons. GG, = 18. Legend Displacement 2 3600 Tons. GG, = 12. ; Deep Displacement = 4200 tons. GG, = 0.1. 
| d.G,Z 4.oz| | .G,2 | dl aan. ; | a.G,z | | 7 
Angle. | G,Z |GG,sin@.| GZ. | a, | 20, cove Y G, Z. |G G, sin 6. GZ. 4-607 | GG, cose <.c% G, Z. (GG, sin 6 GZ. | S225 OG, ces | c.07 
5 deg. 0.42 | —0.16 | 0.26 4.81 | -1.79 | 3802 0.41 -0.10 | +081) 412 1.19 2.93 0.30 -0.01 0.29 3.85 -0.1 3.75 
Dw 0.81 -0.31 | 0.50 5.02 -1.77 3.25 0.78 -0.21 | +0.57| 4.35 -1.18 8.17 0.68 -0.02 | 0.66 | 4.06 -01 | 8.96 
4 mt 1.31 -0.47 | 0.84 5.21 | -1.74 3.47 115 | -0.31 | +0.84| 4.70 -1.16 3.84 1.04 -0.038 | LOL | 4.60 -0.1 4.50 
pe 2.59 | -0.90 | 1.69 8.52 | -1.56 1.96 248 | -0.60 | +188) 4.42 1.04 3.38 215 | -0.05 | 210 | 8.60 -0.09 | B84 
to 106 deg | 
VESSEL B, 
Conti Light Displacement = 8400 Tons. GG, = 22. | Legend Displacement = 3800 Tons. GG, = 1.4. | Deep Displacement = 4600 tons. GG, = 0.2. 
| | d.G,% | a.ez | saeil ; \a.c, 72 “ | 4.02 » Z GZ 
~— | GZ |GG,sing, GZ | ae ~ | GG, cos 6. | “a5 thee GG,s8ine, GZ | Fez (GG, cose. | 98 | G,Z. GG, sin | GZ. o.05 G G, cos @ oes 
15 deg. | 118 | -0.57 | O61 | 470 -2.12 2.58 106 | -036 | 070 | 458 | -135 | 893 | O91 | -0.05 | 086 | 442 -0.19 4.23 
out __ 2.55 } -1.10 1.45 | 5.40 -1.91 3.49 2.46 -0.70 1.76 | 5.50 | - 121 4.29 2.26 -0.10 | 216 | 4.10 -0.17 3.93 
to 105 deg. | 
| ' | | 
is necessary to avoid mistakes, while if a slip is made it lines have been arranged around a common centre O, bei 
* S laborious matter to correct it. . ASSESSEE. G., Go, Ga, and Gs. The drawn lines in Figs. 6 and 
a ‘lined 12 up, 1 is considered, regarding the procedure| The work described in the foregoing paper can be|are the moment sections; the dotted lines are the 
disti im the first part of the paper :—That it has | readily performed and clearly set out by the use of a| corresponding area sections. As can readily be seen, 
— oe puncticnl value even in stability calculations for | number of tables. each of these figures is much clearer than is a Tchebycheff 
esstiens” ~~ That it is productive of “‘equivalent| Table I. will be found a convenient form for use when | body plan of ten sections, and the use of the integrator 
to oa bare Senge aod —— to the eye, and likely | obtaining the ordinates of the area and moment sections. with tom new sections is not a matter of difficulty. In 


another, That, in association with 


the more 


g one form with 
theoretical 








Column 1 of this table is a record of the form of the 
vessel as given by the ten Tchebycheff sections, and from 


practice the alternate sections are coloured red. 
Setting the bar normal to, say, the 15 deg. water line 
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and the correct gauge distance from the centre of the 
figure O, the four moment sections are traversed one after 
another, a ing being taken after each circuit. Five 
readings are thus obtained, and the four differences — 
sent the moments of the respective sections about a 
through O normal to the 15 deg. water-line. (The advan- 
tage of consecutive readings is that an error in reading t 
instrument is noticed automatically, one difference being 
a certain amount too large, and the next a a 
amount too small). Similar procedure with the do 
sections gives four differences representing the areas of the 
respective sections. The figures obtained as differences 
with this method are only one-tenth of those obtained by 
the old method, and liability to numerical error is corre- 
spondingly decreased. The data obtained are set out in 

able II.,* and when this table has been completed, 
the values of Gy Z can be plotted for each 
base of displacement. 


Having drawn the cross- curves, and knowing the 
aap = displacements and positions of O.G. of 

‘or which it is desired to draw the G Z curves, Table III. 

can be filled in from the cross-curves, completed, and 


toa 


necessary data obtained for the plotting of the G Z curves. | Co! 


As with the old method, the calculation of the effect of 
& superstructure or forecastle is a separate item, and 
unless this structure is very long—i.¢., ap s the 

y obtaining 


length of the ship—no time will be saved 
moment and area sections for it. ‘ 

If it is desired to proceed further, and to obtain the 
value of the tangent to the G Z ourve at any point, 
Tables IV.* and V.* are used. 

Values of (r? + r), shown in Table IV., are taken from 
Table I., r° being », = R*—#.¢., the sum given at the foot 
of the column for the positive angle, and r,* being y5 = R’, 
the sum given at the foot of the column for the negative 

; he value of (r?—r,2) is obtained by subtract- 
ing ~; = R? for the negative — from the correspond- 
ing ,), = R? for the positive ang The values of Gx Z— 
t.¢., Gs Z, Go Z, &c., are taken from the columns giving 
these valuss in Table II. The area difference will be the 
same for any particular water-line and angle in Table IV. 
as for the sime water-line and angle in Table II. To 
obtain the values of B Z, place the integrator bar parallel 
to the water-line for which the value is required, and the 
correct gauge distance from O. Values of the moment 
“—e are then obtained as when finding values of 


Four of the columns of Table IV. are marked A, B, OC, 
and D respectively. Having completed these four 


columns, the values of é- a can be filled in in the last 


column, from the equation— 


4.0% _ (B+ D)—(A + ©) + correction for 


Cross-curves of au can now be plotted on a base 


of displacement and from the resulting diagram Table V. 
ean be filled in. When completed, Table V. gives the 
value of 4.6% at the various angles for which provi- 
sion has been made. 

For the two vessels for which curves have actually been 
drawn, the figures obtained during the work are set out 
on Table Il.a and Table IV.a, page 70. It will be 
noticed that if information is desired re the tangents to 
the G Z curves as well as re actual spots on these curves, 
time and can be saved by combining Tables II. 
and IV. and Tables III. and V. 

Cross-curves of Gy Z and S: ye for the vessel ‘‘ A” 
are drawn in Figs. 8and9. The G Z curves for three 
arbitrarily chosen conditions are drawn in Fig. 10. (These 
G Z curves were drawn from the information contained 
in the tables, and, although the work had been perf 





ormed 

hurriedly and none of it had been checked, the curves were 

found to pass through the ae read off from Table III., 

and to agree very well with the tangents obtained from 

Table V.). s.a% 
° a 


Figs. 11 and 12 are cross-curves of Gp Z and — — 


for vessel ‘‘ B,” and Fig. 13 shows the G Z curves for three 
conditions of this vessel. 





New Zgavanp Coat.—-Coal varying in le from 
anthracite to lignite occurs in many parts of New Zea- 
land. In proportion to the present ly consumption, 
which is under 2,500,000 tons, about 10 per cent. of which 
is imported, the home supply may be considered rela- 


tively large ; but when a comparison ttempted with | 45 gas-engines, 
: fp &c., should send out their goods for sale consigned to | both 


oy ape future needs, it appears to be decidedly small. 
t is considered probable, indeed, that the coal resources 
of New Zealand will be tically exhausted within the 
next hundred years. proved coal wealth of New 
Zealand is returned at 1.001,000,000 tons; the 
supply is set down at 2,385,00t,000 tons. No individual 
seam has yet been traced for more than a few miles 
in any direction. The variation in the thickness of seams 
is extraordinary. There are many instances of seams of 
10 ft. to 20 ft. thinning down to 1 ft. or 2 ft. in a quarter 
of a mile, or even less. The following instances of thi 
seams may be mentioned:—In the Waikato district 
Auckland), 50 ft. to 60 ft. of brown coal; in the Buller 
okihinui district (Nelson), 53 ft. of bituminous coal ; in 
the Kaitangata district (Otago), 30 ft. or more of brown 
l;a Cree! ges Decearee eer en, 08. 
of lignite ; and at Nightcaps (Sou ), 36 ft. of brown 
coal, in three bands. 





for (1) : yee fora a 3 
“ ”» a 
the cipal y or the making crepe,” and Ya 


ck | while the manufacturer, 


FOREIGN ENGINEERING PROJECTS. 


WE give below a few data on several foreign engineering 
projects, taken from the Board of Trade Journal. Further 
information on these projects can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 


the | Basinghall-street, London, E.C. 


Spain: The Gaceta de Madrid notifies that sealed 
tenders will be received at the Secretar‘a de la Diputacién 
Provincial, up to 1 p.m. on July 31, for the 
installation of a steam-heating system in the yo 
that city. Tenderers must quote prices in Spanish 
currency, which must include customs duties, cost of 
transport, and all other expenses. Local representation 
is necessary. 

Netherlands East Indies: H.M. Consul-General at 
Rotterdam reports that the Council of the International 
Association for Rubber Cultivation in the Netherlands 
East Indies is organising an international competition 

te rubber estate factory _ 

bber f incipally f king 

te ru estate princi ‘or 
of “‘ smoked sheet.” Both pene are to be drawn up in 
such a way that at first the capacity of the factory will 
amount to 100,000 kg. of dry rubber per annum, which, 
by three extensions, can be increased to 250,000kg. The 
projects should be accompanied by a detailed description 
of the factory and of the way in which the competitor 
considers the product should be treated, and also of the 
necessary machinery. Projects may be made in English, 
and should be sent in before March 1, 1916, either to the 
office of the Association, 13, Kneuterdyk, The ne 
or to the office of the Vereeniging van Rubber- 
lanters ter Oostkust van Sumatra, at lan (Deli). 
or the best y= @ prize of 1500 florins is offered, and 
a prize of 500 florins will be given for the second best 
ject. The conditions of competition may be consulted 

y persons interested at the Commercial Intelligence 
Branch. (Florin = 1s. 8d.; kilogramme = 2.2046 lb.) 


Japan : The following information on the machinery 
trade of Japan has been received from H.M. Commercial 
Attaché at Yokohama :—In the 1918 report on the trade 
of Japan, it was explained that, inasmuch as it takes a 
long time to obtain delivery in Japan of goods from 
abroad, the heavy ye of machinery in 1913 
were the outcome of the optimistic feeling which pre- 
vailed in 1911, and it was shown that, ome to the de- 
pression in the business world in 1912, it might safely be 
anticipated that the machinery figures would show a 
large falling off in 1914. This prophecy ved quite 
correct, for whereas the total for 1913 was 3,752.700/., it 
dropped to 2,500,000/. in 1914. The United Kingdom 
remains well at the head of the list and now enjoys 
more than 50 per cent. of the business, which is better 
than for a long time past. Although, as explained 
above, the war was not responsible for the falling-off in 
the orders for machinery to arrive in 1914, 
it certainly interfered to a considerable extent with 
the deliveries of machinery. This can best be 
ga by comparing the figures » to the end of July 
with those for the whole year. p to the time when 
war broke out Germany 254 per cent. of this busi- 
ness; by December the percentage had dropped to 22. 
There is still a little more to come forward from Tsingtao 
and from where German ships have run for 
shelter; but when this has all arrived, imports from 
Germany will cease completely, and British makers will 
at last have a fair chance of competing, and it is to be 
hoped they will take full advantage of it. Since war broke 
out very few orders have been . At first there 
was an idea that it would be impossible to get delivery ; 
then when it was seen that this would not be the case, 
buyers still held off, owing to the general uncertainty as to 
what the future held in stere ; but confidence is gradually 
returning, and it is thought that within the next few 
months it will be possible to obtain a certain amount of 
orders. There are some points, however, which should 
be a in mind. The most op eee l. “ se 
ment departments, in pursuance of the policy of ‘‘Support 
home industries,” place their orders in Japan whenever 
they can possibly do so. Another important factor is 
that Japanese engi ing works are increasing in number 
and in capacity. Were it not forthe heavy import duties 
it would, of course, be im ible for them to compete in 
aod great many = but —— ~ Fey i - — 

ve them a vantage which enables them 
to come Rirty near Bien prices. H.M. Commercial 
Attaché suggests that makers of small machinery of a 
class which is sold in quantities in standard sizes, such 
i electric motors, pneumatic drills, pumps, 


firms of high standing. By this means stocks can be 
kept, and a purchaser who finds that he can buy from 
stock will be more likely to go to the importer than if he 
has to wait for eight or nine months for delivery ; in the 
latter case he will be tempted to try a Japanese-made 
copy of a foreign machine which he can get quicker and 
cheaper. The importing firms ves are rarely 
willing to tie up their capital in stocks, as the profit they 
can obtain is often eaten up by local high interest charges, 
. who has naturally added a con- 
siderable amount to his price for standing charges and 
profit, would only be paying interest on the actual first 
net cost, and 
money at a cheaper rate in the United Kingdom. The 

hant would keep the bulk of peed ey in bond, so 
that if it should prove necessary to ship them to some 
a market, this could be done without 





* Tables II. to V. here referred to are blank forms, 


for bringing this suggestion forward is that 
the manafactere of machinery pan is making con- 





which comand to Tebies Zl.a end TV. in which the 
figures are l = 


in as referred to later. 


in Jay 
siderable progress. and unless some ht is given 
ay wt ag KH Fh ~~ EE. 





king |even in these there are 


he would also probably be able to borrow | th 


of the duty. | large 


lose a part of the business which they now enjoy. 
It should also be stated that the idea menti 
above has been tried during the two or three 


years, with, as far as can be learned from the 
parties concerned, a considerable amount of success. 
One of the interesting features of engi work in 
Japan is the very large number of tiny establishments in 
pe aed yy which appear in engineering directories 
as “‘So So’s Engineering or Iron Works,” but which 
really consist of a workshop with one lathe and two or 
a em —_ — ms ne eneenemes < 

y work for a very small profit, an uently y 
are able, in tendering for Government work, to put in 
exceedingly low Pe. They do — direct—they 
are too small to do that ; but a sort of broker takes the 
contract from the arsenal or other department and then 
sublets it to these different works. As they are on such 
a nee oe, ee 8 eee deal of byw cong, the 
output, and percentage of rejections is large ; but none 
the the a from such works is very severe. 
Naturally, the above remarks do not apply to the big 
works, which are run on more or less foreign lines; although 
e t : points of difference which 
immediately strike the foreign neer. For instance, 
the foreman is invariably on the side of the men and 
against the office. Thea, again, there are no apprenticee, 
and no men of a better class gaining practical experience 
by putting in © certain number ears in the works. 

@ engineers are nearly all uates of technical 
colleges, with little ical experience. The workmen, 
on — are i es ol wad learn, but their 
rice diet a to be against them, for in engineering 
jobs they lack the necessary bodily weight, and the per- 
centage of days when they are absent on account of sick- 
ness is very high. Nevertheless, as their wages are low, 
and as they are gradually learning and acquiring expe- 
rience all the time, it is well worth while for any British 
maker of machinery who supplies either the Japanese or 
the Chinese market to watch developments, and to 
change his policy as and when required. 


Brazil: H.M. Consul at Pard reports that there appears 
to be an opening in the Amazon districts for a portable 
motor (“ matageliie ”) which could be fitted to any kind 
of ro or sailing-boat. the present bad financial 
state of these districts large steam-vessels are too expen- 
sive, and the few ‘‘ motogodillos” already in use have 
been very favourably received. The nameof a Liverpool 
agent who, it is understood, represents a firm in Pard, 
and would be willing to enter into negotiations in connec- 
tion with the supply of portable motors, may be obtained 
by United Kingdom manufacturers of these goods on 
application to the Commercial Intelligence Branch. 





_ yr ry PosITIon _* oo the ~~ 
ussian ustry appears to airly prosperous, the 
decreased power of buying on the part of the ae 
ublic having been counterbalanced by the comprehensive 
vernment orders resulting from the war. The coal- 
mining industry is taxed far beyond its eapacity with 
orders, and as the Dombrowo mines no | count as 
far as Russia’s supply of goes, and the transport 
of Siberian coal is greatly impeded by shortage of 
rolling-stock, the entire burden of supply falls upon 
the a district. In this connection it should be 
remembered that the Baltic, the Pe and, to 
some extent also, the Moscow industrial districts under 
normal circumstances rely upon British coal for fuel, and 
this supply having stopped, they, too, have to fall back 
upon the home production. The demand is great, but 
the supply, on account of shortage of labour and means 
of transport, inadequate. The price tion is under- 
stood to cause the Government some difficulties, and the 
eee of Government control is constantly being held 
fore the Produgol Syndicate as a steadying influence. 
The production of the metallurgical industry is described 
as quite satisfactory. The Prodameda Syndicate seems 
to have made the it of the opportunity by inoreasing 
its quotations ; and here, too, the Government is under- 
etood to have interfered in order to bring about a change 
in the syndicate’s price policy. ilway construction 1s 
not very active, but the completion of the North Railway 
is being pushed ahead, so as to increase the capacity of 
the Archangel - Wologda - Petrograd connection to the 
—— possible extent, and at the earliest possible period. 
or military purposes there is a lively demand for rails, 
and the demand for axles, &c., exceeds the capacity of 
the works. The finished-metal goods industry is ap- 
parently being fully employed by Government orders, 
and particular activity prevails in the branches engaged 
in the manufacture of rolling-stock. There is a shortage 
of engines and carriages. Although Russian manu- 
facturers of late years have brought their works to a bigh 
degree of perfection, they are not by a long way able to 
supply the Government requirements, and the Russian 
Government reason to regret its tardiness in me 
years as regards orders for adequate quantities of rolling- 
stock. Whilst the private building industry in Russia 
is more or less ata standstill, Government orders keep 
the manufacturers of plates for roofing fairly busy. The 
same conditions may be said to prevail as far as the 
cement industry is concerned. The naphtha industry is 
well employed, thanks to the enormous requirements of 
the railways. The benzine industry is also benefitin 
rough Government contracts at ry prices. Most o’ 
the electrical | egtegay were, at the time of the com- 
mencement of the war, in German hands, and they have 
since through divers vicissitudes. The fate of the 
- w Company of 1886 does not yet 


to be settled. Belgian influence is now a: tly 
ps nod ing to take the pl: Sapnenhy bald ty German. 





Of such gian und the tramway companies 
are to the fore, and seem to have done well. 
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‘“*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELEOTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
in each cas SicvSeone to wahisced to dgestaaiion toes 
Where inventions are communicated from abroad, the Names, é&c., 


‘Specifications may ; ebtauned ef the Patent Ofte, Sales 
“Branch, 26, a ildings, Chancery-lane, W.C., at 
The date advertisement the Complete 

te is, in each case, sista, nial the 


advertisement of a Complete Specification, 
ive notice the Patent Ofkes opposition to the grant 
sual cba a dnenipeeiabtede ad. sae 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


22,773/14. E. Gardner, Patricroft. Internal-Com- 
bustion Engines, [1 Fig.) November 19, 1914.—This inven- 
tion relates to the liquid-fuel supply arrangements of internal- 
combustion engines of the type in which injection of the fuel 
ch: takes place towards the end of the compression stroke, 
tho cenage being instantly ignited. This invention com the 
provision, in combination with the liquid-fuel pump, of a lever, 
the fulcrum of which rides over a stationary surface, the said 
lever being moved angularly for actuating the pump-ram, and 
longitudinally for varying the position of the lever-fulcrum rela- 
tively to the ram. The ram or plunger a of the fuel-pump } is 
actuated through a lever ¢ fulcrummed at d by means of a bell- 
crank lever ¢ operated by cam, crank or other means upon the 
engine. The position of the fulcrum d relatively to the ram a is 

















controlled by the engine-governor “ye | through the lever g and 
link Ak. A roller is mounted on the fulcrum-pin, the said roller 
facilitating the movement of the lever c over the stationary sur- 
face behind it, under the action of the governor. A stop-piece j 
limite the return or outward movement of the ram @ by the 
spring k, so that when the ram is in ite outermost position the 
lever c is able to move freely under governor action. With the 
arrang t af id, it will be ly seen that the amount of 
movement im to the ram a@ by the part f is determined by 
the ition of the lever-fulcrum relatively to the ram, and that 
as the movement of the lever ¢ and the initial positions of the 
lever c and ram a are always constant or unaltered, the point in 
the engine-stroke at which fuel injection commences is inde- 
me of the amount of fuel being injected. (Accepted May 5, 
15. 





11,178/14. H. J. Toogood, and Robert Dem: 
Limi Eland. Vertical 


an 
(3 Figs.) y 6, 1914.—It has hitherto been the general custom 
to supply coke-breeze to vertical retorts before the coal, in order 
to prevent the coal ng below the carbonising zone. The col- 
lecting, storing and separate charging of this breeze naturally 
adds considerably to the cost of the process, and contributes to 
the dust and dirt of the retort-house. The object of this inven- 
tion is to avoid the expense and dirt of breeze-handling by sub- 
stituting for breeze an improved form of mechanical support for 
Pt of coal, which mechanical su oe shall = oe = 
ble from working parts, so as to obtain great re! ity in 
spite of the heat and dirt to which it must be subjected in use. 
According to this invention, the table, which ic supported on the 
bottom lid of the retort, is so pivoted or hi to such lid that 
its withd 1 and reinstat t can be readily effected without 
putting undue strain on the lid itself, the travel of the table on 
the opening of the lid being so guided or limited that the table 
does not pass through the falling hot coke, whereby much strain 





fg. 7. 

















is avoided. Further, the hi legs of the table are so arranged 
that they do not impede the fall of the charge, which passes out 
between the table and the lid, the table and lid remaining at 
ite sides of the retort when the lid is open. 1 indicates the 
lid, which is of known type, and is provided with | 2 at each 
end, The table 8 may be of any suitable shape, but is preferably 
rounded or curved on the top, and may besprovided with an aper- 
ture to admit steam to the charge, if desired. The legs 4 of the 
tableare pivoted at 5 to the lugs2. A guide 6 on the retort mouth- 
piece 7 terminates in a stop 8, which limits the external and de- 
scending movement of the table. On the opening of the lid, the 
table is drawn or falls by gravity out of the retort and comes to 
rest against the stop 8. The coke then falls out between the 
of the table, which, in the usual tapered elliptical retort, will 
form no obstruction to the disc! of the coke, as the legs may 
be at a apart greater the major cross-sectional 
diameter of the carbonising portion of the retort. After dis- 
charging, the stoker can push up the table with a rod, which 
action causes a slight movement of the lid, which brings the table 


to rest against the inside of the mouth-piece, as shown in dotted 
lines in Fig. 2. The guide above the stop serves to guide the 


table to and from the retort. The closing of the lid suffices to 
complete the return of the table into ite operative position. 
(Accepted May 12, 1915.) 


GUNS AND EXPLOSIVES. 


ag ee J. H. Barker and Metal 
and Munitions Com , Limited, 

Cartri {1 Po .]) May 12, 1914.—This invention 
relates to ammunition of the ‘ype in which a bullet or projectile 
is secured in the forward of a cartridge, and also to guns, 
i small arms, with which such ammunition is employed. 
The invention consists in the employment with a gun 
chamber, which chamber is of conical form and m 


erges grad- 

ually into the parallel bore of the gun or joins the bore in a 
alight shoulder, of a cartridge having ® body which 
a taper of the -bore and a reduced 

cient length to pro’ security 


parallel neck of the required 
of the bu before firing. The forward extremity of the 


Se bei 

which D mute pesdion o6 the enso forms a part, so that before 
firing the forward end of the case is in contact with the conical 
part of the barrel. In carrying the invention into effect, any con- 
venient taper is employed for the main of the cartridge- 
case a. Fora short distance from the forward extremity, the case 
is made parallel for the pti elongated bullet b. 





of the usual it db. 





As heretofore, the bullet is made to fit the case “ow. The 
extreme forward end of the cartridge-case coincides wi e r 
of the main portion of the case. That is to say, if the con’ 
surface of the cartridge is extended, it meets the reduced end of 
the case exactly at the extremity of the case. The part of the 
chamber or bore c of the gun-barrel which receives the cartridge 
is correspondingly shaped. In other words, the chamber is tapered 
similarly to the main portion of the cartridge-case, and either 
merges wen | into the rifled portion of the barrel or joins the 
same at a small shoulder, the depth of which is equal to the 
thickness of the case. The case not only touches the chamber 
along its conical part, but also at its reduced end. Whena small 
shoulder is provided in the barrel, the end of the case abuts 
nst the Ider. When the cartridge is fired, the first effect 
of the explosion is to expand the cylindrical or reduced Fp 
of the cartridge-case and make it corres exactly to the sur- 
rounding portion of the cartridge-chamber in the gun, or the 
-case assumes a configuration of uniform taper through- 
out its len The further effect of the explosion is to propel 
the projectile in the ordinary way. (Sealed Jwne 10, 1915.) 


HYDRAULIC MACHINERY. 

7328/14. E. Crowe, Redcar, and South Durham 
Steel and r , Limited, Stockton-on- 
Tees. Hydra (9 Figs.) March 23, 
1914.—This invention relates to the controlling-valves of hydraulic 
shears or other hydraulic-power machines, and is applicable 
chiefly to shears or h — — = which a poem Fu 
rams are em |, wi are operated separately 
or te Rey one or more of the rams can be brought into 
action according to the power required for the shearing or other 
The invention consists hand- 


balanced 
with loaded or counter-balanced pilot-valves. Four hydraulic 
rams a are shown which are connected with the movable blade- 
holder } of an hydraulic shear in the usual manner by an over- 




















head es ‘ ——- ! 
rams » G*, , conn th the d 
ra ea which Swit 


Hydraulic pressure is ooumme to the 
ributing- 


are connected with the main inlet and 
exhaust-vaives f,f'.. The improved main hydraulic-valves /, #1 
as clearly shown in Fig. 8, work in cylindrical guides 9.9) screw 

into the cover of the valve-casing h and provided with pas- 
sages i, 1 which admit the pressure liquid to the top ends of 
the valves so that the valves are pressure-balanced. Both valves 
are by pilot-valves j, Ean pam in the ~ valves in the 


vice versa, both valves being closed when the lever is in the 





intermediate position. In accordance with the present im : 
ments, the pilot-valves j, j! are drilled or formed each with an 











axial 


screws wv provided on the levers t, and screwing inst abut- 
ments v, as illustrated in aa & The inlet pipe from hydraulic 
accumulator to the main inlet-valve is Dndicated at 2, and 
—— 9) Sos weoems h being connected with 
distri -valve 
June 10, 1915.) a ee ee 
MOTOR ROAD VEHICLES. 

7103/14. Societe Schneider et Cie. and Le 
Creusot, and C. Hautier, Paris, . Road 
Vehicles. at. 8 A 24, 1918.—This invention relates to 

wu 


energy of a heat engine by v: 
dri moment at the expense of the com ag 
See, Sa ee eae 

un @ secondary motor com ing a compressor 

an air or fluid motor. as to this invention, the en 

supplied through the medium of the differential gearing to 
secondary motor, instead of being recovered on the same shaft 
as the — <-> has not been shunted, is shunted on to one 
auxiliary shafte. The invention is larly applic- 
nection with motor vehicles having a 
plurality of driving axles. The drawings illustrate the applica- 
tion of the invention to a motor vehicle. Between the 
motor a and the driven shaft ¢, the following elements are 
arranged—viz., a differential gearing b, c, c,d, ¢, f, connected to 
the motor a and dividing the energy of the latter in order that 
it may reach the driven shaft t, on the one hand, by a direct 
transmission d—t, and, on the other hand, by an energy trans- 
former, such as a compressor h, driven by gears f/—/!, and sup- 
plying an air-engine m, which imparts a driving effort to the 

driven shaft by the transmission gears o!,g. It will be 

understood that by means of this device it epee to cause 
the whole energy of the motor to as desired through the 
transformer b—c—e—f—f1—v—m— q, this group being formed 
in such a manner a* to produce an an.plified moment, but at a 
less pene The whole energy may be also caused to pass through 
the direct transmission b—c—d—( so as to utilise the max'mum 
speed with the minimum moment, the transformer being then 
rendered idle. pe om the two factore—namely, speed and 
moment—may be varied by causing a part of the energy to pase 
through the direct transmission and a part through the trans- 
former, all these operations effected by a suitable opera- 
tion of distributing mechanisms. It will be observed that instead 
of utilising only the variations of the energy furnished by the 
primary motor a, on only one driven shaft t, two or more driven 
shafts may be provided for the actuation of the same apparatus or 
the same element, one of the driven shafts being adapted to receive 
the whole energy, or part thereof, through the direct transmission 
b, ¢, d, t, while the other shaft may receive part of the energy 
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shunted through the transformer, and passing through b—c—e— 
f—fi—h—v—m—ol—ql, in which v is the element for effect- 
ing communication bet the essor A and the air- 
engine m. A pinion b, which is keyed on the shaft a! of the 





cross-member d is in with, or rigidl red to, 
the transmission shaft n in alignment with the shaft a). The 
pinions c mesh, on other » with a pinion ¢ rigid with a 

wheel f, the whole being mounted loosely on the 
shaft n. The whee with a wheel f1 mounted on the 
shaft of air. A rod p connected to a small 


drives a transverse kh the three bevel 
wheels i, j, f' and a claw-clutch 2) (see permitting, 
by the operation of a lever 1, of reversii the di 

ion of this kl, therefore of the axle / 
of the rear part of the vehicle with which it connected 
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and supplies compressed air to 
ag At the same time the forces which come 
n the 
moment on the cross-member 
this action being transmitted to the axle ¢. Mew by the dri 
ions which are exerted on the axles ¢ and ¢!, vehicle com- 
—- to move. By egy Rage 


sumption of air and therefore of the quantity of energy 
mi! to the axle #1, (2) To increase th 
pressure of air, and therefore of the passive resistance of the com- 
Lae ty aa aa directly through 
uced, energy w passes ly thro 
the differen gearing b—c—d—n—k—t, in order to act upon 
the axle ¢, increases. Finally, in the extreme position of the 
of the ine m eliminates all admission 


resistance. (2) The output of air being eliminated, the com- 
is rendered in ve. The genre SJ}, J, e being locked, 
the engine a drives the shaft n directly ——_ 
ng b—c—d—n which acts as a “red g gearing. Only 
the axle ¢ transmits the drive, and therefore receives directly the 
whole oor S the motor a at the maximum A reservoir 
r, supplied ——_ a return valve r!, permits in known manner, 
of storing for auxiliary purposes, such as whistles, es, and so 
on, Ata cut-off valve is arranged. (Sealed Jwne 10, 1915.) 


13,706/14. The Firm Gebruder Sulzer, Winterthur, 
Switzerland. Petrol-Electric Drive. (3 Figs.) Sept- 
ember 16, 1913.—This invention relates to —— governors 
for the internal-combustion engines of vehicles in which the power 
develo by the internal-combustion engine is transmitted to 
the driving-wheels electrically. This invention has for object to 
provide a centrifugal governor for the internal-combustion engines 
of vehicles having electric-power transmission mechanism, and, 
according thereto, alterations in the number of revolutions of the 
— are effected ~{ bringing into or putting out of operation 
additional centrifugal weights, whereby the of the engine 
remains constant during the movement of the vehicle, while when 
the vehicle is stationary the isreduced. Inthe construction 
illustrated the hollow rotatable spindle a is provided with a 
sleeve b, connected - | a rod | to a flange or disc c, against which 
bears one end of a helical spring d. e disc ¢ is integral with 
the cylinder A of an oil-brake t, and during regulation of the 
governor is shifted vertically with the cylinder 4. The brake- 
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block k, on the other hand 


rigidl secured to the governor- 
spindle a, and the governor 

ta 
1a, of 


is 
e is provided with = of spherical 
weights f}, /2, which the weights /) constitute the main 
conning Seat and the pair f2 serve as additional weights. 
e —— or balls act by means of four rollers ¢! and e2 on the 
disc ¢. hen the vehicle is moving, only the two centrifugal 
weights /! operate through their rollers el. When the car is 
stationary, however, the other pair of weights /2 also become 
operative as an additional weight. The pair or rollers e®, which 
up to that moment bave been held — rom the disc c by means 
of a red g connected with the ng and stopping mecha- 
nism of the engine, now comes into operation owing to the 
upward movement of the rod g, and helps in the compression of 
the ae | ad. The speed of the engine is thus decreased as soon 
as the vehicle stops. As the addditional centrifugal weighte fh 
are arranged symmetrically with the main centrifugal ite fi, 
the governor will operate in the correct manner both while the 
vehicle is moving and stationary. (Accepted May 6, 1915.) 


PRINTING AND ALLIED MACHINERY. 


619/14. Lin type and Machinery, Limited, 
a (Mergenthaler Sutsmaschinenfabrit m.b.H., Berlin, 


Germany.) Casting-Machines. [2 Figs.) 
May 22, 1914.— nvention relates to an improved — 
es. In order to e 


for ty ical casting-machin 

queue t e the burner of the metal-pot of a typographical 
casting-machine, a thermostat or gas-regulator or governor is 
provided on the metal which, to the temperature 
of the molten metal, au ly opens or closes, more or 

the gas-valve or aperture. In constructions hitherto 


it has been proposed to locate the bulb or mercury-con of 





vernor in a pocket formed integral with the 


such & gas-go 

iteelf, and to which the molten metal was not admitted. 
fe invention provides an opening or pocket in the metal-pot 
teelf for receiving the mercury-container of the thermostat, 


Ere 


substantially as in the just- arrangement ; but, as distin- 
guished from that arrangement, it further provides for the molten 
metal having free access to the interior of that pocket, so that 
the gas-valve is regulated exactly in accordance with the tempe- 
rature of the molten metal contained in the actual pot i 


E 
if 


The metal-pot 1, iteelf of known construction, and having 
known mouth-piece 2, is formed with a pocket 3 on 


the differential | the 
purpose, and according to the invention, a davit is formed of | @" 


regulator. This pocket has a hole 4 at the bottom to enable the 
molten metal to have free access to, and circulate around, the 
-container, to which latter the molten metal also has 
access over the ny he the lip 5; by this ye the control 
of the gas supply is effected in accordance with the temperature 
ee the aus aan, a. at the time, is actually —, = 
metal-po' is the ordinsry pump-cylinder integral 
(Accepted May 5, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 


7505/14. W. H. Stewart and Heavy Stampines, 
Davits. [6 — 

March 25, 1914.—This invention relates to improvements in davits, 
and is ly applicable to davits of the kind used on ship- 
board, in which the lower portion of the davit consists of a quadrant 
having a toothed erence which is moved over a rack in 
such a manner that the upper portion or limb of the davit is 
caused to swing a arc. e com stresses 
which are produced in davits of kind referred to, when a boat 
nded therefrom is being lowered, are not easily calculable, 
and it is therefore imperative in the interest of life-saving that 
a reliable factor of safety should be provided. The object of the 
invention is to provide a davit of improved construction whereb: 

reliability and safety of the davit are increased. For thie 


a — structure consisting of two or more members con- 
nec together, that member of the davit which is subjected to 
the most severe stresses being constructed of forged material, 
the member or members of the davit under a less strain bein; 
suitably constructed in the form of a casting. The davit 


i 








(7808) 


constructed of two members a and b, the upper member or limb a 
of the davit, which is subjected to and varying stresses when 
a boat-load of passengers is lowe be! tructed of forged 
steel as in the form of a stamping, w extends downwardly 
beyond the pin or gudgeon con which the davit swings, and forms 
a part of the quadrant, the lower portion b of which is con- 
structed of cast steel or other suitable metal. The upper and 
f -steel member or limb a of the davit is preferably of I-section, 
and the bearing for the pin or gudgeon c is formed in the we’ 
as shown, the upper ion of the member a being of the 
curvature. The lower and cast-steel portion 6 of the quadrant d 
may be of the same f ion on as the u 
member a, the web and flange formation of the upper mem 
continuing to the circumference of the quadrant.  connec- 
tion between the upper member a and the lower member } is in 
the form of a transverse flange joint ¢, which is suitably faced 
and at f, in order to relieve the coupling-bolte of the 
shearing stress, or, if desired, the connection may be in the form 
ofa -and-socket joint, in which the f portion a of the 
davit fits into the cast portion b, and is suitably secured thereto. 
(Sealed June 10, 1915.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


488/15. J.C. Me ther, Greenwich. Pressure- 
Relief Valves. [4 Figs.) cmmaty 1915.—This invention 
has reference to valves of the type which the valve can be 
either mechanically opened by the rotation of a screwed spindle 
or automatically opened by pressure acting under the valve-seat. 
This type of valve combines the principle and action of a sto 
valve with the principle and action of a pressure-relief valve. 
accordance with 8 invention, it is proposed to construct a 
valve which embodies the principle of the sliding screwed nut 
and spring, but with the elements arranged in such a way 
as to be most convenient for the special Aa goa of com- 
bining a pump by-pass valve with a pump-relief valve. It is 
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direction until no further 
the screwed nut A being drawn hard up 
valve spindle D. This is the position shown 


a5 





tee 
- 


one 
the 


thereof, for receiving the mercury-bulb or container of 





will be seen that the pressure of the spring G 





mitted through the nut A and screwed portion of the spindle 
to the “o> = cae ck eS oe Sk oe is 
nothing to preven ve m open © pump pres- 
sure underneath it is sufficient to ov e p cone’ 
by the spring G. The valve is therefore in this ion acting 
loaded relief-valve. 


the left-hand direction, furthe 
left-hand direction will begin to remove 
valve H from ite seat. It will here be seen that the 
nut A has bottomed on to the internal shoulder J of the valve 





rection, in which case the valve is open, and must remain n 
until the spindle is rotated in the t-hand direction, 
When it is to shut the valve the spindle is rotated in the 

‘ht-hand direction until the valve reaches its seat, as shown in 

. 2, when further rotation raises the nut on its sliding feather 
into the position shown in Fig. 1. The spindle has then been 
rotated as far as is possible, and the valve is held down by means 
of the pressure exerted by the spring. In order to prevent the 
valve from being jarred open by vibration, and water being thereby 
y lost through the valve, means are provided for lock- 
ing the spindle in the position it has hed when screwed down 
hard—that is, the position shown in Fig. 1. A hinged a. 
piece K, shown in Fig. 1, is provided on the valve, and a forked 
member L, ny to receive and retain the fingered member K, 
is provided on the hand-wheel E. This member is secured to the 
hand-wheel by means of screws which project through circular 
slots in the hand-wheel. The provision of these slots, in con- 
junction with the square on the spindle, enables the forked 
member L to be adjusted on the hand-wheel in such a position 
that when the spindle is screwed down as far as it will go, the 
forked member can always be fixed in exactly the right position 
to receive the hinged finger K on the valve-body, which then pre- 
vents the hand-wheel, and consequently the spindle, from being 
the members 





rotated by vibration or any other means so long as 
K and L are retained in the position shown in hig. 1. The valve 
is thus locked in the position for use as a spring-loaded pressure- 


relief valve, and must be unlocked before it can be mechanically 
opened for use as a by-pass valve. It will be seen, however, that 
it is at all times subject to ae opened by a sufficient increase 
_— pump pressure underneat: the valve. (Accepted May 12, 


MISCELLANEOUS, 
loitation 


11,528/14. Societe Anonyme pour I!’ 

dos Procedes Westinghouse-Leblane, France. 

ectors. [1 Fig.) March 30, 1914.—The present invention 
relates to ejectors—that is tosay, to apparatus designed to with- 
draw gases by means of jets of steam, or of any other motive gas, 
and to force them from a at a pressure p into a space ata 
higher pressure P. The object of the invention is to construct an 
ejector of this type capable of producing a high degree of com- 
pression, at the same time having a simple construction 
and a good output combined with perfect stability, and which 
will always start without difficulty. The drawing is a sectional 
view of a simple form of ejector constructed in with 
the present invention. In ejectors of the kind to which the in- 
vention relates, the motive gas is conducted under by 
one or more nozzles A into a chamber B, into which flows from a 
pipe O the gas or gases to be entrained or ejected ; the motive 
ge draws these latter by friction into a converging-diverging 

‘user D ning into a yee ressure P. The pressure 
in the cham B may be designa’ by p. The dimensions of 
the different parte of the ejector depend essentially on the ratio 


P , and the amount of gas which isto be passed through. It will 


readily understood, therefore, that if an ejector is designed 
to obtain a high d of compression in ordinary service, its 
dimensions will not be suitable for starting, or when the pressure 
p is varied. At the moment of starting ly, the steam 
passing from the nozzles into the space at the pressure P has a 














“sae 
speed which is very much less than when it passes out at the 
pressure p. On the other hand, the density of the entrained gas, 
which is also at the re P, and the mass ejected is much 


small for starting, and this will take place with difficulty. If, 
rary, the neck, is too | for normal operati 
will have a con- 


mould themselves at all times to 
be obtained by providing 
r, at the 





pro 
as shown in the drawing, an annular nozzle M which communi 
conee wilh the pace 5 56 the pee a 
this same pressure P exists. (Accepted May 6, 1916.) 
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Samuel F. B. Morse, his Letters and Journals. Edited 
and supplemented by his son, Epwarp Linp Morse 

Illustrated with reproductions of his paintings, and 

with Notes and Diagrams bearing on the Invention of 

the Telegraph. In two volumes. London : Constable 

and Co. [Price 31s. 6d.] 
Tur merits of this work are so many and patent 
that it deserves to hold a prominent place both in 
biography and in the history of science. Mr. 
Edward Morse has laboured well and diligently to 
make the world understand what kind of man was 
the discoverer of practical telegraphy, and his 
success is commensurate with his efforts. He has 
not produced simply a chapter in the history of 
achievement, though this would have been com- 
mendable, and would deserve to be written on 
imperishable material ; he has not been content to 
move us by the story of hope deferred, patient 
suffering, and struggles against obstacles finally 
overcome, though these figure very prominently. 
He has known how to describe the progress of an 
invention that influenced all, and revolutionised 
many, human activities without permitting us to 
lose sight of the inventor, who might so easily dis- 
appear behind a background, filled as it is with 
momentous issues, were these not carefully arranged 
to illuminate, and not allowed to dwarf or hide an 
interesting personality. 

Morse led a full, vigorous life, and there is no 
doubt he could have achieved distinction in more 
than one direction. He began life as an artist, 
studied under Benjamin West, a name that con- 
jures up the world of art of a century ago, and 
acquired and deserved an abiding reputation as a 
portrait painter. Some of his works are reproduced 
here, as that of Lafayette, of which the merit is 
undeniable ; but the young, ambitious Morse con- 
ceived the idea that portrait-painting was an in- 
ferior branch of the art, and longed to display his 
genius as a historical painter. His picture of 
““The Dying Hercules,” exhibited in the Royal 
Academy in 1813, gained something more than a 
succes d’estime, and, judged by the standard and 
ideals in vogue at the time, shows that he did not 
overrate or mistake his genius. With a little more 
encouragement among his own people, an en- 
couragement naturally difficult to obtain in a young 
country struggling to acquire material prosperity 
and a place in the sun, he would have been the 
foremost historical painter of the day. Jealousy, 
envy, and cliquism fought against his honourable 
ambition, and destroyed his opportunity for follow- 
ing his bent, while chance, or, as he himself would 
have said and fully believed, the directing hand 
of Providence turned his genius in another groove 
and enabled him to confer a greater boon on 
humanity than any painter of the West school, 
however eminent, could have done. 

It can hardly be doubted, too, that if he had 
devoted himself to literature he would have won a 
distinct reputation. His letters, of which his son 
has preserved a great number, show marked literary 
ability, that relieve a tedium that might otherwise 
have proved irksome. He had, too, some of the 
qualities that serve the ‘‘special correspondent,” 
a the knack of being on the spot when 

istorical events were passing. This means that 
he manifested a keen, wholesome interest in the 
affairs of the time, and was willing to take some 
trouble to get accurate information. It can well 
be imagined how greatly this trait adds to the 
interest of the narrative, brings in the pages many 
a well-known name in history, and lends vivacity 
to contemporary criticism. ' 

Morse first came to this country in 1811, a time 
when affairs were as grave, and the future as 
uncertain, as they are now. Indeed, it would not 
be difficult to find many historical parallels sepa- 
rated by a century of progress, and from this point 
of view the acute observations of a cultured 
American, trained in a democratic school, and 
naturally biassed in favour of his country’s institu- 
tions, pungent and informing as they are, if some- 
what crude, have a special interest of their own. 
He brought many letters of introduction : one to 
Talleyrand, which seems never to have been de- 
livered ; but with other notabilities he soon came 
into contact. With Wilberforce he enjoyed some 
intimacy, and it was from his drawing-room that 
Morse saw and heard the firing of the guns that 
announced the final overthrow of the schemes and 
ambition of Napoleon. His description of the 
great philanthropist, with the tears rolling down 


his cheeks, embracing his wife and daughter, and 
shaking hands with everybody, evidence of his 
excitement and of the relief felt by the removal 
of a terrible nightmare, summons up a scene not 


easily forgotten. He watched, too, the ship sail 
away that bore Napoleon to St. Helena, the home 
of a lost cause and a defeated ambition. He 


delighted in the festivities held in honour of the 
Czar Alexander, of Louis XVITII., and General 
Bliicher, of famous memory. Whether it was the 
execution of an assassin such as Bellingham, who 
shot Mr. Perceval, or the consecration and corona- 
tion of a Pope, an event to stir all Christendom, 
Morse managed to shure in the excitement as a 
witness, and was able to give a graphic and realistic 
account of all he saw. 

But though these old-world letters are lively and 
vivid, sometimes throwing light on the favoured 
forms of artistic thought a expression prevail- 
ing at the time, sometimes revealing a patriotism 
that rebelled against the contemptuous language 
held towards his country, and at the same time 
disclosing the attitude in which America regarded 
ourselves, yet these do not touch the main purpose 
of the book, which is to exhibit Morse as an 
inventor and to claim for him the recognition to 
which he is entitled. That Morse had to fight a 
severe battle in support of his claims, that his 
detractors were many and venomous, some actuated 
by greed, others by love of notoriety, and all self- 
seeking and unscrupulous, is melancholy to con- 
template, but reveals conditions not altogether 
unknown in the history of science. The violent 
animosity so openly displayed was possibly accen- 
tuated by the fact that, in a sense, Morse was an 
amateur. The professional element looked with 
not a little jealousy at a rival having no orthodox 
training, and could neither credit him with capacit 
nor brook his success ungrudgingly. Jeugh 
Henry, the secretary of the Smithsonian Institu- 
tion, great as his reputation was, cannot be alto- 

ether acquitted of disingenuousness and rancour. 

To the unknown Morse he extended kindly and 
courteous assistance, but when the inventor had 
won his way through difficulty and contumely to 
eminence, Henry was unsympathetic and stood 
aloof. 

It may be admitted, without detracting from 
Morse’s pride of place, that his training as a 
scientist was of the most meagre description. Of 
the theoretical side of ——s he probably 
at the outset knew nothing, though doubtless he 
read very attentively later. He had attended as a 
youth some lectures of Professor Silliman, no 
doubt stimulating and suggestive, but a quarter of 
a century devoted strenuously to the study of art 
separated the college student from the chance 
inventor of a system of telegraphy that stands un- 
rivalled. If we call him the ‘‘ chance inventor,” 
the words imply no disparagement. He himself 
believed that he was the specially chosen agent of 
Providence to disclose to mankind the means of 
rapid communication, and this conviction ma 
have been unconsciously strengthened by the small 
amount of his early preparation. Certainly he 
must have been by a firm belief in the 
importance of his mission, and upheld by a full 
reliance on its success, or he could not have sacri- 
ficed his hopes and ambitions of becoming a great 
painter. It is true he had had some disappoint- 
ments, and legitimate hopes had been shattered ; 
but the man who lived through long years of cold- 
ness and disillusionment, who felt the wearying de- 
pression of an irritating poverty, and rose superior 
to the assaults of envy and jealousy, could, by his 
indomitable strength of character, have overcome 
the caprices of patrons and the ignorance of self- 
elected critics. His immovable resolution in the 
face of scepticism and ridicule is a proof of genius ; 
his humble reliance on divine aid, inherited from 
his Puritan descent, is an attractive feature in a 
character that demands respect. 

If there should be any doubt as to the precise 
share that Morse may confidently claim in the 
beneficent invention of telegraphy, this plain, 
unvarnished tale, supported by ample documents, 
should set the question at rest for ever. He was 


mitting intelligence by electricity, but he was the 
originator of a ¢ of great simplicity, the com- 

tency of which he never doubted, and of which 
he perceived the method of working in its entirety 
by a flash of genius. His scheme involved the com- 
bination of the labours of others, with a succession 





of special devices of his own contrivance. The 


not the first to conceive the possibility of trans-| .:.) 





numerous law-suits by which he sought to main- 
tain his rights and to uphold his fair fame have 
this advantage, that they have left his position clear 
and above suspicion. 

But since the merit of the discovery has been 
claimed by and for contemporary scientists, the 
judgment of Chief Justice Pane may be quoted, 
as it well ex the dependence which must 
necessarily exist between the co-operation of prior 
workers and final achievement. ‘‘ No invention 
can ibly be made consisting of a combination 
of different elements of power without a thorough 
knowledge of the pro ies of each of them, and 
the mode in which operate in each other. 
And it can make no difference in this respect 
whether he derives his information from books or 
from men skilled in the science. If it were other- 
wise, no patent in which a combination of different 
elements is used could ever be obtained. And the 
fact that Morse sought and obtained the necessary 
information and counsel from the best sources, and 
acted upon it, neither impairs his rights as an 
inventor nor detracts from his merits.” This 
should set at rest the complaints of detractors who, 
as Morse used to say, thought he had no right to 
claim his invention use he had not discovered 
electricity, nor the copper from which his wires 
were made, nor the brass of his instruments, nor 
the glass of his insulators. 

It is a more pleasant task to put on record the 
generous words of Mr. Cooke, who, in conjunction 
with Wheatstone, might well urge some claims to 


priority, for some of his patents are dated earlier 
than those of Morse. At a banquet given by the 
e American 


telegraph companies of England to 
inventor, Mr. booke said :—‘‘TI believe the system 
of Professor Morse to be one of the simplest in 
the world, and in that lies its permancacy and 
certainty . . . To think that he tes extended his 
system to Canada, and is about to join those por- 
tions of the world to Europe, is a glorious thing for 
any man, and though I have done something in 
the same cause myself, I confess I almost envy 
Professor Morse for having forced from an un- 
willing rival a willing acknowledgement of his 
services, ”* 

The tale of the actual discovery is well known. 
It had its birth on board the s.s. Sully during a 

e across the Atlantic in 1832. In those days 
of leisurely progress there was ample time for 
discussion of all that was new and strange ; and 
Dr. Jackson, who afterwards claimed, as did many 
more, to have given Morse all his ideas, described 
some of the more recent discoveries of European 
electricians, mentioning that electricit; a 
instantaneously through any known le: of wire, 
and that its presence could be detected at any part of 
the line by breaking the circuit. Morse was the only 
man in the company who perceived anything valu- 
able in the remark, and he at once observed, ‘‘ If 
the presence of electricity can be made visible in 
any part of the circuit, I see no reason why intelli- 
gence may not be transmitted by electricity.” He 
immediately recognised the epoch-making import- 
ance of the suggestion, and conceived the mechanism 
by which it could be realised. The plan seems to 
have sprung complete from the inventor’s brain. 
The dot-and-dash system, with which Morse’s 
name is indelibly connected, and of whose ingenuity 
no one has attempted to rob him, was at once 
practically complete. Even the method of writin 
down the signals by some process of chemica 
decomposition on a prepared strip of paper was 
seen in a dim perspective, and required little altera- 
tion to carry it to a successful issue. The sketches 
preserved and reproduced in the volumes under 
notice—unfortunately, eome of the originals were 
burnt under very suspicious circumstances—are of 
the greatest interest, and afford some welcome 
evidence, especially that showing the principle and 
mechanism of the receiving magnet, which is the 
kernel of the whole matter. 

It is important to note that the idea underlying 
transmission is the conveyance of a current 4 a 
wire, and apparently this line of thought fee 
affected the whole subsequent development of 


_* It is evident that we are here referring to commer- 





phy. Sir Francis Ronalds, as is well known, 
succeeded in conveying electrical ‘signals, a distance of 
8 miles, some years before Morse made his scheme avail- 
able. But Ronalds seems never to have penetrated 


facaaliy of puspuss usr tho beeeath of tescdehpanmenay 
nor the ] 

for cnevying orte 0 cnccemntal issue a ccbemse that hed 

encounter great opposition both from prejudice and 

ignorance, 
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telegraphy. There are several allusions in the work 
to experiments with wireless a tus, and it is 
a pity more is not known about these, for it has 
always seemed to us that the natural order of dis- 
covery was by the emission and detection of the 
passage of electric waves. The enormous energy 
required to send waves in all directions, in order 
that they may be perceived in one, should have 
led to the employment of a wire as a method of 
economy. Morse’s simple plan, elaborated and 

rfected during the twelve years he had to wait 
oe encouragement and ition, determined 
that the development should take other directions, 
and it was not until much later that we hailed with 
acclamation the schemes and experiments that have 
enabled us to dispense with a wire between the 
sending and the recording station. 





The Chemistry of Petroleum and its Substitutes: A Prac- 
tical Hand-Book. By C. K. Tinxuigr, D.Sc., B.Sc., 
and F. Cuatiencer, Ph. D., B.Sc., F.1.C., Lecturers in 
Chemistry, The University, Birmingham. don : 
Crosby Lockwood and Son. [Price 10s. 6d. net. ] 

To say that a book does not contain things the 

reader might reasonably look for, is not a criticism. 

It becomes a criticism when one has to add that a 

good many pages on alcohol, fermentation, and the 

preparation of certain compounds might have been 
spared to leave room for petroleum. The Univer- 
sity of Birmingham was the first in this country to 
lay down a special three years’ course in petroleum 
mining. The volume before us has ‘‘ arisen out of 
manuscript notes originally intended solely for use 
by students working in the chemical laboratory.” 

That original intention is unmistakable. The book 

is not compiled for the petroleum student in parti- 

cular. That has its merits and its drawbacks. 

We do not find snything on petroleum 
specting, on derricks or on pipe-lines, and little 
on the origin of petroleum ; that is quite right. 
But the chemistry of petroleum begins at the 
derrick, if not before, and there is no descrip- 
tion of crude petroleum, nothing whatever about 
natural gas and refineries. On page 62, when 
the term ‘‘ petroleum ”’ is first —without defi- 
nition—we are told of three great oil-fields of 
outstanding importance: Pennsylvania, Caucasia, 
and Galicia. There was no need probably of men- 
tioning Rumania and Mexico. But in a book 
** containing at the same time a certain amount 
of technological matter, and the purely theoretical 
and practical chemistry necessary to a comprehen- 
sion of the methods of the petroleum industry,” 
we look for some definite analyses of some typical 
petroleums ; we find only general statements about 
the constituents, which in different petroleums are 
mixed in different proportions. e chapter on 
Flash Point does not recognise any but the Abel 
apparatus ; it was not necessary to describe others, 
but it might have been mentioned that the inter- 
national petroleum conferences have expressed a 
preference for the Abel-Pensky apparatus. 
Again, under Viscosity only the Redwood and 
Coleman-Archbutt apparatus are noticed ; some 
reference to others appears desirable. The page 
on Cracking for Light Oils is disappointing ; the 
sections on Cracking for Oil-Gas are better, but 
there is no hint that we find more on that subject 
under Destructive Distillation of Coal. wo 
chapters on Preparation of Aromatic Compounds 
and on Separation by Chemical Reagents are 
interposed between those chapters, and a chapter 
on Destructive Distillation of Wood follows after 
three chapters on Hydrogenation and on Alcohols, 
whilst the Distillation of Bituminous Shales is 
given earlier. 

It will be seen that the book is far more scientific 
than technical. The authors rightly emphasise the 
value of general methods and of the close relations 
between structure and reactions. They do not 
enter into details except when it is desired to 
teach the student how to perform certain opera- 
tions. The first chapter, Introductory Theoreti- 
cal Matter, and the subsequent chapters are 
praiseworthy in these respects. Occasionally state- 
ments of too general a character are made, how- 
ever. Thus we read on page 3 that hydrocarbons 
are divided into two-main divisions, derivatives 
of methane and of benzene, whilst further on 
we are duly introduced to olefine hydrocarbons 
and to acetylene hydrocarbons. The latter two 
series may, of course, be traced back to methane; 
but if two main divisions must be distinguished, 
the usual distinction between open-chain and 
closed-chain compounds would be preferable. The 


ro- 


authors deal with petroleum as a source of fuel 
for illumination, external and internal-combustion 
engines, and as a lubricating material, and as ‘‘ the 
future will see large quantities of alcohol emplo ed 
under conditions where petrol is now used,” ” oa 
discuss alcohol, its production, and denaturing at 
some length. That would be quite welcome if the 
chemistry of petroleum did not itself claim so much 
space. e do not overlook that the title is 
**Chemistry of Petroleum and its Substitutes.” 
The question is whether it was not a mistake to 
crowd two vast subjects into one volume, which 
would be better still than it certainly is, if the 
chief subject had been kept more to the front. 
It is all chemistry, but hardly enough petroleum 
pegs | The statistical and the tabular matter 
on petroleum are quite insufficient. Most of the 
references are to Sir Boverton Redwood’s ‘‘ Treatise 
on Petroleum,” and to the ‘‘ Mineral Oil-Testing” 
of Mr. J. A. Hicks. The index is commendable. 
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THE PANAMA CANAL.—No. XIV. 
Tue Barsoa TerRmMenaL—(continued). 


Dry Dock No. 1.—In our last article of this 
series* we began a description of the Balboa ter- 
minal, and dealt with the general lay-out, the fuel- 
oil plant, and the dry docks. In the present 
article we propose to deal with the piers, wharves, 
and ether Ewan sg Before doing se, however, we 
would draw attention to the views of the large 
No. 1 dry dock during construction, which appear 
on Plates V. and VI. These supplement the 
information we have already given in reference to 
the dock. The four illustrations show the state 
of the work on the dock in April last. The best 
idea of the project as a whole is given by Fig. 250, 
Plate V. This is a view looking from Sosa Hill, 
which, as will be remembered, lies immediately 
behind the dock site. This is well shown in 
Fig. 252, Plate VI., which is a view of the south 
wall of the dock looking east. Part of the hill side 
had to be cut away to allow of the construction of 
the dock and of the railway lines, which are carried 
round its south side. The general relation of the 
hill to the dock and the other port works is shown 
in Fig. 211, on Plate XL. of our last volume, which 
accompanied our previous article. 

The dock, which will have an over-all length of 
1110 ft. and a width of entrance of 110 ft., was 
excavated behind a cofferdam of rock and clay. The 
site provides a rock foundation over the whole area. 
The constructional work is in mass concrete prac- 
tically throughout. The figures we publish need 
little comment in view of the description we have 
already given, but attention may drawn to 
the concrete-mixing plant and the distributing 
chutes shown on the south wall in Fig. 252. 
The dock is emptied from a pumping-station 
situated at its south-east corner, and a view 
during the construction of the reinforcement over 
the suction-chamber leading to this station is 
given in Fig. 253. The workshops, with which we 
deal later in this article, are situated on the west 
side of the dock, and are well shown in Figs. 254 
and 255, Plate VII. Beyond these shops lies the 
inner harbour, containing the piers and wharves, 
with which we are next concerned. The relation 
of these various features one to another is shown in 
the plan given in Fig. 218, on the “—— ge. 
It will be remembered that the dry dock No. 2 
shown by broken lines in the figure, is not beirg 
constructed for the present. 

Piers and Wharves.—The inner harbour as 
planned will ultimately permit of the building of 
five piers, but as yet only one of these has been 
- in hand. The construction of the remainder 

as been postponed until it becomes possible to 
gauge more closely the actual amount of accom- 
modation required for the traffic via the Canal. At 
first, of course, less will be needed than later, and 
construction will be carried on as the growth of 
business warrants it. Pier No. 1 is 1000 ft. long by 
201 ft. wide ; it is shown in Fig. 218. The head 
walls are 295 ft. and 303.5 ft. long respectively. 
This pier has one railroad track on either side, and 
will be covered by a steel frame shed 160 ft. wide 
and 26 ft. clear from floor to lowest chord of roof 
truss. The pier consists of two concrete wharves 
supported on concrete cylinders, or caissons, three 
to a row, the rows being 29 ft. 6in. apart. For 
a width of 50 ft. down the centre of the pier the 
floor is supported on rock-fill. The caissons are 
connected “ floor-girders of reinforced concrete, 
the stringers and the flooring being of the same 
material. The pier is designed for a live-load capa- 
city of 750 lb. per sq. ft. The pier is well shown 
in Fig. 254, on Plate VII. 

The caissons are built up of reinforced-concrete 
cylinders, 6 ft. long, constructed at a special plant. 
They are 7 ft. 6 in. in diameter, except the bottom 
one, which is 8 ft. in diameter and is provided 
witha steelshoe. Sections of the standard cylinders 
are shown in Figs. 220 to 223, page 78, while the 
bottom unit is illustrated in Figs. 236 to 239. 
Sections or unite of these patterns have been used 
for all the wharfage, except in certain portions 
where the work was carried out under water. The 
cylinders were made in a special temporary yard, 
standard forms being used, together with a movable 
concrete plant. The forms were mostly of steel. 
The camihe steel forms for the standard units are 
shown in Figs. 224 to 227. The inside steel forms 
for the standard units are shown in Figs. 228 to 231. 


© See ENGINEERING, vol. xcix., page 592, 
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The inside form was mounted on a wooden base on 
the working platform, and was expanded to the 
right diameter by a wooden wedge, 6 in. by 7 in. by 
7 ft., which, after setting, was withdrawn to allow 
of the removal of the inside form. Both inside and 
outside forms were of }-in. steel plate stiffened with 
3-in. by 3-in. by }-in. angles. A top form—illus- 
trated in plan in Fig. 232, sections in Figs. 233 and 
234, and in part detail toa larger scale in Fig. 235— 
was also used on both standard and bottom unite, so 
as to obtain the correct form of end joint, while 
six pipes were inserted vertically in the walls of 
each cylinder to form cored holes for connecting- 
rods. The outside forms for the bottom units were 
similar to those shown in Figs. 224 to 227, but, of 
course, agreeing with the larger diameter. The 
shell-plates were ,; in. thick. The inside form was 
in three sections, all of wooden construction and 
lined with steel plate. The bottom portion set up 
on the working platform is shown in Figs. 240 to 
244. These forms were made in sections bolted 
together in the vertical plane and brought to the 





the mixer-train, while there were conveniently- 
placed stores for forms and reinforcement, and the 
necessary bending-mill, &c. The train was moved 
on from one form to the next by a compressed-air 
cable-winch. The concrete was allowed to set 
twenty-four hours before the forms were removed. 
Three days were then allowed before the sections 
were removed to the storage yard. The sections 
or shells were handled by a sling, shown in Figs. 
247 to 249, on Plate IV., using 2-in. lifting-rods. 
A description of the manner in which the caissons 
built of these units were sunk was given in an earlier 
article* in connection with a description of the first 
rtion of the Balboa wharfage scheme undertaken. 
inking was done in the dry behind the protection 
of a dike, by excavating inside either by a grab- 
bucket or by hand, the piers being assisted to 
settle by concrete or iron weights and, in cases, 
by water injection, at 140 lb. pressure, under the 
lower edge. Typical views, taken during the sink- 
ing of these caissons at the Balboa site, are given 





in Figs. 245 and 246, on Plate IV. The shells 


ing reinforced-concrete flooring. Sixty-five concrete 
caissons were sunk for these walls. k was 
encountered higher than in the case of pier No. 1, 
and co uently a good deal of rock excavation 
had to be done. These head-walls are recessed so 
as to accommodate in each a landing-stage, 242 ft. 
long, for small boats. These landings will consist 
of two reinforced-concrete pontoons, 121 ft. long 
and 27 ft. wide, pres A gy with the top of the 
wharf by two inclined gangways, 90 ft. ) and 
5 ft. wide. 

The section of wharf to which we have referred 
above as being the first to be undertaken extended 
between the points f and g, Fig. 218. The length 
of wharf g, h, i consists, similarly, of flooring sup- 
ported on rows of 7-ft. 6-in. concrete caissons, 
three to a row, spaced about 35 ft. apart. It has a 
frontage of 1238 ft. The flooring is of 7}-in. rein- 
forced-concrete slabs, on which is a wearing surface 
of vitrified brick laid on a }-in. cushion of sand. The 
width of the floor is 60 ft., and there is one railroad 
track along the front. The floor is calculated to 
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side the form-platform in Fig. 256. A gangway ran 
the whole length of this train on the top of the cars, 
on one or both sides. The cars carried the necessary 
sand, rock, and cement, and from these the necessary 
materials were taken in barrows along the gang- 
way to the mixer-car. On this, a flat car, was a 
}-cubic-yard concrete-mixer, operated by air, from 
which the concrete was sent down a chute to the 
forms. A distributing-board was placed over the 
top of the cylinder form, and the concrete dum: 

thereon, and distributed by hoes in the mould. 
The distribution kept pace with the mixer output. 
On a track on the opposite side of the platform 
from the mixer-train was a hand derrick-crane for 
handling the forms, &c., and a locomotive crane 
for dealing with the finished shells. Air and water 
connections were frequent through the yard for 





were connected during construction by vertical 
rods passing up through the cored holes and 
coupled by sleeve-nuts (see Fig. 219, annexed). 
When the caisson was finally settled on rock 
bottom, these rods were withdrawn. The joint 
between units was made with mortar, and the 
inside of the caissons was filled with concrete, with 
steel-rail reinforcement. Rock was reached at an 
average depth of — 60, there being over 200 
caissons to Pier No.1. The berths will be dredged 
to — 45 ft. alongside the piers and wharves, while 
the deck-level is at + 16.5. At other parts the 
wharf deck is at + 17. 

The two head-walls n m and ji, Fig. 218, are 
similarly constructed of concrete caissons, support- 








* See ENGINEERING, vol. xciv., page 772. 


bucket is filled by a 4-cubic-yard concrete-mixer 
driven by steam supplied by the hoisting-engine 
boiler. e mixer is supplied with sand, rock, and 
cement from cars drawn behind the movable plant, 
from which they are brought by wheel-barrows 
along special gang-planks, or from stock-piles. 
The elevator bucket dumps into a 6-ft. by 6-ft. 
hopper connected with the distributing-chute. The 
ldtter is 52 ft. long, with a distributing radius of 
48 ft., in the plant illustrated. In other units the 
distributing radius is 78 ft. 

The chute consists of 14-in. steel pipe, in two 
sections of equal length. These are coupled to- 
gether, and to the hopper by swivel joints. The 
ad section swings to either side 180 deg. 

e lower section can describe a complete circle. 





The combination allows the chute to cover a large 
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area. The yf section is 8, by a guy to 
the top of the tower and by a lattice-boom, 
through which it passes, and which is extended to 
a point vertically over the intermediate swivel, 
whence the latter is suspended by vertical guys. 
A guy is also run out from the boom end to the 
lower section of the chute. From 180 to 200 cubic 
yards of concrete are p per diem with this 
plant with a $-cubic-yard mixer. The staff em- 
—— consists of one foreman, twenty-five men 
or wheeling materials, one man in charge of the 
mixer, one in charge of the hoisting-engine, and 
three at the end of the chute distributing concrete 
in the forms. 

The section of the wharf marked e, f in Fig. 218, 
being beyond the section g, f, constructed in 1912, 
is in water, and construction therefore took a 
somewhat different form. This wall is supported 
on 6-ft. piers constructed of steel caissons filled 
with concrete placed three in a row, the rows 21 ft. 
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apart. The upper sections of the steel sheathing 
are arranged so that they may be salved for use 
elsewhere. This wharf, which will constitute the 
main repair-wharf, will have a frontage of 775 ft., 
while the wharf d, e, at right angles to it, will have 
a length of 290 ft. These wharves will have a deck 
width of nearly 62 ft., and are designed to — 
a live load of 750 lb. per sq. ft., except where, 
for a length of 336 ft., a live load of 1000 lb. 
per sq. ft. is provided for. The flooring will be 
aa by longitudinal and transverse steel 
irders, encased in concrete. The floor-slabs will 
S 7 in. thick, on which will be laid vitrified brick. 





A railroad track, being a continuation of that along 








the front of the wharf g, h, i, runs along the wharves 





g, f, e. Along the wharf d, e, runs a 22-ft. gauge 
track for a 50-ton locomotive crane. Behind the 
long wharf to which we have referred above stands 
an area covered by the repair-shops. 
Repair-Shops.—The repair-shops at Balboa, of 
which the general lay-out is given in Fig. 218, are 
intended to cope with a large variety of work. 
They are intended to maintain the lock, spillway, 
and power-plant machinery of the Canal ; the Jand 
and water maintenance equipment of the Canal ; 
the rolling-stock of the Panama Railroad; the 
mechanical appliances of the coaling-plants, wire- 
less stations, &c. ; and to effect repairs to vessels 
of the United States Navy, and commercial 
vessels ; also performing repair work for private 
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WHARF CONSTRUCTION AT BALBOA, ON THE PANAMA CANAL. 


(For Description, see Page 76.) 
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No. 1 DRY DOCK AT BALBOA, ON THE PANAMA CANAL. 


(For Description, see Page 76.) 




















Fic. 250. Generat View or tHE Dock puRING ConsTRUCTION, FROM Sosa Hitt 














Fig. 251. Construction or NortH WALL, LOOKING West. 
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No. 1 DRY DOCK AT BALBOA, ON THE PANAMA CANAL. 


(For Description, see Page 76.) 

















Fic 253. RemnroRceMENT OveR SuctTion-CHAMBER. 
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THE REPAIR-SHOPS AT BALBOA, ON THE PANAMA CANAL. 


(For Description, see Page 76.) 
































Fic. 254. Exterior View or SHops rrom Sosa Hitt, sHowrnc Pier No. 1 sBeyonp. 

















Fic. 255. IntTertor oF Macuine-SHor sy ArtiFicrat Licnt. 
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mains, &. Electricity will be taken from a sub- 
station located near the dry dock, and supplied by 
the trans-Isthmian transmission line with current at 
44,000 volts. At this substation it will be reduced 
to 2200 volts. For power the 2200-volt supply is 
further reduced to 220 volts, and to 220-115 single- 
phase three-wire for lighting. For power pur- 
poses the current will be three-phase, 25 cycles, 
and 220 volts, except 220-volt Senet ousveet for 
variable-speed machine-tools. The total] horse- 

wer of the motors installed in the shops is 4910. 
yt this, 919 horse-power represents motors on 
cranes, and 2000 horse-power for five motors for 
air-compressors, including one of 5000 cub. ft., and 
two of 2400 cub. ft. of free air per minute capacity. 
The remainder is made up by motors supplied for 
the individual or group driving of machine-tools, 
&c. There are 38 groups, taking alternating- 
current supply, and 114 individual drives off this 
supply, while 29 individual drives are on direct- 
current supply. There are altogether 382 machines 
driven by 186 motors, and, in addition, 12 travelling 
cranes with 40 motors. 

There are four important distribution centres 
where there are transformer-rooms and equipment. 
In No. 1 building this equipment consists, as 
regards the main units, of two 300-kv.a. three- 
phase transformers for power, and one 140-kw. 
single-phase transformer for lighting, together with 
duplicate 325-kw. motor-generator sets. At each 
of three other centres there are two 300-kv.a. 
three-phase transformers for power, and respec- 
tively one 125-kw. transformer, one 50-kw., and 
one 60-kw. transformer for lighting. At several 
other points there are smaller transformer plants. 

For lathes, planers, &c., direct-current motors are 
used. Slip-ring polar-wound rotor induction-motors 
are used i bending rolls, blowers, tropenas con- 
verters, and transfer table ; squirrel-cage induction 


motors are used on constant-speed machines and | P 


group drives ; synchronous motors are used for the 
direct-current generators and air - compressors. 
The shops are lighted by tungsten-filament lamps. 

The majority of the machine-tool equipment 
was formerly in service on the Canal, principally 
in the former shops at Gorgona. hile not, 
in some cases, of the most modern type, only 
those tools that were in first-class condition were 
retained, and these have been supplemented by 
a number of special machines—for instance, a 
500-ton forging-press; a 374-in. centre double 
headstock lathe, with a length of 65 ft. between 
headstocks ; an open-side 24-ft. planer, 96 in. by 
132 in.; a 150-ton pneumatic riveter, with 12-ft. 
gap ; 30 ft. plate-planing machine ; pair of heavy 
rolls ; hydraulic plate-bending machine, &c. 

In view of the character of the site, which was 
made ground, in places on a rather swampy base, 
full size tests were made with regard to the choice of 
the type of foundation. These showed that, except in 
the case of the smaller buildings, it would be neces- 
sary to provide something more than block con- 
crete foundations. Where rock was found as high 
as + 1, level concrete piers were built direct on the 
rock, the floor level of the shops being + 17. If 
rock was only found below + 1, wooden piles were 
driven down to rock, in some cases as low as — 56. 
These piles were cut off below ground-water, and 
concrete piers built upon them. The timber piles 
were driven in clusters of about ten, splayed so that 
they spread at the lower end over a circular area 
about 35 ft. in diameter. The concrete foundations 
were built up on these clusters. In some instances, 
where excavation to ground-water level was incon- 
venient, reinforced-concrete piles were used. At 
the water-front, for the machine-shop and the crane 
runway extension for the forge shop, in some cases 
3-ft. and 4-ft. steel cylinders were sunk to rock and 
filled with concrete. Difficulty was experienced 
owing to old barges and other French equipment 
and old metal sunk in the mud. 

The cable-tunnel, above mentioned, was built 
on piers excavated to rock, and elsewhere on 
wooden piles driven to rock, and cut oft below 
water-level. The tunnel was builtin 15-ft. lengths, 
5.in. joint-strips of Muntz metal being embedded 
half-and-half in adjoining sections. For the heavy 
machines in No. 1 building the foundations con- 
sisted of steel caissons stink to rock and filled with 
concrete. At other ts the heavier machines 
were supported on 12-in. pipe-piling driven down 
to rock, filled with concrete, and reinforced with 
bars. In other places mass-concrete foundation was 
carried to rock. The shops and wharves are served 
by about 10 miles of 5-ft. gauge track. 





INDUSTRIAL NOTES. 


Tue Director of the Department of Labour Statistics 
eo the following information on the state of the 
abour market in June. 

The increasing number of enlistments and the active 
demand for labour, owing to the requirements of the 
Allied Forces, have brought about a shortage of labour 
in many industries, and there is now very little un- 
employment, except in a few luxury and other trades 
which have been adversely affected by the war. 
Transference from one trade to another and the sub- 
stitution of female for male labour are extending. 

The coal-mining industry continued to be very 
active, and the reduced staff of men worked a larger 
proportion of the possible number of shifts. In iron 
and lead-mining employment was Shale-mines 
were working practically full time ; but employment 
at tin-mines was only moderate. At quarries it was 
fairly good, except in Wales, where the lessened 
demand for slate caused slackness. 

Employment in the pig-iron and iron and steel in- 
dustries continued good, and the high pressure of 
recent months was maintained in the engineering and 
shipbuilding trades. There was a further improve- 
ment in the tin-plate trade, and the other metal trades 
were very active, with much overtime on Government 
orders. There was some decline in cotton-weaving, 
and the spinning branch was affected by the shortage 
of male labour. Employment in the woollen and 
worsted trades was less brisk than in May, owing to 
the completion of some Government contracts. The 
hosiery trade was increasingly active, and there was 
some improvement in the calico-printing, dyeing and 
finishing trades. The other textile trades showed 
little change. 

There was still great activity on Government con- 
tracts in the leather, heavy boot, and ready-made 
tailoring trades. The improvement in the bespoke 
tailoring trade was not maintained, and there was a 
decline in the shirt and collar trade. The felt-hat 
trade improved, but the silk branch continued de- 
ressed. In the other clothing trades employment 
was fairly good on the whole, and showed little 
change. 

Owing to heavy enlistments from the buildin 
trades, the number unemployed was low, althou f 
building operations continued to be restricted. The 
furnishing trades continued fairly good, and there 
was some improvement with mill-sawyers. The 
coach-building trades were busy, and overtime on 
Government work was general. 

Employment with letterpress printers remained 
uiet, except in London, where it improved and was 
airly good. Lithographic printers, bookbinders, and 

paper-makers continued to be fairly well employed. 

he food-preparation trades continued busy, but the 
fishing industry was still restricted by the war. In 
agriculture the shortage of labour so noticeable in 
recent months was less marked in the northern 
counties of England and in Scotland. 

Dock labourers in London and Liverpool continued 
very — employed ; at other centres employment 
was good, except on the East Coast and in Ireland. 
The shortage of seamen for merchant vessels continued. 

Comparisons with a year ago are much affected by 
the special circumstances arising out of the war. 
Employment jn the iron and steel, engineering, ship- 
building, woollen, jute, hosiery, boot, leather, ready- 
made tailoring, and fuod-preparation trades was much 
better than in June, 1914. There was a great deple- 
tion of staff in the mining and building industries, 
owing to enlistments, but those remaining were more 
fully employed. There was also a reduction in the 
numbers engaged in the lace, silk, carpet, bleaching, 
dyeing, finishing, glass, pottery, brick, and cement 
trades ; but the ay gee of those still in these 
trades were higher t a year ago. On the other 
hand, there was a decline in the cotton-weaving and 
linen trades, and the number of tin-plate mills in 
operation was much less than in June, 1914. 

The war bonuses and increases in rates of wages 
taking effect in June amounted to 20,000/. per week, 
and affected nearly 180,000 workpeople. The most im- 
portant changes affected coal-miners in Scotland, iron 
puddlers and millmen in the Midlands, hosiery workers 
at Leicester and Nottingham, and boot and shoe 
operatives at Northampton. 

The number of disputes beginning in June was 72, 
and the total number of workpeople involved in all 
disputes in progress was 40,999, as compared with 
51,575 in the previous month, and 82,752 in June, 
1914. The estimated number of working days lost by all 
—— during the month was 176,600, as compared 
= 246,700 in May, 1915, and 1,072,900 in June, 
1914. 

Cases dealt with during the month include coal- 
miners in Scotland; explosives workers, Ardeer ; 
pottery workers, Swadlincote and Woodville; dock 
workers, &c., Preston ; boiler-makers, Grangemouth ; 
coach- makers, Glasgow and Liverpool; harness 
stitchers, Walsall ; pa Birmingham and Walsall ; 
tin-plate workers, Llanelly ; tube-workers, Landore ; 





cork-helmet makers, Atherstone ; bleachers, Pollok. 
shaws; carters, Greenock ; boot and shoe operatives, 
Rushden ; king-case and tin-box makers, London, 
S.E. ; woollen - workers, Dumfries ; sheet - metal 
workers, Exeter; quarrymen, Llysraen district ; 
glaziers, Glasgow ; joiners and slaters, Dundee ; and 
railwaymen, North British Railway. 

A number of findings were issued during the month 
by the Government Committee on Production. 

The ave weekly number of vacancies notified to 
all Labour Exchanges for the four weeks ended 
June 11 was 35,303, as compared with 36,055 in the 
previous four weeks, and with 25,878 in the four 
weeks ended June 12, 1914. The average weekly 
number of vacancies filled for the same periods were 
24,934, 25,016, and 19,086 respectively. 





The South Wales coal strike has been settled, a 
result which in iteelf is satisfactory, because in the 
present international crisis, and with the whole world 
intensely interested in every incident of that crisis, 
the stoppage of work was humiliating to England, 
vexatious to our Allies, amazing to neutrals, and a joy 
tothe enemy. The effect cannot be completely wiped 
out even by the return of the men to work. Nations 
must be impressed by the fact that there exist in this 
country men who will cease to produce the material 
moat essential to maintain the life of the nation and 
support the Allies in a righteous cause, in order to 
ensure for themselves the permanence for a period of 
years of an increase to their wage given under the 

resent exceptional circumstances. Moreover, the 

overnment undoubtedly been weakened, because 
the settlement was effected not by the machinery set 
up to deal with such questions by the Munitions Act, 
but by the making of concessions which the Govern- 
ment themselves denied the men a week ago, and also 
by the personal influence of Mr. Lloyd George. We 
hope that there was less of persuasion and more of 
straight talk in his interviews with the men than has 
hitherto been the case under analogous conditions. It 
remains to be seen how far the future is complicated 
by the failure of the South Wales miners to obey that 
part of the Act which renders punishable any strike in 
a controlled factory. 

The terms of settlement are the following :— 

1. A minimum of 10 per cent. on the new standard. 

2. The new agreement is to apply to Federation 
men only. 

3. Improved conditions for day-wage men. 

4. The agreement not to terminate till six months 
after the declaration of peace. 

5. Surfacemen’s new rates granted without imposi- 
tion of disabilities. 





The rules for constituting and regulating munitions 
tribunals, in pursuance of Section 15 of the Munitions 
of War Act, 1915, have now been issued. 

Those applicable to tribunals of the second class 
(Local Munitions Tribunals) provide that they shall 
consist of a chairman, appointed by the Minister of 
Munitions, sitting with assessors drawn respectively 
from an employers’ _ and from a workmen’s panel, 
constituted by the Minister. 

The local Munitions Tribunal shall have jurisdiction 
to deal only with complaints that any person has acted 
in contravention of, or failed to comply with, regula- 
tions made applicable to the controlled establishment, 
in which he is either an employer or is employed, or 
an undertaking into which a workman has entered 
under Section 6 (1) of the Munitions of War Act, 
1915, and complaints that an employer has unreason- 
ably withheld his consent under Section 7 of the Act. 
Any complaint shall be made by any person aggrieved, 
or by, or on behalf of, the Minister of Munitions, in 
writing to the chairman, or to some other person 
appointed by him for the purpose. Special meetings 
of the tribunal may be held to deal with complaints. 

Where a complaint relates to an offence under the 
Act, a notice shall be sent to the person or persons 
concerned to appear before the tribunal. Tae tribunal 
shall have power to take evidence on oath. The pro- 
vision of the Summary Jurisdiction Acts and the 
Criminal Justics Administration Act, 1914, with 
omg to requiring the attendance of any persons 
before a Court of Summary Jurisdiction and with 
regard to the recovery of fines otherwise than by im- 

risonment, shall apply to proceedings under the Act. 

here a fine has been imposed by a Local Munitions 
Tribunal that tribunal may order such deductions on 
account of the fine from the a as the tribunal 
think fit, and require the person fined to pay such to 
the Clerk to the Tribunal. 

Where the complaint relates to the withholding of 
consent by an employer, the person or persons may be 
given 24 hours’ notice to appear. Power is granted to 
—_ witnesses. win Secst Muni 

0 party to any proceeding before a al Muni- 
tions Frribunal shall be represented by counsel or 
solicitor. 

A Munitions Tribunal of the first class shall consist 
of a person appointed fur the purpose by the Minister 
of Munitions, sitting with assessors drawn respec- 
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tively from an employers’ panel and from a work- 
men’s panel, provided for the pu by the Minister 
of Munitions, and may be constituted generally, or 
for any district specified by the Minister of Munitions. 

A General Munitions Tribunal shall have jurisdic- 
tion to deal with all offences under this Act, and any 
other matters therein specified, but shall not deal 
with any matter with which s Local Munitions 
Tribunal is competent to deal, unless such matter 
arises in connection with a matter with which a Local 
Munitions Tribunal is not competent to deal, or is for 
any reason referred to the General Munitions Tribunal 
by the Minister of Munitions. 

Any complaint relating to any matter with which a 
Local eo wae Mey not competent a 
shall be made in writi y an. on aggrieved, or 
by or on behalf of the Minister Gi iealiaan, or by 
any person acting on the instructions, general or 
special, of the Minister of Munitions, to the chairman 
of a General Munitions Tribunal appointed for the 
district in which the matter arose, or to the Minister 
of Munitions, who shall forthwith refer the case to a 
General Munitions Tribunal. 

Appeal may be made to quarter sessions in certain 
cases, and provisions are also included which are 
applicable to both classes of tribunals. 


The Press Bureau states that under the Munitions 
of War Act, 1915, the Minister of Munitions has 
appointed General Munitions Tribunals which will 
sit at Barrow and Newcastle-upon-Tyne respectively. 
The chairman of the tribunal to sit at Newcastle will 
be Mr. William Henry Stoker, K.C., and the chair- 
man of the tribunal to sit at Barrow will be Mr. 
Arthur Jacob Ashton, K.C. The clerk for Barrow 
is Mr. Seymour Edward Major, 5, Lawson-street, 
Barrow, to whom all communications relating to cases 
under the Munitions of War Act, 1915, in that dis- 
trict should be addressed. 

The Minister of Munitions has also appointed on the 
General Munitions Tribunal for Wales and Monmouth- 
shire Mr. Robert Wallace, K C , as chairman, and as 
assessors Sir Griffiths Thomas (representative of em- 
ployers) and Councillor Tom Griffiths (representative 
of workpeople). 





Mr. J. H. Thomas, M.P., assistant secretary of the 
National Union of Railwaymen, speaking at Swindon 
on Sunday last, stated that there were in this country 
large sections of men whose labour and calling was 
vital to the interests of the country. They all knew 
the railways were in themselves the very arteries of 
the nation. The nation’s success and prosperity was 
wrapped up, was dependent, and interdependent upon 
a free railway system. But just as that was so with 
railwaymen, miners, and other trades, so it was time 
to say that no section of the people was stronger than 
the people themselves. However nece their 
work or labour might be, they must always keep 
in mind clearly that the State was stronger, more 

owerful, than any section of the State. There- 
ore, if through any circumstances, if through any 
difficulty, the State were to allow a section of 
the people to dictate the policy of the nation 
as a whole, the State would by that means 
abrogate entirely its right to govern the people. 
Having decided that they would be governed on 8 
democratic basie, they must keep clearly in mind that 
that carried with it the absolute right and necessity 
for the Government to say, ‘‘We will control the 
nation in the nation’s interest.” In peace time the 
relations as between capital and labour might be 
capable of adjustment, and sometimes it might neces- 
sitate their considering it wise to withbold their 
labour. But changed circumstances arose at the out- 
break of the war that needed immediate consideration. 
_ {t was their duty to say: ‘‘ No action of ours shall 
in any way impede, prevent, or hamper the nation in 
prosecuting the war to a successful issue.” If the 
workers did not mean that, all their support and 
clamour was mere hypocrisy. Therefore, the railway- 
men’s leaders thought it was consistent with the sup- 
port and confidence the men had in them that, for 
the time being, the ordinary trade-union machinery 
should be suspended, so that there should be no 
interval disputes which would, in any way, impede 
or hamper the progress of the war. They remembered 
that 84,000 railwaymen had enlisted and were pre- 
pared to lay down their lives for their country, and 
there was the moral responsibility resting upon them 
at home to see that no action of theirs should un- 


necessarily risk the lives of those who were fighting 
their battle. 





Trouble has been experienced with surfacemen at 
‘ive thin-seam collieries at Barnsley. The men claim 
‘ be paid according to the minimum-wage agreement 
for South Yorkshire, but the owners contend that 
they are entitled to pay a lower rate than owners of 
thick-seam pits. The amount at stake is only about 
3d. a day, but negotiations between the owners and 
men having been without result, the latter have given 
fourteen days’ notice. The owners have, however, 


asked the Board of Trade to appoint an arbitrator, 
and in this way it is hoped to avoid a stoppage, which 
would affect about 3000 men. 





It is gratifying to note, says the American Bureau 
of Mines, that the fatalities in coal-mines in the 
United States-in 1914 were 334 less than during the 
preceding year, the total fatalities being 2451, as 
compared with 2785 for 1913. 

The principal causes of fatal accidents that show a 
material decrease were :—Coal-dust explosions, 96 per 
cent.; haulage, 11 per cent.; and falls of roof and 
pillar-coal, 10.6 percent. The net decrease in under- 
ground fatalities was 365, or 14 per cent. This is 
equivalent to a saving of one life every day during 
the year. 

There were 331 fatalities due to gas explosions, as 
compared with 91 in 1913, making a net increase of 
240. Of these 331 fatalities, 261 were due to four 
serious explosions. 

There were slight increases in fatal accidents from 
explosives and electricity. There was also a net 
increase of 26 fatalities in shaft accidents, or 42 per 
cent., and on the surface a net increase of 5, or 
about 3 percent. The net decrease for the year for 
both underground and surface accidents at coal-mines, 
as compared with 1913, was 12 per cent. 

Exact figures for the number of men employed are 
not yet available, but taking the estimates furnished 
by the inspectors for part of the States, and using for 
the other States the number of men that were 
employed in 1913, the estimated total number of 
employees for the year is 742,868, as com with 
747,644 in 1913. The fatality rate therefore becomes 
3.30 per 1000 men employed in 1914, as compared with 
3.73 in 1913. 

Excluding 1912, when the rate was 3.27 per 1000 
men employed, the 1914 rate of 3.30 per 1000 is lower 
than any year since 1903. 

Although there was a reduction of 12 per cent. in 
the number of fatalities, there was also a reduction of 
10.5 per cent. in the production of coal. The United 
States Geological Survey estimates the production for 
1914 as 510,000,000 short tons, as compared with 
570,048,125 tons for 1913. The fatality rate per 
1,000,000 tons of coal produced in 1913 was 4.89, and 
in 1914 4.81. With the exception of 1912, when this 
rate was 4.41, the 1914 rate is the lowest yet recorded 
for the United States. The amount of coal produced 
per fatality in 1914 was 208,078 short tons, which, 
with the exception of 1912, is the largest on record. 


The production per fatality in 1913 was 204,685 tons, 
in 1912 it was ,469 tons, and in 1907 was 144,325 
tons. 


There were 316 lives lost in disasters, in which more 
than 5 men were killed at one time, as compared with 
464 in 1913—a net reduction of 148, or 32 per cent., in 
this class of accident. 

It is not possible to attribute these lower rates to 
any one particular influence. They may, however, be 
assigned in part to any of the following agencies or to 
a combination of any or all of them :—Closer and 
more careful inspection by the State inspector ; better 
enforcement of laws and regulations by the operators; 
the miner’s realisation of the dangers attending his 
daily work, and his efforts to reduce accidents, due to 
the educational a conducted in his behalf; the 
more general use of safety-lamps in doubtful mines ; 
the greater use of permissible explosives ; humidifying 
dusty mines ; first-aid and rescue training which saves 
lives that might otherwise be lost by reason of injuries 
received ; the enactment of industrial accident com- 
pensation laws; and last, but not least, the spirit of 
co-operation on the part of all concerned. 








Tuer INTERNATIONAL PLATE-GLAss SYNDICATE.—To an 
international concern like the Plate-Glass Syndicate, in 
which French, Belgian, and German capital is interested, 
the war naturally brings about somewhat awkward con- 
ditions. Prior to the Reisholz Plate-Glass Works joining 
the syndicate, it comprised seven companies. Of these, 
one was entirely French, whilst French and Belgian 
capital was invested in some of the other works; the 
French influence then had an allotment figure of 49.1 per 
cent., whilst the share of the French capital in the syndi- 
cate amounted to #, the corresponding figures for Belgium 
being 12.3 cent. and “A. ‘ore the war there was 
consequently a foreign allotment of 61.4 per cent. By the 
addition of the Reisholz, this proportion has been mate- 
rially altered, which will appear from the appended table: 

Share of Capital. Share of Allotment. 
Per Cent. 
48 
5 


81.0 

aie tox fs 12.8 

Pure German .. as qh 56.7 
Germany has thus secured the majority, both as regards 
capital and share of turnover, and the chairman is now 
also a German. The State control is still in force, but the 
compulsory or State management has been abandoned, 
except as far as the purely French concern. In some of 
the undertakings belonging to the syndicate, German and 
non-German capital is equal, and voices have been raised 
in Germany that German capital ought to step in, as has 
been done in other large mixed concerns, so as to obtain 


French .. 
Be 





the absolate majority. 








THE LATE MR. H. A. MAVOR. 


By the death of Mr. Henry Alexander Mavor, which 
occurred on the 16th inst., another link is broken 
between the present day and the early development of 
the electrical industry. This is not to say that Mr. 
Mavor was an old man—he was born in 1858—but, 
none the less, he was intimately concerned with the 
initiation and early days of what has grown to be 
the present t electric-supply business of Glasgow. 
It was some time in the early ‘eighties that Mr. Mavor’s 
firm, Messrs. Muir and Mavor, entered into a contract 
with the Postmaster-General to equip and supply the 
General Post-Office at Glasgow with electric light. 
The supply-station contained two Crompton compound 
dynamos for supplying the incandescent lighting, 
and three Biirgin dynamos for the aro lights. The 
machines were belt-driven from Marshall horizontal 
steam-engines. The success of the system was such 
that it ultimately extended to other buildings, in- 
cluding the new Municipal Buildings in St. George’s- 
square, and a number of = and warehouses, A 
second central station was y put down, supplying 
alternating current to deal with part of the area. In 
1892 the whole installation was taken over by the 
G Corporation as a going concern for 15,000/. 
This does not seem a large sum, and we believe 
Messrs. Mavor and Coulson, which had by that time 
become the name of the firm, wanted twice this 
amount. 

Mr. Mavor’s firm remained in existence, and devoted 
itself to electric manufacturing, taking the name of 
Mavor and Coulson. Its first works were at Orr- 
street, Bridgeton, Glasgow, but in 1898 new works 
were built at King-street, Mile End. The firm have 
been concerned with general electrical manufacture, 
but have to some extent specialised in connection 
with the application of electricity to coal-cutting. 
It will be remembered that the late Mr. H. A. Mavor 
also took great interest in the question of electrical 
transmission for ships. In 1911 he equipped the launch 
Electric Arc with his gear, while in 1913 he was 
concerned in the construction of the Canadian lake 
steamer T'ynemount, similarly fitted. Mr. Mavor read 
@ paper on the subject of marine electric transmission 
bees the British Association in 1912, and another, 
in conjunction with Mr. John Reid, before the Insti- 
tution of Naval Architects in 1913. 

Mr. Mavor was born at Stranraer, in 1858, as 
already stated, and was educated at the Glasgow 
and West of Scotland Technical College and at 
Glasgow University. He was a member of the Inati- 
tutions of Civil and Electrical Engineers and a member 
of the American Institute of Electrical Engineers. 
He had been a member of Council and vice-president 
of the Institution of Engineers and Shipbuilders in 
Scotland, and chairman of the Advisory Committee 
on Juvenile Employment of the Board of Trade 


Glasgow Labour Exchange. 





Tue Hoirpays.—We have received from the publisher, 
Mr. Walter Hill, 67 to 71, Southampton-row, W.C., a 
book, which is issued at the price of 1s., containing guides 
to hotels, boarding houses, house and eee ones, 
educational facilities, &c.. on the Midland, on and 
North-Western, Great Northern, Great Eastern, Great 
Western, and Great Central Railway systems. The 

ides are well illustrated, and contain maps of the 

ifferent —. They contain useful information not 
only for holiday-makers, but also for travellers on business. 


Tue German Coat SYNDICATE AND THE GOVERNMENT. 
—Even under the present circumstances slight hitches 
may arise between the otherwise well-disciplined German 
industry and the Government. An instance of this was 
afforded by the resistance offered to the proposed nitrogen 
monopoly. The opposition brought about a postpone- 
ment of the question till A , and it appears to be 
the general opinion tbat it will not be persevered with. 
Between the Coal Syndicate and the Government some 
little difference has also apparently arisen. The leading 
men within this powerful syndicate are, it would seem, 
surprised at, and do not approve of, the threatened State 
control and the interference of the Government. 
leaders of the Rhenish-Westphalian Coal Syndicate have 
hitherto pronounced it as one of the first conditions for a 
prolongation of the Coal Kartel that the Prussian State 
mines should join the Syndicate. In principle the State 
authorities were understood to be agreeable to this; but 
they insisted on a special influence upon the fixing of 
prices, and also on the Hibernia conflict being definitely 
settled. Neither of these conditions appears to have been 


complied with. The cos] industry wiehes to remain as inde- 
Bert possible of the guardianship of the State Mines 
h 





ent, and the Hibernia shareholders demanded too 
igh a price. In order to bring matters to a settlement, 
and, at the same time, ensure the continuation of the Coal 
Syndicate, the Prussian State Mines Department may 
have made the move about the control regulations. The 
influence on the prices, which by a possible official or 
contro] syndicate will be given to the State Mines De- 
postmen’. is , no means an empty formality, as has 
shown in the past, for in the year 1912 the Prussian 
States Mines Department dissolved ite t with 
the Coal a because of divergent views as to the 
fixing of the prices. 





ENGINEERING. 





| Juny 23, 101F. 











THE GLOBE-JOHNSTON ROTARY VALVELESS AIR-PUMP. 
THE GLOBE PNEUMATIC ENGINEERING COMPANY, LIMITED, ENGINEERS, LONDON. 








Fig. 1. 


A ROTARY air-pump of unusual interest is illustrated | 


in the four tigures on the present aud opposite page. 
Unlike mauy other pumps which are described as 
rotary, the appliance is nut a disguised reciprocating 

ump. It is truly a rotary pump, and is truly valve- 
ess. It is known as the Globe Johnston, and 18 being 
produved by the Globe Poeumatic Engineering Com- 

any, Limited, of 1, Victoria-street, Westminster, S.W. 
The pump, as illustrated, and as we propose to de- 
soribe it, is a vacuum pump, but by reversing it will 
act as @ pressure pump, and it is proposed to employ 
it for air-compressing and similar wurk. The pump, 
coupled up © & motwr and with half the outer casing 
removed, is shown in Fig. 1, while the rotor is shown 
in Fig. 2. A longitudinai section of the pump is given 
in Fig. 3, and an end elevation and cruss-section in 
Fig. 4. Lhe appliance shown at the, left-hand side of 
Fig. 3 is an extraction pump for clearing water, &c., 
from the air which is handled by the main pump. It 
need not concern us in this description. 

The essential parts of the pump are two: the rotor, 
shown in Fig. 2, and at a in Figs. 3 and 4; and the 
drum, shown at 6 in Figs. 3and 4. The casing c pro- 
tects the pump from dirt and shields the rotating 
drum, but does not take any part in the action. The 
rotor is built up of a centre casting or spider carrying 
an outer ring which has a deep, double screw-thread 
on its circumference. Over half the length of the 
rotor surface the thread is right-handed, and over 
the other half left-handed. The various scrolls of the 
thread are joined by cross-partitions, which are about 
half the depth of the thread, as can be seen in Fig. 3, 
and are arranged fairly close together all round, as can 
be seen in Fig. 2. I'he rotor is coupled rigidly to a 
shaft, which is made in two parts, with facing coup- 
lings bolted together through the centre of the rotor. 
The left-hand part of the shaft is hollow, as is 
clearly shown in Fig. 3. The hole through the 
shaft forms part of vhe suction-pipe. The rotor is 
carried on ‘‘ Skefko” ball-bearings, which are mounted 
on inner bosses, forming part of the frame c. The 
arrangement can be seen in the figure. The drum }, 
which is, to all intents and purposes, a plain cylinder 
with closed ends, is also mounted on ‘* Skefko ” ball- 
bearings carried by the same frame-bosses. The drum, 
however, is out ot centre from the rotor, the centre of 
ite ball-bearings being set lower down. This will be 
clear from the . 

To operate the pump, water is run into the drum 
through the pipe d, shown in Fig. 3, until it stands at 
the level of the bottom of the hole in the guard-ring e. 
It will be clear from the figure that the water cannot 
stand higher than this. If more were run in, it would 
simply run out into the bottom of the casingc. ‘The 


drum being charged with water in this way, the rotor 
is driven round by its motor or by whatever other 
means are provided. As the rotor moves round it 














Pump wits Drivine Moror. 


tends to carry the water with it, partly owing to 
surface friction and partly owing to the trapping of 
the water by the cross-partitions between the threads. 
Since, however, the drum is quite free to rotate 
on its ball-bearings, the result o: this action is that 
it too begins to move owing to the friction of the 
water on its inner surface. As a consequence the 
rotor and drum rotate together, and the water is 
carried round with them, and by its centrifugal force 
distributes itself at a uniform depth all round the 
inside of the drum. ‘The whole action takes place in 
quite a short time—a quarter of a minute or so—and 
one then has the twu parts rotating together and 
carrying round a cylinder of water with them. 

The pumping takes place owing to the action of the 
screw threads un the rotor, and to the fact that the 
rotor and drum are set out of centre from each other. 
As the rotor moves round any part uf the screw threads 
on its circumference continually dips deeper into the 
cylinder of water surrounding it us that part ap- 
proaches the top position, and lifts partly out of the 
water as it approaches the bottom. To put it in 
another way, there is a continual rise and tall of the 
water—a tide—between the threads of the rotor. It 
is this tide which causes the pumping action. The 
suction, as we have already said, is through the 
hullow shaft. From there it passes through the space 
in the centre of the rutor spider to the circum- 
ference of the rowur between the right and left-handed 
threads. At the bottom of the rotor the tide is low, 
and as & consequence communication is established, 
round the end ot the inner thread, between the suction 
and the space between the threads. As the rotor 
moves round, however, it dips deeper into the water, 
and consequently this connection is very shortly 
severed, the rise of the water cutting off the communi- 
cation between the suction and the passage between 
the threads. A bulk of air is thus isolated in the 

ge. As the rotor continues to move round, this 
air is driven forward through the passage between the 
threads, owing to the fact that the passage continually 
decreases in cubic capacity owing to the rise of the 
water. This constittites the pumping action. The 
trapped air is what one may call ‘- screwed ” along the 
passage between two threads, and discharged when it 
reaches the end of the rotor. It begins to leave the 
rotor at the point where the outer edge of the ring 
J leaves the water. At this point communication is 
established from the p between the threads to 
the inside of the drum, and from there the air escapes 
into the casing through the holes g, shown in Fig. 3. 
These holes are also well shown in Fig. 1. 

The discharge action will be clearly understood 
from the view of the rotor given in Fig. 2. The ring 
J is there well shown. ‘Towards the top of the rotor 
this ring dips into the water, so that there is no con- 





nection from the passage between the threads to the 
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inside of the drum. Towards the bottom of the rotwr, 
however, where this ring leaves the water, the air 
escapes round the end of the last thread, and passes 
to exhaust. As shown in Fig. 2, the rotor is double- 
threaded, so that there are two discharges per revolu- 
tion. It also carries right and left-handed threads. 
This is in order to elimiaate end-thrust. Air enters 
at the centre of the rotor, passes axially in both direc- 
tions, and is discharged at both sides. It will be 
clear that in this very pretty arrangement the 
rotation of the drum andthe water have nothing 
to do with the pumping action. The pump would 
work equally well if the water were stauding still, if 
such & thing were possible. The rotation of the drum 
is, of course, necessary to maintain the water ring. 
Incidentally, however, it has an important advantage 
in eliminating friction. Neither the rotor nor 
the drum move relatively to the water in the 
direction of rotation, so that there is practically no 
liquid friction at all. The only friction of this kind 
there is is the small amount due to the rise or fall of 
the water relative to the rotor threads, and possibly 
a little owing to the slip of the drum. There will 
probably be a small slip of this kind, since although 
the drum does no work, and is mounted on ball-bear- 
ings, there will be some resistance in these bearings. 
There will also be a windage effect tending to make it 
Ing behind the rotor. 

t will be clear that the pump has no rubbing parts, 
except the bearings, and that there is apparently 
nothing either to wear or get out of order. It will 
further be clear that it does not use any water, ex- 
cept such as is carried off by evaporation with the 
pumped air. The water is merely a seal. The drum 
may be filled to the correct height and left alone for a 
long time. If, however, the water-level falls seri- 
ously, the capacity of the pump will decrease, and to 
prevent this a continuous water service may be 
arranged for. Water continually enters by the pipe d, 
and 1s continually extracted by the scoop h. This 
maintains a constant depth of water ring. The water 
may, of course, be circulated. It need not run to 
waste. 

In some tests carried out on the pump last April it 
was driven by an electric motor taking direct current 
at 460 volts and running at 2000 revolutions per 
minute. Air was drawn through orifices of varivus 
sizes in 22 8.W.G. plate, with the sharp corners 
taken off. The vacuum was m on # mercury 
U-tube. The current consumption was measured on 
a standardised ammeter, but the efficiency of the 
motor was not known except from the observation of 
the current taken to run it when uncoupled from 
the pump. This current was 44 amperes, which 
should be deducted from each of the rcadings given 
below. The barometric reading was 30.4 in., and the 
elevation above sea-level at the place of test 15 ft. 
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to 20 ft. The readings were as given in the following 
table :— 

Amperes. 
Vacuum. (Total). 
Closed pipe... 


orifice 


”? 


¢y in. divmeter 
16 
3 
33 


3 
6 
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Open pipe 1} in. diameter ... 


The times taken to exhaust a reservoir of 42 cub. ft. 
capacity were as follow :— 


Running Vacuum in 
Time. voir. 
Min. In. 
4 18 
1 25 
2 28} 
23 29 
3 293 


A final point we may mention is that when the 
pump is used as an air-compressor the water-ring has 
to maintain the pressure of the receiver. If it could 
not, the water would be forced out of the drum over 
the guard-ring e into the casing. It must maintain 
this pressure by its centrifugal force, and consequently 
the higher the pressure the ter must be the s 
of revolution. This matter is not a mechanical diffi- 
culty, it is simply a point of interest. 





Personat.—Mr. George G. L. Preece, who for some 
+ has been in charge of the Manchester office of 
essrs. Bruce Peebles and Co., Limited, bas temporarily 
left that company’s employment owing to his having 
accep ® commission in the Lancashire Fusiliers. 
Daring his absence Mr. E. W. Browne, the company’s 
r-nresenta‘ive in Birmingham, will act as manager in 
hester. 
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THE JUDGMENT OF THE COURT OF 
INQUIRY ON THE TORPEDOING OF THE 
** LUSITANIA.” 


Lorp Mersry at the Caxton Hall, Westminster. on the 
17th inst., delivered the judgment of the Court of Inquiry 
into the sinking of the Lusitania. His Lordship said the 
Court found that *‘ the loss of the ship and lives was due 
to damage caused to the ship by torpedoes fired by a sub- 
marine of German nationality, whereby the shipsank. In 
the opinion of the Court, the act was done not merel 
with the intention of sinking the ship, but also wi 
the intention of destroying the lives of the people 
on board.” In his detailed report, Mersey de- 





ordinary kind, but part of it, he said, consisted of a 
number of cases of cartridges (about 5000). This was 
entered in the manifest. It was stowed well forward in 
the ship on the orlop and lower decks, and about 50 
ards away from where the torpedoes struck the ship. 
ere was no other explosive on board. ‘It has been 
said by the German Government,” Lord Mersey went 
on, “‘ that the Lusitania was equipped with iked guns ; 
that she was supplied with trained gunners with special 
ammunition ; that she was transporting Canadian troope ; 
and that she was violating the laws of the United States. 
statements are untrue. They are nothing but 
baseless inventions, and they serve only to condemn the 
persons who make use of them. The steamer carried no 
masked guns or trained gunners or special ammunition, 
nor was she transporting troops or Myrery Een laws of 
the United States.” The Court found that t! were no 
troops on board the Lusitania, and that no submarines 
were sighted from the liner before the attack, The sub- 
marine which discharged the torpedo was not identified, 
and displayed no flag, but the Court found that it was a 
submarine. No warning was given to the 
Lusitania by the submarine of her ce or intention 
to attack, no request was made to the liner to s' and 
no opportunity was given to any persons on board ‘the 
vessel to leave her. No other vessels were in sight at 
the time of the attack. The Court found that no blame 
attached to the owners of the Lusitania. ‘‘Sir Edward 
Carson, when opening the case,” Lord Mersey pointed 
out, *“* descri the course adopted by the an 
Government, in directing this attack, as ‘contrary to 
international law and the usages of war,’ and as consti- 
tuting, according to the law of all civilised countries, ‘a 


deliberate attempt to murder the passengers on board the 








ship.’ This statement is, in my opinion, true, and it is 


scribed the cargo of the vessel as a general one of the | Ser 
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made in 


not a whit too strong for the occasion. 
The defe 


creatures on board, made up of harmless 
men and women and of helpless children, were done to 
death by the crew of the German oer octes under 
the directions of the officials of the German Government.” 





BOARD OF INVENTION AND RESEARCH. 

Tue Secretary of the Admiralty makes the following 
announcement:—It was announced on July 5 that Admiral 
of the Fleet Lord Fisher of Kilverstone had been appointed 
Chairman of the Inventions Board established to aesist 
the Admiralty in co-ordinating and encouraging scien- 
tific effort in relation to the requirements of the Naval 
i The arrangements for the organisation of the 
Board have now been completed. It will comprise :— 
(a) A Central Committee; (b) a panel of consultants 
composed of scientific experts, who will advise the main 
committee on questions referred to them. The Central 
Committee will consist of :—Lord Fisher of Kilverstone, 
G.C.B., O.M. (President); Sir J. J. Thomson, O M., 
F.R.S.; the Hon. Sir C. A. Parsons, K.C.B., F.R.S.; 
Mr. G. T. Beilby, F.RS. The consulting panel will 
comprise the following list, which will be added to from 
time to time as necessary :—Professor H. B. Baker, 
F.R.8.; Professor W. G Breet F.R.S. ; Professor 
H. C. H. ter; Sir William Orookes, O.M., 
F.R.S.; Mr. . Duddell, F.R.8.; Professor Percy 
Frankland, F.R.S.; Profeseor Bertram Hopkinson, 
F.R.8.; Sir Oliver Lodge, F.R.S.; Professor W. J. P 
F.R.S. ; Sir Ernest Rutherford, F.R.S.; Mr. G. Geral 
Stoney. F.R.S.; Professor the Hon. R. J. Strutt, F.R.S. 
The rd is accommodated tem rily in the White- 
hall Rooms, Hotel Met le, itehall-place, 8.W., 
but at an early date (which will be announced in due 
course) it will transferred to anent offices at 
Victory House, Cockspur-street, 8.W. Communications 
should be addressed to the Secretary, Board of Invention 
and Research. 





Swiss Trape.—The foreign trade of Switzerland fo 
last year shows a material decline as compared with 
1913. Thus the aggregate imports amounted to 
1.428,408,489 francs, against 1,919,8'6,280 francs in 
1913; the figures for the ex being respectivel 
1,186,887,000 francs and 1,376,399,116 francs. The exyor 
of the machine industry receded from 98,724,890 franc 
in 1913 to 74,974 047 francs for last year, and the expor 
of watches from 169,410,000 francs in 1913 to 111,044,9 
francs for last year. 
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LATHE ATTACHMENTS FOR SHELL 
WORK. 


In our issue of the 9th inst., on page 38, we illus- 
trated and described an attachment for enabling the 
waves and band-seats on shells to be cut in an engine 
lathe of standard type. The attachment referred to 
was one omttanel wy the Niles-Bement-Pond Com- 
pany, of New York, and 25, Victoria-street, West- 
minster, S W., for use on one of their 30-in. swing 
double back-geared lathes, and we now illustrate on 
page 86 some other devices designed by the same firm 
to enable ordinary lathes to utilised for shell- 
work. 

Fig. 1, on page 86, shows a 36-in. swing triple-geared 
outie lathe, equipped with a boring-bar mounted on 
the carriage, and arranged for either straight or taper 
boring of shells. The boring-bar is carried in a bear- 
ing with a swivelling base mounted in the carriage. 
Two supports are provided for the bar, one on each 
side of the carriage. These supports comprise each & 
bearing for the bar, mounted on a slide which has 
cross adjustment on a substantial base. For taper 
boring the support near the shell is shifted to one side of 
its central position, and the other end support shifted 
to the other side of its central position. The support 
bearings have means of swivelling a sufficient amount. 
The central bearing of the bar is arranged to slide in 
and out on the carriage as the bar is fed. 

The bar can be adjusted bodily across the lathe, so 
that the cutter can be traversed inside the shell and 
fed into the work, and at the same time always remain 
at a given set taper. This is accomplished by having 
the slides of the two end supports connected by screws 
and gearing, so that they move simultaneously when 
adjusted by the ratchet-wrench shown on the support 
nearest the headstock. 

Figs. 2 and 3, page 86, show a 26-in. swing double 
back-geared engine lathe, equipped with a boring tail- 
stock for boring high-explosive shells either made from 
the solid or of the hollow-forged type. With the 
exception of the tailstock, the lathe is the maker's 
pre, ter type of the latest design, with improved 
features. The boring tailstock and support can be 
readily removed, and a standard tailstock applied for 
regular lathe-work. 

‘he interior contour of the shell is obtained by the 
use of bottoming and forming tools built to suit the 

uirements of each case. 

he tailstock is fitted with a square, forged-steel 
boring-ram. The ram has power-feed by means of a 
shaft coupled to the driving , and running along 
the rear of the bed. The shaft drives through a worm 
and worm-wheel to the pinion and rack on the ram, 
which gives @ smooth positive motion. Large pilot- 
wheels are provided for hand-traverse of the ram and 
for starting and stopping the feed. The lathe is 
equipped with quick-change gear-feed mechanism. 

To prevent vibration of tools the boring-ram is 
provided with a support, which can be adjusted along 
the bed to a position near the work. The lathe is 
also equipped with a standard tool-carriage for turn- 
ing operations. There is also furnished a steady-rest 
for supporting either a pot-chuck or the shell iteelf, 
as the case may be. 





Mininc Macuinery.—Our a of mining machi- 
nery have reflected the general influences co’ uent upon 
the war ; but they have been maintained ra better 
than perhaps might have been anticipated. The value of 

exports in Jane was 51,221/., as com wi 
71,1412. in June, 1914, and 99,725/. in June, 1913. In the 
six months ended June 30, this year, our mining machi- 
nery exporte were valued at 284,376/., as com with 
464, 9541. in the first half of 1914 and 538,470. in the first 
half of 1913. In these latter totals shipments to South 
Africa figured for 114,845/., 153,424/., and 244,261/. re- 
spectively ; those to British India, for 29,202/., 44,260/., 
and 47,7001. respectively; and those to Australia and 
poner Zealand, for 20,724/., 34,909/., and 35,876. respec- 
tively. 





New AvustTRauiaAn Stezt Worxs.—New steel works at 
Newcastle, New South Wales, erected by the Broken 
Hill Proprietary Company, Limited, were officiall 
many recently by the Governor-General (Sir Ro: 

unro Ferguson), who, in d: ing the works open, said 


that this was an enterprise in which all Australia was 
interested. Raw material was drawn from many parts of 
the country, and its products would make all the railways 


of Australia independent of sxtraneous foreign supplies. 
In proposing the health of she Governor-General the 
chairman of the company, Mr. McBryde, M.L.C. (of 
Victoria), said that the capacity of the works was 
150,000 tons of the manufactured article annum. It 
had taken close on 1,500,000. to complete the works 


and develop the sources of iron and limestone supplies 
uired. Governments and the public practically 
had it in their own hands to decide whether or not 


extensions of the operations should be made after the 
works had been in existence for a time, and the quality of 
the iron and steel produced had been satisfactorily demon- 
strated. They firmly believed that a number of indus- 
tries not yet in Australia, unless to a minor extent, 
which required manufactured steel as their raw material 
would spring up around the steel works, 


th | obtaining the desi 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, Pa., July 7. 

OutrutT of steel mills is approaching 90 per cent. of 
capacity in many lines, but not in rails and shrapnels, 
with steady upward growth. The export demand is 
less apparent on the surface. Orders will be booked 
for 75,000 tons of bars for shrapnel; at the outset 
very high e steel was demanded, but of late 
lower qualities, some not much above iron, is readily 
accepted because of the rush. Several structural 
orders were placed, among them the long-talked-of 
order of 24,000 tons for the St. Louis bridge, 6000 tons 
for Kansas City bridge, 6500 tons for New York sub- 
way, 12,000 tons for Chicago freight-station, and 6000 
tons for Baldwin Locomotive Works building. An 
addition to the McKeesport (Pitteburg) tin-plate 
mill will make it the largest in the world. Tin-plate 
exports have reached very large proportions and 
capacity is at maximum, with several unplaced orders 
under consideration. Domestic demand for iron and 
steel products in nearly all lines shows improvement. 

ers were placed for about 5000 cars by the 
roads, which will result in the placing of 55, tons 
of steel to make them. New shipyard work will take 
some 40,000 tons of material. Implement-makers 
here have been rushing on orders, and nearly all have 
now covered to the ool of the year. All this points 
to an advance in a few days of 1 dol. a ton. Pig-iron 
is slowly improving, and more furnaces will soon be 
in blast. The country is feeling its way, taking the 
fewest possible chances on excessive manufacturing 
capacity for normal times. Large orders for spikes 
were placed this week. The lesser industries using 
mill products, such as engineering plants and foun- 
dries, are gradually increasing their purchases of 
material. In the agricultural areas reports are 
made concerning all crops, and those regions are 
absorbing larger quantities of general merchandise. 
The full capacity of many munition plants will soon be 
reached, and the only ap nt solution for increased 


demand will be enlarged foundry and factory capacity. 





ATTENDANCE OF GERMAN Hicu ScHooits.—The small 
University of Marburg has this summer 2073 students on 
ite rolls, against 2522 in the summer of 1914. At the 
Technical High School of Breslau the number of students 
—— to —s —- 298 in the —< ¥ of 1914; of 
this year’s students, are engineers, mining engi- 
neers ; electro-technical and chemical courses have been 
selected by 38 students in both cases. Breslau has also a 
university, which is much more important than the 
technical school. The figures given for both Marburg 
and Breslau comprise the students serving their military 
time while attending the university, which has always 
been possible; of these soldier students, Marburg has 
1424, and Breslau 224. 





Tue FRENCH AND THE GERMAN CHEMICAL INDUSTRY. 
—The textije industry in France, as in several other 
countries, has suffered materially through the stop of 
the importason of German dye-stuffs caused by the war, 
and a numberpf leading French industrial concerns have 


applied to the Government for a removal of the obstacles 
which German patents in the way of establishing a 
French industry in this branch. The Dépéche de Rouen 


candidly admits that the French chemical industry is 
sixty years ind the German, and even if the patent 
difficulties were overcome, much still remains to enable 
the French industry in this field to attain to the level of 
and supersede the German. In any case it is advisable 
to look matters — in the face as a first step towards 
result. 





Tue Pyrene Free-Extineuisner.—In our issue of 
June 11 we gave an account of a trial of the Pyrene 
fire-extinguisher, compiled mainly from a re of the 
British Fire-Prevention Committee, which submitted 
it to a series of tests. This account stated that while the 

extinguisher was efficient as petrol and 
uloid fires of moderate dimensions, it was not applic- 
able to i The makers, the Pyrene Com- 


write us that the tests chosen by the Committee, which 
Bl 6 Oo Nets gee 8 ee the cen- 
ditions under which they were carried out, are entirely 
different from those likely to be met with in general 
tice, with the result that other efficient machines 
ides their own, which have proved themselves to be of 
the utmost value in extinguishing fires under practical 
conditions, would be ju both unreliable and in- 
efficient if the results of the tests to which they have been 
submitted were to be regarded as final. In proof of their 
contention that their a tus fulfils the needs of users, 
they refer to the fact that many submarines in the British 
Navy are equi with them, and that the Admiralty 
and the War ce have purchased over 38,000 machines. 
The Board of Trade have decided to permit Pyrene 
fire-exti to be carried on board motor passenger 
vessels so | as the surveyors’ reports continue satis- 
factory. The don County Council also supply Pyrene 
fire-extinguishers to their lodging-houses. Pyrene 
Company send us a testimonial from a householder who 

ut out » fire _ had a the aide ee 

ts of water, and was rapidly attaini i 

portions. It is clear that the copesuies bas gained the 
con: of many users who have formed their opinion 





from actual experience, 





pany, Limited, of 19-21, Great Queen-street, W.C., | Go 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firm in tene, although, owing to the 
near approach of the holidays, very little business was 
transacted. Cash iron was steady at 67s. per ton, and 
included in the turnover of 2500 tons was one lot which 
changed hands at 67s. 24d., twenty-two days. At the 
close sellers were quoted 67s. 1d. cash and 67s. 6d. one 
month. In the afternoon conditions were much as in the 
morning, and after being done at 67s. per ton cash and 
67s. 5d. one month, the market closed with prices 1d. per 
ton up from the morning’s quotations. losing sellers, 
therefore, stood at 67s. 2d. per ton cash and 67s. 6d. one 
month. The dealings only amounted to 1500 tons. After 
this business the market closed until yesterday (Tues- 
day) morning, when on the reopening a decided weakness 


prevailed, and Cleveland warrants were offered down 
to 66s. 74d. per ton cash, and at the close prices were 
uoted 6d. per ton down from Thursday’s level. Only 


tons were dealt in, and closing sellers were reported 
66s. 84d. per ton cash, 66s. 84d. and 66s. 74d. three days, 
and 67s. 1d. one month. Little change took place at 
the afternoon session, and 1000 tons of Cleveland warrants 
were dealt in at 66s. 7d. per ton cash. Prices then 
stiffened up a little, and closing sellers rose 14d. per ton 
to 66s. 10d. cash and 67s. 24d. one month. This (Wednes- 
day) morning, although there were very few transactions 
in Cleveland warrants, the tone was firm, and there was 
@ slight advance in prices. There were no cash trans- 
actions, but some 1500 tons were dealt in at 67s. 1d. and 
67s. per ton five days, and 67s. 44d. one month. Closing 
sellers were quoted 66s. 114d. cash and 67s. 44d. one 
month. At the afternoon session the market was quite 
idle, and a rise of 34d. per ton was recorded on sellers’ 
prices, these at the close being 67s. 3d. cash and 67s. 8d. 
one month. 

Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues good, and the price remains firm. 
For prompt delivery Glasgow 14/. 15s. is quoted, and for 
prompt delivery Leith 152. per ton is the figure at the 
moment. 


Scotch Steel Trade.—In prio no branch of industry 
in the West of Scotland are the effects of the Fair 
Holidays more apparent than in the iron and steel works, 
which are totally at a standstill in ordinary seasons for 
a period of from ten to fourteen days. though work 
was to be resumed at breakfast-time this morning, opera- 
tions will not be in full swing until Monday next. Of 
course, in establishments completely given over to 
Government work, a complete cessation of labour was 
absolutely im ible, but in most cases advantage has 
been taken of the holiday to do all necessary repairs, 
rendered more extensive this year, probably, than ever 
before. The conditions of extreme re under which 
all orders have been executed during the past nine or 
ten months have accounted for some very considerable 
wear and tear, and advantage has been taken to 
overtake as much of this as possible. Within the 
past few weeks, larger deliveries have been asked for, and 
every effort was made to get as many of these as possible 
put out before work was stopped last week. War Office 
and Admiralty orders are still much in excess of ordinary 
mercantile work, and all the mills running will be taxed 
to the utmost so long as the war continues. Export 
orders are still in abeyance, the scarcity of transport and 
high rates of freight being in most part accountable for 
this. Prices keep firm, there being no change since the 
markets closed last week. Owing to the number of mills 
which are required for the — of steel bars for shrapnel, 
very few are at present available for the rolling of rails. 
The current rates for steel plates are much the same as 
last week :—For Glasgow or equal delivery the quotation 
for boiler-plates is 10/, 10s. per ton, and for ship-plates 
and angles 10/.—all less the 24 per cent. discount now 


Malleable-Iron Trade.—So t is the demand for 
malleable iron at the moment that makers are with diffi- 
culty coping with the orders to hand. Indeed, it is stated 
with some degree of accuracy that under existing circum- 
stances it is almost impossible for them to get all the 
work in hand out to time. With the resumption of the 
works to-day or to-morrow, and everything running as 
smoothly as can be afterthe mechanics and workmen have 
execu the necessary repairs, it is expected that ere 
long @ more satisfactory state of matters will be possible. 
vernment continues to be a large purchaser, and 
the export trade looks rather better than it did. 
“*Crown” bars remain steady in priee, at from 10/. 10s. to 
11/. for Glasgow or equal delivery, less the usual 5 per 
cent. discount. 


_ ae = — Toe Newt gee pe a 
8 there 1s always a lull in the w metal markets 
trade quelle, and as the pig-iron trade has been 
exceptionally busy lately, the cessation of work for a 
few days was pre with some considerable activity. 
The boom in the Scotch pig-iron trade shows every sign 
of continuing, and makers are booking many new orders, 
notwiths ing the fact that purc are limiting 
their orders to their most pressing requirements. There 
is no practical change in the prices ruling last week, these 
remaining steady at thesame rates. Makers’ (No. 1) iron 
is still quoted as follows :—Clyde, Calder, Gartsherrie, 
Summeriee and Langloan, 85s. (all shipped at Glas- 
gow); Eglinton, 80s., and Glengarnock, 86s. (both at 
Ardrossan) ; Dalmellington, 81s. (at Ayr); Shotts, 85s., 
and Carron, 86s. (both at Leith). 

Kilmarnock and Munitions.—Through the medium of 
a conference held in Kilmarnock at the latter part of last 





week, an arrangement has been come to by which each 
engineering establishment in the town has nD 
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the production of such of the requisite parts required for 
—— of war as its machinery and equipment are best 
suited for. Both employers and employees have pledged 
themselves to do all in their power to push this scheme 
through su Y and, asa ning, have guaranteed 
the production of 1000 high-ex ive shells weekly. It 


is hoped that the men will soon oa able to increase this | real 


number. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—There is widespread com- 
ment in the South Yorkshire district on the discussion 
on the Price of Coal (Lamitation) Bill. Merchants con- 
tend that it is impossible to fix a price for the ——_ 
sale of coal when almost every town in the kin 
on different railway rates; and that what they 
pay in railway rates in fairness to Gon. 
> be added to the retail —! price. There has 
been a considerable falling off the demand for 
house coal, and supplies are bei received with 
greater freedom. The explanation of this is that Panda 
is practically no y trade. Most of the country 
consumers are too busily en with the harvest to 
bother with coal yO we and have neither the men nor 
the horses available to deal with them. For the moment 
the towns have Sa supplies than they require, but as 
the shrinkage in the demand is only temporary, prices 
- Po Renee Be Considerable pe wad is an 
y South Yorkshire exporters in obtaining the necessary 
certificates for shipment, and the hard coal collieries, as 
a result, have some difficulty in keeping stocks down. 
Prices reflect the easier conditions, having been a 
general decline on the week of about 6d.aton. Slacks 
are a good market and realise top prices. Quotations:— 
Best branch hand-picked, a to 21s.; Barnsley best 
Silkstone, 17s. 6d. to 18s, Dy ten oy ey _brighte, 
17s. 6d. to 188. 6d.; Derbychize house, 15s. to ; best 
Jarge nuts, 14s. 6d. to 15s. 6d.: small nuts, Tan to 15s. ; 
Yorkshire hards, 16s. to 17s.; Derbyshire bards, 16s. to 
17s.; best slacks, 11s. to 123. ; seconds, 9s. 6d. to 10s. ; 
smalls 86. to 9s. 


Iron and Steel.—Irregular conditions prevail in the 
raw - material market. Lincolnshire makers declare 
current values to be unremunerative and are not quoting. 
They are able to dispose of the bulk of their output on 
contract account, and are paying more attention to the 
production of basic iron, for which there is a ready 





market at improved rates. The position with regard to} the mar! 


steel-making irons is rather unsettled. Consumption 
was never on @ larger scale, and makers are busily en- 
gaged in supplying the engineering trades ; but business 
is not of a really substantial character. ‘Consumers do 
not readily take to current contract quotations, and as 
the outlook is uncertain, makers are not pressin 

matters. As a consequence, buying is mostly from han 

to mouth at rates which are liable to vary from day to 
day. West Coast Bedsemer mixed numbers have de- 
clined 1s, 6d. The market prices are :—West Coast hema- 
tites, 118s. 6d.; East Coast hematites, 106s. 3d. ; Derby- 
shire No. 3 foundry, 72s. to 738.; and Derbyshire forge, 
69s. to 7%. Despite the sh of labour, bar-iron 
makers are making satisfactory way with orders, 
and are inclined to take an optimistic view of the future. 


The scarcity of steel-making materials is for 
an abnormal demand for scrap, particularly for best 
quality steel and ot scrap. which were 


a little lower, are and mostly favour sellers. 
a orders Ney wa @ hon been lee — can 
accep’ wa elerenee e engineering es with war 
work. Many firms have booked valuable contracts on 
export account in the hope = they will be able to call 
on other concerns for partly finished material. One of 
the chief problems that confronts the engineering masters 
is how to provide adequate ho accommodation for 
the big army of armament and munition ae that have 
been enrolled since the war began. Overcro already 
obtains to a serious extent. Thesslutionebich fie 8 favour 
in the trade as affording the mo! means of remedyi 
the shortage is the erection o pecial village, suc 
has been er sg for cupeutien workers in commention 
re 8 — mae By —_ hn gi = and 
8 and especially for high-speed o special 
quality steels, there is a demand which far surpasses 
the output of the district. In addition to the big quan- 
tities which are regularly despatched to the Continental 
Allies, overseas buyers, especially in Africa, India, and 
Australia, are coming forward with larger requirements. 
The revival which been noted in export business is 
having a welcome effect on the file trade» which for some 
months has been patchy. Prices of local steel billets sre 
no easier. American material is ae freely used to 
keep down costs in commercial outpu 





NOTES FROM CLEVELAND AND THE 
———— COUNTIES. 
IDDLESBROUGH, Wednesda: 
The Cleveland Iron Trade.—The -iron markes 3 is 
aw and firm, with a fair amount of iness passing. 
—_ ~~ of ery kinds falls — -—- of — 
and, as a uence, ready heal 
statistical situation is improving. Produces are an 
disposed to sell at ruling rates, which, —_ declare, | smalls, 
© not cover cost of y f them are 
holding off, in the hope and belief tof hi higher prices 
juling in the near future. The number 4 blast-furnaces 
in tion on the North-East Coast stands at 66, 
of which h 30 are producing Cleveland sig ig, 25 are maki 
hematit, and 11 are } manatastenion 
ther special irons. Merchants have this sold a 
quod deal of No. 3 g.m.b. Cleveland pig at 67s. 6d., and 








that 1s ed as the general market quotation, though 
makers do not name below 68s. There is still 
scarcity of No. 1 Cleveland, and it is commanding com- 
paratively very high rates. Whereas the usual quotation 
1s half-a-crown above No. 3, no difficulty is 
in obtaining 73s. for No. 1, and been 
ised. No. 4 foundry is in fairly “demand at 
67s., and the supply is not over plenti No. 4 forge 
is selling at 66s. . Mo sank white heen toe 
po quoted 66s. 3d. Good inquiries are in the market 
for East-Coast _—— , and an upward movement 
can reported. ve been considerable sales to 
France and Italy, and jon oh welcome news of the Govern- 
ment’s intimation that licenses are no longer peenen | 
for shipment to the latter country has already ex 
negotiations with Italy. ee for export to France 
m | have never been necessary, and a sale of mixed numbers 
to that country is reported at 101s. 6d. f.o.b. Middles- 
brough. Such a transaction is cheering, in the face of 
persistent, but a — unfounded, rumours of a sub- 
— sale to ffield at a very ‘cheap rate. The 
ing tm however, is a little above the general 
ae rates, which may now be put at 100s. 


The Foreign Ore Trade.—Sellers of foreign ore state 
that they would not book orders at current rates for 
delivery to the end of the year, as they apprehend high 
on ay wees in — autumn. Most ——— are not 

baying, ng large stocks which are being 
ey y waded wb to by thes pono wt heavy imports. Thus 

for the time being they are independent of the market. 
uotations are on 25s. 6d. to 26s. ex-ship Tees for 
none | of 50 _ cent. quality. Frights Bilbao-Middles- 
brough are 10s. 9d. tolls. Im; of foreign ore to the 
Tees to date this month are officially given at 105,644 tons. 


The More Extensive Use of Cleveland Ironstone.—Mr. 
H. Dack, President of the Cleveland Ironstone Miners’ 
Association, has raised an important matter regarding 
imports of foreign ore and the question of slack time in 
the Cleveland mining area compared with the rush of 
work at the beginning of the war. He contends that 
Cleveland ironstone @ should 2 more extensively used in 
the manufacture of steel in the place of imported ore. 
This would afford more employment to miners in Cleve- 
land. The Right Hon. Herbert Samuel, M.P., has taken 
the matter up, and has promised to bring it before the 
proper authority. 


Blast-Furnace Coke .—It is somewhat difficult | of 
definitely to fix coke quotations. Local consumers are in 
eb to buy, but they differ rather widely with 
quitens im thelr ‘dase on to value. There are of 
Durham blast-furnace coke of average quality at 29s., 
delivered at Tees-side works, but some users consider 
} aden er or oa calles and, as a reason why the 
Sgve should be further iced, point to the lessening 

est Coast requirements, owing ‘bo that district supply- 
ing itself more. 


Stocks and Shipments of Pig-Iron.—Stocks of Cleve- 
land pig-iron are being steadily reduced. Rather sub- 
stantial withdrawals of iron from makers’ yards are 
understood to have been made, — § the quantity in 
the public warrant stores is this month ung oes reduced at 
the rate of 450 tons per working day. The stock held in 
the public warrant stores here now stands at 144,087 tons, 


or 8194 tons less than at the i of the month. 
Shipments of pig-iron from Middles' continue 
ally tee der tee camel will be con 

—— than any month since t outteuts. 4 of 


‘o rm of this month the clearances average 1688 
coms per working day, the total despatches amounting 
to 31,081 tons. To the same date last month the ship- 
ments were returned at 15,300 tons, or a —_, average 
of 894 tons; and for the ing part of July last 
year the loadings reached 43,052 tons, or an average of 
2396 tons per working day. 

Manufactured Iron and Steel.—The various branches 
of the finished-iron and steel industries are working at 
full _ re on Government contracts, to the exclusion 
ee inary commercial orders. Business is thus held up. 

Prices all round are very firm. Principal market quota- 


tions stand :—Common iron bars, 11/.; best bars, 11/. 7h. 64.; 
best best bars, 11/. 15s. ; .$ irom ship- 
plates, 10/.; iron shi angl 11l.; iron ship-rivets, 
132. 10s, ; steel bars (basic), 102 Ibs. (Siemens), 


steel boller- plates, 117. ; steel joists, 

strip, 10/. 5s.; steel nen 10/7. 10s.—all less the customary 
per cent. discount. eavy steel rails 9/.; steel railway 

“ - *. to a pray -_ and iron a 
vi corruga ects, a; in 

227. 10s.—less the usual 4 per cent. tings 





NOTES FROM — SOUTH-WEST. 
Cardif.—In uence of the serious development 
of labour difficulties and the idleness to which many of 
the collieries have been reduced in consequence, little or 
no effort has made in the steam-coal trade to enter 
dn depussl of a Aaushathy, Bio pasion womens 
e miralty, it is 

for buyers and sellers to discuss prices. The best Admi- 
ralty large steam-coal has been, to a large extent, nominal ; 
seconds qualities have made 26s. to 27s.; best bunker 
"a to =! 6d. ; and cargo 15s. 6d. to 

16s. ei. ton. The best household coal realised 
29s. to ; good households have made 26s. to 27s.; 
No. 2 Rhondda large has brought 19s. to ; and No. 2 
smalls have realised 16s. to 16s. 6d. 
ary se anno is 336. to 
oundry coke been at 
foundry coke, at 35s. to 





to 256. per ton, upon a basis of 50 per cent. of iron, and 


great charges i — freight, insurance, &c., to Cardiff or 


aides at Dowlais.—Negotiations for advances in the 
wages of men employed by Messrs. Guest, Keen and 
Nettlefolds, Limited, at Dowlais Steel Works, have 
resulted in important concessions dating from the Ist 
inst. Certain workers at the rail bank receive advances 
of 25 per cent., and the minimum rate of pa bs poke 
hundreds of dot labourers is raised from 3s. to 3s. per day, 

while plasterers, masons, plumbers, and 
builders” labo i. & o aes eee ld. per 


Newport.—New engine and other shops have been com- 
leted at Maesglas, near Newport, by the Great Western 
way | ny Upon a site of about 20 acres — 


company a a lifting-sh 
Soichiny-boe house, coal sl sor, oon The new 

are part of extensions at Ne’ involving an outlay of 

about 1,000,000. The eee t is now in of a 


progress 
viadust spanning the Usk to the cast of Newport Station. 


Welsh Trade Mattrs.—The directors of the Griffiths 
Lewis Steam Navigation Company, a. have de- 
clared a ps ag interim dividend of 3/. upon each 50. 
share, Vale Btos , ing share since March, 1915. The 
Ebbw Vale teel, pa a9 ce anes, 
Proposes to increase its to y the 
creation of 400,000 wditional ordinary shares of 1l. each, 
ranking for dividend and in all other respects pari passu 
with the existing ordinary shares. Of the new ir chenea, 
300,000 ure to be offered in the first instance to existing 
shareholders, but this provision is not to apply to the 
remaining 200,000, which are to be retained unissued by 
~ — for the precent. At a meetin - ty 
colliery es agents an exporters at iff a 

brought forward some time since by Mr. T. 


m, that the riod of credit allowed to coal buyers 
should rte redu from thirty days to fourteen days, 
was adopted ae a ch YP - yo & after some discus- 
A loucester Railway Car- 


Wagon Company, Timaeed. recommend a 
Sided: for past year at the rate of 10 per 
cent. —_ annum, carrying forward 48,143/. The direo- 
ve conciaded an arrangement under which 
124,996 fully-paid shares in the Port Talbot Steel Com- 
Limite aoe to be exchanged for an equal number 
Pf fally- paid shares in ——> Limited. The build- 
ings, land, machinery 


May as S006 the age A stood 
in the books at ‘the olt close ~ Ma oy 10, uced by 
pe mde for depreciation to ~~ = close of 
May wagons let on simple hire reall in the books at 
208,1471.; and rolling-stock let on the deferred purchase 
system, at 252,931/. 

Important Invitations.—The Royal Agricultural Society 
of England is to be invited to hold its annual summer 
exhibition in 1917 at Cardiff. The British Association 
for the Advancement of Science will be invited to meet 
at Cardiff in 1918. The invitation is to be os by 
a , coration which will attend the Ni meeting 

of the Association in 1916. 





AvsTRaLIAN Trapg.—The oversea imports 
April were valued at 2,041,257/., and Poo ng Sma. 
417,256l., or 17 per cent., as compared with the corre- 

ing month of last year. The principal articles to 

w increases were boots and shoes, and twines, 

— implements, kerosene, tea, tobacco, &c. 
i; cca exports for A amounted to 2,244,231/., 

an increase of 257,135/., or 12.9 per cent., as com- 

with the corresponding month of last year. 


GERMAN — a the course of a lectu 
recently delivered ye 
French Society of Civil he 
the opening of hostilities French public have been 
astounded at the terrifying application made by the 





enemy of engineering to mili tions, and at the 
mi hold whic Lee te ~~ and commerce 
acquired on the French market. In to the 
latter -_ it was public know’ said lecturer, 
that concession for municipal bill-sticking in na 
was owned by the tatives of a 


Prussian com 
given to the matter at the Is last 


}}moment, the placarding of the announcement of the 


French mobilisation on the walls of the French metro- 
polis would have been ensured by a German company. 


AGcRicuLTuRAL Macuinery.—The war has had the 
pan PB. Rig Any Bagh oY 


ioul- 

valued at 34,6071. i in 

June, as compared with 75,3700 in June, 1914, and 

205,4461. in June, 1913. a Se es aunt ended 
June 30, this year, the exports 

167,921/., as com with 828,411/. — fires half of 

1914, and 865, in the first fires bail Mol 1913. —— 





Ameste Sees Se ae machinery to the 
value of 1 ey ge at yp dp ee 
with 28, and 72,459/. The colon’ 

a falling off all al Go Hine, Che wetnn of Ge Digmese 
24,8821, the Africa ceauia sus ts" as compared wi 


Tndin declining bo 19,148, ag, oo ody Bean 
ia to as com wi 
The deliveries to Austral New Zealand were also 
only valued sh 16.170L, as compared with 25,9921. The 
contraction, however, in the demand occurred in 
ropean countries, which have felt the shock of 
great war more than any part of the world, 
Which in peaceful times were among. our best customers. 
The exports to these countries i 
ear were valued at only 71,356/., 
8261. and 633,652/. respectively. 
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Telephones,” by Mr. Charlies R. Darling, A.R.O.Sc.1., 
F.L.0. With experimental illustrations. Admission free by 
ticket, to be obtained on application to the Secretary at the 
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ONE LAW FOR THE WORKER, 
ANOTHER FOR THE EMPLOYER. 


Time and again members of the Government 
have announced publicly that the employers have 
placed themselves completely under the control of 
those responsible for the provision of material for 
the Navy and the Army. e Prime Minister read 
in the House of Commons on Wedneeday a tele- 
m from the Minister of Munitions and the 
resident of the Board of Trade announcing the 
settlement of the South Wales coal strike, and 
stating that ‘‘a solution of the deadlock was ren- 
dered possible on the lines of agreement, rather 
than coercion, by the public-spirited action of the 
coal-owners, who have placed themselves un- 
reservedly in the Government’s hands for the 
P of securing a peaceful and reasonable 
settlement immediately.” All legislation, as well 
as departmental regulation, has been based on this 
concessionary spirit, and the individual rights of 
the employer—in which term must be included 
the capitalist—have to conform to this patriotic 
and unselfish attitude. Never have the employers 
complained in any. way about the compulsion 
which has been exercised in every respect, not 
only in the choice of work or extent of ene 
demanded from the staff, but also as to the 
extent of profit resulting from such work. In 
sharp contrast, there seems to be on the part of 
organised labour a determination that they shall 
have a free hand either to work, to ‘‘ ca canny,” 
or to play, if not to ‘‘ waste their substance in 
riotous living,” to enforce conditions of employ- 
ment. involving compliance with trade-union - 
lations, or to exact such terms of remuneration 
as they choose. The Munitions Act was conceived 
in conference with trade-unionists, and without 
adequate (if any) consultation with the employers, 
in order to place on the Statute Book the intention 
of the Government to bring the trade-unionist into 
line, with more or less compulsion, side by side 
with the patriotic attitude of employers. The 
South Wales trouble has established the fact that 
already the Munitions Act may not be of much 
greater value than the fragments of a scrap of paper, 


—= | torn up in defiance of all principle, all patriotism, 


and all honesty of purpose. It therefore becomes 
interesting to analyse the action following upon pro- 
testations alike by worker and by employer, and 
to investigate whether there is not—to vary an old 
phrase, much beloved by the people—one law for 
the worker and another for the employer. Such 
consideration is the more necessary in order that 
public opinion may be informed as to the attitude 
of the workers and to correct erroneons ideas as to 
excessive profits by war munition firms. 

Let us first consider the much-lauded principle 
of voluntaryism. We could conceive Mr. Lloyd 
George, or some other member of the Government, 
cogitating as to some difficulty in connection with 
the provision of war munitions. On one side would 
be the claims of the worker, on the ether those 
of the employer. The good will of both is essential 
to the maintenance of the Navy and Army, to the 
fulfilment of the stern duty which fate has imposed 
upon us—the achievement of a lasting and deci- 


95 | sive victory as a preliminary to peace with all ite 


blessings. The workers are more numerous, We 
need not inquire whether they are more impressed 
with the duty of the citizen to the State. Expe- 
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diency suggests that the line of least resistance 


should be taken by arbiters: the multiplicity of 
ream on the workers’ side wins the day. 
The men must be pleaded with, must be soothed, 
must be dealt with as fretful children. The “face” 
of the leaders must be saved ; compromise must 
follow compromise until they become masters of 
the situation. On the other hand, the employer 
must be coerced to agree to those conditions. 
He is educated. He i the immensity 
of the injury to British prestige if there should 
be exposed to the jeers of the enemy any cleavage 
in public opinion which might suggest a lack 
of intensity in fulfilling our purpose. He knows 
that the future of the Empire depends upon 
unity of effort to accomplish the tremendous task 
imposed upon this generation. The employer 
thus willingly accepts compulsion, not only as 
regards terms of employment, but as regards the 
increased remuneration for the workers and a 
profit far below that justified either by the turn- 
over or by the risks involved in the utilisation in 
the future of capital now invested to achieve the 
immediate end in view. Were any employer to- 
day to attempt a lock-out of his men—analogous to 
the strike of South Wales miners—the Munitions 
Act would very promptly be put in force, and a 
severe penalty immediately imposed and exacted 
to the utmost farthing. The effect would be 
interesting if anyone attempted such a procedure ; 
but this is inconceivable. Certainly no employer 
would demand that before negotiation regardin 

the terms in dispute a Royal Proclamation shoul 

be torn up. 

It may be urged that the public have been 
assured that the enforcement of trade-union con- 
ditions has been ve eae from. We should like 
to know, however, from those responsible whether 
all trade unionists acted in a completely dis- 
interested way when their services were utilised 
for the enlistment of the army of mechanics willing 
to serve anywhere in any capacity. This enlist- 
ment has not been the success anticipated by those 
who originated it. We need not repeat here that 
Mr. Lloyd George accepted it as the only alterna- 
tive to the calescemnats of compulsory service 
by munition workers. Although the time for 
enlistment was greatly extended, the number 
who gave in their names fell short of 100,000, 
and many of these, it is known, were already 
employed indirectly in connection with war 
munitions. Is it the case that applicants for 
enlistment were rejected because'they were not 
trade unionists? Is it the case that at conferences 
trade-union leaders refused to accept the principle 
that the services of such voluntary enlisters should 
be utilised in recognised factories although they 
were not trade unionists? These are questions of 
the utmost importance in connection with the 
present state of affairs, and an answer would be 
interesting. The men wanted were mechanics 
thoroughly skilled in the setting of machine-tools, 
in order that they might supervise, and render 
efficient, less skilled and female workers, employed 
in watching the operation of lathes in which the 
highly trained men had set the work. There are 
many such skilled workers in small factories 
throughout the country. Such factories, often 
located in small villages, have, fortunately, not come 
under the domination of trade-unionism. Many of 
the workers are their own masters, and, conse- 

uently, have no desire to become trade unionists. 
They are now willing to relinquish their profitable 
peace employment in order to place their skill 
at the service of the State. Has their patriotism 
been met by an obstacle set up by trade-unionism / 
Is such class domination to be permitted with the 
certainty of reducing the ible output of shells, 
while the employers are bound hand and foot in 
order that their factories shall be utilised for 
Government work without a profit equal to that 
which could easily be earned with corresponding 
effort in the production of peace material now 
greatly in demand ? 

A fundamental principle in economics is that one 
should buy in the cheapest market and sell in the 
dearest. But all axioms in political economy must 
go by the board in the presence of national danger. 
Notwithstanding this, every worker in the 
‘country to-day is practically dominated by this 
political principle. We hear much of increased 
cost of living due to war conditions. No one can 
deny that the cost of living has gone up. This is 
due in some measure to the increased cost of pro- 
duction, co uent, first, on the supply of labour 





falling short of the demand for it, and to the aim 
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of the worker to obtain higher remuneration for 
the same physical effort. Cause and effect act and 
react, and thus the cost of living is unduly inflated. 
But apart altogether from the influence of national 
exigency, the continuity of —— and the 
need for overtime puts within reach of the worker 
an addition to income per week enormously greater 
than the amount of the increase in the cost of 
living. In contrast to this there is the case of those 
whose income is not thus affected by the demand 
for labour in connection with the maintenance ef 
the Navy and the Army—the salaried class, clerks 
and others engaged on civil work, seamstresses in 
the East End, whose income has not been in- 
creased, and whose continuity of employment is 
even jeopardised. Coming to bed-rock, the cost of 
living has been utilised as a stalking-horse for the 
agitator who seeks to exploit the national situation 
for the personal gain of workers. The war bonus 
granted is in nearly all cases enormously greater 
than the promised increase of one-fifth on ave 

rofits earned by the manufacturers in 1912-14. 
& most factories the war bonus takes the ferm of 
an increase in wage per unit of work done, or per 
unit of time spent in the works, so that the in- 
crease in wage is proportionate to the turnover. 
In the case of employers, however, two years are 
taken arbitrarily as a basis of calculation, and the 
Munitions Act lays down the principle that, apart 
altogether from the utilisation of machinery, repre- 
senting capital, continuously from midnight on Sun- 
day to midnight on the following Sa y, capital 
can only obtain a profit one-fifth ter than in 
a period when the machinery was only used, and the 
staft employed, for eight hours instead of twenty- 
four hours day. Here there is another case 
where there is one law for the worker and another 
for the employer. If it be right to increase the 
remuneration of labour according to the time 
worked or the work done, surely the same prin- 
ciple ought to have applied to the remuneration 
of the employer. And yet employers have not 
publicly complained. 

The South Wales strike and the insistence of the 
men’s demands, notwithstanding the Munitions 
Act, the Royal Proclamation, and the recognition 
of the fact that a settlement could only be come to 
by the Government conceding terms to the men 
withheld a week ago, show that there is still a 
lack of compromise on the part.of the workers. The 
Munitions Act, as far as these workers are concerned, 
has failed. It is worth reflecting on what might 
happen if the a cultivated the same spirit, 
and refused to comply with the terms of the Muni- 
tions Act, and other compulsory conditions im- 
posed by regulation and otherwise by the Govern- 
ment. Let us suppose that the machine-tool 
makers decided that the Government should not 
control their factory to the extent that no orders 
and no deliveries should be arranged without the 
sanction of the Government. It needs no stretch 
of imagination to realise that in the present state of 
affairs the British tool-makers could obtain much 
more favourable terms by exporting their machine- 
tools, even to Allies. They could not only thereby 
greatly increase their profit, but at the same time 
raise the rate of wage to all the workers and secure 
harmony. But this would inevitably involve an 
enormous risk to the national interests. Again, 
several merchant shipbuilding yards have n 
closed, their men being withdrawn for service in 
munition works. It is true that such firms may 
be compensated, and may get an increase over the 
average profit of 1912-14 of one-fifth, but the demand 
for merchant shipping at the present moment 
is so ed a ~ ices —— 80 a 
greater—probably triple those of a year ago—that, 
as with the machine - tool rts he an enormous 
gain would accrue, Even shipbuilding yards now 
engaged on the building of warships would similarly 
profit exceedingly by continuing to build merchant- 
men alongside, or ins of, warships. Many 
other parallels might be quoted, but it is unneces- 

As we said at the outset, the owners of 
factories have placed them and the services of 
their staff, their inventors, and their foremen 
unreservedly in the hands of the Government. Com- 
gg to the smallest detail has been imposed, 

poo sg willingly, and is being loyally 
and unceasingly acted upon. The only difii- 
one is still with the worker, with whom rests 
finally the decision as to the volume of output, and 
therefore the efficient utilisation of the mechani- 
cal resources of all factories. The Government, 


by accepting the line of least resistance dictated | Dee Bank 





expediency, have once again established that 
the hen hee in the majority, can dictate 
terms and, like an irresponsible mob, hold up the 
nation. It is proved that there is nothing sacred 
about the principle of voluntaryism. e law 
imposed upon the employer cannot be considered 
any violation of fundamental principles when it is 
imposed upon the worker. Both are partners in 
the task of equipping the Navy and the Army. 
On both rests the terrible responsibility of sup- 
plying our forces with the implements indispens- 
able to victory. 





THE ELECTRICAL PRECIPITATION OF 
SMOKE AND FUMES. 

Some twenty years ago the roof of the old 
Physics Building at the University College, Liver- 
pool, used to be adorned with a flag-staff, up which 
a gas-pipe wasrun. In foggy weather the gas was 
lighted at the top of the pipe, and a big yellow 
flame produced, which edified without enlightening 
the gazers in Ashton-street. This was the outward 
sign of the experiments on fog dissipation by 
electrical discharge which were being made by 
Sir Oliver Lodge, at that time Professor Lodge, of 
Liverpool. During part of the work a pointed rod 
was used instead of the gas-flame as a discharger. 
We do not know which proved the more efficient, 
but cannot recollect that we were ever impressed 
with the commercial adequacy of the effect produced 
on the fog. The idea of the experimental work was 
that, if successful, similar apparatus might be used 
to clear spaces round landing-stages, busy railway 
junctions, &c., in foggy weather. We hardly know 
why Sir Oliver ge abandoned this work—no 
doubt other interests intervened. But in any case, 
the necessary high-tension apparatus available at 
the time was somewhat crude. We believe Wims- 
hurst machines were used. 

Whether fog dissipation in the open in this way 
will ever be ——— practically on a large 
enough scale to be of value one cannot say, but it 
is certain that theoretically the method works. So 
much is this so that, as recently as last February, 
one finds a responsible American, well acquainted 
with the whole subject, suggesting a sort of flying 
dissipator, preceding a ship a few ye pe 
away and carving out a narrow way through a 
fog-bank. The dissipator, as we understand 
it, is to be a heliocopter, and presumably would 
be hitched up to the — by a high-tension cable. 
These things may be. edo not know. For the 
present, we will content ourselves with the lower 
earth, and give some account of the quite remark- 
able results which have been obtained by applying 
electrical precipitation to fumes and smoke in 
flues. Wen not dwell on the theory of the 
matter. Briefly, in the electric field produced 
by the discharge, conducting particles are polar- 
ised, while the positive and negative ions and 
electrons, as a result of collisions between them- 
selves and with the polarised icles, form aggre- 
gates. These aggregates, in virtue of their weight, 
tend to fall when in the open, and so one has the 
fog-clearing effect. In a flue arrangements may be 
made to collect them, so that one can clear prac- 
tically all visible matter from smoke or chemical 
fumes. The phenomenon is well known as a 
laboratory experiment. 

The work of which we wish to say something 
has been carried out in the United States. Asthe 
problem tackled was somewhat simpler than that 
dealt with by Sir Oliver Lodge, so were the 
results more successful, and apparently one may say 
that the process has been reduced toa commercial 
basis. ere are clearly two aspects of the matter 
from the commercial point of view. It may be de- 
sirable to precipitate smoke or fumes in order to 
conserve the amenities of a district, or, in a 
chemical process, it may be desirable to precipitate 
fumes in order to recover a valuable constituent. 
Both these = have been met and dealt with. 
Accounts of different phases of the work will be 
found in various American publications during 
recent years, but a good gen a appears 
in three papers published in the April Proceedings 
of the American Institute of Electrical Engineers. 
These are respectively by Dr. F. G. Cottrell, Pro- 
fessor A. F. Nesbit, and Mr. Linn Bradley. Before 
saying anything about the details of the American 
work we may mention that Dr. Cottrell gives some 
account of an early attempt in the same field in 
this country. In 1884 Mr. A. O. Walker, of the 
Lead Works, took out a patent for the 








precipitation of fumes by electrical precipitation, 
and an i tion was set up at these works. 
The necessary high-tension continuous current 
was produced by two 6-ft. diameter Wimshurst 

ines. No account of the working of the plant 
is available, but it evidently failed. This may 
probably be put down to the Wimshurst machines, 
as a large part of the present success in America 
may doubtless be credited to the more modern 
methods of producing high - tension continuous 
current now available. Dr. Cottrell also records 
that some two months after Mr. Walker’s patent 
a similar patent was taken out by Dr. Karl Moeller 
in Germany. 

The American work was started abuut 1905 by 
the University of California, but, owing to its 
success and the commercial questions which arose, 
the patents and direction were ultimately turned 
over to a research corporation acting under the 
Smithsonian Institution. The matter is also, how- 
ever, being dealt with by the Mellon Institute of 
Industrial Research of Pittsburg, the two authorities 
working in consultation. It is not necessary that we 
should say anything more of the administration side 
of the matter now, however, and we may pass to the 
work actually done. The early experiments were 
made in a vertical wire-mesh cylinder carried 
inside a glass tube. A vertical wire was run up 
the centre of the cylinder, and connected to the 
pole of a 30,000-volt direct-current supply. A 

mtle suction was maintained upwards in the tube 

y means of afan. Light pieces of paper, bits of 
tin-foil, &c., were then released into the air-current. 
With no electric current on, they floated aimlessly 
about ; but as soon as the discharge was started 
between the vertical wire and the wire-mesh cylin- 
der, which was earthed, they immediately flocked 
towards the wire. At once they were repelled in a 
charged state and flew to the mesh, where the field 
was much less intense. Here they discharged to 
earth, and either passed through the mesh or fell to 
the bottom of the tube, where they could be col- 
lected. With fine particles the same effects were 
obtained, and dust could be collected from air. The 
fine material was prevented from passing through 
the mesh by arranging a slight in-draught of air 
through it, so that all the precipitated matter 
could be collected in a pocket formed at the 
bottem of the tube. Professor Nesbit thinks it 
is doubtful if the polarisaing effect observed with 
the tin-foil and paper plays such an important 
part when the particles are very fine, and thinks 
the phenomenon due to the formation of aggregates 


owing to the effect of the ions and electrons. In 
any case the practical effect is the same. 

Later a larger precipitator was built. In prin- 
ciple it was exactly the same as the apparatus 


already described. It consisted of two circular 
groups of metal pipes—twenty-five pipes in all— 
each 4 ft. long and 5 in. in diameter. A _ high- 
tension wire was run down the centre of each 
pipe, as before. With this apparatus smoke and 
umes were treated. Voltages of the order of 
30,000 were used, and the smoke was passed 
through at about 5 ft. per second, and all solid 
matter was precipitated. Connecting the wire to 
the negative of the supply, and thus obtaining the 
negative corona, proved most efficient in treating 
gaseous streams. The high-tension continuous 
current was obtained by connecting the high-ten- 
sion side of a step-up transformer through a 
mechanical rectifier of the Lempe type. The pre- 
cipitators which have been used in practical install- 
ations are to all intents and identical with 
this large experimental one, and they are thus very 
simple pieces of apparatus. Modifications in arrange- 
ment had frequently to be made to suit the shape 
and size of existing flues, but the changes were 
purely geometric. Questions of draught had also 
to be considered, but apparently presented no 
real difficulty. Mr. Bradley relates that so far 


from se the draught of existing flues, the 
installation of the apparatus frequently improved 
it, as opportunity was taken by those who were 


installing the plant to rectify obviously bad and 
inefficient arrangements. 

We may conclude by giving some particulars of 
a few of the sesmnad g installations which have 
been made. Our selection is more or less hap- 
hazard, since there is much information available 
on this point, and we cannot deal with it fully. Ex- 
periments were made at the Garfield smelters of the 
American Smelting and Refining Company, in the 
treatment of gases coming from copper matte con- 
verters. The object was to recover the lead and 
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other metal compounds which were going to waste 
in the @ work was so su 1 that a 
larger installation was supplied and completed 
in the latter part of 1914, and the whole of 
the converter gases are now being treated, 95 per 
cent. of the suspended matter being collected. 
A plant has been installed in connection with 
an Bo -horse- power hand - fired boiler at the 
United States Bureau of Mines, in order to elimi- 
nate black smoke when certain coals are being 
tested. The treater consists of twelve iron pipes, 
12 in. in diameter and 12 ft. long, and a voltage of 
50,000 is used. The power consumption is about 
1 kw., and the plant is absolutely successful, 
the smoke being entirely precipitated. A plant in- 
stalled at the works of the Ann Arbor Gas Com- 
pany is used for cleaning all the illuminating gas 
produced. At times the gas velocity through the 
treater is 30 ft. a second, and the tar removal is 
practically complete. At Garfield, Utah, there 
is a large plant for dealing with 200,000 cub. ft. 
per minute of gas from converters. It consists 
of seven units, each built up of 360 5-in. pipes. 
About 95 per cent. of the total solids are re- 
moved from the gas, and the collected material 
is rich in lead, which is recovered by refining. 
It will be understood that the detail arrangements 
in the various plants are not identical, and that 
modications, dictated by experience, have had to 
be introduced to meet, for instance, the presence 
of tar in the gas, and to deal with very high tem- 
peratures and other such special cases. 





POISON GASES AND INCENDIARY 
BOMBS. 

In the third and last lecture of the series on 
‘* Modern Munitions of War,” recently delivered at 
the Royal Society of Arts, by Professor Vivian B. 
Lewes, the lecturer disco on poison gases 
and incendiary bombs. It had, he said, been left 
to the 20th century to institute the barbarous 
infamy of using asphyxiating gases in warfare, 
As compared with the other horrors of war little 
could be said against the use of to produce 
coma, or even to kill mercifully, but the excru- 
ciating torture and painful death resulting from 
asphyxiating gases rendered their employment 
indefensible in any circumstances. 

Gases, the lecturer stated, might be divided into 
three classes, according to their physiological 
effects. In the first class came gases such as 
carbon dioxide, nitrogen, and hydrogen, which 
were not toxic, but would not support life. Then 
came poisonous gases, of which carbon monoxide 
and cyanogen were examples. These were 
poisonous of themselves, and fatal results would 
follow from breathing an atmosphere containing as 
little as 1 per cent. of them. e third class was 
composed of asphyxiating gases such as sulphur 
dioxide, chlorine, ph nme, and various oxides of 
nitrogen, all of which affected the respiratory 
organs, producing spasms in the throat, with virulent 
inflammation of the air-passages and lungs, so that 
death usually ensued from lung disease hese 
were the gases used by our enemies. 

At first sight, the lecturer continued, carbon 
monoxide appeared to be a very suitable gas for 
offensive purposes, owing to its highly toxic pro- 
perties. Actually, however, it was quite impos- 
sible to use it in warfare, on account of the rapidity 
with which it diffused into the atmosphere. All 
propellant powders gave off enormous volumes of 
this gas on explosion, as much as 50 per cent. of 
the products of combustion of British M.D. cordite 
being carbon monoxide. With our 165-in. naval 
guns, some 2500 cub. ft. of carbon-monoxide were 
liberated each time the gun was fired, yet no 
deaths had been reported due to the presence of 
this gas, though he believed that one or two cases 
had occurred in the forts of Namur and Lidge. 
This immunity was due to the rapid diffusion of 
the gas into the atmosphere. According to the 
law established by Graham, the relative velocities 
of diffusion through a porous diaphragm of any 
two gases were inversely proportional to the 
square roots of their densities. Air, for instance, 
was about 14.47 times as heavy as hydrogen, 
and therefore the latter diffused into air ./j4.47 
= 3.8 times as rapidly as air diffused into hy- 
drogen. Some experiments were shown to illus- 
trate this fact. In one of these a hollow sphere of 
porous earthenware was connected to a double- 
necked bottle containing water. A tube dipping 
into the water, and terminating in a fine jet, was 
































































brought out through the other neck, so that the 

ment somewhat resembled a chemist’s wash- 
bottle. The lecturer brought a glass bell full of 
hydrogen over the earthenware sphere, and the 
entrance of the gas into the latter produced a 
sufficiently high pressure inside the bottle to force 
out the water in a long stream. 

For use in warfare, the lecturer continued, 
must have at least twice the density of air, so that 
diffusion would be slight, and they must also be 
capable of travelling in the right direction under 
the influence of a slight air-current. Carbon mon- 
oxide and cyanogen, being only slightly heavier than 
air, were both useless on account of the rapid dif- 
fusion which took place. Practically the only gases 
available were sulphur dioxide, nitrogen tetroxide, 
chlorine, bromine, and phosgene, the densities of 
which, when compared with hydrogen, were 32, 46, 
35.5, 80, and 50.6 respectively ; compared with air 
their weights were respectively 2.21, 3.17, 2.45, 
5.36. and 3 49 times as great. Of these, the first, 
sulphur dioxide, was easily formed by the com- 
bustion of sulphur, and was also convenient 
because it was easily liquefied and transported in 
cylinders. Two per cent. of the gas in air formed 
an irrespirable mixture, which produced choking 
and acute bronchitis ; the effects, however, soon 
passed off if the patient was brought into a pure 


atmosphere. Over a hundred years “go its use in 
warfare had been suggested by the Karl of Dun- 
donald, who recommended that la stacks of 


combustible materials should be lighted and fed 
with sulphur when the wind was in the right direc- 
tion to blow the sulphurous smoke on to the 
enemy’s lines. The British Government, however, 
declined to consider the suggestion, and they adopted 
a similar attitude early in the present war. 1. 
phur dioxide was being used by the enemy both in 
the form of clouds carried by the breeze and in 
hand grenades, in which case it was sometimes 
mixed with various volatile substances to increase 
its effects. 

Chlorine could be easily made, and could be 
liquefied at a pressure of about 6 atmospheres, and 
stored in this condition in steel cylinders lined 
with lead. It was produced in the electrolytic 
process of manufacturing caustic soda from brine, 
and large quantities were sent to South Africa for 
use in the chlorination gold-recovery process. 
Four parts of chlorine in 10,000 parts of air formed 
an irrespirable mixture which produced coughing 
and inflammation of the respiratory organs. If 
inhaled sufficiently, the lungtissues became so eroded 
that recovery was almost impossible, death being 
due to dilation of the heart caused by the sufferer’s 
efforts to get air. This gas was most largely used 
for asphyxiating purposes, but some trouble had 
arisen when the gas was released from cylinders 
owing to the heat absorption accompanying the 
expansion. This might cause the gas to solidify in 
the distributing pipes. The lecturer demonstrated 
this effect with carbon-dioxide which was 
allowed to expand from a steel bottle into a copper 
box, which became partly filled with carbon-dioxide 
snow. Some interesting, though familiar, experi- 
ments were performed with this substance to demon- 
strate its very low temperature. The difficulty 
referred to had been avoided in itions where 
the enemy’s lines were comparatively permanent by 
the installation of chlorine-making plants in some 
suitable position. These plants produced gas at 
low pressures, and the gas was led through mains 
to pipes in front of the lines, whence it could be 
liberated without any possibility of solidification. 

The lecturer next explained the properties of 
bromine, of which, he said, the Germans practicall 
had the monopoly, since the chief source of it 
was the esium bromide found in the Strassfurt 
deposits. ey did not, however, appear to have 
used it, as no staining due to bromine had been 
found, and all the symptoms discovered in men 
affected by poisoning would be due to sulphur 
dioxide or chlorine; chiefly the latter. The other 
possible gas, nitrogen tetroxide, had not a very bad 
odour, but produced a serious effect upon the lungs. 
Like chlorine, it acted by erosion of the lung 
tissues and oe producing acute bron- 
chitis, from which the patient may at first appa- 
rently recover, but from which he afterwards col- 
lapsed. Of the five oxides of nitrogen, nitrogen 
tetroxide was the only one available for asphyxiation. 
The first, nitrous oxide or laughing gas, would only 
produce a alightly exhilarating effect on the enemy, 
and the last—nitrogen pentoxide—was a solid ; the 


posed to the atmosphere. The lecturer illustrated 
this with — coo | which, sed fs allowed to 
escape into the atmosphere, changed from a practic- 
ally colourless gas to reddish-brown vapour, which 
is characteristic of ni tetroxide. 

With regard to means for combating asphyxiating 
gases, the lecturer said that respirators were fairly 


gases | successful, but were rather uncomfortable, and the 


men did not like them. In his opinion, there was 
no better protection than a strip of flannel soaked 
in a solution of ordinary washing soda, and placed 
over the nose and mouth; he did not, however, 
discuss methods of protecting the eyes. On the 
question of retaliation in the use of these asphyxi- 
ating gases, the lecturer’s opinion differed from 
that of a large section of the community. including, 
we believe, the Secretary of State for War. A gas 
attack, he said, was quite useless unless it came as 
a surprise to the enemy, and as the Germans were 
expecting retaliation, and were well a for it, 
he thought we had better keep our hands clean. 
Coming to the subject of bombs for use with air- 
craft, the lecturer first exhibited specimens of those 
carried by British aeroplanes, and explained their 
characteristics. The bombs shown, which were 
the invention of Mr. F. Marten Hale, were 10 lb. 
and 20 lb. in weight respectively, and fifteen of the 
latter size, he said, could be carried by a single 
machine. The explosive used was trinitrotoluene, 
and the bombs were loaded with this alone, or 
with shrapnel balls in addition, according to the 
purpose for which they were required. The bombs 
were, roughly, pear-shaped, and were provided 
with a tail having two sets of vanes. One set of 
vanes was stationary, and was used to keep the pro- 
jectile in a vertical position during its flight. e 
other set, which was capable of rotation relatively 
to the bonb, was fr just before dropping the 
latter, and was caused to rotate during its 
through the air, and to release the ssive me- 
chanism after three or four revolutions. This 
device rendered the bombs ectly safe to handle, 
and also prevented them from exploding if the 
aeroplane fell accidentally. Although the bombs 
might be dropped a short distance on to a hard 
substance without danger, they were sufficiently 
sensitive to explode on contact with the thin skin 
of an airship when me vy from a height 
sufficiently great to release the detonating mecha- 
nism, as above described ; this had been amply 
demonstrated by the feat of Lieutenant Warneford, 
which would be fresh in the minds of all. 

About British incendiary bombs the lecturer 
said nothing, but he exhibited two relics of German 
bombs of this class and explained their construc- 
tion. This has been so recently illustrated and 
described in our columns* that we do not propose 
to deal with it here. The principle i ient in 
these bombs, it will be remembered, is thermit, 
which is ignited by means of amorphous phos- 

orus. The latter pee —— used by the 

ermans in a special type of shrapnel for 
marking the range of artillery. The heat of the 
explosion converted the amorphous phosphorus 
into white phosphorus, the combustion of which 
produced fumes of phosphorus pentoxide, which 
were visible night and day. The use of phosphorus 
in this manner was a particularly infamous pro- 
cedure, as wounds produced by fragments of these 
shells were poisoned, and, moreover, the same 
results, as regards range-finding, could be obtained 
by perfectly harmless methods. To demonstrate 
the remarkable properties of thermit used in 
incendiary bombs, the lecturer ignited a small 
quantity of the substance over a tin canister 
tilled with water to a depth of 7 in. ‘The molten 
iron produced by the reaction fell through the 
water and through the bottom of the canister, 
allowing the water to escape. The workmanship 
and materials used in German bombs, of both the 
incendiary and explosive ty was greatly inferior 
to that in ours, and a te. | om Nm number did not 
ignite or explode. Incendiary bombs could usually 
be extinguished by a few buckets of water, and the 
lecturer knew of no better method of dealing with 
them than this. With fire-sprays, disease germs, 
and other diabolical weapons used by our enemies, 
the lecturerdid not propose to deal, but he con- 
cluded a most interesting discourse by expressing 
the hope that everyone in this country would do 
his utmost to bring about the fulfilment of the 
Kaiser’s recent prediction, that the war would be 
concluded by October next. 








others all changed into nitrogen tetroxide when ex- 


* See ENGINEERING, vol. xcix., page 609, 
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ZIRCONIA, ZIRCONIUM, AND ALLOYS. 
Tue recent discovery of rich deposits of zirconium 
ores in the State of San Paolo, United States of 
Brazil, has provided the manufacturing chemist 
with an ample supply of one more of the ‘“‘ rare” 
earths, which, so far, are very little utilised. The 
monazite deposits of Brazil and North Carolina, 
which are ee and thorium, have made the 
remarkable development of the incandescent gas 
lamp possible, but only after many years of patient 
research. The older generation will remember 
how many people fancied, thirty years ago, that a 
little experimenting would get over the troubles 
which the brittleness of the mantles caused. So far, 
onlya moderate amount of success has been obtained 
with zirconia. It is a highly refractory material, 
much less volatile than magnesia, and in the labora- 
tory z‘reonia crucibles and small tubular furnaces 
of zirconia have found some useful application But 
the oxide is not plastic ; the resulting crucibles are 
too brittle, or, when binding materials are added, 
too porous. Clay and colloids do not answer as 
binders ; magnesia and borax will do, according to 
O. Ruff, although these additions increase the 
shrinkage of the baked oxide ; a suitable glaze has 
not yet been found. 
hile investigations are being carried on at the 
Technical College of Danzig, where refractory 
materials and electric vacuum furnaces are bein; 
studied, D. Lely and L. Hamburger, the chemists 
of the Phili low Lamp Works at Eindhoven, in 
the Netherlands, are trying to isolate the metals 
zirconium, thorium, uranium and titanium. Chemi- 
cally zirconium is related to titanium, silicon and 
carbon, and considering the remarkable properties 
which silicon and titanium, not to speak of carbon, 
confer upon steel, it would be interesting to study 
zirconium steel. The four metals mentioned are 
hardly known in the pure state. Lely and Ham- 
burger start from the oxides and convert these 
into the chlorides which can more readily be puri- 
fied, partly by sublimation. The chloride is heated 
conpibes with metallic sodium in a steel chamber ; 
the reduced metal is obtained in scales or globules, 
still impure with oxide ; the material is com 
into rods, and these rods are heated as resistances 
by alternating currente in an electric furnace. All 
these operations have to be carried on ina high 
vacuum, and contamination with other substances 
is carefully to be avoided ; the raw materials, the 
oxides, are impure, the chlorides hygroscopic, and as 
the compression of the metal into rods of sufficient 
strength is a delicate operation, the whole procedure 
is difficult, and the descriptions of the metals are 
stilldefective. We learn, however, that these four 
metals in the compact state are more stable than 
had been assumed, and that they can generally be 
treated with water, alkalis, and acids, although 
they differ in these respects. They are also ductile, 
and their melting-points lie below that of tung- 
sten, so that they can be melted and partly evapo- 
rated on a base of tungsten. Thorium isa steel- 
ey metal ; uranium is darker in colour, and turns 
rowL on exposure to the air. The scales of 
uranium could not be compressed into rods, and 
had to be heated within an alundum tube there- 
fore, round whicha resistance of molybdenum wire 
was wound. Zirconium could readily be shaped 
into rods; but the titanium rods had to be coated 
with paraffin to overcome their brittleness. 
Another method of preparing zirconium has been 
tried by R Kremann, J. Lorber, and R. Maas in 
their investigation of the electrolytic deposition of 
metals and alloys, which they have studied metallo- 
graphically and mechanically. We mentioned the 
relation of zirconium to silicon and titanium ; on 
the other side, zirconium stands near tin, and 
Kremann suggested zirconium as a substitute for 
tin in bronzes. But he did not succeed in depositin 
zirconium electrolytically, alone or together wii 
other metals. According to Becquerel, an alloy of 
iron and zirconium should be deposited from mixed 
solutions of salts of the two metals; this alloy 
would be very interesting metallurgically. But 
Kremann failed in obtaining metallic zirconium 
from an alkaline solution of its hydroxide in the 
presence of tartaric acid, which isa very common 
addition to electrolytic baths. He failed both with 
latinum and with mercury cathodes, which might 
— given an amalgam, and also when he added an 
iron salt. In the last case he obtained some iron 
in the passive condition. The formation of alloys 


of zirconium with tin, zinc, and aluminium was not 
was quite aware that 


successful either. 





aluminium cannot electrolytically be deposited from 
aqueous solutions of its salte, either alone or 
in conjunction with other metals, in spite of many 
reiterated claims to the contrary. Yet he admits 
that the «<9 of aaa — > some way 
improves the appearance of electrolytic copper, 
Totiesianen. He has also studied the electrolytic 
deposition of iron-nickel alloys from sul 
solutions. When this electrolysis is carried out 
at 75 deg. Cent. in the presence of potassium 
oxalate and citric acid, alloys containing up to 
80 per cent. of nickel are obtained ; metallurgicall 
those alloys would be too rich in nickel ; less ric 
alloys are obtained at lower temperatures. These 
researches are conducted at Graz, in Styria, and 
have been communicated to the Vienna Academy 
within the last two years. The recent researches 
of Ruff and his collaborators, and of Lely and 
Hamburger, have been published in the Zeitschrift 
fiir Anorganische Chemie. A continuation of the 
researches on refractory materials in particular is 
most desirable. 





NOTES. 
ITaLyY AND THE AMMUNITION QUESTION. 
Tuer present war, says the Italian journal 
L’ Industria, besides other revelations, affords proof 
that abundaice of ammunition constitutes one of 


&|the fundamental elements of success. The con- 


sumption of ammunition is astounding; it ex- 
ceeds all figures which the man in the street 
ever dreamed of, and, what is worse, it exceeds 
by far also all reasonable provisions made by 
technical men. The supreme importance of the 
problem and the insufficiency of the stocks of 
ammunition were brought home months ago to the 
minds of the members of the Allied Governments. 
Since then the manufacture of shells has been 
carried out with renewed activity, and the example 
of Great Britain, which proclaims with calmness to 


the world at large its deficiency in shells, and which | 85 


forms a Ministry of Munitions for meeting this 
deficiency, is an admirable lesson. Fortunately, 
Italy is in a better situation than her Allies. She 
has been able to watch events for a period of ten 
months, during a large part of which her military 
preparations have been carried out most actively 
and successfully. The experience gained by the 
Allies has, nevertheless, to be borne in mind 
by her; she has to remember that all antici- 
pations are inadequate, and all quantities, even 
though considered boundless at first glance, have 
still to be increased. The ultimate condition of the 
country may depend upon the abundance or the in- 
sufficiency of the provision of war material. Italy, 
on the other hand, is placed at a disadvantage, 
erg entered late into the war, Ly the fact 
that her Allies have already booked the neutral 
markets, including the United States.market. Italy 
therefore can only with difficulty find aid among 
neutral nations. This makes it incumbent upon 
private industrial firms to contribute to the sup- 
plies, and Italian technical institutions are working 
actively for co-ordinating the productive capacity 
of all the mechanical establishments throughout the 
country, with a view to supply the Army with 
the required means of defence and offence. 


Tue Mercuant Surpsurpine Trap. 


The concentration of much available labour from 
the —— yards upon the construction of 
naval ships and war munitions has necessarily 
influenced the volume of work done on merchant 
ships. Liloyd’s quarterly return, which has just 
been issued, is almost anomalous in respect that 
little p is being made with a great number 
of the ships under construction ; indeed, on some 
of them no work has been done for many months 
past. The vessels launched during the past quarter 
number only 75, and make up only 148,214 tons, 
which is at the rate of only 590,000 tons per 
annum, whereas the usual output is three times 
that amount. At the same time the number of 
vessels commenced only numbered 84, and measured 
172,325 gross tons. But, as a matter of fact, this 
state of affairs is not because there is any lack of de- 
mand for new tonnage, but rather because shipbuild- 
ing firms are not permitted to undertake merchant 
work in the present crisis. The total number of 
vessels now under construction is 442, of 1,506,925 
tone, which is 81,000 tons less than three months 
ago, and about 215,000 tons less than twelve months 
ago. The diminution in the tonnage as compared 





with March |ast is applicable to all districts except 





Hartlepool. There the increase is 10,000 tons, 
the total merchant vessels building being 15, of 
71,350 tons. At Belfast there are 24 vessels on 
the stocks, the tonnage being 260,700 tons—about 
20,000 tons less than three months ago. At Glas- 
gow 82 vessels, of 353,923 tons, are under construc- 
tion, the decrease being 17,600 tons. The reduc- 
tion at Greenock is only 8900 tons, as there are 
there 46 vessels, of 209,004 tons, in On 
the Tees the decrease is only 3800 tons, the number 
of vessels in progress being 31, of 83,165 tons. 
On the Tyne the decrease is 30,000 tons, the 
number of vessels being 62 and the tonnage 270,854 
tons. At Sunderland there are 43 vessels under 
way, making 162,836 tons, figures which are almost 
exactly those of three months ago, when 42 vessels, 
of 161,342 tons, were in course of construction. 
As we have already stated, however, the conditions 
are quite abnormal, and although the merchant 
work shows little activity, the workmen in the ship- 
building districts were never so fully or so profitably 
employed. 


An Exectrronic THeory or ELECTROMAGNETIC 
Rotations. 


Tn a noteworthy paper recently read at the Milan 
meeting of the Associazione Elettrotecnica Italiana, 
Professor A. Righi gave a demonstration of some 
remarkable experiments which have led him to 
an explanation, in terms of electrons, of the 
motion in a fields of wires carrying currents. 
Professor Righi has discovered that if the residual 

in an exhausted glass vessel be ionised, the 
ions will by their bom ment set in rotation a 
delicately-mounted rotor, provided that a magnetic 
field be established along the axis of this rotor. 
This phenomenon has been named by its discoverer 
‘*iono-magnetic rotation.”” The explanation given 
is that in a uniform magnetic field ions trace a 
helical path, the direction of motion depending on 
the sign of the particles. Hence, when an ionised 
is traversed by a magnetic field, the ions, 
instead of moving in a straight line after each 
collision with the molecules or with each other, move 
along helical arcs. The result is that when they 
ultimately collide with the lightly-mounted rotor, 
the negative ions produce a torque in one direc- 
tion, and the positive ions in the other, and 
the actual rotation observed is due to the dif- 
ference in the two opposite impulses. When 
the angular momentum of the positive ions is 
in excess, the rotation of the rotor is in the same 
sense as that of the current producing the mag- 
netic field. Similarly, if the containing vessel is 
itself free to turn, it will do so, in virtue of the 
— momentum destroyed at its walls in each 
collision of a movingion. In a modification of the 
above experiment, Professor Righi electrified his 
rotor to a potential sufficient to ionise the sur- 
rounding gas without extraneous aid. Rotation 
was again produced, but was more rapid than in the 
original experiment, the reason being that, owing to 
its charge, the rotor received few collisions save from 
ions of opposite sign to its charge, ions of the same 
sign being repelled. In still another modification 
of the experiment, the electrodes are concentric 
cylinders, the rotor being mounted between 
them. Under these conditions, both positive 
and negative ions produce torques in the same 
direction, and the motion of the rotor is still 
further accelerated. In a final experiment, rota- 
tion was produced by the impact of ions inside the 
rotor, which took the form of a closed box. In 
discussing these results, Professor Righi observes 
that the conductivity of metals has long been 
attributed to electrons in the interior. These 
electrons act in some respects as if they were 
oo of a gas enclosed within « hollow body 
ving the same surface as the actual conductor. 
These electrons, therefore, will obey the same laws 
as the ions in the experiments above described, and 
if a conductor be placed in a magnetic field, the 
electronic bombardment will produce a torque, and 
he suggests that this is exactly the torque actually 
observed when a current-conveying conductor is 
eae in a magnetic field. He has examined this 
ypothesis mathematically, and obtains values in 
exact accord with those deduced by the recognised 
electro-magnetic equations. 





Macuine-Toots For Mownition Facrorizs. — The 
Minister of Munitions had a meeting on the 15th inst. 
with representatives of the Machine-Tool Makers to con- 
sider the best means of obtaining the maximum output 
of machine-tools for the manufacture of munitions of war. 
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THE NATIONAL PHYSICAL 
LABORATORY IN 1914-15. 
(Concluded from page 65.) 

Heat (Dr. J. A. Harker, F.R.S. ; Dr. G. W. C. 
Kaye; Messrs. W. Hugo, A. Blackie, B.A., W. F. 
Higgins, B.Sc., and K. Griffiths, B.Sc.).—Dr. Kaye 
and Mr. Blackie joined the London Electrical 
Engineers’ Corps, the former being captain in 
charge of the searchlight servicé on the Lower 
Thames, and four other members of the staff are 

serving in the Army. 

High Temperature. International Scale.—Pro- 
posals by the Reichsanstalt for an international 
thermodynamic temperature scale were to have 
been discussed by a conference of the national in- 
stitutions, to be held at Berlin last September. 
This conference could not take place; but views 
had been exchanged, and iu accordance with the 
resolutions of the previous conference of Paris, 
Ostober, 1913, the National Physical Laboratory 
has decided to adopt, from the commencement 
of the year 1916, as its fundamental scale of tem- 
perature a Centigrade thermodynamic scale. To 
realise this scale two alternative methods are 
available: (1) The hydrogen scale for the range 
0 to 100 deg. Cent. (gas thermometers become in- 
convenient at higher temperatures), the fixed points 
being the melting-point of ice and the tempera- 
ture of the vapour of distilled water in ebullition 
at 100 deg. Cent. under normal atmospheric pres- 
sure; the hydrogen is taken at a manometric 
initial pressure of 1 m. of mercury ; that is to say, 
at 1000/760, or 1.3158 of the normal atmospheric 
pressure. (2) The platinum resistance ther- 
mometer, up to the boiling-point of sulphur 
(determined in the apparatus to be described), 
i.e., 444.5 deg. Cent. The temperature T on 
the international scale is to be derived from 
the resistance of the platinum thermometer by 


the formula: T — t,, = 8 [()- ah where 
tye = 100 (R — Ry)/(Ryg — Ry) the R, Ry Rup 


indicating the resistances at temperatures T, 0, 1U0 
deg. Cent. The platinum to be used is to be such 
that the coefficient 8 of this formula is not greater 
than 1.52, and R,/R,) not smaller than 1.386 ; 
otherwise the platinum would be impure or contain 
occluded gas, which cannot be expelled by long- 
continued heating without detriment to the plati- 
num. The following fixed points, in deg. Cent., may 
also be utilised: Boiling-points of oxygen, — 182.95; 
of carbon dioxide, — 78.5; freezing-point of mer- 
cury, — 38.88; transformation — of sodium 
sulphate, + 32.38 (when this solution of maxi- 
mum solubility is heated above this temperature 
the salt crystallises anhydrous); boiling-points of 
naphthalene, + 217.96; of Legge pe seem 305.9 ; 
melting-points of antimony, 630 ; of silver (reducing 
atmosphere), 961; of gold, 1063; of platinum, 
1083 ; also of tin, 231.84; cadmium, 326.9 ; zinc, 
419.4 ; common salt, 801 ; these last four are second- 
order points. Pressure corrections have, of course, 
to be applied in the case of the gases. Dr. H. 
Schultze brought two standard resistance thermo- 
meters, of 2.2 and 4.4 ohms nominally, from the 
Reichsanstalt for comparison. They were titted 
with leads of the potential type, whilst at Tedding- 
ton use had so far been made of the Callendar- 
Griffiths resistance bridge; the comparison was 
therefore effected on a ‘potential bridge,” an 
arrangement which Mr. F. t Smith had used for 
measurements on mercury resistance tubes; but 
the potential lead method is being adopted for the 
platinum resistance thermometer, because it totally 
eliminates the resistance of the leads. The com- 
parison was made in melting ice and at the boiling- 
point of sulphur. In the latter apparatus sulphur 
is heated, by a gas-burner, in an old ree 

a 


cylinder, the vapour leaving the cylinder thro 
side tube of quartz, which branches off from the 
upper part of the cylinder and acts as a Gofidenser 
of considerable length (60 cm.) and width (2.5 cm.). 
An iron tube is inserted axially into the cylinder, 
reaching down nearly half the depth ; this tube is 
fitted with two conical hoods of tin, to keep the 
sulphur close to the iron tube into which the ther- 
mometer to be tested is lowered. The cylinder is 
packed outside with magnesia and uralite. 

With the assistance of Dr. R. Paresce, of 
Palermo, then of the Bureau International des 

oids et Mesures at Sévres, the mercury ther- 
mometers of the Laboratory, which had been 
Supplied by Messrs. Calderara, have also been re- 





standardised, in steps of 25 deg., between 200 deg. 
and 500 deg. Cent., and the stability of their zero 
points has been studied ; the thermometers are 
reliable within 0.2 deg. Cont. A paper on these 
thermometers is to be published. 

Expansion of Metals at High Temperatures.—To 
determine expansion coefticients at temperatures u 
to 800 deg. Cent., Dr. Harker the specimen— 
a rod 50 cm. long, 15 mm. in diameter—in a quartz 
tube, 84 cm. long, closed below, as indicated in 
Fig. 6. The ends of the rod are turned down for 
20mm. to take graphite collars. The rod rests 
on the bottom of the tube, and a second quartz tube 
stands on the rod, guided by loose hite collars 
within the outer tube ; the inner tu Leach againat 
a micrometer screw whose frame is clamped to the 
outer tube. The lower 65 cm. of the system are 
inserted in a bath of toluene, naphthalene, sulphur, 
&c. ; the rod itself is thus wholly surrounded by 
the bath. The expansions actually observed may 
amount to4mm. Some boiler-fitting alloys have 
been tested in this way, and it results that the ex- 
pansion coefficients over the range 0 deg. to 500 deg. 
are appreciably ater than the values for the 
range 0 deg. to 50 deg. 

Heat Losses from Surfaces.—On behalf of the 
British Portland Cement Company, an investigation 
has been started into the heat losses from hot sur- 
faces, about which very few data are really avail- 

" able. A modern cement-kiln is an 
iron cylinder, about 200 ft. long, 11 ft. 
in diameter, of iron lined with bricks, 
and is heated at the lower end; how 
the heat losses are distributed it is 
difficult to determine. The literature 
of engineering physics gives very little 
information, and experiments have 
hence been made on total heat losses 
ZA and losses by radiation (the difference 

represents the convection loss) from 
flat surfaces and from tubes of diverse 
sizes. That the state of the surface is 
of great importance, and that polished 
surfaces emit only a fraction of the 
heat given out by a black body, has 
long been understood; but oat is 
actually gained or lost by painting and 
by coating surfaces (polishing would 
be too = mostly) is hardly 
known. It is even overlooked not 
infrequently that increased radiation 
may be desirable or may be undesir- 
able. Asteam-pipe should keep its heat, 
a radiator should eend heat into the 
~ room; but both are often treated in 
the same ~~ Now, Dr. Harker finds, 
half the total loss of heat from ordinary 
iron steam-pipes is due to radiation, 
and that half may be reduced to half 
its normal amount by coating the pipe 
with aluminium paint, and to one- 
third almost by spraying it with metal. 
Such coatings are therefore advisable for steam- 
pipes, but quite out of place on radiators. On the 
other hand, the u ed portions of boiler-fronts 
in stoke-holes should be given a metallic paint or 
spray. The report on these investigations should 
be very interesting. 

Refractory Materials.—The thermal conducti- 
vity of fire-bricks and bricks of diatomaceous earth 
in slabs of 9 in. by 12 in., from 1 in to 3 in. thick, 
is determined in muffie furnaces —_ at 1200 deg. 
Cent., thermo-couples being embedded in grooves 
on the upper and lower surface of the slab, and 
the heat conduction through a definite area being 
measured by a flow calorimeter fitted with a guard- 
ring. In most of the materials tried the thermal 
conductivity increased ees | with rising tem- 
perature, so that values deduced from experiments 
at comparatively low temperatures would be mis- 
leading at the higher temperature of, say, 1800 deg. 
Cent., to which the bricks are exposed. Dr. Harker 
represents the Laboratory on the Refractories 
Committee of the Institution of Gas Engineers, 
and it is to be ho that means will be found for 
a thorough investigation at the high temperatures 
of technical operations. 

Mr. Blackie’s research on the total radiation 
scale of temperature, and the researches on the 
specific heat of gases and on the latent heat 
of fusion of metals, have had to be suspended. 
The apparatus for radiation pyrometers, black- 
body furnaces, &c., are being improved and re- 
standardised. 

Thermometer - Testing (Messrs. Kaye, Hugo and 
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Higgins).—The arrangements made for ther- 
ee a when this work was transferred 
from Kew to Teddington, have been described on 
previous occasions; they continue to give full 
satisfaction. There was a large drop in the num- 
ber of meteorological thermometers submitted last 


pj year, otherwise the division was busy. A new 


test pamphlet is to be issued, advising manu- 
facturers and others how to send thermometers, 
and pointing out the differences between the 
(A) Higher Precision Tests and the (B) Kew Tests. 
Various thermometer glasses have been studied ; 
so far some of these seem to compare favourably 
with the Jena glass 59", but such researches 


uire years, 
abides (Messrs. Kaye and Higgins).—Up to 
March, 1914, ten samples of radium had n 
tested in the Laboratory, of an aggregate value of 
30001. Last year the number of samples rose to 
sixty-three, and the value to 35,0001. The samples 
come in sealed glass or platinum tubes, or as 
varnished coatings on metal plates, generally by 
post. A comparison of four samples from the 
Radium Chemical Oompany of Pittsburg, U.S.A., 
which had been standardised by Dr. Stefan Meyer 
at Vienna, gave, by the same y-ray method,* the 
same values within 0.5 per cent. In one case it had 
to be determined whether a sample of 500 milli- 
grammes of radium bromide contained meso- 
thorium; the tests were carried out under the 
supervision of Professor the Hon. R. J. Strutt, of 
the Imperial College of Science. Mesothorium was 
not found ; certainly not so much as 0.3 per cent. 
of that material was present. The amberite insula- 
tion of the Laboratory apparatus has proved reli- 
able, and the radium room remains uncontaminated, 
the samples being kept in a safe. 

Metr (Messrs. J. EE. Sears, M.A., 8. W. 
Attwell, EK. G. Constable, H. L. P. Jolly, B.A. 
(on military duty), E. A. Owen, M.Sc., F. hs Rolt, 
F. A. Gould, M.A., and V. Stott, B.A.).—The fun- 
damental measurements have suffered most from 
the war. The test work was ample, especially in 
hydrometers, though there was little demand for 
watch - testing. For many researches the equip- 
ment and accommodation are inadequate. our 
members of the staff are on military duty, but Mr. 
Paresce, from Sévres, assisted for some time. ; 

Test Work and Maintenance of Standards; Pure 
Measurements ; Line Measwres.—The 1-metre com- 

ator has been improved, as mentioned last year,t 
Dat is not yet reliable for work of the highest 
acc . A peculiar untrustworthiness was ob- 
served in an ivory scale of 12 in., which was rough 
on the under side. As received, the rule was 
convex by 0.06 in.; after two hours in a dry room 
it was convex by 0.17 in., in a damp atmosphere 
it turned straight, between damp ree it 
became concave by 0.014, and so on. The lengths 
of the two graduated as measured on a flat 
surface, varied between 11.966 in. and 12.018 in. 
Few surveying-tapes were submitted. The stan- 
dardisation of the eight 24-metre tapes made last 
ear (four of invar, four of 43 per cent. nickel steel) 
oe so far as possible, been continued in conjunc- 
tion with Sévres ; four new 24-metre invar wires 
have been ordered from Mr. Cai ter, Paris. 
Some of these tapes have an expansion of 6 x 10-* 
per deg. Cent. e two 50-metre invar tapes have 
not altered by more than 2 parts in 1,000, since 
1912. The 50-metre base} (brick-work with twenty- 
one bench-marks) had changed with temperature 
by about 2: 100,000 during the year, the regular 
growth of the bench (independent of temperature) 
ot to 7 in 1,000, per annum. Some 
flooring-tiles (bath-room), measured by inserting 
plugs into drilled holes and fixing them with plaster, 
gave an expansion of 2.6 x 10, the ordinary 
expansion of steel being 11 x 10-° per deg. Cent. 

End Measures; Screw - Gauges ; Massuriitg- 
Machines.—The spherical - ended metric gauges 
(100 mm. to 1000 mm.) are to be re-standardised 
at 62 deg. Fahr. The cylindrical gauges of the 
Laboratory, 4 in. to 2 in. in diameter, in steps 
of ,'; in., have been re-standardised and found to 
agree with the previous values within 0.00001 in. 
Several machines are wanted for measuring screw- 
gauges, of which increasing numbers are being sub- 
mitted. Four end- measuring machines were 
calibrated. 

Physical Tests ; Hydrometers.—Hydrometers are 

* Com last year’s : Enoiveerine, July 17, 
1914, * eomaiamme an 
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tested by two methods. Either one instrument is 
immersed side by side with the standard and two 
(or more) series of readings are taken by different 
observers, or two instruments of the same set are 
immersed simultaneously with the standard ; if 
the true readings of the three instruments be 
a, b,c, then the sum of the three differences, 
a—b, b—c, c—a, should be zero ; owing to experi- 
mental errors, the sum will usually differ slightly 
from zero ; each difference is then adjusted by one- 
third the residual error. The second, more exact 
method has the further advantage that the one 
instrament can be returned to the manufacturers 
to serve as working standard for them, whilst the 
other remains in the Laboratory for future refer- 
ence. When several thousands of observations 
are taken with a standard, however, it is found 
that the standard gradually becomes lighter, 
although it is only wiped with a soft silk cloth ; 
but re-gilding will restore the proper weight. The 
Laboratory deprecates the practice of standardising 
a hydrometer to register specific gravity at 60 deg. 
Fahr. when immersed in liquids at 85 deg. Fahi., 
e.g. That would be possible if all the liquids 
likely to come under test had the same expansion 
coefticients ; but alcoholic liquors, wort, fermented 
washes, solutions of sugar, &c., differ consider- 
ably in this respect. 

Mercurial Barometers.—In making capacity de- 
terminations in the vacuum cupboard (which, un- 
fortunately, is not quite air-tight) it has been found 
that the barometer must be well tapped for every 
reading, and thus requires special appliances. The 
new meteorological barometers are now graduated 
directly in units of pressure, in bars and mill- 
bars (10° dynes and 10° dynes per sq. cm.). At 
first the barometers were made to register true 

ressures at 0 deg. Cent. (= 273 deg. Cent. abso- 
ute), and at mean sea-level in latitude 45 deg.; 
the height of the mercury column representing one 
millibar under these conditions is called a baromil. 
The barometers now made for the Meteorological 
Office are to register millibars at mean sea-level in 
latitude 45 deg. at 285 deg. Cent. absolute ; hence 
various correction tables have become necessary, 
1 millibar (at 285 deg. Cent. absolute) now being = 
0.0295975 in., or 1 in. = 33.78675 millibars. In 
the case of old Kew and Fortin barometers the 
corrections are more elahorate; the ‘‘ standard” 
temperature is called that temperature at which a 

uation reads true pressure at 45 deg. latitude, 
whilst the ‘fiducial’ temperature is the tempera- 
ture at which the reading is correct for the station 
in question. Mr. Owen is now constructing a new 
type of barometer, which is in direct communica- 
tion with the mercury distillation apparatus, and 
is to be filled in situ; this method seems to offer 
many advantages. 

Chronometers; Watches ; Clocks (Mr. Constable).— 
The percentage of ‘‘ especially good” watches has 
risen to 70.7 from 67.8 last year, which was much 
better than previous years; the highest marks 
were again obtained by the firm of P. Ditisheim, 
Ls Chaux-de-Fonds, Switzerland, thanks largely 
to the Guillaume type of balance apparently ; 21 
out of 71 marine chronometers failed to pass ; this 
percentage of failures exceeds those of the past ten 

ears. 
. Comparator-Chronograph (Mr. Sears).—The new 
chronograph is regularly used in connection with 
the Morrison standard - mean - time clock; the 
chronograph method takes more time to record 
and ie te, but is more reliable than the eye- 
and - ear method. The chronograph is a drum, 
50 cm. long, 60 cm. in circumference, driven, 
through a worm gearing, at 2 revolutions per 
minute from an electric motor (fitted with flywheel 
and spring arm to cut out field resistance on the 
Helmholtz principle) running at 1800 revolu- 
tions. Two tappers mounted on a small i 
traverse parallel to the axis of the drum, at the 
rate of 4 mm. per revolution; they are actuated 
by means of relays, the one from the standard 
clock, the other by the observer through a tapping- 
key ; the tappers strike through a Yolen ben 
ribbon, the former making a series of red dots 2 cm. 
mas representing seconds of the standard clocks, 
the latter black dots (between the red marks) 
representing the times registered by the movements 
under test. The reading of each movement is 
recorded at three or four positions symmetrically 
grouped round the Passed yr dial, and the mean of 
the observations is taken. 

H. A. Dear 
taken off the 


Taximeters ; Speedometers (Messrs. 
and J. K. Enock),—Five dans se 





cabs for faults (not mere wear and tear or b: 
have been submitted by the police. The faults 
seem to be due to some peculiarity of individual 
adjustment. A special apparatus has been set up 
to examine revolution-indicators. From the motor 
of the taximeter-bench a long cone is driven, which 
gives a very large s ratio, and through a_ belt 
strap and pulley a heavy fly-wheel is rotated from 
the cone. The shaft of the fly-wheel is so mounted 
that both its ends are free, so that the instrument 
to be tested can be connected with either end for 
revolutions in either direction. The shaft drives 
a revolution-counter through a worm gearing, and 
a brass rim is mounted over the counter, to travel 
with it when coupled by the same current which 
actuates the synchronome clock ; thus the speed is 
counted, within half a revolution, for an exact 
number of minutes. The actual speed range is 100 
to 6000 revolutions per minute. 

Straightness Test (Mr. Attwell).—A delicate 
straightness test for beds of machines, edges, &c., 
has Sede developed with the aid of the Johannsen 
gauges. When a bed is to be tested, some 
(fairly) straight-edge or bar is supported on the 
bed by two gauges differing in Peight by, say, 
0.01 in., mounted at the same distance from either 
end of the edge ; thus the edge will slightly taper 
with regard to the bed. er gauges, differing 
by steps of 0.001 in., or 0.0001 in., are then 
slip into this tapering space and pushed — 
until they are wedged in between the bed an 
bar at points whose positions are noted. The bar 
is then turned over so that the upper edge be- 
comes the lower, and the process is repeated ; the 
width of the bar is measured at a great number of 
points. If all the three edges (bed and bar) are 
parallel, the gauges will be equally spaced in the 
two tests; if they be not, the deviation can be 
calculated. Some allowance has to be made for a 
possible bending of the bar; but the manner of 
i the bar makes this allowance very 
smal 


Diameter of Small Holes.— When holes of 1 mm. 
and less for stops in optical apparatus were 
measured by the use of micrometer eye-pieces, the 
results did not agree with the values of the optical 
screw-measuring -machine, the latter concording 
with the values found with the aid of tapering 
wires. The edges of such a hole, it was ascertained, 
were not dead sharp, but slightly rounded, so that, 
owing to reflection from the rounded edges, the 
hole appearcd too large with diffuse illumination, 
whilst a parallel beam gave the correct dimension. 

Silica Metre (Mr. Jolly).—The silica standard 
metre ef the Laboratory seems to keep steady, 
but the comparator used in these measurements 
is not considered quite trustworthy, as mentioned. 
On this metre the division marks are made on the 
platinised straight ends of the silica tube. The 
silica metre for the India Office, however, does not 
appear to have settled down yet; it seemed to 
grow longer first and then began to contract. The 
ends had in this case been covered with silver 
films, and this silver had become so much tarnished 
that it has been replaced by platinum. 

Leather-Measuring ; Rubber Templates (Mr. Att- 
well).—Last year the Laboratory reported to the 
Board of Trade that power-driven area-measuring 
machines for leather should be controlled by means 
of templates of approximately the area and thick- 
ness of the skin under measurement. With skins 
of 20 sq. ft. maximum, the machine error may 
amount to 0.32 sq. ft. The unknown shrinkage of 
the leather in the period between measurements of 
the seller and buyer introduces some further un- 
certainty, and it has resulted that templates made 
in rubber fabric may themselves shrink by 1 per 
cent. in fifteen months ; some templates returned 
to the Laboratory had, indeed, shrunk by nearly 
2 percent. This shrinkage occurs almost entirely 
during the first five months, however, and artificial 
ageing by heat treatment is being tried. 

Blythswood Ruling-Machine (Mr. Enock).—The 
machine has been improved by providing it with 
a new nut, a split steel tube radially drilled 
with holes, into which bone plugs are cemented ; 
these plugs are temporarily fixed in the first in- 
stance, to receive a screw-thread corresponding to 
that of the screw ; the plugs absorb sufficient oil 
to keep the thread me lubricated, which was 
not possible with the old nut of white metal. The 
screw itself, unfortunately, is not quite uniform. 
With the new nut a grating has been ruled for 
Messrs. Adam Hilger on brass for the study of 
the infra-red spectrum. The lines, 2400 to the 





), jinch, are like saw-teeth; the one side nearly per- 


pendicular, the other sloping at 1 : 4; the bulk of 
the radiation is concentrated about the diffraction 
angle of 30 deg. Some special rulings were also 
made for Professor Bragg’s examination of crystal- 
line structure by X rays. ‘Three gratings were 
made: the first had 1800 lines to the inch ; the 
second twice as many lines, all at equal spacing, 
the lines being alternately heavy and light ; in the 
third grating the lines were all uniform, but the 
spacings were alternately _;4,, in. and ,34,, in. To 
make the matter clear, imagine the original spacing 
divided into four parts; then in the first grating 
the lines were at 0,4, 8 . . ., in the second grating 
at 0,2, 4,6..., lines 2,6... being faint ; in the 
third at 0,1, 4,5, 8,9... The first grating gives 
spectra of all orders; in the second grating inter- 
ferences between the light diffracted from the faint 
and from the heavy lines make the spectra of the 
odd orders fainter, and those of even orders stronger. 
In the third case differences of quarter wave-length 
come into play, producing partial extinction, as 
well as differences of half wave-length giving total 
extinction, the final result being that the first and 
third order spectra are faint, the second order is 
missing altogether, and the fourth order very 
bright. These three cases are those of the crystals 
of potassium chloride (face-centred cubic structure, 
all layers of approximately equal mass), of potas- 
sium bromide (also face-centred cubes, but the 
alternating layers of potassium and of bromine 
atoms having different masses, the latter twice the 
mass approximately of the former), and of diamond 
(tetrahedral structure, planes of atoms spaced alter- 
nately at distances 1 and 3). These three cases were 
especially dwelt upon by Professor Bragg in his 
recent Bakerian ture,* and for this reason we 
refer to them at some length. 

Optics (Messrs. T. Smith, B.A., R. W. Cheshire, 
B.A., J. Guild).—The Optics Division has been 
kept very busy with research and with routine 
work, notably tests of sextants and binoculars ; 
but the research work is mostly of an urgent, con- 
fidential nature, and systematic Betis have 
been interrupted. Alteration in the method of 
testing theodolites has led to the issue of a new 
form of certificate, and the construction of instru- 
ments not made in this country so far is being 
studied. By the aid of new algebraic formulx the 
exact path of rays not in the principal plane can be 
traced through optical systems ; these formulz are 
suitable for use with a calculating-machine ; trigo- 
nometrical tables are not required. A new mount- 
ing has been devised for plane diffraction gratings 
suitable for use throughout the visible and the 
ultra-violet regions, the gratings to be ruled on the 
Blythswood machine. For spectroscopic work 
involving exposures of several hours an apparatus 
has been constructed in which an air current pro- 
duces a salt spray and a steady luminous flame. 
The new arrangements of the division have proved 
very satisfactory. 

Tide Prediction (Mr. F. J. Selby, M.A., Mr. 
W. H. H. Brookes).—Mr. Brookes, formerly in 
the Optics Division, has replaced Mr. A. H. Bell, 
on active service. The Indian Tide Tables for 
1916 are complete, and those for 1917, as also the 
predictions for the Port of Brisbane, are in progress. 

Library (Mr. Selby).—Mr. R. A. Frazer, B.Sc., 
has been appointed Librarian and Assistant Secre- 
tary of the Laboratory; Mr. Selby is Secretary. 
We would once more urge support of the library by 
donation of periodicals, current and back sets, and 
other publications. 





Tux German Steet Union.—According to a provisional 
statement the quantity of goods despatched during the 
month 4 4 pony sang Neg an regate Ct ages - tons, 
against tons for the pr ing month. © pro- 
ducts despatched during June comprised:— Half-finished 

s, 169,000 tons; bar iron, rails, &c., 153,000 tons; 
pe iron, 86,000 tons. 





Messrs. Petrers, Limitep, Yxovit.—In our issue of 
July 2 last, in our report of the Ro 1 Agricultural 
Society’s Show at Nottingham, we stated that the works 
of Messrs. Petters, Limited, of Yeovil, had been taken 
over by the War Department. We now learn that this 
statement is incorrect, being due to a misapprehension 
which arose in a conversation with a representative of the 
firm. The truth is ern ——— essra. coammgge! am 
busil aged in manufacturing for war purposes, they 
are ill conying on their ordinary business, and giving 
deliveries as quickly as possible. We much regret to 
learn that our ph embodying this misconception 
has caused Messrs. Petters inconvenience. 


- See Enoineenino, April 2, 1915, page 369. 
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HE GERMAN IRON AND COAL INDUSTRY. |2® longer can buy coking coal for their ook contury ago. A record of the transaction is contained in 
tT *| poses. It seems, however, questionable wh the “* 


A report from Essen states that the upward 
movement in the iron market continues. During the 
last few weeks prices have advanced materially all 
round, and in this connection it must not be over- 
looked that as regards the more important rolled 


products, es ially bar-iron, plates, and wire, the 
former conventional prices, as a matter of fact, had 
been it Of the rise in prices 


passed long ago. course, 

decided upon by the Steel Union and the Pig-Iron 
Syndicate tended to raise quotations also for concerns 
outside the syndicates, as the higher prices of half- 
finished goods and other raw material naturally are 
bound to tell upon the cost of more finished products. 
The higher cost of production is also to some extent 
due to the impossibility of fully employing the works 
in question, the output having apparently settled 
down at some 60 per cent. of the normal. 

The report continues that in the enemy countries 
not only have the prices for iron and steel products 
risen far more than in Germany, but there also prevails 
serious concern as to whether it will be possible, even 
at extremely high prices, to keep up the necessa' 
production of war material in the long run. Suc 
apprehensions, the report says, luckily, need not 
trouble Germany ; the capacity of the German iron 
and steel industry, which works hand in hand with 
the military authorities, guarantees Germany as to the 
supply of all war material, and especially that of 
ammunition. 

The works are all booked to the full limit of their 
present capacity for a considerable time to come, and 
in the matter of fresh contracts extended time of 
delivery is generally insisted upon. A certain amount 
of scarcity still prevails as regards most kinds of 
better quality steel, such as Siemens-Martin bir 
and plate, especially as far as thin plates are con- 
cerned, as these products are primarily wanted for 
military purposes, directly and indirectly. Bar iron 
of ordinary quality now fetches 140 to 145 marks per 
ton, and in some cases 150 marks have been paid, whilst 
Siemens-Martin quality has advanced 15 marks. Iron 
for chains and bolts fetches 195 marks. The price of 
150 marks per ton, which the Bond Iron Union has 
decided upon, is obtained without any difficulty, and 
in many cases exceeded. Heavy plates fetch 155 to 
165 marks, and finer plates 175 to 185 marks. For 
additional purchases for the third quarter of the year 
the works demand 190 marks, and special brands are 
not sold below 200 marks. For rolled wire a price 
of 145 marks per ton is asked, and Siemens-Martin 
quality fetches 15 marks more. For wire products, 
the demand for which is very active also from the 
neutral countries, the existing convention prices, espe- 
c‘ally as regards galvanised wire and barbed wire, 
are vecasionally exceeded. On the pipe market the 
demand keeps limited, but prices are being maintained. 
Half-finished products have receded in sale since the 
export to Italy was stopped, but remain fairly satis- 
factory, for the home market absorbs almost all goods 
that come forward. The business in joists is quiet. 
As regards heavy railway material, the employment 
has suffered through the stoppage of export to Italy. 

On the market for raw materials the excessive 
demand continues, especially for ores. The home 
mines, however hard they to increase the pro- 
duction, cannot fully satisfy the extremely lively 
demand, and as regards foreign supplies, the German 
iron works now solely rely upon Sweden. The import. 
into Germany of Swedish iron ore, however, has 
diminished materially. Siegerland iron ore now costs 

148 marks ; roasted, 230 to 235 marks per wagon of 
10 tons; for hematite ore, 480 to 500 marks is paid for 
the same load. The union prices for pig-iron for the 
third quarter are 115 marks for hematite pig at Ober- 
hausen ; 102 marks for steel-pig, poor in copper ; 
88.50 marks for ordinary steel-pig; 94 marks for 
foundry pig, No. 1; and 89 marks for foundry pig, 
No. 3, at Sieger-Wetzlar-Haiger. 

On the market for coal and coke, the strong demand 
for all kinds of coal continues. Although a certain 
scarcity still prevails, as far as several kinds of fuel 
are concerned, the supply of the home consumer is 
generally effected without any difficulties, which is 
partly owing to the: ever-increasing endeavours for 
substituting coke for coal. The export of coal, which 
suffered a material reduction by the stoppage of busi- 
nees with Italy, has also been considerably decreased 
as far as Belgium is concerned. Oaly coal is now 
sent to that country, the demand for coal otherwise 
being supplied by the Belgian mines. The syndicate 
cannot satisfy the urgent demand from Holland, for 
which reason Dutch industry more and more uses coke 
lastead of coal. 

The increased production of coke, coupled with 
the reduction of the large stocks, is hailed with satis- 
faction, particularly on account of the large demand 
for the auxiliary products from the ovens, ammonia, 
benzol, &c., for military purposes. As a result of the 
increased coke production, coking coal is gettin 
Scarce, which, in the first instance, benefits the inde- 


| of our 


pur- 
er it 
was advisable or necessary for the Coal Syndicate again 
to abandon the reduction of 1.50 marks per ton of 
coke, which was adopted some time ago. 
The Rhenish Company for Lignite and Briquettes 
has for the 1914-15 a surplus on goods accounts 
of 5,732,572 marks, against 6,361,273 marks for the 
ttre year, and a surplus on interest account of 
,814 marks, against 1,034,974 marks for the pre- 
vious year.. The aggregate sale of lignite had risen 
of briquettes had receded from 1,966,992 tons to 
1,830.561 tons. The profits derived from shares in 
other concerns only in one case showed a decrease, 
whereas the Rhenish Electricity Works in the lignite 
district for the first time gave a dividend of 6 per 
cent. The report states that during the months 
April-July, 1914, the development of the company 
was normal, and that German pees altogether 
unexpectedly quickly adapted itself to the itions 
arising from the great war. Even if some industrial 
concerns had to reduce their consumption of fuel, o 
state of things which still prevails in some cases, the 
demand for fuel became very active as early as Sept- 
ember of last year, and this applies both to the home 
and the foreign market. The current financial year 
has so far been satisfactory. The Rhenish Lignite 
and Briquette Syndicate, as well as other kindred 
concerns, and the State mines in the Ruhr district, 
have raised their selling prices, on account of ‘the 
higher cost of production. 
he Rhenish Coal and Shipping Company (the 
Kohlenkontor), at Miihlheim, shows profits on the year 
ended March 31 of 13,068,810 marks, against 11,473,371 
marks for the previous year. The quantity despatched 
amounted to 10,553,225 tons, against 12,644,345 tons 
for the previous year. The exports to Holland de- 
creased by some 900,000 tons. he first two months 
after the commencement of the war alone resulted in 
a reduction of 1,440,000 tons in the quantity de- 
spatched. Otherwise the concern had an increased 
turnover during the first months of the last finan- 
cial year. At times the supply from the syndicate 


abundant when the war broke out. The Upper 
Rhenish and Ruhr stocks of coal had been heavily 
drawn upon, so as to avoid an absolute scarcity of 
coal. Asa result, the company’s stock of coal at the 
end of March was smaller than it had been for 
ears. The completion of the Rhine-Herne canal 
materially facilitated the transport. In the Rhine 
traffic the quantity of coal and coke handled at the 
canal ports rose from 14,255 tons in August, 1914, to 
168,158 tons in March of the present year. Up to 
the end of April the export of coal was about 60 per 
cent. of the normal; for May and June the a 
centage fell to 40 per cent. ‘The company considers 
this reduction excessive, as it materially affects the 
exports to Holland and Switzerland. The prospects 
for the current year depend entirely upon the fortunes 
of the war, but they appear to be satisfactory. In 
harmony with the duration of the Coal Syndicate 
agreement, the present financial year of the company 
terminates on December 31, 1915. 





NAVAL ENGINEERS. 
To THe Eprror oF ENGINEERING. 

Sir,—On February 26 of this year there was read 
before the North-East Coast Institution of Engineers 
and Shipbuilders a aay by Mr. D. B. Morison on 
“The of Reform in the Engineering Branch of 
H.M. Navy.” Through the kindness of the author a 
copy of this now lies before me. The paper was ca’ 
forth by the Admiralty Memorandum of December 24, 
1914, giving the new Regulations concerning the Status 
and Pay of Engineer Officers (Old System). During the 
last fifteen years many changes have taken place in the 

ition occupied by the engineers of the Navy, and 
Mr. Morison’s paper summarises the efforts made by 
himself and others to ameliorate the conditions of ser- 
vice, and it also records the steps by which success has 
been achieved. That the engineering profession in 

neral, and naval engineers in icular, are deeply 
indebted to Mr. Morison goes without saying, but it is 
to be hoped that at some suitable time an opportunity 
may be given to acknowledge his services in some more 
substantial manner than in mere thanks. 

The history of naval engineering has yet to be written. 
It certainly is one worth writing, and the record of the 
coming of the engineer will have much more a 
technical interest; it cannot fail to be intensely human. 
Looking back over a hundred years, the ground across 
which the naval i has to fight his way is 
clearly defined, the scale on which the struggle has taken 

is comparatively small, the issues have always 

easily com ended, and the progress, though 
always slow, is traceable all along the line of advance. 
Entering uninvited a service bound with the traditions 
of centuries, he met with no encouragement, and only the 
irresistible force of circumstances caused him to be even 
tolerated. For nearly a century he has seraggled and 
fought against obstacles of every kind, and in records 


from 895,637 tons to 906,792 tons, whereas the sale| King William 


fell somewhat short, and deliveries became more | PFO 


2 irs” of that greatest of Admiralty secretaries, 
Sir John Barrow. The vessel—we think it was the Congo 
—for which the engine was intended was eventually com- 
er as a sailing ship, and the engine—no doubt a 
ton and Watt—was used for pumping water. This 

George III. While 


was away back in the reign 
George IV. was on the throne small steam vessels became 
fairly common, and occasionally our stately ships-of-the- 


line could be seen being towed into harbour by fussy little 
steam-tugs, whose horrid funnels belched fithy smoke 
over the snow-white decks and canvas. By the time of 


ineering was well established in the 
Navy, and in the fase year of his reign & separate steam 
department was instituted at Somerset House and 
8 under the guidance of the Arctic explorer, Cap- 
tain (afterward Admiral) Sir W. E. Parry. Even 


by this time there were far-seeing officers of the Navy 


who recognised great importance and wonderful 
resources of steam machinery for pelling ships, 
and some of them saw the advisability, if nob the 


necessity, of having a body of officers thoroughly well 
grounded in the science of mechanics and the intricacies 
of the steam-engine. Lieutenant Otway was one of th 
and in his little book on “* Steam Navigation,” published 
about 1834, he advocated the educating and training of 
such a ee officers. The well-known Captain Basil 
Hall, aloo, | advanced opinions on the subject, and in 
® series of papers on “‘ Civil E ing in America,” 
which he contributed to one of the nautical journals of 
the day, he advised young officers to take off their coats, 
to put on paper caps, and and work beside the 
thoreugh- workmen of jey’s and of Napier’s, 
and, said “he would promise t their eventual 
motion whether the great peace continued or nob.” 
m, too, in the Excellent, in the ’thirties, there were 
commanders enthusiastic enough to lecture voluntarily 


on the steam ine, and at to that establishment 
was a little v call the ‘‘ Bee,” fitted with an engine 
with both screw and paddle-wheels, with which the 


officers could gain practical experience. For many years, 
of course, the whole practice of marine engineering was 
in astate of flux. A thousand lessons had to be learnt, a 
thousand difficulties had to be overcome, but the labours 
of the Rennies, the Napiers, the Maudsleys, the work of 
Brunel, Wimshurst, Pettit Smith, and a host of others 
gradually brought the marine boiler and YY <¥" to a 
satisfactory state; and when the value of the screw- 
‘ was fully demonstrated, opposition was swept 
aside, and steam navigation was adopted for the whole 
Fleet. This us down to about the middle of the 
nineteenth century. 

Nearly contemporaneously with the adoption of the 
steam-engine for all ships came the promulgation of a set 
of regulations concerning a new and separate class of 
naval —, to be yt as ampant ineers, chief 
engineers, inspectors machinery. were to 
_ — with = oo .- assistant — rs of the 

ay. mong other © new regulations were 
published about 1855 in Oaptain Glascock’s ‘* Seaman- 
ship,” and the editor of that work, following in the foot- 
steps of Lieutenant Otway, after some most pertinent 
remarks, suggested the formation of a corps of Royal 
Naval Engineers, similar to the corps of Royal Engineers 
of the Army. Some ten or twelve years after this farther 
instructions a respecting the training of students 
of marine engineering in the dockyards. en came the 
establishment of the ‘‘Marlhorough” scheme in 1878, 
and, finally, the opening of Keyham College in 1880. It 
ty. ee ro 1t was at the —a—~ | Gates 

+ the great majority of the senior engineer officers 
the present day were trained, and there is no need to 
labour the point that the Keyham training was successful. 
Tried under the most strenuous conditions of service, the 

i ing branch of the Navy has come through the 
ps me with flying colours, and its achievements have been 
acknowled, in Parliament and in the Press. There 
was nothing wrong with the Keyham system. The right 
kind of cadet was entered, the right kind of training was 
given. What was wrong, ly wrong, was the 


lled | treatment meted out to the engineer directly he 


& eommissioned officer. Retained in the gun-room mess 
till about the of twenty-seven or even twenty- 
eight, he “‘lived in a chest and slung in a hammock,” 
and when at length promotion to ward-room rank 
came. he added a half-stripe to his cuff, and was able 
to enjoy the benefits of increased seniority, ‘‘ with” but a 
long i Moy = men younger than himself by several 
a. @ irritating and injurious atmosphere of in- 
eriority he worked in hindered his damped his 
enthusiasm, and sometimes strained his loyalty. Often, 
indeed, the conditions seemed intolera’ He was, 
however, buoyed up by that ‘‘ hope which springs eternal 
in the human breast,” and to-day the nee pees 
of the profession me OY [myn vy y those who 
have gone before. ho can doubt that the present con- 
ditions are not more wholesome and far better for the 
Service in ? 

Before closing this letter, perhaps it may be permitted 
to add @ mote on the relation beoween the taining of 
i and their position. In some quarters, the | 
delayed conoeasion of military rank ym <puieens 18 
regarded as the necessary corollary to evelopment of 
the Selborne-Fisher scheme of ing. That usion 
seems to be based on certain fallacies. Whatever schemes 
of training wereadopted, the demand by the engineer officer 
Fahey ej status was based upon arguments so sound that 
they long ceased to be debated. If the principal 
engineer officer of a battle-cruiser, having under him 
some 550 officers and mén, is not entitled to the advan- 


erred by military status and disciplinary J 





great public services his store must be unique. 
The first Nom-engine for the Navy was ordered—we 





pendent coal-mines, as the coal-mines of the iron works 


speak from memory, and are open to correction—just a; 





tages conf 
then it is difficult to see who is. And what ies to 
him applies to all engineer officers. The Selborne-Fisher 
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scheme of training was introduced for various reasons, 
some of them noteasily justified, but its most ardent advo- 
cate would not maintain that one of its objects was to pro- 
vide an avenue t which the aspirations of the pre- 
sent engi could be satisfied. W ether that scheme 
hind or hastened the reform it is to dis- 
cuss. Of that famous scheme, it may be said that from the 
first it contained many weak spots. —— plans have 
been already considerably modified, and are reasons 
for thinking that other will follow. Osborne and 
Dartmouth have failed entirely in providing officers for 
the Royal Corps of Marines, and the number of properly- 
qualified young engineers they have turned out is sosmall 
as to be almost negligible. Any scheme which cannot 
secure each year some forty or more officers for the engi- 
neering branch is not meeting requirements. If proper 
methods had been adopted twelve years ago, there would 
have been no need for the entry of Sn Re ere 
tenants for temporary service now. key-note of the 
Selborne-Fisher system was interchangeability; but while 
the theory of interc bility may seem very simple. 
its application in this instance was singularly unsound, 
Inte: bility as régards engineers is a snare and a 
delusion. Engineering is sufficient occupation alone for 
any man, and only those who have never conga’ & its 
practice can believe that it is a profession to be basa 
relaxation and followed asa pastime. In a man-of-war there 
are two main classes of officers, call them what you will. 
Their spheres of action are well defined, their functions 
distinctly separate. To the one class belongs the theory 
and practice of navigation, a knowl of gunnery, the 
study of tactics and eaten and the whole art of seaman- 
ship, while the province of the other includes a thorough 
acquaintance with the scientific principles and the prac- 
tical development of mechanicil engineering as applied 
to ships and their machinery. Both sections require 
men of education and ability, but by the very essence 
of things the position of the engineer must, and always 
will, remain one subordinate to that of the upper-deck 
officer. It is no doubt the appreciation of this point, 
much more than the fact that marine engineering is hot, 
dirty and laborious, that has prevented the new cadets 
from volunteering in ter numbers for engineer- 
ing branch. The problem of staffing the engine-rooms 
of the Navy has always been made un’ scarily difficult. 
Never do anything, never concede anything till you are 
forced to, seems to have been the principle upon which 
board after board has acted. Andeven now the problem 
is not fully solved, There is certainly a reluctance, an 
easily-understood reluctance, on the part of the Oshorne 
trained cadet to take up engineering, and it may 
that, after all, the wisest and most satisfactory plan 
would be the adoption of the suggestion»made sixty 
years ago by the Editor of Glascock’s “ ip.” 


Yours — 
NGINEER. 


VACANCIES IN THE AERONAUTICAL 
INSPECTION DEPARTMENT. 
To tHe Eprror or ENGINgERING. 

Srr,—I should be extremely glad of the courtesy of 
roe columns to give publicity to the following parti- 
culars :— 

There are now vacancies for examiners and viewers in 
the Aeronautical Inspection Department, South Farn- 
borough. The total pay and wances of examiners 
varies between 3/. 14s. and 4/. 4s. per week, and of 
viewers between 38s. and 48s. per week. 

Candidates for examinerships should be gentlemen 
having a good theoretical and practical training in engi- 
neering and a knowledge of micrometer measuring 
instruments. 

Preference will be given to gentlemen who are unfitted 
for military service. These appointments provide 
patriotic men, having the necessary quulifications, with 
an unequalled opportunity to serve their country. 


I. D. B. Futon, 
Lieut.-Col., Chief Inspector, Aeronautical 
Inspection Department. 
Aeronautical Inspection tment, South 
Farnborough, July 21, 1915. 








** VAPOUR-COMPRESSION REFRIGERA- 
TION.” 


To THe Eprror or ENGINEERING. 


Str,—May I express my thanks to Dr. Grindley for 
his very meee pepe on the above subject, published 
in your issues of July 2and9? I would him, how- 


ever, to let us know the values of the various constants in 


his formula (1) of Part II., published on 47 of your 
issue of July 9. The formula pro y Van der 
Waals is given in the form :— . 
po BDR_Ce!~ gr. 
vu (wa BP 


This, if representable at all in an alignment diagram, 
must of necessity consist of two curved and one straight 
seale, since two functions of T and two of v are involved. 
Dr. Grindley explains this discrepancy by saying at the 
end of the article that “any error involved does not 


affect the accuracy . . . within the limits of accuracy to 
which the scales can be read.” ; 
His di Fig. 10, consisting of two straight and 


one cur le, is 
tion of a formula of 
p=Txf(v) + o(e), 
where the second term cannot involve T. 
We are therefore landed in the following three contra- 
dictory statements :— 


Low ma dathsd to thn gupeennaans 
form 


be 1 velo. 





1. Dr. Grindley states that the second term in Van der 
oe Sy ee relative to 
rst.” 
2. The second term in the formula represented by his 
wae The exponset of e within the limite of hie diagram 
> ex t of ¢ within its 
varies from + 0.272 to — 0.272. 
From this it would a that Van der Waals’ for- 
mula io unnecemapily elatecete, ond thes hee fo no need 


for the introduction of the term e ~ 7]; in the formula. 


As I am, however, totally ignorant of the value of the 
constantsin the formula, I am not in a ition to check 
this su tion. Hence my appeal to Dr. Grindley for 
further information. 5 ai sasthetedt 
am, Sir, yours fai ’ 
, C. E. Wourr. 


31, Stamford-streeb, Altrincham, July 18, 1915. 





“THE ENGINEER’S UNIT OF MASS.” 
To TRE Epiror oF ENGINEERING. 

_ S1n,—Before the close of this discussion, it would be of 
interest to see a definite statement as to the advantages 
of the words ‘“‘slug” or ‘‘meng” beyond the question of 
saving paper and ink. 
_ The usual “‘ physicist” attitude is that the engineer is 
inconsistent unless he always works in a definite system 
of unite, and adopts as his fundamental quantities the 
three quantities: space, mass, and time. In the first 
place, this attitude overlooks the fact that the individual 
engineer is forced to work with all sorts of units, handed 
down to him by his professional predecessors, and any 
method tending to limit him in the understanding of 
these units is a distinct evil. In the second place, 
‘* fundamental ” quantities are largely a matter of tempe- 
rament ; they are not essentially fundamental, but merely 
quantities which are more easily conceived than ‘‘derived 
quantities. Hence, in practice, it does not make the 
smallest difference which are considered as fundamental, 

rovided that the operator unders the relation 

tween the quantities in question. A certain individual 
might find speed more easily conceivable than distance ; 
he might call a certain 1 velo, in which case 
1 velo x 1 second would be a definite distance. If he 
chose to call this distance 1 ft., then 1 velo would be 1 ft. 
per second. This method would lead to no errors what- 
ever ; but to those who prefer to start with distance and 
time 1 ft. per second is probably a much clearer term than 


on “oagues of tran” katie mtg ces oll Gn come 

mass tons-wt. + ft. per sec.2, or 
_2  tons-wt. x sec.? . 
322 ft. P 

the former unit is generally convenient when merely 


32.2 


referring to the mass of the body, the latter is preferable 
when the final result is to be exp in terms of a 
force. Toa student brought up on “ mengs,” it would 


probably be necessary to reduce the mass to pounds, then 
to — a if required, bring his final result back 
to tons. is nuisance is common in the case of the 
“*poundal” student, who must reduce everything to 
pounds, and then obtain his result in and con- 
vert to tons. Occasionally he saves himself by means of 
the ‘‘tonal;” but surely these effects are sufficient to 
condemn such superfiuous units. 

Yours truly, 

Leeds, July 12, 1915. 8. H. Sretrox. 

To tHe Eprron or ENGINEERING. 

Sra, —Readi in conjunction with the previous cor- 
respondence, ‘‘ M. Inst. O.E.’s” letter of the 16th inst., 
I cannot but feel that, as an — in argument, 
**M. Inst. C.E.” has forfeited all c to respect. 

If any additional reason were needed for closing dis- 
cussion with him, there is this :—The statement— 





is either untrue or involves a confusion of units, yet 
**M. Inst. C.E.” says it ‘‘is quite sound.” It follows, 
then, that ‘‘M. Inst. C.E.” is not qualified to discuss the 
subject, and I regret having wasted so much of your 
space upon him. He has shown wisdom in one 
only—the hiding of his name. 


Yours — 
F. DENTON. 


Northampton Polytechnic Institute, Clerkenwell, 
London, E.C., July 19, 1915. 





a ‘ a THE EpitTor OF ENGINEERING. . 
1,—A discussion is at present proceeding throug’ 
your columns uuder the above heading, with the apparent 
object of removing the confusion which is stated vo exist 
in the mind of the average engineer concerning some unit 
of mass called “‘ the engineer’s unit of mass.” 

As an average engineer, I would like to say that this 
conception is entirely uncalled for, and is itself the source 
of all the confusion. : 

The engineer uses the same fundamental units as the 
physicist—namely, in the British system :— 


The unit of mass The pound. 
The unitof time... . The second. 
The unit of length ... The foot. 


From these we obtain the primary derived unit of force, 


the poundal, whose definition is :—The is that 
force which, being continuously applied to a mass of 1 Ib., 
will produce an aceeleration of 1 ft. per second per second. 


per 
Now a mere glance at the poundal reveals two weak 


the | fa torms ot 


ing | ¥ 


The unit is too small ; (2) to measure a force 
mass and acceleration woul i 1 
be a slow, costly, and inaccurate m He therefore 
set himself to & more convenient unit, and, finally, 
fixed upon the “pound unit of force” (or “‘the pound” 
for brevity). j 

The reasons for his choice are :— 

1. Its magnitude is more consistent with his require- 

ments. 
2. His definition of the “ pound unit of force” is that 
force exerted by gravity ngon the standard mass of one 
pound at London. It therefore follows that he can 
measure forces in London with great accuracy and mathe- 
matical correctness by simply balancing the effort of his 
force by the effort of gravity upon a certain number of 
standard masses, that number of standard masses being 
the numerical measure of the force in question. 

3. From observations he finds that variations in the 
acceleration due to gravity at different points on the 
earth’s surface are too pone | for him to trouble about, so 
he rejects them, and defines the acceleration due to 
gravity to be that at London—viz., 32.2 fv. per second 
per second. This makes universal the application of (2). 

4. By its use the weight of a a en und 
—= of force equals the mass of that body in pound units 
of mass. 

5. It pt a clear idea of what an applied force is. A 
man tells you he applied a force of 1 lb. to the end of a 
piece of string. ou immediately understand that he 
fixed one end tos nail in the wall, and hung a mass of 
1 Ib. on the other end. What could be simpler? 

From the above definitions it is clear that at London 
the force exerted by gravity on 1 lb. mass is 32.2 poundals 
and 1 Ib. unit of force respectively. Hence 1 lb. unit of 
force exactly equals 32.2 poundals. 

Therefore the engineer’s unit of force, or the pound, is 
equal to 32.2 poundals, and is simply a multiple measure 
ot a derived unit, and is not a fu unit. 

The engineer in working out a problem uses, as the 
a does, fundamental units, and having obtained 

is results in poundals, divides by 32.2 to obtain his 
answer in his more convenient unit—the pound unib 
of force—just as he would divide by 2240 to convert 
rag units of mass to ton units, or as he would divide 

y 3600 to convert seconds to hours. No one accuses 
him of attempting to introduce the ton, or the hour, or 
the mile as new special fundamental units. Why do so 
with regard to the pound unit of force ? 

If I suffer from a state of mental confusion, I should be 
grateful to the physician who will cure me. 

Yours faithfully, 

July 19, 1915. G. H. H. 





GeemaN CeMENT INDUSTRY. — The German cement 
industry continues to fare badly. The Bcsching Portland 
Cement Company, which paid a dividend of 5 per cent. 
for 1913, has a loss of 122,622 marks for 1914. Under the 
circumstances the oper has transferred its allotment, 
excepting a small ance, to another South German 
company, subject to a remuneration, which is expected to 
leave a smail profit. 





‘Gas ENGINEERING AND GAS MANUFACTURE 1863 TO 
1913.”—Messrs. J. G. Hammond and Co., City Works, 
Fleet-lane, E.C., have sent us a copy of Part I. of this 
oe It is to be completed in six parte, and will 

a fifty years’ review of the work carried out by the 
Institution of Gas Engineers, which was founded in 1863. 
The work is edited by Mr. Charles W. Hastings, Editor 
of the Gas Engineer's Magazine and Gas Industries and 
Gas Engineer's Annual. The review in question forms 
very interesting reading, and will prove most useful for 

‘erence purposes in regard to all points connected with 
gas. The work will be illustrated with the portraits of 
all the presidents. The price of part is 2s. net, 
post paid to any address. 





Tue GALICIAN PerroteuM InpusTRY.—From the report 
of the Schodnica Petroleum Industry Company in Vienna, 
on the board of which also the Deutsche Bank is repre- 
sented, it —— that the company, in spite of exception- 
ally large additions to diverse funds, has been able to raise 
the dividend from 5 per cent. to 7 per cent. for the 
financial year 1914-15. The proceeds on account 
were 4,841,453 kr., against 2, 833 kr. for the ing 
ear. This increase in the profits has been effec 
notwithstanding the occupation of the Galician petroleum 
district by Russian troops, which necessitated a complete 
standstill in the boring activity of the company’s mines, 
and puta stop to the transport of the raw petroleum to 
the refineries. It stood, however, the company in good 
stead that, in order to saf the refineries under 
all circumstances, the bulk of the raw oil had been 
not at the springs, but at the place where it had to be 
further handled, and which was outside the occupied 
territory. The further treatment of the raw oil and the 
half-finished products which in stock when the war 
broke out gave the refineries sufficient employment during 
the financial year in question. The yo yey pay 
able to comply with the demands le upon it by the 
railway and military authorities, and also to supply a 
considerable portion of the industries working for the 
army with its 


: the writings-off from 590,215 kr. 
1,023,368 kr.; a war loss reserve fund received 
707,560 kr.; the addition to the tax reserve rose from 
350,000 kr.; and 200,000 kr., against 
to the reserve fund. The net profits 

were 1,258,385 kr., against 691,100 kr. for the previous 
year. 
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THE DIFFUSION OF CARBON IN IRON.* 


By F. W. ApDams, B.Sc., Wiggin Scholar in Metallurgy, 
University of Birmingham. 

Sir F. ABEL, in 1881,+ first indicated the existence of 
a carbide of iron of the formula Fe,C0, and most metal- 
lurgists now accept this formula as represen the 
composition of the most important compound of iron 
and carbon. The conditions of stability of this carbide, 
however, are still subjects of controversy. _ 

During the interval that has elapsed since Abel’s 
original discovery many investigations have been con- 
ducted with the object of determining the conditions of 
formation and the properties of other carbides of iron. 
The results of Wittorf’s} researches indicate the probable 
occurrence of three additional carbides, having the re- 
spective formulas, FeC,, Fe,O, and FeC. As fs of 
the existence of these carbides are not yet complete, and 
their range of stability does not extend below 1200 deg. 
Cent., aconsideration of their influence on the diffusion 
of carbon in iron is not included within the scope of the 
following investigations. ; ; t 

In a paper which was presented to this Institute in 
1897 by Mr. G. P. Royston, § an experiment was described 
which was conducted as follows :— 

A piece of steel, containing 0.95 per cent. of carbon, 
was placed in a — tube, and heated in vacuo at 
900 deg. Cent. for twelve hours. The sample weighed 
practically the same after as before heating. Two pieces 
of mild steel, containing 0.15 per cent. of carbon, were 
then placed in the tube along with the previous high- 


Fig.]. DIAGRAM OF APPARATUS USED FOR THE EXPERIMENTS. 





the iron carbide were in ay at that temperature it 


ought to have passed out of the high-carbon steel into the 
low-carbon steel, with a difference in weight due to the 
carbon alone. Mr. Royston’s experiment seemed, at all. 
events at first sight, to prove that carbon existed in the 
free form at that high temperature, but that was not what 
he (Professor Turner) was inclined to believe. 

@ following research was undertaken with the view 
of confirming Mr. Royston’s experiment, and, if possible, 
to obtain further evidence to prove whether, at tem- 

€ between 900 deg. to 1000 deg. Cent., carbon 
ffuses as such or as iron carbide. 
_ Experimental Method.—The apparatus used in the 
investigation consisted of a royal Berlin porcelain tube, 
1 in. in diameter, and glazed both inside and out. The 


samples to be treated were placed in this tube, which was | ti 


heated by an electric furnace of the resistance type. It 
was found to water-cool the ends of the porce- 
lain tube by means of two coils of }-in. diameter copper 
tube. One end of the porcelain tube was connected to a 
mercury apt and the other end closed. For 
these purposes special-quality rubber cov on 
the outside with sealing-wax, were used. protect the 
ends of these rubber bungs from the scorching effects of 
radiant heat, ten discs of mica were threaded on each of 
two 2-in. lengths of glass rod. One of these was placed at 
each end of the porcelain tube, about 1 in. away from the 
inside ends of the rubber bungs. A platinum and platinum- 
iridium thermo-couple, placed in contact with the porce- 
lain tube, opposite the sample to be heated, registered 
the temperatures employed in the experiments (see Fig. 1). 





after they had been heated in contact. The steel cylinder 
enclosed between the two halves of the Swedish iron 


deg. to 1000 deg. Cent. After cooling 


in va the specimens were reweighed. The results 
showed both the Swedish iron pieces and the high- 


carbon piece had lost weight. In the former case, this 
loss of weight was 0.027 per cent., and in the latter 0.039 


per cent. 

The surfaces of the two halves of the Swedish-iron ring 
were copper plated, polished, and etched with picric acid. 
A microscopic examination of their extreme inner sur- 
faces, however, failed to reveal any traces of carburisa- 


on. 

Several metallurgists have already observed that iron 
and steel lose weight when heated in vacuo above 900 deg. 
Cent. It is suggested by some investigators that this 
loss of weight may be due partly to the volatilisation of 
the iron itself, and y to gases which are evolved 
from iron and steel when at a red heat. In this connec- 
tion M. Boudouard* states that he has found that iron 
in vacuo begins to volatilise at 900 deg. Cent., and that 
the phenomenon is very distinct at 1100 deg. Oent.; 
Messrs. Ewen and Kayet observed, when iron is heated 
to redness én vacuo, that, in addition to ordinary evapora- 
tion of the metal, a rectilinear projection of particles of 
iron also takes place. fessor tert found, on 
heating cast iron in vacuo, that, after repeated heati 
black rings were formed on the water-cooled ends of t 
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carbon sample, but not in contact with it. These three 
pieces were then heated for twelve hours in racuo at 
900 deg. Cent. This treatment produced practically no 
alteration in their weight. The a specimen 
was then placed in contact with the two low - car 
pieces, and the three samples subjected to the same 
treatment as in the previous cases. ‘The specimens were 
then cooled in vacuo and reweighed. The resultsshowed 
that the low-carbon pieces had increased in weight, 
whilst the high-carbon piece had lost an amount equiva- 
lent to that gained by the low-carbon pieces. On deter- 
mining their respective carbon contents after this treat- 
ment, it was found that the percentage loss of carbon in 
the high-carbon piece was exactly balanced by the per- 
centage gain of carbon in the low-carbon pieces. From 
the results of this experiment it would seem that the 
carbon only had diffused from the inner high-carbon 
piece to the outer low-carbon pieces. Mr. Royston sug- 
gested that the carbon was apparently in solution as 
such, in the iron, at the temperature of the experi- 
ment, viz., 900 deg. Cent., and should in that case obey 
the ordinary laws of diffusion, and diffuse through the 
iron till the pressure of solution was equalised throughout. 
Reference was made to the above experiment in a paper 
on “The Diffusion of Elements in Iron,” by Dr. Arnold 
and Mr. A. McWilliam.|| In the section of their paper 
dealing with the diffusion of the element carbon into 
iron, the authors conclude, from the results of their ex- 
riments, that carbon diffuses in the form of a earbide 
tom & high-carbon steel into a specimen of soft iron, 
when — — —— a See contact po 
vacuo for sever ours, within the temperature range 
900 deg. to 1000 deg. Cent. at 
rofessor Turner also drew attention to Mr. Roystons’ 
experiment in the discussion on a paper by Professors 
Arnold and Read,{ and the opinion was expressed that if 


ie taken as read before the Iron and Steel Insti- 


t Proceedings of the Institution of Mechanical Engi- 
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+ Journal of the Society of Chemical Industry, 1912, 
pave 383 (abstract). 
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Materials Used.—The following table gives the analyses 
of the materials used in the investigations :— 











| | 

a | ; 3 | | s |3¢ 
a|.8/2 | 8] g | as 
ones = | a8 | = 82/3 #3 

a |a™! @ a*|S is 
p.c. Re p.c. | p.c. | p.c. | p.c. 

Steel 1 .| 0.004 | 0.39 | 0.085 0.1 |1.40 | — 
» 2 se ss ++ 0.070) 0.82 | 0.008 | 0.018 | 0.89 | — 
» 3... 44/0070 | 0.28 | 0.027 | 0.080 | 0.466 | — 
Dead-mild steel .. .. 0.023 0.88 | 0.057 | 0.090 | 0.059 — 
Grey hematite cast-iron | 0.963 | 0.69 | 0.010 | 0.025 | 0.87 | 3.88 
White cast-iron .. ... 0.070 | 0.05 | 0.036 | 0.062/2.25 | — 
Swedish bar-iron .| 0.016 | 0.02 | 0.007 | 0.012 | 0.084| — 
Round bar-steel.. .. 0.889 | 0.43 | 0.06 0.024 | 0.986 | _ 





Swedish bar-iron was originally chosen for the experi- 
ments on account of its purity and freedom from elements 
which might affect the condition of the carbon during 
the diffusion. M. Guillet* points out that those elements 
capable of forming double carbides accelerate the absorp- 
tion of carbon, whilst others, such for instance as silicon, 
tend to retard this process. In some of the later experi- 
ments the use of this material was abandoned in favour of 
dead-mild steel containing 0.06 per cent. of carbon (Fig. 2, 
page 96). In this latter material the carbon is much more 
evenly distributed than in Swedish bar-iron, and therefore 
gives a more reliable sample for the estimation of small 
variations in its carbon content. 

Preparation of the Specimens.—The specimens used for 
the experiments were carefully machined, polished, 
washed in ether to remove grease, and then accurately 
weighed. Where necessary, the imens were bound 
round with soft iron wire to keep them in position during 
treatment. 

Samples for treatment were placed in the porcelain 
tube, from which the air was then exhausted to a pres- 
sure of less 1mm. of mercury. Afver being heated 
for the required length of time, the specimens were 
allowed to cool in reouo. The varying quantities of 
which were evolved from the specimens when heated in 
vacuo, were removed at intervals during the experiment. 
The larger portion of these gases, however, was removed 
during the earlier stages of heating—that is, after a 
temperature of 900 deg. Cent. had been attained. In 
cases, after this treatment, the specimens were removed 
from the tube and found to be quite bright and clean, 
and were examined microscopically, and where possible 
reweighed. 

It was decided to carry out the experiments at temps 
ratures between 900 deg. to 1000 deg. Cent , since, within 


this of temperature, iron exists in the y modifica- 
= when in this condition, readily takes up 
carbon. 


L£zperiment 1.—The first experiment was conducted as 
follows :—A solid steel cylinder ——s 0.985 per cenb. 
of carbon was carefully turned, polished, and made an 
exact push fit (cold) into a collar of Swedish iron, which 
had been accurately drilled and reamered out tosize. This 
iron collar was cut longitudinally into two pieces, across 
a diameter, to facilitate the separation of specimens 
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porcelain tube. Analysis proved that these rings contained 
silicon, carbon, and hydrogen, which, in his opinion, would 
seem to a volatile silico-organic compound. The 
t author observed in these experiments that similar 
lack rings were formed on the water-cooled ends of the 
porcelain tube after repeated heating of iron and steel 
im vacuo. Examination of these rings failed, however 
to — the presence of constituents other than iron and 
car 
The results of recent researches have proved that 
occluded gases exist in steel, and that these gases are, to 
a large extent, removed by heating the steel in vacuo 
below its melting-point, the amounts of thus evolved 
diminishing with repeated heating the metal. It 
might be supposed, in the case of wrought iron, that the 
of manufacture would tend to lude the occur- 
rence of such gases. Since in vacuo above 900 deg. Cent. 
wrought iron does evolve varying quantities of gases, it 
is possible that these gases may be produced by chemical 
action, at a red-heat, between carbon and the oxides 
contained in the slag-particles disseminated through the 


iron. 

Experiment 2.—To confirm the observation that iron 
and steel lose weight when heated in vacuo, two solid 
cylinders, one ef Swedish iron, and the other of steel 
containing 0.985 cent. of carbon, similarly prepared, 
and of the same dimensions as those in the previous 
experiment, were weighed and then heated in vacuo for 


0000? 





nine hours at a temperature of 900 deg. to 1000 deg. 
Cent. On reweighing them it was found that there was 
@ percentage loss of weight of 0.036 me in the 
Swedish-iron cylinder, whilst the high-carbon ateel 


cylinder had lost 0 048 per cent. of its original weight. 
Experiment 3.—Since, in the first experiment, no trans- 
ference of carbon had apparently taken place, it was 
thought that the surfaces of the two specimens were 
not in sufficiently contact. To verify this my 
tion, a highly-polished steel cylinder containing 0.985 
cent. of carbon was made a tight driving fit (cold) 
into a collar of Swedish iron. th specimens had been 
previously weighed. The compound bar was then heated 
im vacuo for nine hours at 900 deg. to 1000 deg. Cent. 
Since, on hesting, the steel expands nearly twice as 
much as the Swedish iron, the contact between the 
two pieces at 1000 deg. Cent. should be nearly abso- 
lute. After this treatment, separation of the two sample 
was found to be impossible, and therefore the two 
cylinders could not be reweighed. The compound bar 
wae cut across, polished, etched, and examined micro- 
scopically. It was observed that distinct carburisation 
of the inner surface of the Swedish-iron ring had taken 


Experiment 4.—It i cqgaenas, from the a of the 
previous experiment, ¢ no data as regards weight 
of carbon that had been transferred from the steel to the 
Swedish iron could be obtained. An attempt was there- 
fore made to obtain sufficiently good contact between 
the surfaces of two specimens for carbon to pass over, 
by using flat pieces which could be — and weig 
after being heated in contact. For this purpose two flat 


* Revue de Méallurgie, 1 vol. lxxiv., page 69. 
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pieces of Swedish iron, } in. by 
piece of steel 1.4 per cent. carbon of t 


same dimensions, | only at the 
were first of all shaped — flat, and then ground one | 


attention to the fact that iron and steel will crystallise 
on the other my means of oil and flour of emery. These | or weld together at temperatures below their melting- 
pieces were finally polished on chamois leather covered | points, provided that the surfaces of the pieces are clean, 
with moist alumina. After careful weighing, the high-|and make good contact. As far back as 1889 Coffin | 
carbon piece was placed between two Swedish-iron pieces, | describes a similar phenomenon. He suggests that, as 
the whole bound round with soft-iron wire, and heated | steel is highly carburised, the diffusion of a carbide of 





Fia, 2, Fic. 3. Fia. 4, 
0.03 per cent. 0.04 per cent. 
carbon. carbon. 





1.4 per cent. 0.89 per cent 0.466 per cent. 
carbon. carbon. carbon. 
Fic. 6. Fie. 8. 





Fic. 10. 


n vacuo for twelve hours at 900 deg. to 1000 deg. Cent. 
Examination of the specimens after this treatment 
showed that intercrystallisation had taken place at points 
of good contact on their surfaces, and a sharp blow with 
a hammer was required to break them apart. Photo- 
ye (Figs. 3 to 5) are shown of the fractured weld 
and of cross-sections of the welded portions of the steel 


iron may probably play an important part in the union. 

Experiment 5.—To ascertain whether varying amounts 
of carbon affect this welding property of iron and steel, 
three pieces of Swedish iron and three pieces of steel, 
containing yore" 0.46 per cent., 0.89 per cent., and 
1.4 per cent. of carbon, were prepared as in the previous 

* Journal of the Iron and Steel Institute, 1911, vol. i.; 
ENGINEERING, May 12, 1911. 





and Swedish iron. The latter pieces were backed with 
fusible metal, so that their extreme edges could be ex- 

















in. by } in., and one | amined. It will be noticed that diffusion has taken place experiment. The dimensions of each were # in. by 4 in. 
ints of welding. Dr. Stead* has drawn | by } in. 


These samples were arranged as shown. 
| Swedish | 








Swedish Swedish | 
| iron. | iron. iron. 
| Steel, Steel, Steel, 
0.46 p.c. C. 0.89 p.c. C. 1.4 p.c. C. 




















Fae. 11. 


and heated in contact in vacuo for 16 hours at « tempera- 
ture of 900 deg. to 1000 deg. Cent. After this treatment, 
each set of specimens was broken apart, and it was found, 
in each case, that the fractured areas were approximately 
equal (Fig. 10). 

Experiment 6.—An experiment was now carried out to 
ascertain whether this welding is assisted or retarded by 
the presence of carbon in the specimens of iron or steel 
which exhibit this property. For this purpose five sets 
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of duplicate specimens of the same size, and similarly 
to those used in the previous experiment, were 
arranged in pairs as shown :— 





| 1.4 p.c. | Swedish 








| 0.89 p.c. 0.46 p.c. Mild steel, | 
| C. steel. C. steel. ©. steel. 0.06 p.c. O. iron. 
| | 
| 1.4 pe 0.89 p.c. 0.46 p.c. | Mildsteel,| | Swedish 
| O. steel. C, steel. C. steel. | 0.06 p.c. 0. iron. | 





After being heated in vacuo for sixteen hours at 900 deg. 
to 1000 deg. Cent., the duplicate specimens were broken 
apart, and the results are shown in Fig. 6. : 

Experiment 7.—Two oo br of dead-mild steel 
containing 0.06° per cent. of carbon and the other of pure 
white iron containing 2.25 per cent. of carbon, were 
polished, and heated in contact én vacuo, for fifteen hours 
at 900 deg. to.1000 deg. Cent. The results showed that 
intercrystallisation between the two surfaces in contact 
had taken place to a marked extent. A microscopical 
examination of the polished and etched surfaces of the 
fractured weld showed that a considerable quantity of 
carbon had migrated from the white iron to the mild 
steel, but, contrary to ay ee no separation of 
graphite in the white iron resulted from this treat- 
ment. 

The above twospecimens showed a larger area of weld- 
ing than any of the samples similarly treated in Experi- 
ments 5 and6. This may be due to the improved contact 
between the two pieces. White iron being uniformly 
hard, its surface is capable of taking a very high polish, 
and at the same time preserving an even condition. This 
suggestion would appear to be confirmed by the following 
experiment, in which a piece of pure grey hematite iron 
was heated in vacuo, in contact with a piece of dead-mild 
steel, for 15 hours at 900 deg. to 1000 deg. Cent. The 
result of this treatment showed that welding had taken 

lace at three points only, on the surfaces in contact. 
The mild steel showed cementation at these points, but 
none was visible elsewhere on its surface. This fact 
seems to indicate that the harder portions of the surface 
of the cast iron had taken a better polish than the rest of 
the surface, and thus better contact between the white iron 
and mild steel had been secured at these points (Fig. 9). 

Two pieces of grey hematite iron of the same composi- 
tion as that used in the previous experiment were 
polished and heated in contact in vacuo for 22 hours at 
900 deg. to 1000 deg. Cent. No intercrystallisation 
between the surfaces in contact resulted from this treat- 
ment, a fact which seems to be a further confirmation of 
the suggestion made in reference to Experiment 7. 

Experiment 8.—The following experiment was con- 
ducted to ascertain whether, at temperatures between 
900 deg. to 1000 o-. Cent., carbon will, in the absence 
of occluded gases, diffuse from a highly-carburised region 
to one of lower saturation, both regions being in the same 
piece of iron. For this purpose, the mild-steel sample 
from Experiment 7 was used. sample had already 
been heated in vacuo for fifteen hours between 900 deg. 
to 1000 deg. Cent., and so should contain only traces of 
occluded gas ; also the central portion of its surface was 
highly carburised, whilst the outer portions were practi- 
cally free from carbon. This piece was heated in vacuo 
between 900 deg. to 1000 deg. t. for twenty-two hours. 
A comparison of photomicrographs 7 and 8 clearly indi- 
cates the uniform distribution of the carbon resulting 
from this treatment. ee 

Experiment 9.—The results of recent investigations 


have shown that the actual contact of ogee during 
cementation is of great importance,* and that gases have 
a great influence in promoting the of carbon into 


iron. In order to observe the effects of small quantities 
of carbon monoxide on the transference of carbon from a 
piece of high-carbon steel to one of lower carbon content, 
the follo experiment was conducted. A piece of 
steel containing 1.4 per cent. of carbon was in the 
porcelain tube = a piece of steel containing 
0.06 per cent. of carbon. The two samples were not in 
contact. Both had previously been carefully weighed. 
The tube was completely exhausted of air, and then filled 
with carbon monoxide which had been dried and purified 
before admission by bei through strong potash 
solution, alkaline pyrogallol, stron 
finally, over eolid tash and calcium chloride. The 
porcelain tube was then completely exhausted of the gas, 
and 5 cub. cm. of carbon monoxide admitted. The two 
specimens were then heated in this rarefied atmusphere 
for fifteen hours at 900 4 Cent. On reweighing the 
samples, it was found that their combined weights were 
unaltered ; the other weights were as follow :— 


Grammes. 
Mild-steel piece— 
Weight after above treatmen 37.2430 
Original weight ... pene 37.2092 
Increase ial 0.0338 
High-carbon steel piece— 
Weight before treatment 32.0910 
Weight after treatment 32.0566 
Decrease ... ba 0.0344 


_ On determining the respective tages of carbon 
in the two pieces, it was observed that 95 per cent. of the 
—— 2 weight of the mild —_ = * anton, 
an e percentage of car in the high- 
carbon steel had diminished by an amount equivalent to 
that gained by the low-carbon piece (Fig. 11). 

5 much controv has turned on the cementation of 
iron in vacuo, even solid carbon, at temperatures 
below the melting-point of the iron, that at present it 





* L. Guillet and ©. Griffiths, %, 
wt oass. riffiths, Comptes Rendus, 1909, 





sulphuric acid, and | P& 


would be unsatisfactory to draw conclusions other than 


those indicated by the preceding experiments. These 
conclusions are summarised as follow :— 


900 deg. and 1000 deg. Cent., lose weight. 

2. Samples of steel, white iron, and, to a lesser extent, 
grey cast iron, will weld together when hea in vacuo 
within the temperature range of 900 deg. to 1000 deg. 
Cent., provided their surfaces are clean and in perfect 
metallic contact. The amount of this welding or inter- 
crystallisation thus taking place between two samples of 
iron or steel is not de lent on the quantity of carbon 
present in them, or on the difference of carbon content 
of the two specimens, but only on the perfection of con- 
tact between their respective surfaces. 

3. When welding occurs between two specimens of iron 
of unequal carbon content, the transference of carbon, by 
consequent diffusion from the high-carbon steel to the 
steel of lower carbon content, is much more rapid than 
the transference of carbon effected by the agency of a 
gaseous vehicle, such as carbon monoxide. 

4. There can be no tendency to equalisation of carbon 
by diffusion between two samples of steel of varying 
carbon content when they are heated together in vacuo 
between 900 deg. to 1000 deg. Cent. unless their respec- 
tive surfaces are in Leng metallic contact, in which case 
welding results, and thus prevents any further investiga-. 
tion on the lines indicated by the 
experiment. 

© following is a list of photomicrographs illustrating 
the results of the experiments :— 

The cross-sections through the welded portions of 
specimens were backed with fusible metal to facilitate 

© examination of their extreme edges. 

2. Dead-mild steel used in the experiments. Etched 
with picric acid. x 100. 

3. Fractured weld of flat Swedish-iron specimen, 
heated in vacuo for twelve hours at 900 deg. to 1000 deg. 
Cent., in contact with a similar piece of steel containing 
1.4 per cent. of carbon. x 20. 

4. Cross-section through weld of same Swedish iron 
specimen showing carburited portion. Etched with 
picric acid. x 20. 

5. Cross-section through weld of 1.4 per cent. carbon 
steel showing corresponding decarburised portion. Etched 
with picric acid. x 20. 

6. Fractured welds of the five duplicate specimens 
heated in contact in vacuo for sixteen hours at 900 deg. 
to 1000 deg. Cent. Actual size. 

7. Surface of weld of mild steel after being heated in 
contact with white iron in vacuo for fifteen hours at 
900 deg. to 1000 deg. Cent. Etched with picric acid. 
x 20. Only half the welded area is shown. 

8. The cemented portion (as shown in photomicro- 
graph 7), after being heated for twenty-two hours in 
vacuo at 900 deg. to 1000 deg. Cent. Etehed with picric 
acid. x 20. 

9. Cross-section through one weld of mild steel heated 
in vacuo, in contact with grey hematite iron for fifteen 
a at 900 deg. to 1000 deg. Cent. Etched with picric 
acid. x 20. 

10. Cross-section through weld of Swedish-iron speci- 
men, heated in vacuo in contact with a piece of 0.89 carbon 
steel for sixteen hours at 900 deg. to 1000 deg. Cent. 
Etched with picric acid. x 20. 

11. Mild steel, carburised by means of carbon mon- 

oxide as described in Experiment 9. Etched with picric 
acid. x 20. 
In conclusion, the author acknowledges, with gratitude, 
the facilities and advice given by Professor Turner in 
carrying out the experiments ; and also wishes to thank 
Messrs. O. F. Hudson and H. I. Coe for their suggestions 
and kind assistance throughout the work. 
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Smoke Potiution.—Some interesting observations on 
amoke pollution were described by Mr. W. Thomson, 
F.R.S.E., at the recent annual meeting of the Manchester 
and Salford Sanitary Association. The method followed 
by Mr. Thomson was to draw in a current of the air 
under examination through a small hole covered by filter- 
The smoke and dust strained out stain the paper, 
and the intensity of the stain attained in half-an-hour 
forms a measure of the degree of ution. A series 
of half-hourly records thus obtain extending over a 
period of seven days, showed that the intensity of 
pollution varied from hour to hour, but was generally 
greatest between 9 and 10.30in the morning. The results 
were much affected by the direction of the wind, the 
pollution being greatest with north-easterly and north- 
westerly winds. 





of the 1st London Divisional Territorial Force age re- 


fighting in France and the Dardanelles. They ask for 
skilled, intelligent, vigorous men, and particularly those 
who have been used to responsibility, as it often happens 
that individual sappers of the Royal Engineers have to 
take charge of working ies of other arms. nters, 
bricklayers, masons. and men connected with the building 
trades not employed on Government work, or in the pro- 
duction of munitions of war, are required; also a few 
coopers and experienced draughtsmen and surveyors. 
The work is interesting and varied, | bridging, 
tooning, earthworks, and explosives. Each company 
as its own transport vehicles and horses, and some men 
experienced in tke care of horses are wanted as drivers. 
The pay is considerably higher than in some other 
es of the Service. Applications should be made at 
once to the Recruiting Officer, 10, Victoria Park-square, 
London, N.E. 





1. Iron and steel, when heated in vacuo between| J 


| falling off, although when the com 


Roya Encinggrs.—Once more the Royal Engineers 


cruiting for new field companies to back up those now | Brothers 


FOREIGN ENGINEERING PROJECT. 


Tue following notice is published in the Board of Trade 
ournal. Further information concerning it can be 
obtained from the Commercial Intelligence Br: 
of Trade, 73, Basinghall-street, London, E.O. 

Spain: The Gaceta de Madrid notifies that sealed 
tenders will be received at the Direccion General de 

Obras Publicas, Ministerio de Fomento, Madrid, up to 
1 p.m. on August 11, for the construction of a railway 
station at Canfranc, on the line from Zuera to Olorén, 
io 2,308,760 peavtns (alos SO S000) A neo einel ees 
is 760 pese about 95,9507. ). visi jeposit 
of 23,987 pesetas ibees 9602.) is sequin’ to eulliy eng 
tender. A period of three years will be allowed for 
carrying out the works. Local representation is necessary. 








_Our Locomotive Exports.—Ths exports of locomo- 
tives from the United Kingdom are showing a sharp 
1 : ison is extended to 
outlook is less serious. The value of the engines 
_in_ June was 227,372/., as compared with 
3597. in June, 1914, and 246,524/. in June, 1913. In 
the six months ended June 30, this year, locomotives 
were ex to the value of 1,226,970/., as com 
with 2,083,751/. in the first half of 1914 and 1,252, in 
the first half of 1913. gentina took British locomotives 
(or parts of locomotives) in the first half of this year to 
the value of. 41,590/., as compared with 568, and 
298,884. In connection with this marked falling off it 
should be observed that considerable depression has for 
some time been noticeable in Argentine railway affairs. 
Shipments of locomotives to British South Africa have 
consi y in in value this year, amounting, to 
June 30, to 191,560/., as compared with 43,539/. and 
54,556/. The value of the deliveries to British India in 
the first half of this ad was 794,701/., as compared with 
845,078/. and 406,278/. 


1913 
ex 





MELBOURNE.—The port of Melbourne is under the 
control of the Melbourne Harbour Trust. It has nearly 

miles of wharves, piers, and jetties on the Yarra, 

ictoria Dock, and Hobson’s Bay. The te area 
of the w es is 45 acres, of which 16 acres are under 
sheds. The total number of vessels berthed within the 
aoe in 1913 was 4284 steamers, 664 sailing-ships, and 636 
ighters. @ aggregate imports of the year were 
2,725,888 tons, while the aggregate ex were 1,369,608 
tons. The floating fa of the Melbourne Harbour 
Trust includes seven dredgers, one steam-tug, nine steam 


hopper-barges, ten iron towing hopper- two steam 
launches, two motor-launches, and one Lobnitz rock- 
breaker. The material dred and dis of by the 


Trust in 1913 amounted to 2,512,640 cubic yards—viz., 
1,210,828 cubic yards from Hobson’s Bay, and 1,301,812 
cubic yards from the Yarra and the Victoria Dock. Since 
the establishment of the Trust its river ror a have 
Gredgings to 16,790,045 oublo yacia, making on ngure 
gi 726, cubic ing an 

gate rg 45,737,848 cubic ot my Of the dredgings, 
32,382,208 cubic yards were ——— in deep water, and 
13,355,640 cubic yards were and d ited for 
reclamation work. The average cost of ing, tow- 
ing, and depositing in 1913 was 6.29d. per cubic yard. 
The foreign or oversea trade of Melbourne amounted in 
1912 to 2,370,410 tons. The corresponding foreign trade 
in the same year at other leading :—Sydney, 
3,265,282 tons; Cardiff, 6,236, tons ; Liverpool, 
7,253,016 tons; London, 10,800,716 tons; Newcastle, 
6,421,195 tons ; Southampton, 5,217,992 tons; Antwerp, 
13,233,677 tons; Hamburg, 11,830,949 tons; Marseilles, 
8,051,321 tons; Rotterdam, 10,624,499 tons; New — 
13,428,950 tons; Rio de Janeiro, 5,212,713 tons; 
Monte Video, 8,244,375 tons. 





THe Russian NaputTua Inpustry.—The financial 
results of the Russian naphtha industry can be divided 
into two groups. To the one belong the undertakings 
which of recent years have refrained from any material 
increase of capital. The business results of this group, 
taken as a whole, do not aj to have been much in- 
ferior for 1914 than for 1913. The Baku Naphtha Com- 
pany has even increased ite earnings for 1914, as com- 


the | pared with 1913, the figures being respectively 5,520,000 


880,000 roubles, against 3,610,000 roubles 
for 1912, and the dividends for the three years have been 
respectively 50, 50, and 45 per cent. Also the Nobel 
Brothers’ concern intends to pay the same dividend 
for 1914 as for 1913—viz., 26 per cent. on a capital of 
30,000,000 roubles. On the other hand, the Russian 
Naphtha Industries Company only pays 28 per cent. 


for 1914, against 50 per cent. for 1913 and 30 per cent. 
for 1912. A still further fall ie that of the Mirsajew 
ro ’ concern—viz., only 17 cent. for last 


ear, 
against 60 per cent. for 1913, 50 cent. for jor 
On the other hand, those naphtha companies which, for 
some reason or other, have found it expedient to increase 
their share capital during the last few years are rather 
in an awkward position. The technical and buildin 
extensione, for which the additional money was secu 
have not been led with on account of the dis- 
turbed times, and the capital has been obliged to lie 


of 
which, in addition, was smaller than during the i 
year, was forfeited. All the companies enter the Liao. 


sow concern—viz., the Schichowo Com b 
lansk Naphtha Industry Company, and the oe ee 


sow Company have paid no dividends for last 
the same applies to the Nefe y ond ibe AT. 


Company and the A, 


a 





taschew concern, 
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CATALOGUES. 


Shop-Fronts, Revolving-Shutters, d&c.—Messrs. S. W. 
Francis and Co., Limited, of 64 to 70, Gray’s Inn-road, 
W.C., have sent us a copy of the latest edition of their 
catalogue of steel and wood-lath rolling-shutters, metal 
shop-fronts, collapsible steel gates, wrought-iron doors, 
swing - signs, brass sash-bars, brass -board plates, 
brass letters, and other accessories for shop-fitting. 

Electric Drills.—A leafist giving particulars of the more 
usual types and sizes of *‘ Little Hustler ” electric drills 
has been issued by the Armorduct Manufacturing Com- 
pany, Limited, of Farringdon Avenue, E.C. The parti- 
culars given refer to hand, breast, and screw-feed drills 
for direct and alternating current at 110 or 220 volts, and 
capable of drilling holes up to 1} in. in diameter. 


Insulating Muterials.—Messre. George Schultz and 
Co., Limited, of 10, Bush-lane, E.C., have issued a cata- 
logue of electrical insulating materials manufactured by 
them. The catalogue states prices of mica plates, tubes, 
washers, cloth, paper, and tape, and of tubes, plates, 
washers, &c., in a special insulating material known as 
**Pertinax.” Varnish insulated fabrics and enamelled 
copper wire are also dealt with. We are informed that 
the company is entirely British-owned, and that the 
above-mentioned materials are all manufactured at their 
Manchester works. 


Cranes.—A catalogue illustrating examples of steam 
and electric cranes manufactured by them has been 
ane Messrs. Henry J. Coles, Limited, of London 
Crane Works, Derby. The examples include travelling- 
cranes, with capacities ranging from 2 to 25 tons, fixed- 
base cranes, shunting-cranes, stacking-cranes, permanent- 
way cranes, cranes, and excavating-machines or 
navvies, all of which are operated by steam-power, as 
well as electric travelling-cranes, electric overhead cranes, 
oil and petrol motor-cranes, and single and double chain- 
grabs. Most of the cranes illustrated are of the firm’s 
standard patterns, but they design and build cranes to 
suit any special requirements. 

Lubricant for Cutting-Tools.—We have received from 
Messrs. Alexander Duckham and Co., Limited, of 
Pheenix Wharf, Millwall, E., a booklet relating to their 
‘* Tmmutol ” cutting compound for use on automatic and 
turret lathes. The material is claimed to impart a bril- 
liant finish to the work, to reduce the time required for 
machining, and to have strong antiseptic qualities. It is 
also said to be free from the objectionable features found 
in some cutting compounds, such as the formation of 
curds, or of drying and forming a gummy skin on the 
slides of the machines, A listof twenty large firms using 
** Immutol ” cutting compound is included in the booklet. 


Graphic Representation of Facts.—From the Statistics 
Bureau, of 5, East Forty-Second-street, New York, 
U.S.A., we have received a catalogue of materials they 
supply for the graphic representation of quantitative data 
or numerical facts. It includes maps and pins with 
coloured heads of different sizes, with cabinets suitable 
for storing them, swinging-leaf fixtures for maps, mate- 
rials for mounting maps, squi paper and cards in 
many different rulings, logarithmic paper, isometric 
paper, sets of gummed-paper letters and figures, drawing 
instruments, and other ——— and materials for the 
use of commercial and 
neers, statisticians, and others. 


Electrical Cooking and Heating Appliances.—A very 
comprehensive catalogue of electrical —y | 
appliances manufactured by the Carron Company, o! 
rman Stirlingshire, N.B., has reached us from that 
firm. The catalogue includes large cooking- 
grillers, toasters, hot- plates, boiling -tables, roasting- 
ovens, hot - closets, carving-tables, steaming-ovens, and 
many different combinations of these appliances. They 
are made in a great variety of sizes for hotels, ships, and 
public institutions, as well as for domestic use. The 
catalogue also deals with urns, boilers, water-heaters, 
coffee-percolators, and other ap tus for heating liquids, 
and with aluminium and earthenware cooking utensils. 
Many pleasing designs of electric radiators, stoves, and 
fires are also illustrated in the catalogue. Prices are 
stated for most of the appliances. 


Structural Steelwork.—The Dominion Bridge Company, 
Limited, of Lachine, Quebec, Canada, have sent us a 
booklet illustrating numerous examples of steel bridges 
and other structures built by them. About fifty bridges 
are illustrated and briefly described, amon being 
some of the most famous structures in ada. The 
examples illustrated include road and railway bridges of 
all types and sizes, including cantilever bridges, arches, 
pin and riveted trusses, plate and lattice girders, lifting 
and turning bridges, bascule bridges, trestles and viaducts, 
&c.; many of the photographs re uced show the method 
of erection adopted. Ames the other structures illus- 
trated are a number of railway stations and subways, 
shipbuilding berths, harbour uheds, railway shops, mill 
buildings, steel-framed office buildings, coal and ore- 
‘handling plants, roof trusses, steel towers for power- 
transmission lines, tanks, chimneys, lifting -locks, 
regulating and em dams, overhead cranes, &c. 
The company have branch offices and shops in Toronto, 
Ottawa, and Winnipeg, and the total annual capacity of 
the works is 120,000 tons. 

Steam - Turbines. — Messrs. Greenwood and Batley, 
Limited, of Armley-road, Leds, have sent us a 

amphlet describing an interest.ng mixed - pressure 
De Laval turbine, erected by them at the Griff 
Colliery, near Nuneaton. The turbine is designed to 


develop = t power, oH with — the 
steam, wi “pressure steam, or with a proportion 
both. The turbine has but a single wheel, and has the| is 





ucational establishments, engi- | 


peculiarity that the buckets are each divided into two 
pate ty sarge en a a one bucket fitting into the 

ollow of the next. The inner of the two compartments 
thus formed is nearly two and a half times as long as the 
outer compartment. inner compartments take the 
steam discharged from the low-pressure nozzles, whilst 
the outer compartment takes the steam supplied by the 
high-pressure nozzles. The turbine runs at 7830 revolu- 
tions per minute, this being reduced at the generator 
shaft in the ratio of 10.4t01. From a catalogue which 
accompanies the pamphlet above mentioned we note that 
the builders are now supplying steam-turbines with rated 
outputs ———. as little as 3 brake horse-power u 
to as much as brake horse-power, whilst the stand 
sizes of turbo-alternators range from 50 kw. up to 400 kw. 

Commercial Motor Vehicles.—An attractive ca 

iving particulars of their subvention-type chassis 
Son issued by Messrs. Dennis Brothers (1913), Limited, 
of Onslow Works, Guildford. In two brief articles the 
catalogue indicates the principal points of the War Office 
subsidy scheme for motor vehicles from the point of view 
of the prospective owner, and explains the speci 
features of a motor-lorry designed in accordance with 
the War Office requirements. The greater part of the 
catalogue is, however, devoted to a more than usually 
readable specification of the Dennis subvention-type 
chassis, which is suitable for a gross load of 44 tons; it 
has a four-cylinder engine rated at 30 horse-power by the 
R.A.O. formula, and the rear axle is fitted with the 
firm’s well-known worm drive. Many other special 
features are dealt with in the catalogue, the various 
details being illustrated and described in a manner which 
will ap to potential users as well as to engineers. 
General arrangement drawings and coach-builders’ draw- 
i are reproduced in the catalogue, and in conclusion 
a long list of public bodies using this type of vehicle is 
given. The British War Department naturally heads the 
list, as it now owns some hundreds of these lorries. One 
of the photographs reproduced in the catalogue shows a 
batch of seven subvention lorries en route for delivery to 
the War Department. 


Hemp-Decorticats 


Plant.—Messrs. Robey and Co., 
Limited, of Globe Works, Lincoln, have recently issued 
a catalogue of machinery for preparing sisal hemp fibre. 
The catalogue contains an interesting article on sisal 
hemp, which is used for manufacture of rope and binder 
twine, and is obtained from the leaves of certain species 
of the agave, a succulent plant which grows in Mexico, 
East Africa, and other tropical countries. In the pre- 
paration of sisal, the leaves are fed into a decorticating- 
machine in which the pulp is stripped from the fibre, 
and in Messrs Robey’s decorticators this is effected by the 
action of blunt phosphor-bronze knives carried on cast- 
iron rotating-drums. These machines are made in three 
sizes, the largest of which is capable of dealing with 
20,000 leaves per hour. They have the important advan- 
tage that the leaves need not be subjected to the pre- 
liminary steeping process which is necessary with some 
types of decorticators. The fibre is then thoroughly 
washed, to remove the green colouring matter, and, after 
drying in the sun, is subjected to a ee TOCESS, 
which removes the dust and short fibres, po ches and 
straightens the remainder, and also improves the colour. 
In this state the fibre is pressed into bales for shipment. 
essrs. Robey construct all the plant required for the 
work, including dressing-machines and baling- 

as well as decorticators, all of which are illustrated and 
fully described in the catalogue. 


Motor-Cars. —Messrs. D. Napier and Son, Limited, of 
14, New Burlington-street, W., have sent us a ony 
their catalogue of Napier motor-cars for 1915. e 
Napier Company now devote their energies to the con- 
struction of three models: a 30-35-horse-power six-cylin- 
der model, a 16-22-horse-power four-cylinder model, and 
a 20-horse-power four-cylinder Colonial model specially 
designed for use in countries where the roughest roads 
and tracks have to be traversed. Full iculars, with 
prices, are given of these models, and is shown fitted 
with different bodies, the complete cars being illustrated 
by coloured reproductions of photographs in natural 
colours. The catalogue contains twelve of these coloured 
plates, which are certainly excellent examples of the art 
of colour-printing, and give the best | ey le idea of the 

appearance of the cars. A list of the very numerous 
trophies won by Napier cars, and a brief illustrated 
account of the Acton Works, are included in the 
catalogue, cage with many interesting reproductions 
of photographs showing the cars in different parts of the 
world ; some examples of Napier motor-boats are also 
illustrated. Altogether the catalogue is a very attractive 
and useful publication, as it gives all the information 
likely to be required by prospective customers. The firm 
must ‘ore be congratulated on its production, and 
especially so if the adverse conditions arising from the 
war are taken into consideration. 


Feed-Water Heaters.—A eae relating to their 
‘* Nuconomiser” system of feed-water heating by means 
of exhaust steam and vapour from steam-traps, &c., has 
come to hand from Messrs. Ashwell and Nesbit, Limited, 
of Barkby-lane, Leicester. The heater consists of two 
chambers mounted on a receiver, or hot-well, which 
serves as a reservoir for the hot water, and is provided 
with a connection for the feed-pump suction. Cold water 
enters at the top of the apparatus in the form of a fine 
spray. the supply being controlled by a valve operated 
by a float in receiver. The water trickles t a 
series of horizontal perforated plates, four of which are 
fitted ineach chamber. The ex » steam also enters at 
top of the u ber, and passes down 





ppermost cham 
through a pipe provided with slotted openings, so that it 
i distributed into all of the compartments formed by the 


horizontal perforated plates. The steam coming into 
contact with the cold water is condensed. and the water 
gradually heated as it passes downwards through the 
apparatus, so that it arrives at the receiver at a tem - 
perature of 210 deg. to 212 deg. Fahr. The water, of 
course, parts with most of its temporary ness during 
the of heating, the salts being deposited on the 
hed ren plates. Access-doors are therefore provided 
on the heating-chambers, so that the plates can be 
removed at intervals for cleaning, though, as the plates 
are quite inexpensive, it may found preferable to 
oe. Som — a = partially softened water is 
available for trade and domestic purposes generally, as 
well as for boiler-feeding. A considerable number of the 
heaters have been ins' d in hotels and public institu- 
tions, and we are informed that very large savings in coal 
and water have resulted from their use. 

Mechanical Filters. — Messrs. Mather and Platt, 
Limited, of Park Works, Manchester, have recently 
oy upon the market a new type of mechanical filter 
or dealing with comparatively small quantities of water, 
such as are required by public institutions, country man- 
sions, tea and rubber estates, &c. The filters consist of 
a closed cylindrical steel tank, which is mounted on a 
hollow cast-iron base, and contains a thick bed of filtering 
material. The impure water enters the top of the cylin- 
drical tank, passes through the filtering medium and into 
the cast-iron base through a number of nozzles, made of 
ee ag ope and provided with perforated copper 

omes. The nozzles are screwed into the top plate of 
the cast-iron base from the under side, and access doors 
are provided so that any nozzle can be removed and re- 
laced without disturbing the filtering material. From the 
Coss —- water passes into the main for consump- 
tion. ith this type of filter it is, of course, necessary 
to add a coagulating material to the impure water, in 
order to intercept and destroy bacteria and very fine 
rticles which would otherwise through the sand. 

© material used is alumina ferric, which is made into a 
solution and placed in a small copper vessel connected 
to the pipe supplying the impure water to the filter. The 
quantity of solution deliv is automatically regulated, 
according to the quantity of water passing through the 
filter, = means of a device depending on the Venturi 
principle. For cleaning the filter, a quantity of purified 
water is allowed to run back through the filter-bed in an 
upward direction, the operation being assisted by stirring 
the filtering medium by means of a hand-operated re- 
volving rake; the dirty water is run to waste. The 
filters may be either of the pressure or gravity types, and 
they are listed in four sizes, capable of dealing with 230, 
400, 630, and 900 gallons per hour respectively. 


Air-Compressors.—The Chicago Pneumatic Tool Com- 
pany, of Fisher Building, Chicago, Illinois, U.S.A., have 
issued a bulletin giving particulars of their class O air- 
compressors. These — are of the duplex, high 
speed enclosed type, and are arranged for driving either 
by steam -cylinders, belts, or electric motors. Their 
construction is illustrated and fully described in the 
bulletin, special attention being given to the air-valves, 
which are of the flat-disc type and are automatic in 
action. An interesting method of regulating large belt- 
driven or motor-driven compressors working on widely- 
varying loads is illustrated and described. In such cases 
the cylinder is te en with two sets of ports placed so 
as to divide its length into three equal — ; the piston, 
it should be mentioned, is wide enough to cover one set 
of the ports when at the end of its stroke. The ports 
lead to inlet valves, which are additional to the usual 
valves at each end of the cylinder, and, by the simple 
expedient of holding up certain of the inlet valves, it is 
possible to reduce the effective length of the stroke 
as required. For ? load one set of intermediate 
valves is open, which reduces the effective 
stroke of one side of the piston to half its normal 
value, and for 4 load both sets of intermediate valves 
are held open, so that both ends of the cylinder are 
similarly affected. At } load the valves at one end of 
the cylinder are opened, so that this end becomes entirely 
inoperative, and at no load all the valves are open. It is 
claimed that this arrangement gives a very high economy 
at low loads. Tables of dimensions and capacities of 
two-stage and single-stage compressors, arranged for 
steam, belt, or motor driving, are included in the bulletin. 
The single-stage type are suitable for air pressures up to 
40 lb. per sq. in., and the two-stage type for pressures up 
to 100 Ib. per sq. in. The capacities of both types are 
calculated for working at sea-level and at an altitude of 
5000 ft. We may mention that the London address of 
the firm is the Consolidated Pneumatic Tool Company, 
Limited, 9, Bridge-street, Westminster, S.W. 





WersTERN AUSTRALIAN RatLways. — Western Aus- 
tralia had 2854 miles of Government railway im operation 
at the close of June, 1913. The cost of construction and 

uipment to the same date amounted to 14,913,128/. 

we should call branches, but what Western 
Australians style spur lines, were opened in many direc- 
tions between 1908 and 1914. The object of these spur 
lines is to develop new country, and several additional 
spurs are in course of construction. The Government of 
estern Australia bas its finances well in hand, the 
revenue collected in 1912-13 having been 4,596,659/., as 
compared with 3,966,673. in 1911-12, and 3,850,440/. in 
1910-11. The ex iture in each of the three years was: 
—1912-13, 4,787,063/. ; 1911-12, 4,101,032. ; and 1910-11, 
3.734,448/. While, yr Western Australian 
Government railways have oubtedly given a great 


impetus to Western Australian industries, they have not 








heen a source of embarrassment to the Western Australian 
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thereof and near the inlet and exhaust 
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RECORD outioen, 


OATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
in each case ; none is tioned the Specification is not 
Uustrated. 
Where inventions are communicated from abroad, the Names, éc., 





of the Communicators are i a Opes, 
mA 26, Sor , ton ildings, Chancery-lane, W.C., at 
0) 


Patent has ts given. 
Any person may, at any time within two months from the date of 
the aduoréioement the 


the Patent O, 7 aout to the grant of 
ive notice at 2, iti of a 
‘atent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


11,399/14. Crompton and Co., Limi and N, Pen- 
saben: helmsford. o-Elect: Machines. 
{Lt Fig.) May 8, 1914.—This invention refers to a direct-current 
dynamo of the variable-speed, self-regulating voltage type, 
generally associated with a motor-driven vehicle, or a train- 
lighting system. According to this invention, the brushes are 
situated on the commutator at an angle between 60 deg. and 
70 deg. from the neutral position with reference to the main 
field-magnet poles, and the armature tappings are joined through 
non-induvtive resistances, or a separate high-resistance alternat- 
ing-current winding may be used. The regulation of the voltage 
is obtained by suitably proportioning the alternating-current 
reaction, so that at different speeds its strength and direction 
are such as to oppose the resultant of the main and direct- 
current armature ampere turns, and prod a flux perpendicul 
to the line of brushes approximately in inverse pro jon to 
the speed. The machine adopted for use in the present inven- 
tion is shunt wound, and has non-salient poles with a distributed 
field winding. In the drawing, definite poles are shown for 
clearness, and for the purposes of the present description a 
bi-polar machine is considered, although any even number of 
poles may be used. Three non-inductive resistances are shown 
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joined to a middle point and connecting three points spaced at 
120 deg. apart ; but it must be understood that any number of 
tappings, equally spaced, can be connected with apne od the 
same result. A separate alternating-current high - resistance 
winding might also be used. The armature has an ordinary 
drum-winding, from the back of which three equally-spaced tap- 

ings are taken and connected together through equal non- 
Inductive resistances. If the brushes .are considerably out of 
the neutral position—for example, an angle of 68 deg. has been 
found suitable—the resultant of the main and direct-current 
armature ampere turns is comparatively small, and the regula- 
tion can be obtained with small alternsting-current armature 
reaction, and therefore small resistance loss. At low speed the 
demagnetising effect of the alternating- current reaction is 
negligible because it is small, and is at almost 90 deg. to the 
above-mentioned resultant ampere turns, while at high speed the 
strength increases, and the reaction is such as to oppose more 
directly the above resultant, so that it is possible to obtain a 
flux perpendicular to the line of brushes inversely proportional 
to the speed within wide limits. (Accepted May 12, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


24,142/14. D. Napier and Limited, and A. J. 
Rowledge, London. In ion anes. 
(3 Figs.} December 16, 1914.—This invention relates to the con- 
struction of cylinders for internal-combustion engines. According 
to this invention, the valves are so disposed side by side in the 
head of the cylinder as to face the piston either squarely or at 
a slight angle and control inlet and exhaust passages whose 
orifices are positioned side by side and directed towards the 
piston. An opening provided with a removable cover-plate or 








plug is formed in or adjacent to the cylinder-head, and th h 
this opening the valves can be withdrawn, indirectly through 
cylinder ; that is to say, each valve is first moved axially into the 
cylinder, and when it is free and clear of a eo it is withdrawn 
h the opening provided. Ueualinlet exhaust valves A, Al 
are 





of some known t; disposed side by side in the head or upper 
end B! of the cyli r B, these valves being operated by ov or 
other h of suitabl —S the construction illustrated, 
the inlet OC and the ex it passage D both lead respec- 


tively into and out of the cylinder-head with a smooth sweep, the 


opening E, which is internally screw-threaded, oe 
PUBLISHED - | Spon 

SELECTED ABSTRAOTS OF RECENT SPEOIFI oa of such fst mane Fp 

can wi 
disconnected and pushed through their guide-sleeves into the 
cylinder. 
head of the cyli: 
ae and the removal of carbon deposit. (Accepted May 12, 
1915. 


of a Complete 

ap op unless Lon 
after 4 the This invention relates to gun-mountings of the kind in which 
the gun can be elevated from 
through an angle of 180 deg. or more. 
tion, a rotary or stationary chamber 
mounting for the purpose of enabling the gun to be loaded when 
firing vertically, or at large angles of elevation approaching the 
vertical, without the necessity of depressing the gun to a con- 
venient loading 
the empty cart: -cases when the breech of the gun is con- 
tiguous to this chamber, and, furthermore, enables 
of the trunnions above the deck in the case of a naval mounting, 
and the distauce above the ground in a 
reduced. A is the gun, B, B are the trunnions, and C, © are the 
carriage side cheeks. D represents the aforesaid chamber, which, 
in the example shown, is attached to or made integr: 

carriage cheeks, and is carried by a bearing D! let into the deck 


, is formed an 
receive a corre- 
80 Ai A 





dingly screw-threaded plug. This op 


tion to the valves that the latter 
rawn through this opening, the valves being first 


Through this ning E also access can be had to the 


oO 
er and the face of the piston, 80 as to permit of 


GUNS AND EXPLOSIVES. 


11,714/14. Sir A. T. Dawson and G. T. Buckham, 
don. High-Angle Ordnance. (3 Figs.) May 12, 1914.— 


horizon to horizon—that is to say, 


According to this inven- 
is provided beneath the 


ition. This chamber also serves to receive 
e distance 


n in, to 


al with the 





in a naval mounting, or into the base-plate in the case of a 
garrison ting ; the chamber in this case serves as the train- 
ing pivot. If the chamber D be made stationary—that is, un- 
attached to the carriage cheeks—it is let into the deck or base- 
plate, as above stated, and the carriage cheeks = carry 
a ring which is rotatably mounted at the top of the chamber. In 
both cases the chamber is made of substantial diameter, eo that 
a comparatively long recoil can be obtained. The chamber D 
may be of such a depth that a gunner can be accommodated 
therein to assist in loading the gun when the latter is approach- 
ing the maximum angle of elevation. The top part of the said 
chamber may be provided with a portable cover for the purpose 
of vam hw 4 chamber when the mounting is not in use. The 
carriage is adapted to be trained in any suitable manner through 
a complete circle, and the gun may be elevated by means of an 
approximately semi-circular rack A! attached to the gun-cradle 
and meshing with an elevating-pinion A2 mounted in one of the 
carriage side cheeks. (Accepted May 19, 1915.) 








MOTOR ROAD VEHICLES. 


17,507/14. K. Rotherham and W. Johnson, Coven- 
try. otor-Cycles. [7 Figs.) July 24, 1914.—This invention 
relates to an improved Sone for motor-cycles and the like of 
the kind in which the delivery is effected by means of a spring 
behind the piston, which forces the oil it an adjustable outlet. 
According to this invention, the pump y is adapted to rock so 
as to put the barrel of the pump into communication with the 
supply when the pump is in one position, and with the delivery 
when it is in the other extreme position. This body also carries 
a valve which seats, or tends to seat, in the outlet, but is held off 
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its seat by an adjusting device. Either combined with this valve or 
additional thereto is some means for increasing the of oil to 
the delivery outlet. In theconstruction illustrated t is attached 
to the tank Aa socket B formed with an inlet e B2 and 
an outlet B*. The body C of the pump is provided with a conical 
stem C2, which enters a similar recess in the socket, and is secured 
therein by a nut and washer after the manner of an ordi 

plug-cock. In this body is a passage C0, which can communi- 
cate with the outlet B® by means of a C3, as shown, 
and when the body is turned through a certain angle, an inlet- 


positions, 
is put into communication with the outlet and the inlet. In this 
way automatic valves are di with. This ©)° com- 
municates with the interior of the pump-barrel fi by means of a 
duct, in which is provided a Paine engaged by a ball-valve E. 
Thus, when the pump-piston F is , the oil flows the 
ball-valve E. Above the piston F is arranged a number of volute or 


conical springs G. The object of employing springs of this sha) 

is to enable the pump piston to have a r travel than is the 
case when an ordinary lel-sided Al my used. The spri 

G will com flat in the well-known manner. To graduate the 


press 

delivery past the ball-valve E, the valve is engaged by a stem H 
toa screw H®, By screwing up the ecrew H? the ball 

is lifted further, and the delivery of oil under the action of the 
springs G is increased, and vice versd. In order to increase tem- 
porarily the delivery of oil, there may be a supplementary passage 

controlled | a cock K2 ted by the lever K®, Consequently, 
if a surplus of oil is required at any time, the cock K* can 
turned into the operative position, so that the adjustment of the 
parts H, H® need not be upset. (Accepted May 12, 1915.) 


Wolseley Wolseley Motors, Limited, late The 


Tool and Motor-Car Com Limi 
and J. Sweeney, Birmingham. Putring a 
matic in Position. (s Figs.) June 5, 1¥l4.—This 


invention has for its object an appliance for use in putting a 
pneumatic-tyre cover in place around a wheel-rim which will 
avoid the need for any portion of the appliance passing between 
the edge of the cover and the of the rim, thus enabling the 
operator to stretch the edge of the cover just sufficiently only to 
enable a portion thereof at atime to be pushed across the edge 
of the rim, and an ~—r which may be used when a 
of the tyre his been forced over an edge of a rim which is formed 
to receive a split flange or ring for ing back the tyre when it 
has been inflated, this appliance being used to prevent a portion 
of the tyre which has already been forced over the rim from 
springing out again while a further portion is forced over the 
rim. The rim A is shown in section and is of the type which has 
a curled-over side @ to receive one of the beaded edges of the 
pneumatic-tyre cover B and a groove a! formed in the edge of 
the other side to receive a split flange or ring © for holding the 
corresponding side of the pneumatic tyre in 2 while the tyre 
is being, and when it has been, inflated. In Fig. 1, one edge of 
the cover B is shown, in section, as having beeu passed over a 
considerable distance across the rim A, and the other edge is 
shown, in section, in position in which it is being pushed across 
the edge of the rim, having been first stretched or lifted by the 
jance first-above described, to allow it to be started over 
the edge of the rim. This appliance comprises a link D which 
beneath or inside the rim A, and is formed at one end 
with an upward arm d, which bas a widened-out end d!, which is 
bent in to a somewhat hook shape, to allow it to engage with 
the curled-over side a of the rim as a fulcrum, and to the other 
end of this link is pivoted a lever E, the main length of which 
runs out from a short es arm ¢, the back or inner side of the 
upper portion of which is widened out and formed with a concave 
or slanted surface ¢!. In putting a pneumatic-tyre cover into 
place by the aid of the appliance, one edge thereof is first stretched 
and pushed over the of the rim, by means of the appliance 
in the manner similar to that in which the other side is stretched 
and p over as immediately to be described, and then the 
surface e! of the lever E is engaged with the other edge of the 
cover, and the lever E is mov n the direction of the arrow, and 
the edge of the cover thereby stretched until a portion thereof 
is in position to be moved back across the edge of the rim, the 
link D turning about its fulcrum at the other side of the rim as 
the lever E is thus moved. Any further movement of the lever E 





in the same direction will then cause the lever to turn about its 
pivot axis with the link D, the surface ¢! pushing the edge of the 
cover over the edge of, and partially the surface of the 
rim ; and when the entire length of this edge of the cover has, 
by repeated operations, been passed over the edge of the rim, 
and partially across the rim, it can be pushed into place by hand 
sufficiently far to allow the split flan; run 
groove al. The pneumatic tube, which is omit for con- 
venience of illustration, is, of course, put into place within 
the cover after one edge has been passed over the rim and 
previously to passing the other edge over the rim. In putting 
the first A _ i the a ~ a surface e¢ 
engages, as obvious, e inner side of such edge 
instead of with the outer side, as when putting the second 
over the rim. In Fig. 2, the appliance, which comprises the 
link D and lever E, is shown as used for springing the split 
flange C into place in a manner an to that of an appliance 
of the type above defined, the lower portion of the surface ¢! being 
cageeedl ati the under side of the curled-over portion of the 
flange section to enable the flange to be expanded by moving the 
lever E in the direction of the arrow for springing itinto the groove. 
In this case also, as the lever is first moved in the direction of the 
arrow, the link D turns about the side a of the rim as a fulcrum 
until the portion of the length of the flange C with which the 
— engages has been brought into a position to pass over 
the edge of the rim, when further movement of the lever in the 
same direction forces the inner edge of the flange over the edge 
of the rim, bringing such portion of the length of the flange into 
— for engagement with oo pee al, e rear end of the 
ever E is formed with a poin picker e2, and with a sideway 
lug e* for use in springing out one end of the split flange from 
the groove, to enable the flange to be removed the rim by 
hand, as has been the case with an liance of the type afore- 
It will be observed that no portion of the appliance which 
the cover in place passes between an edge of 
coal andi FA of — across which the cover is 
. us necessary 
cover just sufficiently only to enable it to 
the edge of the rim. An appliance F, 
this invention, for preventing a 
from slipping back off the ri 
over, while another portion of 
consists of a short length of 
same section as the split flange ©, and is 
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such edye is being stretched, 
substantially the 
conveniently formed 
the outer side of the 





passage is brought into register with the inlet B? when the outlet 








with a finger-piece /, yy -y from 
curled-over ion, to e the to be readily mani- 
pulated. . Lin position within the 


is shown in 
a 


appliance 
groove a!,in which it holds back a portion of the side of the 
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cover which has been already pushed over the rim by the other 
appliance. When a further portion of this edge of the cover has 
been pushed over the rim, the appliance F may be slid along the 
groove to retain such further portion of the edge of the cover 
from moving back, while a further length of this edge of the 
cover is put into place by the other appliance, or a second ap- 
pliance, such as F, may be sli into the groove a! for the pur- 
pose. (Accepted May 19, 1915. 


PRINTING AND ALLIED MACHINERY. 


11,733/14. Linotype and Machinery, Limited, Lon- 
don (Me Setzmaschtmen- Fabrik Gesellschaft mit besch- 
rankter Haftung, Berlin, Germany). Linotype Machines. 
{2 Figs.) May 12, 1914.—This invention relates to t' ical 

posing hines, such as those known commercially under the 
trade-mark ‘ Linotype,” and particularly to those machines which 
have a plurality of my ee = nes which are vertically 
movable as a single entity for the purpose of bringing them succes- 
sively into working position, and the invention cons’ in im- 
proved means for effecting the said vertical movement. The devices 
according to the present invention differ from known construc- 
tions for the same purpose in respect of the fact that, for the 
raising of the said magazines, only a single cam-disc is used, upon 
which cam-diec the magazines are supported at three or more 
parte. Two magazines 1 and 2 are shown, the lower one (2) rest- 











ng upon the ine-frame 3. The magazine-frame 3 is pre- 
vented, by a guide-rod 4, from moving in any direction other 
than that perpendicular to ite inclined magazine-supporting sur- 
face, and it carries on ite underside three supporting rollers 5, or, 
if desired, there may be four such rollers. These rollers 5 bear 
upon the cam-disc 6, which is free to rotate about a stationary 
inclined shaft 7 fast in a bracket 8. The cam-disc 6 is formed 
with as many humps or projections 9 as there are rollers 5, with 
which they are caused to engage when the disc 6 is rotated, this 
engagement causing the magazines to be moved in the direction 
of the axis of the shaft 7. The cam-disc 6 is provided with a 
handle 10 to enable it to be readily turned for raising or lowering 
the magazines. In machines provided with more than two maga- 
zines, each of the cam projections 9 is formed with ame each 
corresponding with a different position to be assumed by the 
column of magazines. (Accepted May 12, 1915.) 


RAILWAYS AND TRAMWAYS. 


10,859/14. H. A. Stenning and Schmidt's Su 
heating Com (1910), Limi London. n- 
Devices Locomoti Fig.) 


ive fl 

May 2, 1¥14.—The object of the — invention is to provide 
improved form of controlling-valve in an arrangement in which 
the valve is opened by the compression in the engine cylinders. 
This invention consists in an arrangement of the type indicated 
in which sleeved valve memters telescopically arranged control 
the interconnection of the cylinder ends. In carrying the inven- 
tion into effect, according to one form, the controlling-valve is 
arran within a casing @ connected by pipes to each end of the 
cylinder. One of the pipes communicates with a (J-shaped duct 
6 formed in the casing, while the other pipe communicates with 
a central duct ¢ arran; within the limbe of the J-shaped duct. 
Two valve-seate d and ¢ are formed on the walls separating the 
above ducts, the seats being formed on the inner and outer sides 
of the central duct-walls respectively. A valve-seat / for a relief 
valve g is formed in the outer wall of the U-shaped duct. Thecon- 
trolling-valve comprises coaxially arranged valve members d 


| 
v | 
> WN 
N 
sx 


S 


% 
Yj 
Vy 


7 





within the casing, the central member 4 of which is preferably 
formed in the of an ving a valve-facei 
formed on one its ends. is valve co-acts with the valve- 
face d formed on the inner side of the wall of the central duct 
above referred to. The outer valve member j is formed as a 
sleeve surrounding the central member, and has a projecting 


ring & formed on one of its ends. This rin, 
camten a vabestune which co-acts with the Kw yy 


casing is provided with a cover g, to which a connection r to the 
main steam-pipe or a valve-chest is ed, the steam from the 
valve-chest entering the cover and acting upon the ends of 
the valve-members. The device is bolted tu the locomotive by 
means of the flange s. The operation of the device is as follows: 
—When the regulator is open, stea:- ure from the main 
——, or the valve-chest enters the inlet r in the cover q of 
the ng, and acting upon the ends of the valve-members A and 
j, causes them to be forced against the seats d and ¢ in the 


walls 
of the central duct. It also causes the relief-vaive m attached to 


arranged holes and cavity of the valve-piston) freely past prac- 
tically the entire inner periphery of the pressure-release valve, as 
well as past the outer periphery thereof, thus rendering the 
travel or lift of the valve necessary to obtain a full opening thereof 
considerably less than in the known valves in which the fluid can 
only escape past the outer periphery of the valve. Each piston 
of the piston-valve comprises an outer end disc or plate 9 and an 
inner end dise or plate 7, between which plates or discs are placed 
the main split-spring packing-ring 12, the split-spring follower or 
exhaust-ring 13, and the inner solid distance-ring 14. 1 is the 





the central member A to be forced upon ite seat. Interconnection 
of the cylinder ends is thus cut off, as well as the connection to 
the atmosphere. When steam to the engine is cut off by closing 
the regulator, the steam pressure upon the ends of the valve- 
members / and j is withdrawn, and the compression in the engine 
cylinders acting upon the central and outer valve-members, causes 
the same to be forced off their seats, and interconnection of the 
ends established. The forcing of the central member A off its 
valve-seat simultaneously causes the relief-valve m to be opened 
to the atmosphere. The (J-sha duct allows the compressed 
fluid from one end of the cylinder, after acting upon the outer 
valve-member, to pass round and act upon the end of the central 
member, and force it also off its seat, as well as operate the relief- 
valve. (Accepted May 19, 1915.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


16,468/14. D. B. Morison, Hartlepool. Feed-Water 
Heater. (2 Figs.) July 10, 1914.—This invention relates to 
means for discharging liquids from vessels, and has for object 
age ve whereby the discharge can be reliably and automati- 
cally effected at any desired pressure or within any predeter- 
mined range of pressures. For this purpose, a receiver is placed 
in communication at its upper end with the vessel at or near to 
the normal liquid-level therein, and the normal liquid-level in the 
receiver is tained below the normal liquid-level in the vessel 
by a liquid-sealed pipe or equivalent device, the depth of the 
receiver and its capacity being such that at no time can the 
liquid, which may accumulate or rise in the receiver, flow back 
from the receiver into the vessel. The invention is particularly 
applicable to reg tive heat lators in which the heat- 
ing medium is exhaust steam. In apparatus of this kind, it hae 
been usual to provide an oil-separator in the pipe-line through 
which exhaust steam is supplied to the accumulator, with the 
result that the separator not only sete up a prejudicial back = 
sure, but requires to be frequently cleaned. Now it has n 
ascertained from careful tests, that irrespective of the fact that 
an oil-separator may be used, the oil always enters the accumu- 
tor with the steam through the water-circulating and condensing 
devices, and when separated from the steam it mostly floats on 
the surface of the water in the form of scum, and if the scum is 
carried by a surface-flow to the place of discharge—as, for ex- 
ample, in the manner described in a No. 19,594, of 
1911—and then passes, in accordance with the present invention, 
through an opening or over a weir into a receiver, from which it 
is automatically discharged, the effect is such that the water in 
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the accumulator is maintained in a state of cleanliness, and 
efficient condensation of the oily steam and the instantaneous 
regeneration of pure steam is promoted, whereby a high efficiency 
is not only obtained in the regenerative accumulator, but also in 
the turbine and condenser into which the steam may flow. The 
accumulator is of similar construction to those illustrated in the 
Specification No. 19,564, of 1911, and is fitted with water-circu- 
lating and condensing devices which produce a surface flow of 
water towards the end of the vessel at which the liquid-dis- 
charging apparatus is placed. The oil and other floating matter 
is carried by the surface flow into the space r formed between the 
plate ¢ and the end 1 of the vessel a, and, in accordance with this 
lavention, a receiver b is placed in communication at its a 
end with the vessel @ at the normal liquid-level therein, so 
the oily scum, or other floating matter, after passing through the 
ning ¢ falls by gravity into the receiver b. With the object 
of automatically maintaining in the vessel a a pressure or vacuum 
within a jetermined — = the lower end of the receiver b is 
connec to the liquid-sealed tube d that is arranged concen- 
trically within the tube /, the latter having a discharge-branch A 
which is so di relative to the opening c that the normal 
liquid-level in the receiver b is maintained below the normal 
liquid-level in the vessel a, the di of the receiver } and its 
capacity being sueh as will accommodate the oily scum and pre- 
vent its back figw.iato the vessel a when the latter is working at 
a low pressure, and reduce to a minimum the amount of oily 
scum remaining in the system when under a high pressure, so 
that at no time can the liquid of least specific gravity flow back 
from the receiver into the vessel a. (Accepted May 19, 1915.) 


10,817/14. J. G. Robinson, Manchester. Piston- 
Valves. (3 F'gs.| May 1, 1914.—This invention relates to im- 
provements in piston-valves for locomotive and other engines, 
construc or provided with means so that the valve is 


a 





on the outer wall of the central duct. The central valve 
member A carries an elongation | on one of its ends, to 
which a wing-valve m is ed in such a manner as to 
enable it to accommodate itself to ite valve-seat. This wing- 
valve acte as a rellef-valve for 
the cylinder ends in commun! ion with the atmosphere. The 
outer valve member j slides in a bush » mounted in the casing, 
and has p»cking-rings o formed thereon to prevent leakage of the 
working fluid along its working faces. Packing-rings p are pro- 
vided on the central valve-member A to prevent of the 
working fluid between the central and outer valve-members. The 


the ducts in the casing and | the k 


pted to act also as a pressure-release valve for the relief 
or release cf excessive pressure or of compression set up 
in the engine-cylinder at the end of the stroke. The inven- 
tion ncipally — in providing, in a piston-valve cf 


nd ve rred to, a re-release valve in the 
form of a or simple ym ad annular plate mounted so as 
to be axially movable on guiding means so constructed that 
the inner periphery of the said ring or plate bears only at inter- 


vals thereon, suitable stops being provided for limiting the move- 
ment of the valve, the construction and arrangement being such 





that fluid under excess pressure can escape (from the axially- 





valve-spindle with externally-screwed portion 2 on which the nut 
2a is screwed up 80 as to hold the plates 9 and 7 with their 
respectively 10 and 8, tightly together ; 17 is the split in the main 
re 12, and 22 the split in the follower or exhaust-rin 
13 ; 19 is the pin or stud screwed into the solid ring 14, the h 

or outer end of the pin engaging in semi-circular grooves formed 
in the main packing-ring 12 at the split thereof, the pin 19 acting 
to retain od pen toy J 12 in position ; 24 is a pin or stud, the 
head of which engages in a recess or hole formed in the face of 
the exhaust or follower-ring 13, so as to prevent displacement of 
the ; 26is a pin, the end of which engages in the hole 25 in the 
rib or ge of the solid distance-ring 14. The above-mentioned 
pins or studs 24 and 26 are screwed into the end disc or plate 9 of 
the valve-piston. 4,4 are the usual ports in the liner 3 of the 
valve-chamber for the admission and exhaust of steam to and 
from the engine cylinder. According to the present invention, a 
number of radially-arranged holes or ports A of relatively large 
size are provided at suitab'e intervals in the main packing-ring 
12, the holes, as shown, being arranged around the packing-ring 
in a common vertical plane, and a corresponding number of 
similar holes or ports B are provided in the solid distance-ring 
14, the holes or ports A and B registering with each other, and 
forming a through passage from the exterior of the main packing- 
ring 12 to the cavity or chamber C within the valve-piston. In 
the case where only a single packing-ring is employed, or where 
the inner solid distance-ring 14 is dispensed with, the holes A 
would, of course, alone form the means of communication be- 
tween the outer periphery of the packing-ring and the chamber 
within the valve-piston. D are relatively large holes or ports 
extending through the end disc or plate 7, situated on the 
live-steam admission side of the valve-piston, a suitable num- 
ber of these holes or porte being arranged in a circle. The 
holes D form the communication between the chamber C within 
the valve-piston and the live-steam admission-space within the 
valve-chamber. E is a solid ring of such a size that when in 
contact with the end disc or plate 7 the face of the ring adjacent 
the plate 7 effectively covers the holes D, whith are thus closed 


Fig. 7. 
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on the live-steam side. The contacting faces of the ring D and 
end disc or plate 7 are machined so that when in contact a good 
steam-tight joint is made. There is an annular groove in the face 
of the ring E adjacent to the end disc or plate 7. F is the =— 
or distance-piece and, as shown, is provided with a tubular-body 
portion, by which the spider is mounted on the tubular bosses 5 
of the end plates 7 of the valve-pistons. A small screw or stud 
is screwed into one of the bosses 5, and by its outer end engaging 
in a hole or recess in the tubular body of the spider F, prevents 
rotation of the spider =z to the valve-spindle. / are radial 
arms or projections on the spider F, and f! are holes or recesses 
formed in the arms f. H are holes formed ip the tubular-body 
portion of the spider F in order to reduce the weight of the 
_—. J are b or projections on each end of the spider F, 
the ends cf the projections  ‘y contact with the end discs or 
plates 7 of the valve-pistons. e outer surfaces of the projec- 
tions J, on which the inner Lye gem! of the ring E bears or rests, 
may be slightly curved, and are curved at K! (Fig. 2) to corre- 
spond to the inner periphery of the ring E. The ends of the radial 
projections /, in which the recesses f! are formed, act as stops or 
abutments to limit the movements of the rings E awsy from the 
end discs or plate 7 of the valve-pistons. The rings E, in con- 
junction with the hereinbef tioned radially-arranged ports 
A and B (or A only, if the solid distance-ring 14 is dispensed with), 
and the axially-arranged ports D, act as pressure-relief or relief- 
valves. Whenever, in the running of the engine re of air, 
steam, or other fluid is set up in the engine-cylinder, between the 
piston and the cylinder end, to a degree exceeding thi 
existing in the cylinder steam-chest, such steam, air, or fluid 
will, the radially-arranged ports A being at such time opposite 
porte 4 in the liner of the valve-chamber, escape from the ee 
cylinder through the porte 4 in the liner, through the y- 
arranged ports A and B into the cavity or chamber O in the 
valve-piston and thence through the holes or ports D in the end 
discs or plates 7, the pressure of the escaping fluid forcing the 
axially-movable rings or annular valves E away from the end 
disc or plate 7, thus allowing the fluid to escape through the holes 
or ports D to the live-steam in the cylinder steam-chest 
between the two pistons or h of the valve and thence to the 
main steam-pipe line. It will be understood that when exces- 
sive pi or pression is set up in the engine-cylinder at 
the end of the stroke, only one of the above-mentioned annular 
valves E will be moved away from the end disc or plate 7 of the 
piston-valve—i.e., the valve E co-operating with that pieton-head 
of the piston-valve which at such time (i.e., when excessive pres- 
sure is set up) is in position with the radial ports A in its packing 
ring or periphery opposite the ports 4 communicating with the 
engine-cylinder. (Accepted May 6, 1915.) 
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THE THEORY OF LUBRICATION. 


THE increasing use of bearings of the pivoted 
block type affords, perhaps, sufficient excuse for 
an elementary exposition of Osborne Reynolds’s 
theory of lubrication, which is mainly responsible 
for the introduction of this important innovation. 
The general principle involved is not difficult to 
grasp, but it is less easy to establish definitely the 
arithmetical connection between the load carried, 
the speed of the rubbing surfaces, and the viscosity 
of the lubricant. 

The capacity of a high-speed bearing to carry its 
load depends upon the fact that the journal never 
runs concentric with its brass. The importance of 
this fact is best realised by considering the case of 
two flat surfaces, of which the upper, C D, Fig. 1, 
is held fast, whilst the lower, A B, moves to the left 
with the velocity U. If the two surfaces are pre- 
vented by fixed restraints from coming together, 
and a film of lubricant is fed in between them, this 
will adhere equally to both surfaces, and will thus 
be subjected to a shearing action. The velocity of 
each successive layer of the film will vary from zero 
at the upper surface to U at the lower. The lubricant 
being able to escape easily, no pressure is produced 
between the surfaces, which would come together 
if the restraints holding them apart were removed. 

If, on the other hand, the two surfaces are in- 
clined to each other, as indicated in Fig. 2, then, 
assuming flow in transverse directions is prevented, 
as much lubricant must leave between P,, Q, as 
enters at P,, Q,. The effect of this is to produce 
a pressure between the plates, since the escape of 
the fluid dragged in between them is baffled. The 
result of this pressure is that at only one point 
between P, and P, is the curve which represents 
the velocity of successive layers of .the film a 
straight line, such as is represented at P RQ. 

At the section P, Q, the velocity curve has some 
such form as P, S, R,, whilst at P,Q, it is repre- 
sented by P, S, R,. At every section taken between 
the two inclined plates the same volume of lubri- 
cant passes per second. The velocity of the film 
is in all cases zero at the upper plate, and equal to 
U at the lower, whilst at intermediate points be- 
tween the two plates it accommodates itself to the 
conditions just stated—that the volume passing 
any section is constant. 

‘he pressure due to the throttling of the escape 
may be very considerable. Tower, in his experi- 
ments on journal friction, found pressures of over 
600 Ib. per sq. in., whilst in some American experi- 
ments the pressure on pivoted block thrust- 
bearings has exceeded some 5 tons per sq. in. 
Obviously this pressure will be greater the greater 
the drag on the oil—that is to say, the greater its 
viscosity—and will also be more the higher the 
relative speed of the brass and its journal. 

Osborne Reynolds succeeded in establishing a 
numerical relationship between this pressure, the 
rubbing speed, and the viscosity of the oil, making 
use of the equations governing the flow of a viscous 
fluid. These equations have, unfortunately, to be 
established in a somewhat roundabout fashion, 
making a start from the conditions of internal 
equilibrium for an elastic solid. These are first 
extended to embrace the case of the equilibrium 
of a viscous solid, and finally simplified by can- 
celling all terms which depend upon the elastic 
rigidity of such a body, which thus becomes a 
viscous fluid. The path seems a devious one, but 
it is not easy to see a more direct method of estab- 
lishing satisfactorily the equations in question. 
These fundamental equations are, in fact, assumed 
in Osborne Reynolds’s paper, as also in Mr. 
Michell’s extension of the theory to the case of flat 
sliding surfaces, other than those in which side- 
ways flow of the lubricant is prevented. 

The equations to the equilibrium of an elastic 
solid can be established as follows :—Consider in 
the solid under strain a little cube, such as repre- 
sented in Fig. 3. Then the action on this cube of 
the material which surrounds it can, on each face, 
be represented by a resultant stress, and this re- 
sultant can be resolved into three components 
parallel to the three axes. On the face abcd 
these component stresses are represented by P, 
normal to the face and parallel to the axis of x, 
N HE gene to the face and el to the axis of Y, 
and W tangential to the face and parallel to the 
axisof Z. Similarly, on the opposite face ¢ f gh, 
which is distant from the first by the small length 
4 x, the corresponding components are P, N, and 
W,. Similarly, on the face dc gh, the component 


stresses are Q normal to the face, and V and U 
tangential to the face. On the opposite face dis- 
tant Ay the corresponding components are Q, V, 
and U,. Finally, on the face b f g c the components 
are RS and T, and on the opposite face distant 
A! the component stresses are R, S,and T,. For 
equilibrium, the algebraic sum of the whole of the 
components parallel to each of the axes must be 
zero, and also there must be no resultant couple 
around the centre of the cube. 
Hence we must have :— 
P,|-P+U,-U+T,-T =0. 
Q-Q+8,-S +N,-N=0. - (2) 
R,-R+W,-W+V,-V=0 . . (3) 
In general, when a body is under strain, the 
stress in any direction varies continuously from 
point to point. Hence, if P be the stress at a 


Cc 


- (1) 
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point distant « from the origin, and P, the stress 
at a point distant x + Ax, we have, by Taylor's 
theorem :— 


P=P+Az. tha zgaml + ae, 
d« d x? 


which, when A ~ is so small that its square may 
be neglected, reduces to 


P, =P + axt?, 
da 

1.€., 
p,-P=2F az. 


da 
Similarly, 


aU dT 
-U =—A - Ta — .d«. 
U,-U z y, and T, - T Z 


Hence equation (1) becomes 
GP net 2U anys 47 azo, 
d« dy dz 

Since the element considered is a cube, 
Aw=Ay=Az; 
and hence, finally, 
dP ,adU 
+ 
da dy 


+ aT 
dz 


0 . 


Similarly, 


€Q,48 , aN . 6) 


dy dz daz 
qdR,dW,dV_g . 
az dz ay 


If equations (4), (5), and (6) are satisfied, the cube 
is secure against translation in any direction, but it 
might still rotate about its centre of gravity. The 
forces tending to produce rotation about an axis 

rallel to the axis of x are S, andS ; V, and V; the 
ormer constituting a couple acting in one direction, 
whilst the latter act in the opposite direction. The 


two former act each at a leverage of = whilst V, 


and V each at a leverage of nd - In order that 


there shall be no rotation about the axis of ~, it is 
therefore necessary that 


(8, + 8) 47 -(v, + v)4¥ =0. 








But 


a8 dV 
8 =8 + 4g, AsendVi = Vtg, Aw 


. SAc+ 4(aep. 98 - (Vidy + bd. $°) = 0. 

So that if, as before, 4 z and A y are sosmall that 
their squares are negligible, we get 
SAz-Vay=0. 


But as the element taken is a cube, Az = Ay. 
Hence, finally, 


S = V. 
Similarly, 

T'= W. 

UeN, 


Substituting in (4), (5), and (6), we get the three 
standard equations for the internal equilibrium of a 
body under strain, viz. :— 


dP dU adT_g (7) 
dz@a@ay @ez 
aU ,ad@Q,d8_Qg (8) 
az dy dz 
aT ,¢8,aR_ 9 . 9) 
dzaqa@dya@4z 


The above equations are true whether the body 
is elastic or not, but in many problems it is strains 
rather than stresses which are involved, and to 
deal with these strains the idea of a perfectly 
elastic body has been conceived. No perfectly 
elastic material is, however, known to exist, 
since even hard-steel wires exhibit the pheno- 
menon of ‘‘after-creep.” If loaded, they take 
almost the whole of their deformation at once, 
but there is also a residual stretch or ‘‘creep” 
detectable if sufficiently delicate means are em- 
ployed. In the case of india-rubber, this after- 
creep is very marked. Thus, in some experiments by 
Messrs. Wilson and Gore, described in the Minutes 
of Proceedings of the Institution of Civil Engi- 
neers, vol. clxxii., page 112, the rubber tested 
required many hours to take its full compression, 
although nearly the whole was acquired in 4 seconde. 
Nevertheless, in spite of the large time effect, on 
removal of the load the rubber recovered its 
original dimensions completely, if allowed sufticient 
time. This would not be the case were the after- 
creep dependent on viscosity, since the energy 
expended in overcoming this is not stored up as 
potential energy, but is dissipated in heat, the 
coefficient of viscosity being, in fact, a sort of 
coefficient of friction. 

This complete recovery of form and dimensions 
shows that, in one sense, rubber and other solids 
generally are perfectly elastic, but the phenomenon 
of after-creep shows that equations (7), ‘8), 
and (9) should, strictly speaking, include terms 
depending on the time that has elapsed since the 
imposition of the load. These terms are, how- 
ever, in such cases always very small and, in prac- 
tice, negligible. 

Another time factor enters, however, when a 
solid is strained beyond its elastic limit, and the 
terms to be added on this account to equations (7), 
(8), and (9) become then important, and, in extreme 
cases, of prime importance. When the elastic limit 
is ex ed, the metal begins to flow, in which 
process layers of the material slide over each other, 
which is accomplished generally without actual 
rupture of the metal. Familiar instances are the 
squirting of lead pipes and rods. The sliding in 
question is in such case resisted, not merely by the 
ordi resistance to shear, but by a sort of 
internal frictional shear or viscosity, the intensity of 
which is directly proportional to the relative speed 
of the sliding surfaces. Provided the elastic limit is 
exceeded by however small an extent, flow will take 
lace. An example frequently instanced is the 
haviour of sealing-wax, a rod of which will bend 
down under its own weight if given sufficient time, 
although capable. of supporting a. considerable 
load if applied for only a short time. In this case 
the resistance to: bending is partly due to the 
viscosity of the wax, which has rather the properties 
of a very viscous fluid than ofasolid. That the 
resistance is not wholly viscous appears from the 
fact that if a stick of sealing-wax is rapidly loaded 
and unloaded, much of the deflection caused by the 
load is recovered. Other bodies have a consider- 
able range of elasticity, and only become plastic, 


and exhibit the phenomena of viscosity, when a 
certain limit of stress is exceeded. 

The distinguishing feature of viscosity is that it 
adds to the ordinary elastic shearing resistance of 





a body an additional shear resistance, the value 
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of which is directly 
which the body is being 

Nevertheless equations (7), (8) and (9) must still 
be satisfied, the method by which they are derived 
being perfectly eral, but the shear stresses 
8, T and U, which measure the resistance to shear, 
will no longer be purely elastic stresses, but will 
comprise terms depending on the rate at which the 
surfaces under shear are sliding over each other. 

When the stress is purely elastic, the relation 
between shear stress and shear strain is given by 
the expression 


ip wereey to the rate at 


8 = Ga, 
where S denotes the shear stress, G the shear 
modulus of elasticity, and a the corresponding dis- 
tortion or shear strain. 
In the case of a viscous solid under flow, the 


value of G is to be replaced by G + p» ry where 


p» denotes the coefficient of viscosity, and 5 dif- 


ferentiation with respect to the time. Hence the 
resistance to shear in a viscous solid is 


8= (Gut). . 9) 


where a denotes the distortion or shear strain, so 
that 4 denotes the velocity with which the dis- 


tortion or shearing is proceeding. 

It has, however, to be noted that shear exists 
even in a bar subjected to simple tension ; that is 
to say, a bar in which U, T, and S are all zero, since 
in such a bar, though there is no shear in planes 

liel to the axis or perpendicular thereto, a 
oo shear dows exist along planes making an angle 
of 45 deg. with the axis of the bar. 

Thus, when a bar begins to ‘‘ draw out” in the 
testing-machine, the metal flows along surfaces 
making an angle with the axis of the bar. At 
any instant during the drawing out, the resist- 
ance offered to flow along these surfaces is partly an 
elastic resistance and partly due to viscosity. So 
long as no flow takes place, the resistance to motion 
along these surfaces is wholly elastic, and the body 
recovers its original dimensions on the removal of 
the load. The viscous resistance, on the other 
hand, is of the nature of friction, and, on removal 
of the load, there is no tendency, so far as the 
viscous forces are involved, for the body to recover 
ite original dimensions. Such recovery as may take 
place is due solely to the elastic portion of the 
resistance to shear. 

Wherever shear exists, viscosity effects will arise if 
the elastic limit be exceeded and flow takes place ; 
hence the effects of viscosity cannot be provided 
for by simply modifying the terms in equations 
(7), (8), and (9), which involve the shears R, S§, 
and T. ther shears may exist, and it is neces- 
sary to take these also into account. 

Kvery strain to which a body is subjected can, 
however, be compounded of an hydraulic compres- 
sion (positive or negative), which merely alters the 
volume of a body, and not its form, superim 
on a series of shears, each of which alters the form 
of a body—that is to say, distorts it—without 
altering its volume. We can thus build up the 
** hydraulic stretch ” and shears which correspond 
to a simple tensional stress. Consider, for ex- 
ample, a little cube such as is represented in 
Fig. 4, and applya uniform tension Z to each face. 
Under this stress the cube merely becomes a bigger 
cube, the increase in the volume V being given by 
the relation 

AV Z2 
Ve 
where k denotes the bulk modulus of elasticity. 
(For steel this has a value of about 24,000,000 1b. 
per sq. in.) 

If 1 be the original length of a side of the cube, 
it becomes under the stress | + Al, sothat A V, the 
increase in volume, is (i + 4 1)'—1°, or 

AV _U+A-2 _Z 
Vv B k 
. B+ BPAL+ 31(AlP + (AIP-P_Z 
B k 

But since 4/ is always very small, (41)? and 

(41) become negligible, so that we have 





8PAL_Z 
es 
or 
Al_Z 
i 3K 





Hence the linear strain <¢,, say, uced by an 
ln Gnikeay 

Z 
~ BR’ 
where k is the bulk modulus of elasticity. 
Next consider a little cube loaded as shown in 
Fig. 5, with a tension Z on each horizontal face, 
and an equal compression Z on the two opposite 
vertical faces AC and EG. Since a tension Z with 
an equal compression acting at right angles to it is 
equivalent to a shear, also of value Z, the cube 
under the loading represented in Fig.3 is subject 
to a shear of Z Ib. per sq. in. It does not, in con- 
sequence of this shear, alter in volume, but elon- 
gates along its vertical axis, and shortens along 
the axis of the horizontal thrust. A rectangle 
I J M N, drawn on the face A H, as shown in 
Fig. 5, will thus be deformed into a lozenge shape 
I,J, M, N,, as indicated in Fig. 6. 


€ 








These will increase the tension between the hori- 
zontal faces to 3 Z, and will cancel the compres- 
sions on the vertical faces, so that the little block is 
now subject merely to a simple tension of 3Z. The 
total strain due to the successive superposition of 
the different stresses is equal to the sum of the 
individual strains. 
Thus the total vertical strain is now 


d=atate=2(55+ 96+ aa) 
=2(5,+ a) 
The horizontal strains f’ and g’, say, are 
P=4(s-76 
g=2(5 im aa) 


These are the strains due to a simple tension of 





















































Zz " [2 Jj 
Fug .4. ,| F Fig.5 B ) F Fig 6. 
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A Pa A J é 
, titi: aids oe 
——— c 4 I ole a 
a Gy \ ae 
D t D " N | A 
(40164) f Zz 


The angle I N M thus becomes I, N, M,. Calling 
the difference between these two angles a (expressed, 
of course, in circular measure, not in degrees), then 
the shear modulus of elasticity is defined by the 
relation R 

a=4%, 
G 
where Z denotes the shear stress, and G the shear 
modulus of elasticity. 
Now it is obvious from Fig. 6 that 


J, N, = 21,3, cos I, N, J 
= 215,008 (IN J - §) = 2d: (008 45 - 5) 


= $1, Js [ 008 48 008 <+ sin 45 sin 5 | 


Since a is always a very small quantity, we may 
write 
a 


cos 2 = 1,and sin 
2 2 


= 
> 
Therefore, 
J; N, = 21, Ji cos 45 deg. + I, J; asin 45 deg. 
But as the length of lines along a plane of shear 
is not altered by the stress, we have :— 


l 





I,Jj,2IJ= —. 
171 2 
WN =1+ $i 
or 
GN-t_a_ @ 
l . 2a 


But J, N, —1/ is the increase in the height of the 
block occasioned by the forces indicated in Fig. 5. 
Calling the corresponding vertical strain «,, we 
have :— 

Al_ @ 

€ = 1 ens 

l 2G 
Similarly, the thickness of the block shortens along 
the axes of the horizontal thrust, the horizontal 


strain being, in fact, — a 

Assume now that an additional tension Z is added 
to the top and bottom faces of the cube in Fig. 5, 
accompanied by a compression Z on the faces A H 
and BG. Then the vertical strain will be further 
increased by «, = Ay and there will be a hori- 


zontal strain g;, say, parallel to AB, given by the 
relation 
Z 


24 
The block now is subjected to a tension 2 Z 


between each of its upper faces, and to a compres- 
sion Z on each of its vertical faces. Add to it the 


93 = 











amount 3 Z. Hence for a tension equal to Z the 
strains will be one-third of this; or, 


eet 
tet h «(eX 
a (5+ se) 
oie 
'=Z = . 
J fe <a) 


Ys ae 
7 ae | 
ad f sa} 


Z 
Since e’ = rE it appears that Young’s modulus can 
be expressed as 


_ 9kG 
3k+G 
whilst Poisson’s ratio (i.e., the ratio of the hori- 
zontal contraction to the vertical extension of a 
bar under simple tension) is 


1 3k-2G 
m~6k+2@ 

Suppose, finally, that on a little cube we have 
the stress P between the upper faces, the stress Q 
between one pair of vertical faces, and the stress R 
between the other pair. Under P acting alone the 
vertical strain, as just shown, will be 

_ 1 1 
vig: is +a) 
whilst Q and R acting alone would produce vertical 
strains e” and e’” respectively equal to 
eee ee 
“= - (55-5) 
? an _ m® line 1 
eae (sq 9k ) 

Hence the total vertical strain when P, Q, and R 

act simultaneously is 


1 1 


e=e+e"+e"= (setsa)- 
@em( 3) sm 
Similarly, 
vi (5 , sa)- +e (ga-sE ) = 
9= R(¢) + sa) ~(F+Q) (ca . ss) “on 


These may be compared with the better-known 
forms:— 


e= Ft - 5 (Q+R) 
acs 
p= 2-1) (r+ P) 


g=%_ 1 P+Q). 


From equations (11), (12), and (13) we can find 
P, Q, and R in terms of ¢, f, g, and the two elastic 





system of uniform stresses indicated in Fig. 4. 


moduli k and G. If we substitute these values in 
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(7), (8), and (9), and also express the shears S, T, 
U, in terms of the shear strains, the effects of 
viscosity will be entirely taken into account if in 
the resultant equations we replace the shear modulus 


GbyG+u ¢. where » denotes the viscosity of 


dt 
the material, and n differentiation with respect to 


the time. 

Equations (11), (12), and (13) are 
conveniently solved by the meth 
minate coefficients. 

Thus, assume 

P=ae+B(f +g). 

Then from symmetry we must have 
8 =af+B(g + e). 

=ag+ Bet f). 

Substituting these values in (11), we get :— 


e=[ocrssta|(5: + sa) - 


[a(s+o) +B@e+f+o) | EE - ait 


In order that the two sides of this equation may 
be identities, the coefficient of e on the right must 
be — to unity, whilst those of f and g must 
vanish, 

We have, therefore :— 


rhaps most 
of Tediteo- 


ee a 28 _ 26 
. [setsat oe 6G 
whence 
a(2G + 6k) + B(2G—6k)=18kG . (14) 
Similarly, 


* B B 8, 2. 2 
o=s( 5+ fet oe 6G * 9k éa} 
whence 
a(2G-3k)+8[4G+3k)=0 + (15) 
Solving (14) and (15) for a and 8 gives 
a=(k+4$G); B=(k - $G), 
so that 


P=e(k+4G)+(f+g9)(K-8G) . (16) 
Q=fk+4*G)+(+e)(kK-—8G) . (17) 
R=g(k+4G)+(e+f)(kK-#G) . (18) 
We also have :— 
S=aG.; T=bG and U=cG, 
where a, b, and c are the shear strains. 
Substituting these values in the fundamental 
equations of elastic equilibrium (7), (8), and (9), we 
get these equations expr in terms of strain, 
instead of in terms of stress. 
Thus for equation (7) we get 


(# + 1G) F< +(k- Pa a) (52+52) 


dc db 
G2 4G: «@ . - (19 
» ie” dz (19) 


By expressing the strains in terms of the dis- 
placements which a point und when a struc- 
ture of which it forms part is subjected to a load, 
equation (19) can be simplified and reduced to a 
more convenient form. Thus, when a body is 
loaded, a particle which was originally at a distance 
x from the axis of reference moves to a new posi- 
tion, distant, say, « + u from the axis of co-ordi- 
nates. Here u is knownas the ‘‘ displacement” of 
the particle parallel to theaxisof x. Let x, be the 
original co-ordinate of a neighbouring particle, and 
let its displacement be u, ; then, owing to the 
strain, the distance between the two points, which 
was originally x, — x, has increased tox, +u,—2x—u, 
so that u, — wu denotes the stretch of the material 
on the length «, —-2. 

The average strain on this length is then 
‘i —™“; that is to say, the stretch divided by the 
%—- 2 
original distance. Hence the strain at the point x 
is obtained by gg fe distance x, — x to the 
differential d x, in which case u, — u becomes 
the differential d u. Hence, finally, the strain in 
the direction of x at any point is given by the 
relation ‘ 

u 
e=c*. . (20) 


Similarly, if displacements in the direction of y 
and z are denoted by v and w respectively, we 


have :— 


dv 


sae. . (a1) 
_ dw 
Jae ° : ° - (22) 





Similarly, it is possible to express the shear 
strain a, 6 and c in terms of the displacements 
undergone by a structure when loaded. 

ary for example, the little rectangle 
ABCD in Fig. 7 forms part of a structure, and 
that when this is loaded the point A undergoes the 
displacements uand v. If ashear strain exists, 
the rectangle will at the same time be deformed 
into the lozenge-shaped figure AB'CO'D'. The 


d 
displacement of B is then u+ ad “3 4 y parallel to the 
axis of x and v + 3 4 y parallel to the axis of y, 


y 
whilst D in moving to D' undergoes the displace- 
ment, 


du dv 
ut < A xand v+ a™ 
The shear strain or distortion c is then defined as 
the difference between the two angles BAD and 


B' A D’, and is thus equal to the sum of the two 
angles BA B'+ DAD", 


Fig. 7. c’ 

















A D r 


With all ordinary materials the shear modulus is 
so large that these two angles are very small. Each 
is therefore sensibly equal to its tangent, so that 
we may write :— 





he ? es BE DF 
c=tan DAD +tnBAB => yan ‘AD+DF 
av ay a ay 
— Pee et inl 
(1+ S*) ae (1+ ot yay 
ax \ dy 
a. 2 aan. 5 
ux lte ay“ 1+f° 


The strains considered in the mathematical 
theory of elasticity are so small that both f and e 
are negligible as compared with unity. Hence 
finally we get 


ex tv, au ‘ ° - (28) 

dx dy 
and, similarly, 

dw dv 

“> ‘ 

"an ae (24) 
du , dw 

b= — + ° ° - (6 
dz dz (2) 


Substituting in (19) we get 
eu d dv ,.dw 
&+s1QFs+hk-aaie.($ + ) 


a \dy az 

Pv du dw Mu 
o—— + @ — - — = 0, 
ates ay tata ae " 


which, on re-arranging terms, becomes 


G) d (du , dv, dw 
£4 = 12S 4S? 4 SS 
[ 24 le(H+5+%) 
d2 d? a 
i= +... + = == J 
bs (Stam ia)" . (26) 
Writing 
A=@u dv dw 
da*dy* dz 
and 
jn - oo 
¥ dt@taptax® 
Equation (26) may be written in the form 
Gjd Ses 
[e+ 9] Z4+ev u=0 ° (27) 


This is equation (7) ante, expressed in terms of 
the displacements which the particles of a body 
undergo when a load is applied to this body. 

The equations for the instantaneous internal 
equilibrium of a viscous solid are obtained by 


d 
replacing G in the above equation by G + yu av’ 


where » is the coefficient of viscosity (which is a 
purely experimental constant, of which values for 


various fluids have been tabulated), and + repre- 





sents differentiation with regard to time. Making 





this substitution, (27) becomes 
(e+ FG. tGveut at [3 <4 +9tw =0 (28) 
But since (27) is identical with (7), being merely 
differently expressed, equation (28) may also be 
written as 

a@P aU aT d dA 

da * dy + = taal Mog tte =0 (29) 

Passing now to the case of a viscous fluid ; no 
elastic shearing stress can exist in the latter, the 
characteristic feature of a liquid being its incapa- 
city permanently to withstand shear, however small. 
Owing to its viscosity, it does, of course, oppose 
resistance to shear; but this resistance depends 
wholly on the velocity of the relative motion of 
adjacent layers of fluid, and any shearing stress, 
however small, will entirely relieve itself by the 
sliding of the layers affected one over the other. 

Hence, to apply equation (29) to the case of a 
fluid, we must cancel the elastic shears U and T. 
Moreover, it is usual in dealing with fluids to 
reckon pressures as positive, whilst in the theory 
of elastic solids they are taken to be negative, ten- 
sions being positive. Hence the sign of P must 
be dunagll Equation (29) thus reduces to 

eee ree, Ba 
eetes [age te] ° (99) 
an equation which contains only the hydraulic 
pressure P and the terms depending on the vis- 
cosity of the fluid. 

If the fluid be incompressible, this equation can 
be still further simplified, and in practice the com- 
pressibility of the usual lubricants is so small that 
it is legitimate to treat them as incompressible. 

In the preceding column 4 has been defined by 
the relation 


a-@ dv dw 


adaz‘dy ‘ae =e+frt+g. 


Consider a little cube of which each edge is |, then 
its volume before deformation is /°, and after 
deformation is 
B(1L + e) (1 +f) (1 + 9). 

Hence the increase in volume is 

6V=B(1+ (e+ f+g)+lef+for+ge) +efg) -— PP, 
which, if the strains are so small that their pro- 
ducts can be neglected, gives 

SV =(e+f+g)e. 

If the material is incompressible, 8 V = 0. 
de ,@e ,@e._.,.. 
da’ ae as ees 

Hence, substituting this value for 4 in equation 
(30), we have 


~e+rft+g= 


dP - d — 2 au 
i's) ae 
By symmetry equations (8) and (9) similarly 
reduce to 
adQ_ dv 
ie °° Bs 
dR _ dw 
ip OO 


Since, however, the pressure at a point in a fluid 
is equal in every direction, we have P = Q = R. 


Moreover, S is the velocity of flow parallel 


to the axis of x, and - and a the velocities 


parallel to y and z respectively. In order to avoid 
the necessity of writing in each case, it is con- 
venient to change the meaning of u, v, and w from 


displacements to velocities. Making these sub- 
stitutions, we get, finally, 


aP =nytu ras 
zx 
dP eu yty . (32) 
dy 
dP _ yi » . ~ (83) 
dz 


where 1, v and w now denote velocities instead of 
displacements, and we still have the relation (the 
fluid being taken as incompressible), 
du ,dv,dw_ 
Sa oa 
These are the equations for the flow of a viscous 
fluid with which Osborne Reynolds started his 


investigation. 


(To be continued.) 
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Grinding Machinery. By James J. Guest. London: 
Edwin Arnold. [Price 15s. net.] 

In this book the subject of precision grinding is 
discussed with much originality of treatment. The 
subject is one which Mr. Guest is eminently quali- 
fied to handle with lucidity and Sip: ! 
combines a high and exact knowledge of science 
and mathematics with the experience of the manu- 
facturer. He takes nothing for granted, accepts 
no generally received views if they do not harmo- 
nise with his own, and is pre to say why he 
dissents from the opinions of others. And in some 
details of practice which appear so axiomatic and 
self-evident that one does not inquire into their 
reasons, an illuminating observation often throws 
a new light on a familiar fact. 

Perhaps the principal value of the book, certainly 
its most original feature, is Mr. Guest’s theoretical 
treatment of the practice of grinding. The machines 
themselves in their varied details are not illustrated 
fully, because, as the author states, ‘‘ they have 
been treated from the point of view of the grinding 
process, and not as aes examples of mecha- 
nism, so that unless the detail is directly connected 
with ery the description is as brief as is com- 
patible with lucidity.” 

The book is divided into thirteen chapters, under 
the following heads oe and Manufactur- 
ing ; The Abrasives and the Wheel; The Wheel 
and the Work; The Work and the Machine; 
Details of Parts; Plain Grinding and External 
Work ; Internal Grinders and Their Work ; The 
Universal Grinder and Its Work ; Surface Grind- 
ing ; Sharpening Cutlery and Tools ; Form Grind- 
ing and Curved Surfaces ; Polishing and Lapping; 
Measuring and Its Basis. A lengthy Appendix 
concludes the volume. 

In order to enable our readers to form a fair 
judgment of the scope and methods of treatment 
adopted in the volume, we propose to make a rapid 
survey of each successive chapter. 

Chapter I., on ‘* Grinding and Manufacturing,” 
gives a rapid outline of the growth of grinding 

ractice from the period when it was introduced 

or the correction of distortion due to hardening, a 
fact perpetuated in the French term machines a 
rectifier, to the present mechanically - guided 
methods, which are more accurate and less costly 
than precision work done in the lathe. Then the 
subject of limits, tolerances, and allowances leads 
the author into a discussion of the different views 
held concerning the relative merits of the hole and 
the shaft basis in the snap-gauge system of mea- 
surement. For reasons of economy in numbers 
of reamers and broaches and their storage-room, 

Mr. Guest considers the hole basis the more 
suitable for firms manufacturing in moderate 
quantities, notwithstanding that the shaft basis has 
received the seal of the approbation of the Engi- 
neering Standards Committee. In any case, the 
limits that are now enforced render the use of the 
precision grinding - machine n » Since it 
shows great economy over the work of the lathe. 
The action of the grinding-wheel as an assemblage 
of cutting-tools is next briefly outlined. The 
analogy is pursued in the particles of abrasive 
which are bonded so indiscriminately in the wheel 
that the angle of top rake varies widely, while the 
clearance angles are mostly zero. Hence more 
force is required for teking a given area of cut by 
grinding than by the cutting-tools in lathe and 
planer. 

There is also the fact of the very small chip 
taken in grinding. But this is vastly discounted 

in favour of grinding by the large number of 
cutting points and the high speed of the cutting. 
Also the cut is necessarily very fine and shallow, 
being controlled by the size of the particles of 
abrasive and the way in which they are bonded. 
The rapidity of working depends on the speed and 
on the width of the wheel. With regard to the loss 
of size which a wheel suffers during a traverse, the 
author points out that this can always be neutral- 
ised by reducing the cross-feed as the work is bein 
ground nearly to size, simply because the whee 
cannot wear down by more than the amount by 
which it has been fed forward. 

Chapter IT.—‘* The Abrasives and the Wheel ” 

—gives a concise account of the natural abrasives, 

emery and corundum, and the artificial ones, car- 

borundum and alundum (illustrated with photo- 


| results are useless for compariso’ 


various bonds employed—the vitrified, the elastic, 
and the silicate—and their several spheres of 
utility. Thence considerations are deduced bearing 
on the tenacity of a bond and the greatest permis- 
sible stress due to centrifugal force. A greater 
stress can be allowed in a hard wheel than in a soft 
one ; and hence, when experiments on the strength 
of wheels are made without stating the grade, the 
n. Illustrations of 
the methods of mounting diamonds for trui 
wheels, and of making diamond laps with diamon 
powder pressed by rolling into soft-steel laps, con- 
clude this chapter. 
The wheel and the work are discussed in Chapter 
III. The suitabilities of the various abrasives for 
working on various materials are stated, the value 
of coarseness of grit for removing material rapidly, 
and the distinction between accuracy of surface 
and smoothness of finish. The statement that 
emery is retained in the surface of ground shafts, 
and thus destroys the bearings in which they run, 
is denied, because particles of abrasive cannot 
become embedded thus unless they are forced in. 
This is a difficult operation even when diamond 
dust is rolled into soft-steel laps between hard-steel 
plates, and therefore the pressure of a grinding 
wheel against the work is wholly insufficient to 
roduce the result stated. The microscope, too, 
- not revexled the presence of particles of 
emery in shafts. It is possible that this might 
happen in the case of porous cast iron, but the 
use of water should prevent the evil. Bonds and 
grades are next considered, and the author sug- 
gests that the present practice of different firms of 
expressing the same grade by different letters 
should be abandoned in favour of a standardisa- 
tion, of the Norton system preferably. A com- 
parative table is given in the appendix, to enable 
grades to be compared 
The remainder of this chapter deals in a most 
original fashion with the vexed questions of wheel 
speeds and work s s. Mr. Guest holds views 
with reference to the latter which are contrary to 
those generally received. He does not consider 
that the work surface — in cylindrical grinding 
is independent of the diameter of the work. He 
puts his theory in a formula :— 


d+D 
2 
v d t, 


where v is the surface velocity of the work, D and 
d the diameter of the wheel and work respectively, 
and ¢ the diametrical reduction of the cut. For 
internal work the wheel diameter is considered to 


be negative. If the quantity x” “> t exceeds a 


certain amount, the wheel disintegrates too rapidly ; 
if, on the other hand, it is less than another certain 
quantity, the surface of the wheel glazes, and it 
fails to cut. This theoryjis elaborated through 
several pages, both with graphic diagrams and 
mathematical calculations. 
The value of these diagrams and of many others 
in the book is enhanced by the fact that the 
dimensions are very much exaggerated for the sake 
of clearness. Those illustrating the formation of 
chips, the relations of the wheel and the work, and 
so on, are greatly enlarged. 
The adoption of a uniform work surface speed 
for all diameters corresponds to lathe work. But 
the analogy cannot be supported, if for no other 
reason than that the practice of the leading 
firms who both manufacture and use grinding- 
machines varies between 25 ft. and 70 ft. per 
minute work surface s Work speeds should 
be altered in one direction to check undue 
wear of the wheel, and in the other to check 
glazing of the wheel. To prevent undue wear, v 
in the formula must be reduced, and ¢ increased in 
the same proportion, keeping the output vf as 
before. To prevent glazing, the work surface velo- 
city v must be increased, and the depth of cut ¢ 
uced, vt being still kept constant. In the first 
case, the disintegration of the wheel is lessened ; 
in the second, it is accelerated. To prevent glazing, 
the circumferential speed of the wheel is usually 
reduced, but the same result may be obtained 
without reduction of efficiency by changing the 
work speed. Mr. Guest considers the following 
work speeds the best :—For moderate diameters 
(say, 2 in. to 4 in.), speeds of 30 ft. per minute 
with 24 to 36 grit wheels, and 40 ft. per minute 
with the finer grits, suitable for mild steel. For 


cast iron, 40 ft. and 50 ft. per minute respectively 





graphs), and the meaning of grits and grades ; the 


which states the number of revolutions per minute 
at which work of various diameters is to be run in 
order that it may have a selected surface speed. 

The average speed of wheels of different grits 
and es and various bonds are considered, } an 
8 being the highest which are consistent with 
a proper factor of safety. But the question of 
variation of work — arises again, since opinions 
differ regarding a change of work speed in roughi 
and in finishing, and whether it should be pee am | 
or diminished. When quantities are large, speed- 
changing is advised. The argument in favour of 
increasing the work speed for finishing cuts is that 
a surface of good quality may be produced in less 
time, the wheel speed remaining the same, and 
errors are distributed better. The author recom- 
mends an increase of the work speed for finishing 
of from 25 to 75 per cent. over that of the roughing 
work speed. He believes also that these speeds 
may frequently be increased with advantage with- 
out introducing trouble from vibration, although 
his views are in opposition to those of some prac- 
tical men. 

The effect of changing the width of the wheel- 
face is discussed. If it be desired to increase the 
value of vt in cases where a reduction of work 
speed and in depth of cut are necessary, as when 
trouble arises from vibration and the maximum 
power delivered to the machine is fixed, the only 
way to increase the value of v¢ is to reduce the 
width of the wheel used. Hence in work of large 
diameter a narrower wheel should be used than for 
medium sizes and a slower traverse should also be 
employed. An alternative is to use a wheel of a 
softer grade, and of a coarse grit. If the softer 
wheel disintegrates too rapidly, the remedy is to 
teduce the speed of the work and increase the 
depth of cut. 

Some useful facts bearing on cup-wheel work 
close this valuable chapter. The author demon- 
strates that the face of a cup-wheel is not per- 
fectly flat after use, but that it wears slightly 
convex iu section, consequent on the traverse feed- 
ing of the wheel. Such wheels should be soft and 
of coarse grit, since several square inches of wheel 
and work may be in contact. Also the work must 
not be much wider than the inside diameter of the 
wheel. : 
The work and the machine are dealt with in 
Chapter IV., and an account of the cardinal details 
of machines occupies Chapter V. 

At the commencement of Chapter IV. the rela- 
tive places occupied by dry and wet grinding are 
stated and the most suitable cooling solution. The 
distortions produced by dry grinding lead up to 
the subjects of expansions of the work longitudi- 
nally and of spring tailstocks, and the advantage 
of dead-centres to counteract the temperature effect 
of ‘“‘change of axis,” in each of which familiar 
ground is covered. The effects of internal strain 
are explained with the aid of a diagram. The dis- 
tortions due to internal stresses are seen in the 
‘* bowing” or bending of a bar during grinding. 
The author’s experience from this aspect of the 
subject is that bright-drawn steel bars give trouble, 
while reeled bars and hot-worked bars do not. The 
remedy for the presence of internal stress is to 
rough-grind and to allow an interval to occur 
before finish-grinding, or, better, to anneal the 
bars slightly, or they may be boiled for a short 
time in water to produce the same result. 

The rate of traverse of the wheel past the work 
is discussed, and the present practice of giving a 
large traverse is recommend The effect of a 
short traverse is to cause undue wear next one 
edge of the wheel, and produce a special marking 
on the work. A traverse ranging from five-eighths 
to seven-eighths of the width of wheel-face is the 
most suitable. For the last finishing cut or two the 
traverse may be reduced by increasing the rate of 
rotation of the work. 

The serious effects which vibrations produce on 
the accuracy of the work done leads to an investi- 
gation of the characteristics of these vibrations, 
and of the means employed to neutralise them by 
static and dynamic balancing. The value of mass 
in the wheel-heads of grinders is explained by the 
way in which mass reduces the effects of small 
unavoidable errors of wheel-balance. 

Afterwards the elements of the universal grinder 
are described, with special reference to one of the 
Brown and Sharpe machines. With regard to the 
alternatives of traversing the grinding-wheel or 
the work, the author prefers the moving-work 





in the same cases. A table is given in the appendix 


type for all but the largest machines, because he 
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thinks it better to have the ition of the cut 
stationary, and the cross-feed handle and gear in 
one fixed position. And, further, because it is 
better that the cross-feed mechanism shall not be 
subject to the stresses involved in the reversal of 
movement, and because vibration is more likely to 
arise from the wheel than from the work, and 
because wear probably produces less inaccuracy in 
the work done. But the arguments in favour of a 
travelling wheel-head are also stated fully and 
fairly. 

The details of essential parts are treated in 
Chapter V., and illustrated with sectional drawings 
of typical spindles by some leading makers. The 
author explains the reasons why preference is given 
to some eum of design over others. Parallel 
journals, for example, are better than conical ones, 
because they can be lapped properly, because longi- 
tudinal expansion may induce side play in conical 
journals, and because the centrifugal effect on the 
oil would be to send it to the large end of the taper. 
The choice of all-hardened spindles or of case- 
hardened spindles, which the author prefers, is con- 
sidered in its various aspects. The methods of 
adjustment of the bearings both for diameter and 
end-thrust are described, and also the methods of 
lubrication. How much this means may be inferred 
from the statement that grinding conditions require 
such accuracy that the cutting of a wheel is 
affected by the addition of oil to that already in 
the lubricating system, so that the rate of supply 
of oil must be uniform. Also, that though the 
spindles are a very close fit in their bearings, there 
is, and must be, some space between the surfaces 
which the oil occupies, and this oil film varies in 
thickness round the circumference of the bearing. 
Varying forces, caused by vibrating jerks of the 
belt or those due to want of balance in the wheel, 
cause the spindle to alter its position in the bearing 
by extremely minute amounts, but with the result 
that chatter-marks are produced on the surface of 
the work. This fact, which is one illustration 
among many of the extreme delicacy of modern 
machine-tool design and construction, has a direct 
bearing on the points at which oil should be fed 
into bearings, harmonising with the researches of 
Mr. Tower and Mr. Lasche. When a perfect oil 
film exists, it is not of uniform thickness all the 
way round, but the spindle sets itself so that the 
film is thickest on the intake side. The pressure 
also varies, so that, as the author states, if a hole 
is drilled in a bearing to a point of high pressure, 
oil will flow out, and it is impossible to lubricate a 
spindle atsuch a point unless the oil is supplied at 
a head exceeding that which corresponds to the 
pressure. This fact is especially marked in the 
very high-speed spindles used for internal grinding. 
_ Several pages are devoted to the designs of 
internal spindles, including two of Mr. Guest’s 
own, one of eccentric type and another of central 
rotating type with ball-bearings. The author 
believes that the best work is produced by spindles 
having parallel plain bearings, and that the use of 
ball-bearings is only justifiable in spindles for 
small internal work. In any case these wear 
rapidly, which is explained by the statement that 
a spindle carrying a 1l-in. wheel makes as many 
revolutions in six months for the same surface 
speed as the spindle of a 14-in. wheel does in 
seven years. 

Methods of spindle-driving are discussed, wheel- 
truing arrangements, wheel-guards, pumps and 
nozzles, reversing motions, and the cross-feed 
mechanism as emplayed by different firms. Then 
some steadies, including the Guest design with the 
steel ball, which acts as a ratchet and prevents the 
cut of the wheel forcing the work away. 

In Chapter VI. the subject of plain grinding- 
machines and external work is discussed, illus- 
trated with machines by leading firms in England 
and America. Remarks follow on the centring of 
work, allowances for grinding case-hardened work, 
machine centres, driving, mandrels, hollow articles, 
stops, _wear of the wheel, cross-feed, vibration, 
stealying, repetition work, and costs. Generally 
familiar ground is covered here, but illuminating 
observations derived from the author’s experience 
add interest to common facts. 

Chapter VII. deals with internal grinding- 
machines and their work. It commences with a 
a pacioems between the work of the reamer and 
7 . grinder, showing the limitations of the first 

en large holes and when numbers are concerned. 


The grinders 1 ; 
correspond a. he — — two types, which 


d boring-machines re- 





spectively, the difference being that the work 
revolves in the first, but does not in the second. 
The lathe type is better for small work, the boring- 
machine type for heavy. A Churchill machine is 
illustrated, in which the work receives the tra- 
velling motion, and the wheel-head the cross-feed 
adjustment ; and a Landis, in which the wheel- 
head receives the travelling motion, and the cross- 
feed adjustment. The cylinder grinders, with the 
eccentric or planet spindle, are treated next, being 
illustrated: with a Heald spindle and one by Mayer 
and Schmidt. 

In discussing the best results obtainable by 
internal grinding, the author returns to the con- 


d+D 
trolling factor, v* iD t, laid down in Chap- 


ter III., and applies it to the conditions by which 
internal grinding differs from external. These are : 
the tendency of a small overhanging spindle to 
spring, the small size of the wheel, which entails a 
high speed of rotation, and the much la 
contact which exists between a wheel and the hole 
which it grinds than between a wheel and an ex- 
ternal cylinder. Something is gained by using a 
wheel slightly softer than that selected for external 
work. The output can be maintained by increasing 
the depth of cut and narrowing the wheel-face. 
This increases the arc cf contact, which compen- 
sates for the lessening of the wheel-face. The out- 
put is then proportional to the area of contact. 
Though the same methods are to be adopted 
as in external grinding, to check excessive wear 
on the one hand, and glazing on the other, 
yet speeds and feeds are more difficult to 
select, partly because internal-grinding spindles 
are liable to spring, but chiefly because the 
wheel wears down and becomes reduced in dia- 
meter rapidly. The author elaborates the effect 
of wheel-wear on speeds and feeds with the aid 
of a plotted diagram to be of help in the selection 
of work speeds. 

Chapter VIII. treats of the universal grinder, 
illustrated by machines of leading firms. It deals 
with descriptive details. Chapter IX. concerns 
surface grinding, and includes the edge-wheel 
machines used for piston-ring and disc-grinding, 
those using cup-wheels, then the magnetic chucks, 
and the disc-grinders. The rapid development of 
the machines —— cup-wheels is a result of the 
high utility of this method of producing flat 
surfaces. The cost of the wheels is high, and 
when wide surfaces have to be ground the 
wheel must be soft and the grit large in propor- 
tion, even though working on one kind of 
material. The power required to drive is high, 
and lubrication must be very ample, while the tank 
must be large enough to prevent the temperature 
from — Soda water is preferable to an oil 
mixture. The value of the magnetic chuck is 
insisted on, the resulting saving of time being so 
_ that a surface grinder for general use can 

ly be considered to be complete without one. 
The disc-grinders, in which a sheet of emery cloth 
is glued on the face of a steel disc, in their present 
specialisation fill a large place in manufacturing 
grinders of small parts without demanding a high 
degree of skilled labour. A brief account is given 
of the essential characteristics of these machines 
and concludes the sections devoted to machine 


Chapter X., on ‘‘ Sharpening Cutters and Tools,” 
contains many valuable facts, with photographs and 
diagrams. The universal cutter-grinding machines 
carry various attachments, and embody many pro- 
visions to which the authorisnot favourably disposed, 
on the ground that the initial cost is greater than 
that ofa simpler machine. Also he points out that 
since the work of sharpening a cutter is small, the 
inference is erroneously drawn that the machines 
need not be very substantial, and hence undesirable 
amounts of overhang occur. The best practice is 
that the parts moved in passing the cutter across 
the wheel should be as light as is consistent with 
reasonable rigidity, but the rest of the machine 
should be substantial in order to minimise vibra- 
tion. Also machines that are intended to grind 
the shanks and holes of cutters require to be built 
much more rigidly than those for cutter-sharpening 
only; but the two are combined in the universal 
machines. A soft wheel should be used; but if 
water is employed, a wheel of a harder grade can 
be substituted, which will keep its shape longer 
than a softer one. 

The various classes of cutters and the varied 





methods by which they are sharpened are con- 






































~—s the wheel down the tooth-face at the reverse after 
each stroke. 
that "~ chief essential is that : rahe 
large diameter compared ength of surface 
of the work ground, and that the gree should be 
rather harder than would be used for similar work 
in 
the chapter is occupied with the subjects of cam- 
grinding, ae grinders with more than 
two wheel spindles 

ing of shafts and rods, of steel balls, and the de- 
sign of jigs and fittings. 


lapping 






sidered, with their clearances, tooth-rests and 
settings, while some typical machines are also 
illustrated. Necessarily the ground covered is 
familiar, but the matter is arranged conveniently 
and the treatment is concise. 


In Chapter XI. form-grinding is handled. The 


subject includes cone-ball races and cup-ball races, 
being examples of external and internal grindin 
respectively done by generating methods. Castella’ 

shafts are treated, then that of 
of present and increasing interest now that the 
practice of hardening gears has become common. 
The method of form-grinding in which the wheel 
has the sectional shape of the intertooth space, and 
the difficulty of the production and retention of 
the shape, is pointed out. The generating principle 
is therefore preferred, and is illustrated with 
diagrams. Messrs. Holroyd’s worm-grinder is 
described ; this is adapted for grinding worms 
either by form-grinding or by grinding a small 


gear-teeth, a subject 


rtion of the worm-face at a time, and traversing 


the author states 
e wheel shall be of 
with the 


In form-grindin 


regular machine-grinding. The remainder of 
, automatic grinding, the grind- 


Chapter XII. treats of polishing and lapping. 
Much useful information of a practical kind is con- 


densed into this chapter bearing on the design of 
good polishing lathes, the grading of fine abrasives, 


the method of charging laps, the principles of 
, the allowance for lapping, and the kind of 
surfaces which can be lapped. The author puts the 


case for lapping thus: that the accuracy attainable 


stands to that of grinding much as the accuracy of 
grinding stands to that of turning. Elsewhere, too, he 
mentions that minute inaccuracies in circular ground 
pieces, which cannot be detected by micrometric 
measurement, are revealed by lapping. He states, 
too, that the slight traverse marks which are left 
by a wheel very slightly rounded are lapped out 
when less than —— in. has been removed from the 


10,000 
diameter of the work. From sane in. to jgae in. 
is enough to leave for lapping. Forms of laps for 
ends, for external and for internal work, are shown, 
and the high degree of accuracy obtained in gauges 
shows the capabilities of the process, when error is 


reduced to jg, in. or less, and end measures can 
be wrung together. 

The last Chapter, XII., is devoted to measuring 
and its basis. A brief account is given of the stan- 
dard yard and metre, of end and line measurements, 
of the Whitworth and other measuring machines, 
followed by descriptions of typical micrometer and 
limit gauges. 

The appendix contains a number of selected 
examples of grinding times on different materials 
with selected wheels, and fourteen tables bearing 
on the subjects of limits, wheel grades and selec- 
tions, wheel and work speeds, clearances for 
cutters, measurements, ta and notes. A good 
index is provided. The drawings which illustrate 
the book are clear, and the reference letters are 
large enough to be seen without eye-strain. 
Altogether, the book deserves to take a very high 
place in standard technical literature. 
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THE WORKS OF THE STEEL BARREL 
COMPANY, LIMITED. 


Tre convenience of electric and oxy-acetylene 
welding is seldom disputed, but critics of the 
reliability of both processes are not uncommon. 
It is true that if either be turned to unsuitable 
uses in an unskilled way, the results are not 
likely to be satisfactory, and probably much of 
the criticism is based on unsound practice of this 
kind. Both electric and oxy-acetylene welding 
demand skilled workmanship and special know- 
ledge if they are to be a success, but we do not 
know that in this they differ from other mechanical 
processes. That both forms of working can be 
made a pronounced success is sufticiently proved 
by the experience of the Steel Barrel Company, 
Limited, of Phoenix Wharf, Uxbridge. This com- 
pany started their operations about eighteen years 
ago, in the manufacture of a patent steel barrel by 
a special process of forming and electric arc-weld- 
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ing. Since that time many hundreds of thousands 
of barrels have been turned out, and the process is 
still in operation. In the course of time other 
branches of work have been taken up—all, how- 
ever, in the direction of the application of special 
welding methods—and the present works forms a 
most instructive example of a specialised business 
devoted essentially to articles which can be made 
by electric-arc, electric-contact, or oxy-acetylene 
welding. 

The works are situated on the Grand Junction 
Canal, which provides water carriage both for fuel 
and raw material inward, and for finished products 
outward. They are electrically driven, and a view 
of the power-house will be found in Fig. 12, on 

ge 114. Apart from the obvious and well- 

nown advantages of elsctric driving, the adoption 


of the method in this case was clearly dictated by | read 


the large amount of electric power demanded by 
the welding processes. The plant consists of two 
200-kw. continuous-current generators, driven by 
direct-coupled compound. steam - engines. e 
power-house also contains the necessary condensing 
plant, switchboards, &c. The boiler-house is an 
independent building arranged in convenient rela- 
tion to the wharf on which the coal is landed. The 
boilers are of the Lancashire type, and hand- 
firing is used. 

The works are divided into three sections, which 
deal respectively with electric-arc welding, electric- 
contact or resistance welding, and oxy-acetylene 








welding. A view of each of the three departments 
is given in Figs. 13 te 15, on page 114. In describ- 
ing the works and the various processes of manu- 
facture, we may begin with the arc-welding shop, 
as it is here that the steel barrels, from which the 
company takes its name, are made. A barrel of 
the type manufactured is shown in Fig. 1, sub- 
joined. In the majority of the barrels turned 
out the cylindrical shell is rolled from a single 
sheet, although in the case of specially large sizes 
two sheets are employed. The shop contains two 
sets of rolls adapted for the work. They are direct 
driven by steam-engines. The shells are com- 
pletely formed in a single pair of concave and 
convex rolls, through which they are passed a 
number of times. It might appear that a series 
of graduated rolls would be necessary, but this 
is not the case. The process is quickly carried 
out, but, we imagine, must demand considerable 
skill on the partof the workmen. The sheets from 


The workman’s eyes have to be protected during 
the actual welding by a ruby-glass window fixed in 
a holder, which he carries in his left hand. After 
the joints have been made they are tested with 
paraffin oil, which quickly makes its way through 
if any crevices have been left. The arc takes about 
300 amperes at 90 volts. 

The next process is inserting the plug, or bung, 
sockets. The sockets are steel drop - forgings 
formed with a flange which lies inside the barrel. 
Holes are punched in the shells, and the sockets 
are inserted from inside. They are then welded 
from the outside, in the same way as before, by 
fusing the ring socket and shell solidly together. 
The ends are then fitted. They are flanged 
out of mild-steel plate in an hydraulic press from 
plain circular sheets of metal. They are made a 
fairly tight fit for the open ends of the barrels, 
and are hammered into position and then electri- 
cally welded to the shell at a few points, to prevent 





which the shells are formed are made somewhat 
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thicker in the centre than towards the edges. Asa 
result the shells, when finally formed, are of approxi- 
mately equal thickness throughout. A number of 
rolled shells can be seen in Fig. 13. The material 
used is mild steel, which is also employed for the 
barrel-ends. 

After rolling, the edges of the shells, which are 
to form the longitudinal joints, are cuttrue. This 
work is carried out in shearing-machines, of which 
one can be seen in the right-hand middle distance 
in Fig. 13. The tools are formed to the contour 
of the rolled shell, and the full length is sheared 
at asingle cut. The next process is the making 
of the longitudinal joint. This, as we have already 
indicated, is done by arc-welding. A shell is placed 
ona horizontal bar, with the edges which are to be 
joined lying at the top and alongside each other 
y for joining. The bar forms the positive earthed 

le of the welder. The other pole is made to a car- 

n arcing contact, which is secured in an insulated 
holder held by the workman. The holder is con- 
nected to the supply by an insulated cable. The 
joint is made by laying sh rt strips of mild steel 
over the gap between the p.ate-edges and fusing it 
in by allowing the arc to play over it. The strips 
are an inch or so long, and while still red each in 
turn is hammered to consolidate the joint. There 
is no need during this work to continually switch 
the current on and off, as the arc may be made at 
any time by bringing the carbon pole on to the 
work, and broken at any time by taking it away. 
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are then put in and are welded to the shell and the 

|barrel-ends all round. The ends of the shell and 
the edges of the two rings are also fused together 
on the top side, so that the whole thing practi- 
cally forms a solid piece of metal. With a final 
dressing-off of any rough parts left by the welding 
the barrel is then complete. 

In most trades it is not necessary that access 
should be had to the inside of the barrel other 
than through the bung, as any barrel will be em- 
ployed for carrying only one type of material. 
As a consequence, the standard barrel is made 
with both ends fixed and with a screwed bung, 
as shown in Fig. 1. This gives the simplest and 
strongest construction. When, however, it is 
desired to have full access to the inside, the special 
construction illustrated in Fig. 2 is employed. 
In some cases, a simple and neat arrangement 
is fitted to the standard barrel in order that it may 
be completely emptied. As ordinarily constructed, 
the plug socket projects slightly into the interior 
and forms a ridge, behind which a slight amount of 
liquid may be trapped when the barrel is being 
emptied. To prevent this, a flat plate, with 
central hole, is fitted over the inside of the socket. 
It is welded to the socket and also all round the 
edge to the barrel-shell, so ate a flush surface 
inside, with nothing to form a lodgment. The 
barrels are constructed of capacities ranging from 
10 to 200 gallons, and are built up of sheets of a 
thickness varying from 14 to 9 B.G. They are em- 
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pes for transporting a very large number of dif- 
erent materials, of which examples are motor-spirit, 
acetone, varnish, seed-oils, disulphide of carbon, &c. 
In addition to the steel barrel we have dealt with, 
the company, by the same process, also manufac- 
ture the old type of parallel drum with rolling 
hoops. This, although it is less convenient to 
handle than a barrel, is still used in some trades. 
As made by the Steel Barrel Company it has the 
special feature that the rolling hoops are welded 
on, so that there is no trouble with their shifting. 
The electric-contact, or resistance, welding-shop, 
shown in Fig. 14, is chiefly concerned with the 
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ordinary riveted drum is employed, and are 
specially suitable for dangerous liquids, the leak- 
age of which during transport would be a very 
serious matter. 

The manufacture of the drums is a pretty pro- 
cess. The forming of the sheet-iron shells and the 
flanged ends, however, calls for no special mention. 
The work is carried out in tin-smiths’ rolls, and in 
a press in the ordinary way. The electric-contact 
method by which the joints are made consists in 
placing the two parts to be joined one on the other, 
and sending a heavy current through the junction. 
The resistance of the iron and of the joint causes a 


on which a strong wind is blowing or rain is driving. 
The welding-machines consist of frames ing 
two electric contacts, arranged one vertically om 
the other. They are supplied with energy at a few 
volts only—ten or so—from converters fixed inside 
the machine-frames. The contacts can carry, and 
the converters can supply, very heavy currents. 
The contacts are of pure copper, and the upper one 
is in the form of a narrow roller, some 2 in. in 
diameter. It is mounted on a hinged arm, which 
can be lifted to allow the work to be inserted 
| between the contacts. To make the longitudinal 
joint in a drum the formed shell is pl on the 


























manufacture of drums of the type illustrated in 
Fig. 3. These are intended to replace the older 
types of soldered, riveted, or seamed drums, and are 
made in sizes from about 2 gallons to 15 gallons. 
They are welded throughout on the longitudinal 
seam and around the ends. They prove so strong 
that no end-hoops, such as are fitted to drums of 
other types, are needed. At the same time they 
are very light, as will be obvious from their simple 
construction. A 5-gallon drum of this type, made 
of 19 S.W.G. sheet and full of petrol, was dropped 
seven times from heights beginning at 8 ft. 6 in. 
and culminating at 19 ft. on to an iron floor, and 
although deformed at the ends, developed no 
leakage or fracture. It was fitted with a tapered 
wooden bung, which did not move. In addition to 
such bung, the drums are also made with screw- 
plugs and loose lids. The drums are suitable for 
paint, oils, and other such products, for which the 
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rapid rise of temperature up to welding heat, and 
as the two pieces of metal are at the same time 
pressed together, a perfect joint ensues. It will be 
noted that no added metal is used, as in the arc- 
welding process, nor is any flux employed. To 
secure proper welds the parts before being taken 
to the welding-machines have to be pickled to 
remove the scale. The pickling-shop has two 
special features, which may be mentioned. The 
first is that the acid baths are steam-heated, which 
is found to reduce the time required for pickling ; 
the second point is that the shop, which is built 
alongside—but apart from—the main works, has 
open lattice sides. This form of construction en- 
sures a much better atmosphere than is usually 
obtained in shops where pickling is in progress. 
In order that operations may not be interfered 
with by the weather, hinged shutters are provided, 
so that the lattice may be covered up on any side 
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lower contact, with the edges overlapping the 
correct amount. The upper contact is then brought 
down on to the work, and energy is switched on. 
The current from one contact to the other 
through the two thicknesses of metal, which are 
held together by the downward pressure of the 
upper roller. The joint then quickly heats up and 
welds. The drum is meanwhile automatically 
pushed forward between the contacts. The upper 
contact rotates, and so runs along the upper side of 
the joint. The work can be pushed forward fairly 
quickly, and the welding of a longitudinal joint 
takes something less than half a minute. This is 
the whole process, and the joint is complete as soon 
as the drum-shell leaves the machine ; no dressing 
or other attention is required, and the joints are 
very neat. 

The ends of the drums are welded-in in exactly 
the same way, except that in this case the drums 
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have to be rotated to bring all parts of the joint 
under the contacts. The handles and bung-sockets 
are secured by spot-welding, which is a similar but 
simpler process, and is generally known. The work 
to be operated on is held above a fixed contact of 
small area, and a similar contact is brought down 
on top of it. This causes fusing and welding at a 
small area between the contacts. The bung-sockets 
and handles are ordinary press-tool products, and 
in spot-welding them on to the lids a line of welds 
completely in contact each with the next is made 
all round. This is clearly ages | in the case of the 
sockets to ee possibility of leakage through 
the joint hen completed, the drums are tested 
by air-pressure under water in order to detect bad 
joints, if there are any, and are then painted on 
the outside. 

The oxy-acetylene welding-shop is concerned with 
a much more miscellaneous output than are the other 
departments. This clearly follows from the greater 
adaptability of the method. No doubt all the pro- 
ducts with which we have so far been concerned 
could be made by oxy-acetylene welding, but not so 
expeditiously as by the electrical processes. When 
one is concerned with articles of a more complex 
nature, however, or such as are required only in small 
quantities, the convenience of the oxy-acetylene 
process makes it the natural one to use. Practically 
speaking, no special appliances are required for any 
particular job, while the apparatus is portable and 
may be worked round articles even of the most 
complex shape. 

e need not describe the process of oxy-acety- 
lene welding. It is sufficiently known. The shop 
is furnished with an outfit of blow-pipes adapted 
for various work. They are supplied with acetylene 
from a plant situated in a building just outside the 
main shop. The oxygen is purchased in cylinders. 
Various examples of the work turned out are illus- 
trated in Figs. 4 to 8, on page 106. Some of 
these, as will be seen, are fairly complicated. The 
acetone pipes are interesting. This is one of the 
most inflammable and searching liquids known, and 
the absolute tightness of the welded pi is of 
great importance, apart from the ease with which 
special and odd shapes can be built up. The ex- 
pansion pipe, Fig. 8, was built for making connec- 
tion between the exhaust of a steam-turbine and 
a condenser. It is 20 in. clear internal diameter. 

Our remaining illustrations, Figs. 9 to 11, on 
page 107, show examples of the petrol-storage 

lant which has been manufactured by the Steel 

arrel Company in large numbers. The apparatus 
is intended for garages, &c., and its main features 
are that the petrol is stored in a steel tank under- 
ground, that a measuring apparatus is fitted, and 
that the petrol need never be ex to the air 
during the ge | of the tank or during delivery 
to the customer. The actual storage is carried out 
in cylindrical steel tanks, which are set under- 
ground in concrete. The standard sizes have 
—— of from 500 to 1250 gallons, and are 
galvanised inside and out. Incidentally, these tanks 
form a good illustration of the larger work which 
is produced by the company with the oxy-acetylene 
process. Three of the tanks can be seen at the 
right-hand side in the view of the shop given in 
Fig. 15, on page 114. Somewhat similar tanks are 
made for the ordinary street tank-wagons which 
are used for the transport of petrol and petroleum 
in our towns. 

In the petrol-storage system the main tank is set 
in concrete either horizontally or vertically, de- 
pending on the conditions of the site. Two of the 
tanks shown in Fig. 15 are evidently intended to be 
set vertically, as the manhole is formed at one end. 
The position of the manhole with the horizontal 
arrangement is shown in Figs. 9 and 10. In 
either case the tanks are calibrated experimentally 
by filling them with water in stages, and a graduated 
dipping-rod is made and supplied with each tank. 
A Toaeneiee with a brass socket is fitted in the 
manhole cover. This arrangement allows the 
amount of petrol in stock to be ascertained at any 
time. Fitted above ground there is a 20-gallon 
measuring-tank with a gauge-glass. This tank is 
filled from the storage-tank by a semi- rotary 
pump, and all petrol delivered to customers is 
run off from the measuring-tank through a flexible 
hose. Each tank is fitted with a vent-pipe led 
well above the apparatus, as shown in Fig. 11. The 
other pipe arrangements will be clearly seen in the 
figures, but it should be pointed out that the lay- 
out shown in Figs. 9 and 10 is intended for cases 
in which the storage-tank can be fillei from tank- 





wagons. In such cases the wagon hose is connected 
directly to the 2-in. filling-pipe and delivery can be 
made under seal. The other arrangement, shown 
in Fig. 11, is adapted for use when the petrol is 
delivered in steel barrels. A short suction-pipe 
carried on a flexible hose is provided. The pipe, 
which is shown lying horizontally on brackets on 
the wall in Fig. 11, is so connected that the same 
pump which is used to fill the measuring-tank can 
be used to pump from the barrel to the storage- 
tank. A strainer is incorporated in the service. 





AN EQUALISED FOUR-WHEELED LEADING 
TRUCK FOR LOCOMOTIVES. 

Iv American practice it is the custom to equalise the 
spring-gear of locomotives, and in the course of time 
certain well-defined groupings of the wheels for this 

urpose have become accepted. Thus in passenger 
ocomotives of the 4-4-0 type the springs of the four 
driving-wheels are equalised in a group. In the 2-6-0 
and 2-8-0 classes the leading truck is usually equalised 
with the first pair of drivers, and the remaining 
coupled wheels fon another group. Where trailing- 
trucks are in use, they have been equalised in one 
manner or another with a group of driving-wheels, as 
will be evident from the series of articles* in which we 
have recently given descriptions of several types of 
these trucks. At the leading end it has been the rule 
in American practice to regard the four-wheeled truck 
or bogie as a group by itself, while a leading two- 
wheeled truck always forms part of a group com- 
rising one or more pairs of driving-wheels. An 
nteresting departure from the accepted practice has 
been made recently by the Pennsylvania Railroad. 
We referred to this in an article published not long 
- in our columns under the title ‘‘ A Locomotive 

esting-Plant Product.”+ In that article we were 
considering points in the design of the latest Penn- 
sylvania Railroad type of 4-4-2 engine, and referred to 
the fact that in this instance the leading bogie had 
been equalised with the leading pair of driving-wheels, 
while the trailing truck was equalised with the trailing 
driving-wheels. 

Through the courtesy of Mr. J. T. Wallis, General 
Superintendent of Motive Power, Altoona, we are now 
in a position to give drawings of this interesting and 
novel arrangement. There are over eighty engines of 
the class in service, and they have, we understand, 
been giving a very good account of themselves. An 
important point in connection with the adoption of the 
arrangement of equalising gear which we are about to 
describe is that it permits of an adjustment of weights 
on the main drivers in an ‘‘ Atlantic” type of locomo- 
tive which was almost impossible so long as the load 
on the bogie was not equalised with that on the front 
driving-axle. By the adoption of the new system of 
equalisation it has been found that the predetermined 
load of 65,000 lb. on the main and front driving-axles 
of this class of locomotive can be readily established 
and maintained. 

The trailing-truck, and the manner in which it is 
equalised with the rear pair of drivers, was illustrated 
in one of the series of articles on trailing-trucks re- 
ferred to above. The general arrangement of the 
leading truck and equalising gear just mentioned is 
shown in Figs. 1 to 4, on Plate VIII., published this 
week, the truck itself being illustrated in Figs. 5 to 9 
inclusive. Various details of the truck and equalising 
gear are given in the remaining figures, and will be 
referred to in turn. In general arrangement it will 
be noted that the truck is of the type which has one 
large laminated spring on either side, hung from pairs 
of equalising-beams, the ends of the latter resting on 
the axle-boxes. In addition to this, the whole truck 
is, as we have stated, equalised with the front 
drivers. For this purpose the bogie bolster or centre 
casting is arranged within a housing (see Fig. 1), 
in which it is allowed vertical movement. As in 
the usual two-wheeled truck arrangement, a large 
equalising-beam is arranged longitudinally on the 
centre line of the engine, and provided witha gib 
fulcrum carried in a steel — extending between 
the main frames. The front end of this equalising- 
beam rests on the top of the bogie centre ; the other is 
held in a stirrup depending from a heavy cross-beam, 
coupled up by spring hangers with the front ends of 
the driver-springs. e general longitudinal arrange- 
ment is shown in Fig. 1. A cross-section at the ie 
centre is illustrated in Fig. 2; one at the fulcrum point 
is shown in Fig. 3, while the cross-beam, stirrups, and 
hangers connecting with the driver-springs are shown 
in Fig. 4. 

The truck itself is illustrated in Figs. 5 to 9, while 
various details of the framing, &c., are given in Figs. 10 
to 28. The truck is of the bar-frame type, with 
pedestal castings or horns and bottom stays. The 
upper bar-frame is illustrated in Figs. 10 to 13. The 





* See pages 621, 650, and 701 of the last volume of 
ENGINEERING. 
t+ See page 680 of our last volume, 


ee members are of bars, 5 in. by 14 in. thick, 
while the end cross-members are 4 in. by 14 in. Extend- 
ing across the main frame at the centre is the cross- 
bearer frame illustrated in Figs. 14 and 15. Eight 
pedestal castings or horns are bolted to the under side 
of the main frame, and on either side beneath them is 
a bar stay, shown in Figs. 16 and 17. These serve the 
pa both of stiffeners and horn stays. The frame is 

er strengthened by bars, 6 in. by 1} in., extending 
longitudinally from the centre of the cross- rs to 
the end cross-members of the main frame. These are 
illustrated in Figs. 18 and 19. In addition, there are 
also at the ends diagonal stays, illustrated in Figs. 20 
and 21, and shown in position in Fig. 8. 

On each side of the truck is a pair of equalising- 
beams, shown in Figs. 22 and 23. One of each pair is 
outside, and the other inside, the frame, and between 
them is an inverted laminated spring, as seen in Figs. 
6 and 9. The equalising-beams rest on the tops of 
the axle-boxes. ‘he inverted springs are slung from 
the beams by stirrups at the ends of the springs, the 
main frame resting on the buckles of the latter. 
Attached to the cross-bearers are four three-point 
hangers of the type shown in Figs. 24and 25. These 
are divided at the upper end, one part passing on 
either side of the cross-bearers. The suspension-pins 
at the upper end are 2} in. in diameter. The lower 
pins are 37 in. in diameter, and carry the bolster 
shown in Figs. 26 to 28. This bolster or centre does 
not support a centre casting fixed to the frame, as in 
ordinary practice, but the upper part is cylindrical, 
and turned for a height of 12} in. to a diameter of 
18}gin. This portion fits inside a casting illustrated in 
Figs. 29 to 31, which is attached to the underneath of 
the cylinder saddle casting. The bogie centre is 
allowed vertical movement in this housing. Inside 
the upper part of the bogie centre is a nest of four 
¢-in. wrought-iron plates 15 in. in diameter. On 
these is placed an equaliser seating (shown in detail in 
Figs. 32 to 35), in the manner depicted in Fig. 1. 

At a point behind the saddle there extends across 
the main engine framing a steel equalising-fulerum 
casting of the type shown in Figs. 36 to 39. The 
fulcrum casting transfers the engine weight to the 
truck and front end of the leading coupled-wheel 

rings by an equaliser-beam, shown in Figs. 40 to 42. 

he gib or knife-edge forming the actual fulcrum is 
3 in. by 4in., and is shown in Figs. 43 and 44. The 
rear end of the equalising-beam, rests in a stirrup 
(Figs. 45 and 46) — from a forked link shown in 
Figs. 47 and 48. The latter is suspended from a heavy 
cross-equaliser beam, of which drawings are given in 
Figs. 49 to 51. The cross-beam is hung from the front 
end of the driver springs by stirrups and links, the 
latter being shown in Figs. 54and 55. These links pass 
through slots in the beam, and have the usual knife- 
edge gibs. Atthe back end of the springs there are 
also stirrups and links, the latter being of the type 
shown in Figs. 52 and 53, two to match being provided 
for each side. They end below the upper bar of the 
frame, where the load is transferred to them by gibs 
resting in a special seating. The load is transferred 
to the axle-box through a 14-in. pin, shown in Figs. 56 
and 57, and placed between the buckle and a shoe on 
the top of the box. 





PrrsonaAt.—The directors of Messrs. Ransomes and 
Rapier, Limited, have just elected Mr. John F. Wolff, of 
ed House, Westminster, 8.W., to a seat on their 





ITALY AND THE AMERICAN IRON AND Coke TRADE.— 
According to the Iron Age, the American Chamber of 
Commerce in Milan has informed the Chamber of Com- 
merce of the United States that war between Italy and 
Germany has entirely stopped the shipment of foundry 
coke and low-grade pig-iron from Germeny, and the local 
coke producers, the Solvay Works at Vado and Savona, 
near Genoa, are closed because they have no coal. Until 
the war is over, very little coal and coke will come from 
England, from which country Italy has been importing 
about 70,000 tons of coke per year. The imports from 
Germany, Austria and Belgium amounted to 229,000 tons 
of coke per year. ‘‘ If the present feeling can be depended 
upon, Italy will probably never purchase from Germany 
again, or if she does it will bs after a long time, so that 
America never had a better opportunity to get and hold 
the coke and iron business in Italy.” The unloading and 
handling charges to put the goods on wagons at Genoa 
or Savona would be about 50 cents per ton, and the 
carriage from these ports to Milan is just under 2 dols. 
per ton. The foundry coke from Westphalia was deli- 
vered in Milan at from 11 dols. to 12 dols. per ton, and at 
present those who have any coke in stock are getting 
20 dols. and upward per ton. The hematite pig, which 
sold before the war at about 21 dols. delivered, has sold 
as high as 45 dols. to 50 dols. High phosphorus iron sold 
at from 18 dols. to 19 dols. before the war, and those who 
have any in stock could sell it now for 30 dols. The 
charges from c.i.f. steamer to delivery in Turin or Milan 
would be about 4.50 dols., of which 2 dols. is carriage, 
2 dols. duty, and the rest handling and unloading. The 
American Chamber of Commerce in Milan is studying 
both the finding of return carriage for American steamers 





and an arrangement with the banks in Italy for avoiding 
the disagreeable demand for payment in advance, 
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INDUSTRIAL NOTES. 

THE trouble at the Barnsley collieries, to which we 
referred in our last issue, has been averted as the 
result of a conference of the Barnsley coal-owners and 
representatives of the surface workers, held at the 
Queen’s Hotel, Barnsley, on Monday last. At the 
close of the conference the following statement wus 
issued :— 

‘* In accordance with the terms of reference arranged 
at a joint meeting in London, at which Sir Geor 
Askwith presided, on July 19, at the suggestion of the 
Barnsley and District -Owners’ Association, a 
further meeting has been held to-day, and eventually 
terms of settlement were amicably agreed to. The 
Barasley coal-owners reserve to themselves the right 
to submit the whole question to arbitration, as per 
the terms of reference agreed upon on the date 
mentioned, but in the meantime the terms of reference 
lie upon the table without prejudice, and the owners 
undertake to pay the rates of wages, to observe the 
hours of labour and conditions not less favourable 
than those requested from the Federation (surface- 
workers’ societies) in the letter dated May 7. The 
rate of payment will commence on the first making-up 
day in the week commencing July 19, which date was 
arranged in the terms of reference before mentioned. 
Upon this the representatives of the workmen agreed 
that the notices ended in at certain collieries should 
be withdrawn.” 





A meeting was held at Cardiff on Monday last of 
the Monmouthshire and South Wales Coal-Owners’ 
Association. Mr. Hugh Bramwell occupied the chair. 
A communication was received from Mr. Walter 
Runciman, President of the Board of Trade, inti- 
mating that the Government very highly appreciated 
the patriotic spirit in which the owners decided to 
remove all difficulties in order to leave the way open 
for settlement. It was resolved that a reply be 
sent to Mr. Runciman stating that the association had 
learned with gratification that the act of the colliery 
owners in placing themselves unreservedly in the 
hands of the Government was appreciated by the 
Government. 





We are informed that a special committee of the 
Swansea Chamber of Commerce, after considering 
the Coal Prices (Limitation) Bill, has sent a letter to 
Mr. Runciman appealing to the Government to exempt 
those collieries in Western Glamorgan and West 
Wales from the provisions of the Bill (a) where 
mining operations cove resulted in a loss for the year 
ending September 31, 1914, and the preceding year ; 
(b) where coal veins are worked below 2 ft. 3 in. in 
thickness ; (c) where coal veins give 60 per cent. or 
more of small coal. In the opinion of the Chamber, 
unless exemption or special provision is made in the 
Bill for the exceptional mining conditions prevailing 
in these areas, many, if not all, of the collieries working 
under such conditions will be compelled to close down. 





On Tuesday last a meeting of the Scottish Coal 
Trade Conciliation Board was held at Glasgow to deal 
with applications on behalf of the miners for an 
advance of 25 per cent. on the 1888 basis, equal to 1s. 
perday. The present wage, including two advances 
recently granted, is 8s. 3d. per day. The parties 
failed to agree, and the meeting was adjourned until 
Friday, August 13. 





With reference to the paragraph on page 55 ante, 

the Jron Age, in its latest issue, says that officials of 
the labour union, with which the 1200 machinists at 
the Washiagton Navy Yard are affiliated, declare that 
unless the reduction of 8 cents per day, due to the 
division of 240,000 dols. bonus among a larger number 
of men, is rescinded, the majority of the men will 
accept offers said to have been received by them from 
the Remington Arms Manufacturing Company to go to 
work at its new plant at Chester, Pa. The new 
Remington plant will require the services at the start 
of at least 1000 men, and within a short time 5000 will 
be employed in work on contracts which the compan 
has secured, and which, it is stated, will involve full 
capacity operation for five years. The wages the 
company is offering are said by the labour leaders to 
range from 50 to 75 cents per hour, with much higher 
rates for highly trained men who have specialised in 
ordnance work. The Remington Company is said to 
have already secured 250 men from the Frankford 
Government Arsenal at Philadelphia. 
_ Arepresentative of the Remington Arms Company 
is quoted as stating that the company has no intention 
of disorganising the force at the Washington Yard or 
elsewhere in the Government service. Ic is simply in 
the market for labour. The Navy Department is 
disposed to accept this statement in good faith, and 
the officials believe that the initiative in the transfer 
of machinists to the company’s employ has been taken 
by the labour leaders, who have employed this opening 
as a cudgel with which to force Secretary Daniels to 
come to terms, 





The Comité des Forges de France calls attention to 
& Bill recently presented to the French Chamber for 
regulating the employment of foreign labour in France 
after the war. The Bill states that the war will have 
for effect to decrease the available French labour, and 
to render the collaboration of foreign labour impera- 
tive. In 1906 the number of foreigners exercising a 
profession in France numbered 617,971, as shown in 
the following table :— 

Foreigners Exercising a Profession in France in 1906. 




















| Bei ; £ | 
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| -s5 > 2 2s| s| 
Nationality. (|2g5| z $2 \35 | Total. 

gs §| 2 5 A 38 | 

in” 4 i.) 4 cue 

—_——_ —F | \—! 
Italian .. |81,926| 124,090 | 57,691 19,292) 4,072) 237,071 

Belgian, Luxem- | | 
burg... .. /21,023/ 110,314 | 31,692 |15,393 8,726] 182,148 
German . 3,215; 20,069) 12,069 16,888) 8,608) 55,849 
Swiss -. 6,899; 18,322 | 11,890 6,319) 2,012) 45,442 
Spanish -. 15,166} 17,083) 10,497 | 2,602) 1,156) 46,404 
Russian --| 133) 6,834) 2,392/ 667) 1,194) 11,120 
British 300; 2,674 4,408 | 3,327) 3,617) 14,826 
Austrian .. 255 3,904 2,142 858; 8,149 
Various 531 7,047 5,911 1,052) 2,921 17,462 
Total .. .. 79,448 | 310,427 138,692 66,240) 23,164) 617,971 





Many of the foreign operatives settle down in France 
for a number of years ; others, such as the Belgians 
and Spaniards, enter the country to work at harvest- 
ing and grape-gathering. It cannot be contested, says 
the Bill, that foreign immigration of labour may be a 
source of danger to the country, also that foreign 
labour competition may lead to disadvantageous con- 
ditions for French labour, since, generally speaking, 
foreign operatives were content to work for a wage 
which, while being in excess of that obtained in their 
own country, was inferior to the French rate. ‘The 
Bill aims at establishing, after the war, an equal wage 
for all operatives —— in the same class of work, 
whether they be of French nationality or of foreign 
extraction, The Bill proposes to deal with the case 
of operatives of enemy nations at the conclusion of 
peace. 





At the recent conference of the Australian Labour 
Party, in Adelaide, the following resolutions were 
adopted, according to information received through 
the intermediary of the High Commissioner for 
Australis :— 

‘*That immediate action be taken to effect an 
amendment of Section 96 of the Commonwealth 
Electoral Act so as to permit Members of State 
Parliaments being eligible for election to the Com- 
monwealth Parliament without previously resigning 
their seats. 

‘That the conferénce affirms the desirability of 
amending the Old Age and Invalid Pensions Act so 
as to provide for increases in the present amounts 

aid. 

a That the conference urges the establishment of a 
dépét in London where products of the Australian 
States may be stored and sold direct to the consumers. 

‘*That adult suffrage be made part of the Common- 
wealth Constitution. 

**That effective representation should be given to 
all Federal territories. 

‘That in any amendment of the marriage laws 
consideration should be given to the question of 
preventing the evil consequences of inter-racial 
marriages. 

‘* That a national insurance scheme should provide 
sick, accident, and life policies. 

**The introduction of the Commonwealth Mining 
Act to cover all Federal lands, with clauses giving 
wages first claim on any property owned. 

‘* That the immediate development of the Northern 
Territory is desirable. 

**That the agreement between the Commonwealth 
and South Australian Governments to connect Oodna- 
datta and Pine Creek by railway should be given effect 
to without unnecessary delay. 

‘‘That a plank be added to the Federal platform 
providing for an export duty, where practicable and 
without detriment to the industry, on all crude ore and 
partially-treated ores exported from Australia. 

‘*That a Commonwealth Mines Regulation Act be 
introduced. 

‘* That the Public Service Act be amended to pro- 
vide for an independent chairman, to be appointed by 
the Registrar of the Conciliation and Arbitration Court, 
in all cases of appeal and inquiry under sections of the 
Public Service Act.” 








Amegican Pic-Inon.—The production of pig-iron in 
the United States in the first half of this year was 
12,100,817 tons, as com with 12,402,055 tons in the 
first half of 1914, and 16,348,865 tons in the first half of 
1913. The output for January, this year, was 1,601,421 
tons; for February, 1,674,771 tons ; for March, 2, 


tons ; for April, 2,116,494 tons; for May, 2,263,470 tons ; 
and for Jane, 2,380,827 tons, 


834 | tar, with its ascertained wealth of aniline and 





‘THE ENGINEER'S UNIT OF MASS.” 
To THe Eprror or ENGINEERING. 

Srr,—In taki — in the correspondence on engi- 
neer’s units I had three objects in view, and three only :— 

(a) To state the units commonly used by the trained 
mechanical engineer. 

(6) To state that they were as fundamentally sound as 
the ——— units. 

(c) To prevent the impression of Mr. Denton gaining 
ground with the younger members of the ognes 
profession, that a state of confusion exists in the minds 
of the trained engineer and the thoughtful engineering 


er. 

As relevant to the subject under discussion, I may 
state that I have for some years acted as a university 
examiner of engineering students, and that I have not 
found confusion of thought on engineer’s units to be a 
general characteristic of even the budding engineer. 

Truth being my sole objective, and not mere argument, 
Mr. Denton’s opinion of my statement of the case is of no 
moment to me, nor does his taunt on “‘ hiding” my name 
touch me. Asa (e arey investigator i engineer) 
who has added a little to the sum total of human know- 
ledge, I am quite content to remain, 

Yours truly, 
July 28, 1915. M. Inat. C.E. 
To THE Eprror oF ENGINEERING. 

Srr,—I hardly like to ask for more space, since my 
letters on this subject have already become so numerous, 
but I feel that the letters of Mr. Stelfox and of G. H. H. 
in your issue of July 23 cannot well be left without 
remark. 

In a previous letter I understood Mr. Stelfox to say 
that a name for the engineer’s unit of mass would be a 
superfluous addition to the engineer’s vocabulary. He 
now goes further, and says that the unit itself is super- 
fluous. To this few engineers, I think, would agree, for 
the complete engineer’s system of units is now in common 
use. Mr. Stelfox may be right in saying that it matters 
little what are the quantities which appeal to the indi- 
vidual mind as of a fundamental nature, but he must 
surely own that confusion and misunderstanding are apt 
to arise unless engineers agree as to what shall be univer- 
sally recognised as fundamental quantities. 

Each man’s ideas as to fundamental conceptions may 
perhaps depend upon his temperament, but for the sake 
of order and uniformity all ought to be willing to put 
mere temperamental fads in the background. 

An instance should make my contention clear. A man 
of oe’ temperament, having no conception of time and 
regarding work as the one terrible ity of life, might 
choose as his fundamental quantities : Work (W), length 
(L), and mass(M). To him time, instead of being simply 


T, would be(M? L W~}), and velocity, which to the 


ordinary mortal is LT~!, would be (M~? Ww). It 
would all be accurate enough, but would it be wise? 
Would not the addition of ‘‘ temperamental conversion 
tables ” to our elementary text-books be made necessary 
and place a newstumbling-block in the path of the student? 

And if it is good to have uniformity in such a matter, 
what could possibly be better than to adopt the M, L, T 
convention of the an oy gd 

In G. H. H.’s letter I find no trace of confusion ; 
my only criticism is of his opinion that the engineer need 
not the engineer’s unit of mass as a fundamental 
unit. It seems to me that since this unit, in association 
with the foot and the second, forms the fowndation of the 
complete system of units called the engineer’s units, it 
should logically be called a fundamental unit. 

here are in common use three complete systems of 
mechanical units: the O©.G.S. system, based on the 
centimetre, the gramme, and the second as fundamental 
units ; the British system, based on the foot, the pound 
(mass), and the second ; and the engineer’s system, 
on the foot, the engineer’s unit of mass, and the second. 
In these systems each fundamental unit has a convenient 
name, except the engineer’s unit of mass. Why not give 
it a@ name? 

So far as I can remember the course of this long corre- 
spondence, I find nothing which weakens my contention 
that a name ought to be given to the unit. Those who 
object to adding new words to the engineer’s vocabulary 
may call such a word as “‘slug” or ‘‘meng” not a name, 
but merely a standard ae eviation be the words 


“‘engineer’s unit of mass. 
Yours a. % 
F. M. Denton. 


Northampton ae <a Institute, Clerkenwell, 








uly 28, 1915. 
Conrracts.—The Monometer Manufacturing Oom- 
any, Limited, of Whitehouse-street, Aston, Birming- 


am, advise us of orders from twelve firms for metal- 
melting furnaces and automatic heat-regulators. 





Brown Coat Distiniation 1x AUSTRALIA.—A con- 
tributor to the Australian Mining Standard urges the 
Victorian Government to — ~~ ¥ the production of 
ammonia from the vast deposits of brown coal known 
to exist in Australia. He says :—‘‘ The vast stores con- 
tained in the almost inexhaustible deposits of brown coal 
have been hitherto entirely neglected. Brown coal is 
fairly rich in ammonia. It is computed that the cost 
of getting the coal in some parts of Victoria does not 
exceed 1s. 6d. per ton. No emphasis is here laid upon 
the other possibilities—viz., coul-gas (for light and ower), 
izarine 
dyes, pitch, and creosote, nor u the 50 or 60 per cent, 
of residual carbon, with an infinite variety of uses.” 
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THE SCHOOP METAL-SPRAYING. PISTOL. 


In our issue of September 14 last we called atten- 
tion to a remarkable method of forming protective 
coatings, equivalent to galvanising, by the action of 
a spray of molten metal. From a paper recently 
read before the American Society of Mechanical 
Engineers by Mr. John Calder, we learn that further 
progress has been made in the development of the 
process. He stated that coatings even of hard metals 
can be formed by the spraying process, but that 
commercially the range is practically limited to lead, 
tin, zinc, aluminium, copper, nickel, and their alloys. 
The apparatus now used is a metal-spraying pistol, 
of which the principle is illustrated by Fig, 1, whilst 
- 2 to 7 show its construction in detail. A fine wire 

of any metal is fed into the reducing zone Z of a 
blow-pipe flame, the speed of motion being such that the 
wire is melted as rapidly as it is fed. A drop at a 
time is thus formed, which is caught by the blast and 
flung violently against the surface to be coated. The 
complete instrument is shown in Figs. 2 to 7. Here 
the nozzle is shown in place at D. The wire used is 
supplied in the form of a roll, and enters the pistol 
through the opening at E. On its way to the nozzle 
it passes between two feed-rolls R, 8, of which the 
upper is supported at the larger end of a lever T, 
having a spring under its shorter end, which serves 
to press the two feed-rolls together, thus giving the 
necessary frictional grip for the advancement of the 
wire. By means of the little lever K, also shown 
separately in Fig. 7, the feed can be released at any 
time by the operator. The latter holds the instru- 
ment by means of the tube H, which at the same time 
serves to carry the ball-bearings supporting the shaft 
of a small turbine-wheel C. This wheel is driven by 
compressed air, and drives the feed-rolls through one 
or other of two trains of worm-gearing, of which 
another view is givenin Fig. 6. The two worms O and 
N are both driven by worm-gearing from the turbine- 
wheel. The feed-wheel 8, it will be seen, is provided 
with shrouds straddling the feed-wheel R, which is 
loose on its shaft. By moving S axially in one direc- 
tion or the other the wheel R can be made to engage 
with either of the two worm-wheels P or Q, an 
arrangement which provides a choice of two speeds of 
feed. A further fine adjustment for the seule feed 
is provided for by a needle-valve M, which governs 
the admission of air to the turbine-wheel. The body 
of the pistol is made of aluminium, in order to reduce 
its weight. The wires used are from 0.0319 in. to 
0.0375 in. in diameter in the case of the harder metals. 
and somewhat larger in the case of tin andlead. The 
feed forward is approximately at the rate of 2 ft. per 
minute, The fuel-gas and the oxygen are controlled 
by a taper-cut plug-tap F. The three connections for 
gas, oxygen, and air are provided below the pistol, as 
shown in Figs. 3 and 4. 

In working the <2 geege back-firing is prevented 
by keeping the fuel-gas always in excess of the 
oxygen supply, the usual ratio being 3 or 4 to 1 

he instrument produces a spray which is essentially 
a metal-plating air-brush, the diameter of which is 
about 2 in., at a distance of 5 in. from the end of the 
pistol. A single coating is ; 955 in. thick, and for 
protective purposes no advantage is found in having 
more than two coatings. The cost of spraying 1 sq. ft. 
with one coat is 1.7&d. in the case of german silver, 
1.5d. with copper and tin, 24d. for brass, 1.375d. for 
zine, 0. 5d. for aluminium, and 0.75d. for lead. The coat- 
ings may be ground, polished, or buffed, but polished 
sprayings are not an economical substitute for ordinary 
plating. When metal surfaces are to be sprayed, 
they require to be thoroughly cleaned beforehand by 
means of the sand-blast. The process has been suc- 
cessfully used for ‘‘ plating” the carbon used for 
electrical purposes, and it is also easy to apply a metal 
coating to wood. Porcelain can also be coated, and 
the pistol is said to have been used with success for 
making joints between metal piping and firebrick, 
where a high temperature has to be resisted. Another 
interesting development of the method is in the pro- 
duction of detachab 
on toa reasonably hard but greased surface, a mould 
of the latter is obtained reproducing the finest details. 
Still another application is to the construction of 
electrical condensers by spraying coatings on to glase. 





Diese, Encine Users’ Association.—At the July 
meeting of the Diesel Engine Users’ Association, held at 
the Town Hall, Kingston-upon-Thames, the following 
resolution was unanimously passed :—‘‘That, in the 
opinion of this Association, the present allowance made 
for depreciation by wear and tear on Diesel-engine plant 
by the Inland Revenue authorities is inadequate, and 
that an allowance at the rate of at least 15 per cent. per 
annum should be claimed.” This subject will pochebiy 
come up again at the next meeting, which will be held 
in October. It is of great importance to users of Diesel 


engines, and has already occupied the attention of the 
Association for some time. Information and particulars 
concerning the Association can be obtained from the 
acting Hon. Secretary, Mr. Percy Still, 19, Cadogan 


le coatings. If the spray be turned | La: 





Gardens, London, S.W. 
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** MANGANESITE.”—We are requested by Messrs. John 
Hudson and Co.’s Successors, of 4, Victoria Warehouse, 
Mansell-street, London, E., to state that ‘‘ Manganesite,” 
of which they are the vendors, although made in Germany 
prior to the war, is now manufactured for them wholly in 
their works in London, and has been so manufactured 
since September last. 





Tue British Fire- Prevention Committers. — The 
following are special features of the war emergency work 
dealt with by the British Fire-Prevention Committee 
during the first year of the war :—(1) Fire Survey Force : 
At the outbreak of war, the Committee formed a Speci 
Fire-Survey Force of 100 surveyors to undertake at short 
notice any fire surveys required by the Government in an 
honorary capacity. Over 900 establishments taken over 
for war-emergency work all over the country were sur- 
veyed by this force, with a total of over 40,000 beds. 
tterly, re-surveys are made in cases of special fire risk. 
(2) Fire Warnings: The Committee’s warning service 
embraced the preparation and free issue of a number 
of public ‘fire warnings” in connection with the war 
emergency, disseminated by the Committee in the form 
of posters, circular letters, or as notices. Aircraft 
hazards were dealt with on general lines. The total issue 
of posters, &c., exceeded 200,000. (3) Fire-Service Force : 
The Committee’s Special Fire-Service Force, organised 
by the Committee at the outbreak of the war, and com- 
a ex-fire-brigade officers and firemen, was originally 

ught into such a form as to make 300 firemen readily 
available for mobilisation in sections within 48 hours. 
(4) Generally : The whole of the complex work arising 
out of the above services has been carried out by a head- 
quarters sub-committee, loyally assisted by the clerical 
staff of the British Fire-Prevention Committee, and in 
its operation, the Committee invariably kept in close 
touch with the Government d ents and other 
central authorities concerned. i work of the Com- 
mitvee eo been a yd received, wae! _ Prpeoe 
inquiry office in particular was largely u y the public. 
The results of the work have been far-reaching. The 
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$ care taken by the public on simple, sensible, and 
inexpensive lines to prevent outbreaks of fires, and to 
meet them with organised self-help, is extraordinary, and 
must effect the reduction of the fire loss after the war 
as it has during the war. The fire loss during the war 
has been eubstantially reduced, the number and extent of 
the fires being materially less. Although there may 
have been fires in certain classes of factories and stores, 
due either to pressure of work, inexperienced personnel, 
or possible incendiarism—and some of these fires have 
been most inconvenient—yet the result of the work asa 
whole has been most effective in preventing loss from fire. 
Indications of the appreciation of these results have not 
been lacking. 








Tue Royat Sanitary InstiTuTe.—A course of lectures 
to assist school teachers and other students entering for 
examinations in school hygiene, including elementary 
physiology, and for women health visitors, tuberculosis 
visitors, and school nurses, will commence on Monday, 
October 4, at 7 p.m. The course will consist of lectures 
and practical Eeometeetien on physiology, personal 
hygiene, and the sanitation of school buildings and 
dwellings, the hygiene of child-life and educational 
methods, and tuberculosis. A fee of 1/. 1s. will be charged 
for the course. The Institute’s sixtieth course of 
lectures and demonstrations for sanitary officers will be 





held from September to November. e course com- 
prises, in Part I., four lectures on elemen physics and 
| chemistry in relation to water, soil, air and ventilation, 
and meteorology; and twenty-one lectures on public health 
statutes, the .practical duties of a sanitary inspector, 
| municipal hygiene or hygiene of communities, and build- 
| ing construction in its sanitary relations. Inspections, 
| demonstrations, and visits are arranged in connection 
| with the lectures. In Part II. there are to be seven 
| lectures on meat and food inspection, including taking of 
| samples of water, food, and drugs for ane lysis. Practical 
| demonstrations of meat inspection are given. Further par- 
| ticulars of both courses can be obtained from the Secretary, 
Mr. E. White Wallis, 90, Buckingham Palace-road, 5. W. 


Tee YeS eS” * ~ 














Jury 30, 1915.] 


ENGINEERING. 




















BICKFORD’S LOCK-SHIELD PRESS FOR EXPLOSIVES. 
CONSTRUCTED BY MESSRS. HOLMAN BROTHERS, LIMITED, ENGINEERS, CAMBORNE. 

















Fie. 1. 


Tue illustrations annexed show a treadle-operated 
press specially intended for dealing with dangerous 
or explosive goods, although there is nothing in it to 
prevent it from being used for other materials. Its 
special features are that the operator is shielded from 
the article being compressed while the process is in 
operation, and that the press cannot be operated until 
the shield is closed. Further; the shield is locked 
until the full pressure has been applied, so that the 
article cannot be removed from the machine until 
properly compressed, while at the same time it is 
impossible for more than a predetermined pressure to 
be applied. The result is that the material being 
treated cannot be pressed either too lightly or too 
heavily. The press can be operated by a girl, and has 
& large output. It should be especially useful for 
dealing with dangerous substances, or goods liable to 
be damaged during pressing, with unskilled labour. 
It is the invention of Mr. Bickford, of Looe, and is 
manufactured by Messrs. Holman Brothers, Limited, 
of Camborne, Cornwall. 

The general appearance of the press will be seen 
from Fig. 1, while its method of operation can readily 
be followed from Figs. 2 and 3. It consists of a cast- 
iron press-chamber a carried on & cast-iron stand 
which brings it to a convenient height. The front of 
the press-chamber is open, but can be closed by the 
shield }. There is a steel ram c working in a guide 
on the top of the press-chamber, while o posite it, at 
the bottom of the chamber, there is a fixed steel block. 
The compression is done between these two steel 
parts. The ram, as will be seen. is pivoted on toa 
lever d which is connected by an adjustable link to the 
treadle lever ¢. It will be clear from the figure that 
depression of the treadle will cause the ram to move 
downward, and so compress any article below it; 
25 lb. pressure on the treadle moving through 12 in. 
exerts a pressure of about 500 Ib. on the ram moving 
through 4 in. The fulcrum point of the lever 
dis on the bottom end of a drag-link, which at 
the top is pivoted to a point on the weighted 
lever f. The swinging of the drag-link allows the 
necessary parallel motion for the ram end of the lever 
1. The arrangement has another use, however, in 
limiting the maximum pressure. This is obvious ; 
since when a certain pressure has been reached on the 
material being treated, which is determined by the 
Weight hanging on the lever /, further movement of 
the treadle will not compress the material further. 
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| It will simply lift the lever and its weight with it. 
The weight may be adjusted to suit the work being 
done. At the same time the travel of the ram may 
be increased by moving the drag-link to the second set 
of holes shown, but the weight on the ram will be 
ss decreased. 
he arrangement so far described prevents over- 
apg of the material. Underpressing is prevented 
y @ locking arrangement which works in connection 
with the shield. he arrangement is shown in detail 
in Figs. 4 and 5. The shield, which is made of bronze 
or gun-metal, is formed with a complete ring at its 
top side, which lies in a horizontal plane. The ring 
is of L section, as shown in Figs. 4 and 5, one leg of 
the L forming an internal ledge. The ring fits over a 
circular path arranged eccentrically from the axis of 
the ram, eo that the shield can be moved out of the 
way sideways to give access to the inside of the press- 
chamber, or may be pulled round to close the chamber 
front. The arrangement will be understood from 
Figs. 4 and 5, the shield being rotated by the handle 
shown. The nose of the ram c is of smaller diameter 
than the body, and the relative positions of the ram 
and shield are such that if the internal ledge of the 
shield-ring were a complete circle the larger diameter 
of the ram could not pass the ring, so t the ram 
could not descend. At one part, however, as shown 
in Fig. 5, this internal ring is cut away to allow the 
ram to pass, and the cut is made in such a position that 
the press-chamber must be closed by the shield when 
the ram descends—i.c., when any material is com- 


ressed. 

Secured to the back of the shield-ring there is a 
projecting lug g which engages with a projection on 
the back of the bell-crank lever h. is lever is 
pivoted to the back of the press-chamber, and is so 
connected to the weighted lever / that, although the 
bell-crank lever A can freely move about its fulcrum 
without affecting the lever /, this lever / cannot lift 
without carrying the bell-crank lever with it. The 
arrangement of this detail will be quite clear from 
Figs. 2and 4. The spring shown tends to keep the 
bell-crank lever in its lower position. The projection 
on the back of the bell-crank lever is chamfered off 
like a door-latch, as shown in Fig. 5, so that when the 
shield is being closed the lug on the back of it moves 
the bell-crank lever, and passes the projection. Having 
done this, however, and reached the position shown in 
Fig. 5, the shield cannot again be opened, since its 
lug en; with the flat side of the projection. The 
shield is fitted with a spring tending always to open 
it, which is not shown in any of our illustrations. 

The method of operation is as follows :—The 
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material having been introduced into the press-cham- 
ber, the shield is closed and locks itself its back 
lug. Pressure is then puton. This operation cannot 
be done until the shield is closed, owing to the internal 
ledge of the shield ring locking the ram, as before ex- 
plained. The treadle must be pressed until full pres- 
sure is applied and the weighted lever / rises. As 
soon as this happens the bell-crank lever h is also 
lifted, owing to the connection between the levers ; 
and fh, and the lug on the shield ring is able to pass 
the projection on the bell-crank lever. As soon as it 
does so the shield begins to open under the action of 
its controlling spring. Pressure may then be released, 
and as the lug is now free from the projection, the 
shield may be pushed completely open and the material 
removed from the saeapeheniiee, which is then ready 
for a further charge to be inserted. In a recent test 
carried out in an explosive works, the presses were 
arranged three in series, each of the three being 
operated by a girl. In the first press a light pressure 
was applied to consolidate the charge, in the second 
the finishing pressure was applied, and in the third 
the charge was extracted from the die. Ninety-six 
loaded dies were passed through all three presses in 
7 minutes 10 seconds, or at the rate of 13.4 per 
minute. It is hardly likely that this rate could be 
maintained, but the makers are of opinion that a 
steady output of 10 per minute could be expected, or, 
say, 25,000 a week. 





THe Minera WEALTH or Betcian Conco.—The 
great mineral wealth of Belgian Congo is beginning to 
attract increased attention, nowhere perbaps more than 
in Germany. There is, indeed, every reason to believe 
that the Congo territory will become a mining centre of 
unusual importance, and already now the exports of 
copper, for instance, are of some moment. us the 
exports of this commodity in 1913, in spite of inadequate 
and incomplete railway arrangements, amounted to 
7300 tons. rore is aie pon! found in the sha 
of malachite and in a number of localities, both near the 
coast and inland. So far the mining has principally 

confined to surface working, as there are copper ore 
deposits rising to a height of 50 to 100 metres. Good iron 
ore is also found in large quantities im different districts, 
and of coal there appear to be ample supplies in a strip, 
400 km. broad, so far as has been ascertained, extendi 
through the colony, but the ony of the coal is not o' 
the best. There are also several other deposits of valu- 
able minerals, marble, slate, salt, and even gold and 
precious stones. The railway programme was calculated 
to have been completed next year, but no doubt the war 
will materially retard the remaining work, and there are 
vast quantities of unexploited water power, the immense 
capacity of which, probably, has not yet even been ap- 
proximately estimated. he Congo has a tremendous 
volume of water, as much as 500,000 eub. metres per second 
having been mentioned in this connection, and at the 
Crystal Mountains there are falls of an aggregate height 
of some 280 metres. 
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THE ‘‘ SIMPL” BORING-HEAD. 


We illustrate in Figs. 1 to 3 herewith the “‘ Simpl” 
boring-head manufactured by the Allen and Curtiss 
Company, Mishawaka, Ind., whose.sole representative 
for this country and the British colonies is Mr. O. N. 
Beck, 11, Queen Victoria-street, London, E.C. The 
tool is placed inside the holder, its shank resting at 
the bottom of the conical-shaped cavity and being 
held fast in position by tightening the hollow set 
screw on each side of the rectangular mortice cut 
through the thickness of the tool-holder head. The 
conical shank of the tool-holder is then placed in the 
machine-tool spindle in the ordinary way. There are 
two sizes, one for boring holes of from } in. to 2 in., 
and the other to bore any hole from 1 in. to 54 in. in 
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diameter. A tool-holder of this type, fitted to a 
milling - machine, and provided with an ordinary 
cutting-tool, allows of carrying out rapidly on the 
same piece a number of different cutting operations 
—such, for example, as boring out holes in a rect- 
angular block and grooving out its sides to different 
shapes, in the same way as is possible with more 
expensive tool-holders of other hy As compared 
with these latter it is claimed for the ‘‘Simpl” 
type that it is of a much lower cost, whilst it allows 
of a wide range of operations, its other advantages 
being that it consists of few parts, and is of handy and 
simple adjustment. The adjustments effected by any 
piece of square iron which fits in the square cavity 
cut in the set-screws, and bent at right angles for 
handling. The boring-head is made to suit all existing 
types and sizes of machine-tools. 





TecunicaL Sonoots.—The new regulations for tech- 
nical schools just issued by the Board of Education 
emb dy no alterations of importance. The Board, how- 
ever, give notice that they reserve powers to make such 
temporary modifications in the requirements to be satisfied 
by om as they may think reasonable in view of the 
conditions arising out of the war. They may therefore 
require classes to be discontinued or capalguamted where 
the altered conditions render this desirable. 





Tron anp Carson: Bortine-Pornt or [ron.—In 1911 
Ruff published some experiments concerning the 
carbon-iron diagram at high temperatures. He fused 
iron in a graphite crucible, from which the metal would 
take up carbon, quenched the crucible with its metal in 
water, and examined the iron analyticall 
graphically. E. Hanemann, working with an open (not 
closed) crucible, and Wittorf, in Russia, fusing the iron 
by an electric arc, arrived at different diagrams. Arc- 
heaving is objectionable, because great temperature fiuc- 
tuations and strong heat gradients in the crucible are 
unavoidable. O. Ruff and W. Bormann hence renewed 
their experiments last year (Zettschrift Anorganische 
Chemie, vol. Ixxxviii., page 397, September 15, 1914) on 
their old method, meiting about 30 grammes of the iron 
either in a hydrogen atmosphere or ina vacuum. Their 
iron contained 4.13 cent. of carbon and 0.15 cent. 
of in addition to small amounts of silicon, 
sulphur, and phosphorus. The results entirely confirm 
the diagrams of Ruff and Goecke of 1911. curves 
are very complex, and show two ver oe points of 
inflection, corresponding — to Fe,C and to Fe,C. 
Up to 8.8 per cent, of carbon was taken up by the iron. 
It was not possible to observe’ the true boiling-point of 
this high-carbon iron, use the metal would spurt 
out of the crucible at a certain temperature, depend- 
ing upon the ous preseuse about 30 mm. in most of the 
experiments), liberate so much iron vapour at the 
same time that the exact temperature could not be deter- 
mined by means of the Wanner pyrometer. But the 
high-carbon iron seemed to boil at 2650 deg. Cent. under 
a pressure of 36mm. The vapour from an iron contain- 


ing 1.5 per cent. of carbon contained only 0.9 per cent. of | w 


carbon; this is a surprisingly small proportion, but it 
would explain why iron fonel by the electric arc takes M4 
so little carbon. The boiling-point of the purest Swedi 

iron obtainable was certainly above 2400 deg. Cent. at 
36 mm. pressure, probably at 2450 deg. Greenwood had 


found 2450 deg. atmospheric pressure evidently too low 
wood fused 


a value, as he himself pointed out ; for Green 
his iron in a crucible lined with magnesia, and the fusing 


and metallo- | Victo 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 14. 

Tue first half of July has been an echo of June 
activities. Mills are steadily filling up with business. 
Twelve blast-furnaces were blown in during June. Some 
will be added in July. Pig-iron production for steel 
purposes is steadily increasing. mi-finished steel is 
coming into greater demand. The June increase in 
orders of the Steel Corporation was 413,598 tons. The 
present output is 40, tons a day, which means it 
has four months’ work on its books with a steady 
expansion of orders. Rail orders for the week amount 
to 30,000 tons. Total June orders amount to 230,000 
tons, including the Pennsylvania orders for 140,000 
tons. Large Russian and French orders now pending 
may be placed in two weeks. June domestic car orders 
are for 5000; Russian car orders for June, 13,000. 
Russia and England gave Canadian car-builders orders 
for 6000 cars. A western mining company contracted 
for delivery of 100,000 tons of coal for Argentina. The 
threatened shortage of labour in the coke region has 
led to the increased introduction of machines. The 
Cambria Steel Company has booked a Russian order 
for 11,000 tons of car-axles. War demands keep wire 
at high prices. 

Export business is at present absorbing about 30 per 
cent. of United States steel production ; all visible 
influences are of an optimistic trend. The Carnegie 
Steel Company ordered 15,000 tons of billets in the 
East, and the Canadian Car and Foundry Company 
10,000 tons of bars. Prices show a hardening 
tendency ; the general tenor of the market is the 
same. In spite of the closer approach to capacity, 
there is surprisingly little buying for remote de- 
livery. Even the rail are waiting. Phenomenal 
crops abound. Tin-plate mills are sold to capacity. 
New inquiries for war material have just been re- 
ceived ; heavy shipments of munitions will soon begin. 
The late summer indications are for the employment 
of most branches of the steel industry at maximum 
capacity. There is an absent factor—viz., confidence, 
for which there is no adequate explanation. 





CoMPETITION WITH GERMANY AND AUSTRIA-HUNGARY. 
—In connection with the campaign undertaken by the 
Board of Trade on the advice of their Advisory Com- 
mittee on Commercial Intelligence to assist British manu- 
facturers and merchants to secure trade formerly in 
the hands of German or Austro-Hungarian firms, the 

continue to receive a very large number of in- 
quiries for the names of sellers or buyers of articles of 
which the sources of supply or markets have been inter- 
fered with by the war. Special arrangements have been 
nade in the Commercial Intelligence Branch of the Board 
of Trade for dealing with these inquiries, and the weekly 
list of articles (No. 30) which inquirers desire to purchase 
is ready, and may be obtained by United a manu- 
facturers and exporters of British goods. British firms 
interested, as suppliers, in any of the is mentioned 
should communicate with the Director of the Commercial 
Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, London, E.C. 





AvusTRALIAN State Rattways.—The miles of rcil- 
ways in operation in the Commonwealth on June 30 last 
were :— 

Govern- | Private | Total 





rage ment Lines. Lines. | Railways. 

New South Wales 3,967 279 4,246 
ictoria .. _ 4,835 51 3,886 
Queensland 4,570 646 5,216 
South Australia .. 2,323 34 2,357 
West Australia .. 2,967 943 3,910 
Tasmania .. : 519 247 766 
Northern Territory 146 _ 146 
18,327 2200 20,527 


This total shows an increase of 841 miles in the course of 
the year. The Government lines cost 179,931,828/. to 
construct, an increase of 9,538,068/. on the year, the cost 
per mile averaging 98181. The New South Wales lines 
averaged 15,157/. per mile; the Victorian, 12,834/.; the 
Tasmanian, 8664/.; the South Australian, 7472/.; the 
Northern Territory, 7128/.; the Queensland, 6962/.; and 
the West Aus , 53502. per mile. The following 
were the working results :— 











Government Gross Working Net Interest on 
Lines. Revenue. Cost. Revenue. Capital. 
& £ £ 
New South) | 
Wales... 7,742,241 | 5,409,820 , 2,332,421 2,080,495 
Victoria . 5,660,958 | 3,865,498 | 1,695,460 1,674,036 
Queensland 8,660,022 | 2,371,261 | 1,288,761 1,250,597 
South Aus-| | | 
tralia | 2,414,614 | 1,602,846 | 811,668 640,846 
est 3 Aus-| } | 
tralia =..| 2,257,011 | 1,572,008 685,003 556,843 
Tasmania --| 880,168 222,713 | 107,455 | 169,268 
Northern | 
Territory ..| 17,566 16,643 923 46,136 
21,982,480 15,060,789 6,921,691 6,418,221 


All, therefore, except the two at the end of the list, more 





iron reacts with 


magnesia. 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—The demand for house- 
coal has improved, and the collieries are fairly well off 
for orders. There are practically no stocks at the pits, 
which strengthens their position. Su tial stocks are 
usually held at this time of the year. Country trade 
has fallen off and is aboutat its minimum. A few orders 
have been received at the dépéts for winter stocking, 
The public are advised to stock early. Otherwise, if the 
usual rush of orders is experienced in the latter t of 
September and early in October, the output, which has 
been greatly depleted since last winter, will not be 
sufficient to go round. The steam-coal position is some. 
what improved. A larger tonnage is goi abroad, 
especially to France, Russia, and Italy, in addition to big 
cargoes of gas-coal. A few gas companies that declined 
to renew their annual contracts at an advance of 5s. to (is. 
are hoping to take advan of the 4s. minimum pro- 
vided by the Price of Coal Bill, but they are bound to 
experience considerable difficulties in obtaining supplies. 
Slacks still occupy a strong position, though they have 
shown some little weakness during the past week owing 
to the embargo on shipping. Coke is a sound market 
and prices are firm. Foundry coke is quoted up to 25s., 
and best steel coke up to 30s. Quotations:—Best branch 
hand-picked, 20s.'to 2is.; Barnsley best Silkstone, 
17s. 6d. to 18s. 6d.; Derbyshire best brights, 17s. 6d. to 
18s. 6d.; Derbyshire house, 15s. to 16s.; best large nuts, 
14s. 6d. to 15s. 6d.; small nuts, 14s. to 15s. ; Yorkshire 
hards, 16s. to 17s.; Derbyshire hards, 16s. to 17s. ; best 
slacks, 11s. to 12s.; seconds, 9s. 6d. to 10s.; smalls, 
8s. to 9s. 


Iron and Steel.—The dulness of the raw-material 
market is extraordinary, having regard to the unprece- 
dented activity inevery branch of engineering. Although 
other basic materials have advanced considerably during 
the past two or three months, both forge and foundry 
irons have been practically stationary. Yet prices have 
failed to tempt buyers, and stocks at furnaces have accu- 
mulated. One result has been the blowing-out of two 
furnaces in the Renishaw district. This will mean a 
reduction of at least 120 tons a day in output, and makers 
hope that it will influence prices. I¢ it does not, further 
restrictions may be placed upon the output. For steel- 
ing irons there is an improved demand, but the tone 
of the market cannot yet be described as strong. Makers 
have acce} as much as 2s. 6d. below quotations for 
substantial orders. The current quotations are :—West 
Coast hematites, 118s. 6d.; East t hematites, 106s. 3d. ; 
Derbyshire No. 3 foundry, 72s. 6d.; Derbyshire forge, 
69s. a. Lincolnshire brands are still off the market. 
Producers in that district are supplying increased quan- 
tities of basic material, for which they are able to secure 
—_ satisfactory rates. The bar-mills are well engaged, 
and have good prospects. South Yorkshire ‘‘Crown” 
bars are quoted at 11/. net, and sheets at 13/. 10s., the latter 
being a rise of 10s. on the quotation of a month ago. 
Some congestion obtains at the rolling-mills on account 
of the pressure of war orders, and firms not engsged 
on that class of work are frequently kept waiting for 
material. Conditions at the foundries are uneven; de- 
spite the glut of work in the finished trades, instances 
are reported of irregular working. The latest orders con- 
firm the impresion that _- trade is assuming a more 
healthy appearance. im overseas account, orders for 
steel, saws, files, mining implements, and farm tools, are 
being received in greater profusion than they can be 
dealt with at the present rate of war-mortgaged output, 
and moet firms are piling up work for the future. There 
is enormous pressure on output in the war departments. 
Shell, gun, and armour-plate shops are working day and 
night, week in and week out, at the very highest pres- 
sure. Since speeding-up schemes have been instituted, 
a substantially in output has resulted. There is 
a heavy run on both acid and basic billets, which are firm 
at advanced prices. 





AUSTRALIAN Water Works.—New South Wales, 
Victoria, and South Australia are busily engaged on 
important schemes, the successful inauguration of which 
wil mean much to the Commonwealth. The latest deve- 
lopment has been in South Australia, where quite 
recently the Governor performed the ceremony of placing 
the first stone in position, which is to mark the construc- 
tion of the first lock and weir across the Murray in that 
State. Under an agreement which was made in 1913 
between New South Wales, Victoria, and South Aus- 
tralia—the three States interested—and the Common- 
wealth, thirty-five locks and weirs are to be constructed. 
The estimated cost of this work is 4,663,000/., towards 
which the Commonwealth will contribute 1,000,000/., 
leaving the balance, 3,663,000/., to be borne in equal 
shares by the three States mentioned. The works in 
which South Australia is particularly concerned are those 
from Blanchetown to the border, and those in connection 
with the Lake Victoria storage basin. These alone will 
give a locked navigable river for 235 miles, from Blanche- 
town to the boundary, and 115 miles from the boundary 
to Wentworth, New South Wales. Below Blanchetown 
to the sea mouth, a distance of 171 miles, the river and 
lakes are all permanently navigable. This portion of the 
scheme will cost approximately 1,070,000/., of which the 
Lake Victoria works will absorb about 483,000/. ‘The 
Murray constitutes the largest inland waterway on the 
Australian Continent, the total navigable length of 
the stream, together with its tributaries, being 5212 
miles ; the country which forms the watershed for this 
system comprises 414,253 square miles. The question of 

ing the river for purposes of irrigation and vavi- 
gation has formed a subject for discussion among the 





than paid their way. 





various States for some years. 
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NOTES FROM THE NORTH. 
het. —The Giasgo Me remap 

Glasgow Pig-Iron Market.—The w pig-iron mar- 
ket = steady last Thursday morning, although but little 
business was done, the transactions being limited to 
1000 tons of Cleveland warrants, which changed hands 
at 67s. cash. At the close, however, prices were 1d. to 
2d. per ton down, and sellers were quoted 67s. ld. per 
ton cash and 67s. 6d. one month. In the afternoon no 
dealings were recorded, and cash sellers’ prices advanced 
14d. to 67s. 24d. per ton and 67s. 7d. one month. Idle- 
ness was a noticeable feature of Friday morning’s 
market, presumably in sympathy with the dulness in tin 
and copper, and no interest was shown either in the rise 
or fall of Cleveland warrants. Nominally, prices dropped 
24d. per ton, closing sellers being quoted 67s. cash and 
67s. 5d. one month. Only one transaction took place in 
the afternoon, a near-dated sale being effected at 66s. 94d. 
five days. This further depressed the market, and closing 
sellers’ prices fell another 2d. to 663. 10d. per ton cash, 
and 67s, 3d. one month. Monday mor 's market was 
again disappointing and cash deali in Cleveland war- 
rants took place down to 663. ton. Towards 
the close of the session, however, a slight improvement 
was recorded, and 1d. of the loss was regained. Included 
in the business of 2000 tons was one transaction at 67s. 6d. 
October 31. Closing sellers were 66s. 54d. pa A cash 
and 66s. 104d. one month. Although small dealings were 
a feature of the afternoon market, prices were a trifle 
easier, and cash warrants were disposed of up to 66s. 6d. 
per ton. This figure was the closing sellers’ cash 
price, with 66s. 1ld. one month. Yesterday morning 
flatness again prevailed, and Cleveland warrants were 
offered down to 66s. 2d. per ton cash, and the transac- 
tions only amounted to 1500 tons. Closing sellers were 
quoted 66s. 4d. cash and 66s. $d. one month, a trifle 
lower than the previous day. —- were brighter 
in the afternoon, and the loss of the morning was 
almost, if not quite, redeemed, cash iron being sold 
for 66s. 5d. per ton, while 66s. 10d. was realised on 
forward account. At these prices 1000 tons were 
dealt in, and closing sellers were quoted ld. per ton 
over the morning’s rates. This (Wednesday) forenoon, 
although a certain narrowness prevailed, prices were firm, 
and business to the extent of 1500 tons was in at 
663. 64d. cash, and 66s. 114d. to 66s. 11d. one month, 
while closing sellers were reported 66s. 7d. cash and 
66s. 114d. one month. In the afternoon business was dull 
and lifeless, the dealings being confined to one lot of 
Cleveland warrants changing ds at 67s. 6d. three 
months. Closing sellers’ prices remained unchanged. 


Scotch Steel Trade.—The extreme pressure of business 
which so largely curtailed the annual holiday has meant 
also that work has been resumed right away without any 
loss of time, and, despite this, it seems as if it were 
almost impossible for steel-makers to undertake any 
further oullans meantime, the demand for almost every 
class being overwhelming. Prices have stiffened con- 
siderably, but even with this there is not the slightest 
diminution of the demand, more particularly for high 
tensile bars and light sheets, and every variety required 
for the production of munitions, which, of course, is the 
chief and most important work in hand. Boiler-plates 
for home delivery are firm at from 10/. 5s. to 10/. 10s. per 
ton, less the usual 5 per cent. discount; ship-plates, both 
for export or Glasgow delivery, stand at from 9/. 10s. to 
101. 5s. per ton, less 5 per cent.; and angles are round 
about the same figure. The demand for thin sheets— 
used for shells—is excessive, and while the price generally 
is about 11/. 10s. per ton, some slight modification of this 
might be made for a favourable specification. 


Malleable-Iron Trade.—The demand for malleable iron 
of all grades is steadily increasing, with the result that 
the price is mounting up at the same time. If the move- 
ment on foot to relieve from active service many capable 
workers is successful, much of the difficulty at present 
being experienced by manufacturers, owing to thescarcity 
of men, would besolved. Meantime, however, every effort 
is being made to cope.with the orders. For iw or 
equal delivery, “‘Crown” bars are still quoted at 10/. 10s. 
per ton, less the customary 5 per cent. discount. 


Glasgow Pig-Iron Trade.—During the 
holidays notwithstanding, the pig-iron e has remained 
steady, and the demand continues good. Now, of course, 
that the works are all fully started again, after the few 
days’ cessation, brisk business will immediately ensue. 
The home demand is excellent, but the export trade 
shows no prospect of improvement in the meantime. 
Although prices are much on the same level as last week, 
there ls every expectation that these will be much higher 
quite shortly, as a certain stiffening is noticeable even at 
the moment. The blastfurnaces at present in. operation 
in Scotland total 62, five fewer than a week ago, and nine 
more than at the cor ing period last year. For 
makers’ (No. 1) iron the following are the current market 
uotations :—Olyde, Calder, Gartsherrie, Summerlee, and 
Langloan, 85s. per ton (all shipped at Glasgow) ; Eglinton, 
50s., and Glengarnock, 86s. 
mellington, 81s. (at Ayr); Shotts, 83s., and Carron, 86s. 
(both at Leith), 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.LesBroucH, Wednesday. 
The Cleveland Iron Trade.—The pig-iron indus pre- 
Sonts few new features of moment. eliveries are e, 


and those to Scotland this week are heavier than usual, 
‘3 efforts are bei: 
Customers north of 


made to send as much as possible to 
the Tweed before the railway rates to 





+ week, the and 


th at Ardrossan); Dal-| claim 





Glasgow are raised. Next week the rate will be advanced 


from 7s. 6d. to 8s. 4d. Values of Cleveland pig are 
easier for early delivery. No. 3 g.m.b. is obtainable at 
66s. 9d., but most merchant sellers ask 67s., and makers, 


asa rule, hold off altogether, declaring that such rates are | of 


much below cost of production, notwi reduced 
cost of output. Supply of No. 1 Clev is still 
inadequate, but the shortage is not so great as it has 
been. This quality, however, still commands 
72s., which is a com tively v high figure. 
foundry pig is selling fairly well at 66s. 3d. ; " 
forge 1s offered at 65s. 9$d.; and mottled and white 
iron are each on sale at 65s. 6d. Fairly good inquiries 
are to hand for hematite pig, both on home and —— 
account, and quotations are firm. Further sales to Ita 

and to France have been made, and tiations wi 

Sheffield customers are still proceeding. do not 
quote below 100s. for Nos. 1, 2, and 3, and some sales 
have been made at a little higher figure, but there are 
= ov prepared to sell small odd lots at 98s. to 


Stocks and Shipments of Pig-Iron.—Makers’ stocks of 


| ge are said to be dwindling, and the withdrawals | T 


rom the public warrant stores this month are round 
about 8000 tons. Shipments of pig-iron from the Tees 


have not quite come up to expectations, but they must be | be 


conside; satisfactory. To date this month (the 28th) 
they total 38,389 tons, as compared with 27,490 tons to 
the same date last month, and 60,481 tons for the corre- 
sponding part of July last year. 


Foreign Ore.—The foreign-ore trade is in a somewhat 
peculiar state. Consumers are now carrying large stocks, 
which are being added to by steady, excessive supplies 
coming to hand, with the result that they are not in the 
market to buy. Imports to the Tees this month average 
6500 tons per working day. re = spot cargoes have 
been disposed of at as low as 25s. for best Rubio, sellers 
altogether refuse to regard such business as fixing market 
values. They quote on the basis of at least 26s. for best 
Rubio, and intimate that they will not undertake deliver 
on such terms beyond September, as they anticipate hig 
freights ruling in the autumn. Freights Bilbao-Middles- 
brough now stand at 10s. 9d. 


Furnace Coke Still Falling.—As was expected, coke 
prices have been further reduced, but quotations have not 
yet fallen sufficiently to suit views of local consumers. 
Sellers, whilst admitting downward movement, are very 
reluctant to acknowledge actual substantial reductions. 
Durham blastfurmace coke of average quality is now 
obtainable at 27s. 6d. delivered at Tees-side works, but 
consumers consider the price should be still lower by a 
shilling or two. 


Manufactured Iron and Steel.—Producers of practi- 
cally all descriptions of finished iron and steel are working 
at high pressure almost entirely on Government con- 
tracts, to the exclusion of the execution of ordinary com- 
mercial orders, nearly all of which are having to be held 
over. Quotations all round are very firm. mmon iron 
bars are 11/.; best bars, 11/.7s.6d.; best best bars, 11/. 15s.; 
focting iron, 8. ; iron ship-plates, 10/. ; iron ship-angles, 

1l.; ship-rivets, 137. 10s.; steel bars (basic), 102. 15s. ; 
steel bars (Siemens), 11/. 15s. ; steel ship-plates, 10/.; steel 
ship-angles, 9. 15s.; steel boiler-plates, 11/.; steel joists, 
91. 17s. 6d.; steel strip, 10/. 5s.; and steel hoops, 107. 10s. 
—all the customary 24 per cent. discount. Heavy 
steel rails are 8/. 15s. to 9/. ; and steel —— 
102. to 107. 5s.—both net. Iron and steel galvani 
corrugated sheets, 24 gauge, in bundles, are put at 
222. 16s. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Little fresh business has been develo) in 
the steam-coal trade, buyers considering that with out- 
puts still restricted, and heavy Government uire- 
ments only limited supplies of large or small of any 
quality were likely to obtained. A preference has 
been given for the time to the requirements of the French 
railways. the whole, prices have not shown much 
alteration. he best Admiralty large steam-coal 
been, to some extent, nominal; secon 
brought 263. to 27s.; best bunker s: 21s. to 22s.; 

cargo smalls, 17s. to 18s. per ton. The best house- 
hold coal has been making 29s. to 30s. ; good households 
have brought 26s. to 27s.; No. 2 Rhondda large has 
realised 21s. to 22s.; and No. 2 smalls have been quoted 
at 17s. to 18s. per ton. The latest quotation for patent fuel 
is 33s. to 35s. ton. Special foundry coke has made 
40s. to 42s. 6d.; good foundry coke, 35s. to 38s.; and 
furnace coke, 30s. to 33s. per ton. As regards iron ore, 
— has — ae ie 25s. ner ee u — of 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 

A Welsh Lawswit.—Mr. Justice Scrutton, sitting at 
Swansea, without a jury, disposed of a case in which the 
Fownes F and BS Company, Limited, were 
the plaintiffs, while Mr. Nicholas Demetrius Lykiardo- 
poulous, shipowner, London, was the defendant. The 
im was for 365l. for a new lower portion of a single 
plate-built rudder, delivered at Newport, for the steam- 
ship Gerasimos. The case turned u @ counter-claim 
for 780/., which included a sum of 564/. demurrage due to 
alleged defects in the rudder supplied by the plaintiff 
firm. Judgment was entered for the plaintiffs for 2922. 
— was admitted), and costs up to admission ; and 
‘or the defendant on the counter-claim for 380/. and costs. 


qualities have 





Welsh Railway Dividends.—The Barry Railway Com- 
pany_has announced a dividend of 9} cent. for the 
t half-year upon its ordinary stock. The ordinary 
ividende for the first halves of the past five years 
have been as follow :—1911, 6 per cent. per annnm; 


to 
No. 4 Taff 
No. 4 


has | siderably beyond the Iondon, 


1912, 4 per cent. per annum; 1913 and 1914, 10 per 
cent. per annum; and 1915, 94 per cent. annum. 
The Rhymney Railway ordinary dividend for the six 
months ended June has been declared at the rate 
8 per cent. per annum, 3114/. being carried for- 
ward. The ordinary dividends for the first halves of 
the past five years have been as follow :—1911, 9 per cent. 
per annum ; 1912, 74 per cent. per annum ; 1913, 1914, 
and 1915, 8 percent. perannum. The directors of the 
Vale Railway have announced an interim ordinary 
dividend at the rate of 34 per cent. per annum for the 
half-year. The ordinary dividends for the first 
ves of the past five years have been as follow :—1911, 
1913, and 1914, 4 per cent. per annum ; 1912, 3 per cent. 
annum; and 1915, per cent. per annum. The 
interim ordinary dividend of the Vale of Glamorgaao 
Railway is at the rate of 4/. 1s. 3d. per cent. per annum. 


Welsh Trade Matters.—The gross revenue of the Far- 
grove Siaem Navigation ae for the year ended 
, 1915, is returned at 61,1932. Insurance cost 
bout 90007. was for war risks. The 
’s steamers is 401,000/. 
profit and loss account 
for 1914-15 is 56,832. A dividend is proposed to be paid 
av the rate of 10 per cent. = annum, and 18,4501. is to 
carried forward.—The directors of the Port Talbot 
Railway and Docks Company announce an interim 
dividend for the past half-year at the rate of 9 per cent. 
per annum, as compared with a similar distribution made 
twelve months since. The shipping trade at Port Talbot 
fur the six past months showed an increase of 124,072 
tons as com with the first half of 1914. The trade 
of the half-year was:—Imports, 99,995 tons; exports, 
1,200,505 tons.—The accounts of Hills’ Dry ks and 
i ing Company, Limited, for the year ended 
June 30 show a profit of 12,735/., i to 17,4102. 
by the reliquat brought forward. To is pro to pay a 
dividend of 5 per cent. per annum, to add 53371. to the 
trade contingencies fund, and to carry forward 5523/.— 
Graham’s Navigation (Merthyr) Collieries, Limited, have 
annou a dividend at the rate of 10 per cent. per 
annum for the past six months. 


Shell-Making in the West.—The manufacture of shells 

at Cheltenham has taken a definite shape, the West of 

Munitions Committee <a | a contract 

with the Chelsenham Committee for 10,000 high-explosive 

— se which local firms h to commence at once. 

The has been ordered, and the firms have machinery 
and men in readiness. 





Tin 1n Germany.—Since the Press has had a good deal 
to say on the scarcity of tin in many, 4 reference to 
the report on the year 1914, owes by the firm of Th. 
Goldschmidt, Chemical and Tin Works, of Essen, to the 
shareholders in the end of June may be of interest. The 
works had been very busy in 1914, until exports were 
stopped in the latter half of the year. Operations were 
not stopped on » of ty of raw material or 





for other reasons, however, and vernment contracts 
kept the works employed ; particulars of the finances of 
these transactions were held over till next year. A 
dividend of 8 per cent. was declared. The building of 
the new works at Reinau was proceeded with. 


Tue INcoRPORATION OF THE INSTITUTION OF Locomo- 
TIVE poe —It had been felt for some time that —- 
was 8 need for an institution dealing _— ily with 
locomotive subjects—steam, electric, internal-com- 
bustion—and in February, 1911, a modest beginning was 
made. The initial stages were largely due to gentlemen in 
the locomotive d ment of the London, Brighton, and 
South Coast Railway, and the es meeting was 
called yo G. F. Burtt (who was at first hon. treasurer), 
while first chairman was Mr. F. B. Carmichael, and 
the first hon. secretary Mr. T. H. Baxter, all associated 
with that railway. The first ident was Mr. J. H. 
Adams, locomotive superintendent of the North Stafford- 
shire Railway. The membership soon extended con- 
ighton, and South Coast 

. Baxter resigned as 





Railway. In September, 1911, 
secretary, owing to his taking up a ition in nda, 
and in the same month Mr. Carmi left for China. 
Mr. ©. A. Suffield, London manager of the United States 
Metallic vaauing Company, Ltd., was ns chair- 
man, and Mr. G. F. Burtt took over the dual position of 
hon. secretary and treasurer. Steps were taken some 
time back towards the incorporation of the Institution of 
Locomotive Engineers, and all iminary measures hav- 
ing been settled, a meeting was held last agentes te 24, 
to obtain sanction and a; val by the membership of 
the new constitution and of the rules which incorporation 
i There at and 


entails. was & after the 
steps which had been had been fully explained by 
Mr. G. F. Bu the memorandum and articles of associa- 


tion and bye-laws were unanimously accepted. It there- 
fore only remains for the incorporation proceedings to 
be comp |, and next general meeting to be held 
will inaugurate the new Institution of Locomotive Engi- 
neers (Incorporated). This, the first general meeting of 
the incorporated institution, will be held in August, 
when the new council will be elected. Asan incorporated 
association, the position of chairman disappears, and at 
last Saturday’s meeting Mr, O. A. Su took the 
aareese to present a brief history of the Institution, 

to trace its development until it has become one of 
recognised status and responsibility. In December, 1911, 
the membership was 89, a year later it was 117, at the 
end of 1913 it was 159, and at the close of 1914 it had 
increased to 179. The influence of the war had caused a 





set-back in respect of new members, but this was regarded 
as merely incidental to the situation. 
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THE GOVERNMENT AND WAR 
MUNITIONS. 


THE speech made by the Minister of Munitions, at 
the adjournment of the House of Commons on Wed- 
nesday last for the summer vacation, is thoroughly 
characteristic of Mr. Lloyd George’s pronounce- 
ments. When delivered it seemed full of inspiring 
confidence and buoyant hope, with here and there 
exhortation enunciat-d with fervour. But when 
it is closely analysed the confidence evaporates, and 
ry is changed into something approaching anxiety. 
A brave show was made of the fact that the Govern- 
ment are already organising sixteen national fac- 
tories forthe manufacture of shells, and are proceed- 
ing to add ten to thisnumber. Weare told, too, that 
the delivery of shells has recentiy been augmented 
and is growing day by day. The assurance is given 
that the steps taken, and being taken, to increase 
the supply of rifles and machine guns will, when 
they are known, satisfy every reasonable critic ; but 
they were not publicly made known. Again, it was 
stated that steps cod temp taken to increase very 
considerably the supply of bombs and hand-grenades 
for trench warfare, and the Minister of Munitions 
thinks the enemy know well the "gee we have 
already made in this direction. All this is very 
satisfactory, but when we come down to the bed- 
rock of manufacture and the provision of workers 
to keep the existing mechanical appliances in con- 
tinuous operation, the situation continues un- 
doubtedly serious. 

It should at once be stated, and be kept con- 
stantly in remembrance, that even before Mr. Lloyd 
George took up the munitions question energetic 
action was taken by the War Office in order to 
ensure that firms having experience with the manu- 
facture of war munitions should forthwith establish 
new large shops for meeting the increased demand. 
Mr. Lloyd George, when he took office in the new 
Ministry of Munitions, proceeded to meet the diffi- 
culty experienced by all in connection with the 
labour problems. He instituted conferences and 
arrap agreements with the representatives of 
trade unions whereby disputes were on no account 
to develop into stoppage of work, the trade-union 
regulations and — in order to restrict output 
were to be completely departed from and profits were 
to be regulated by the State. The failure of these 
voluntary agreements come to by the leaders of the 
men necessitated the passage of the Munitions Bill, 
whereby all these conditions were made obligatory 
under the authority, and with the guarantees, of 
the Houses of Parliament and the Government. 
The public anxiety was by this means allayed ; but 
even the Munitions Act has failed, not only to 
arrest that tendency to strike, but to ensure the 
maximum output from the existing mechanical 
appliances. The proposal to create twenty-six new 
Government factories cannot succeed to its fullest 
extent unless the labour difficulty is overcome, 
and it is on this point that Mr. Lloyd George’s 
speech gives rise to the gravest concern. He 
stated that the men could easily turn out at least 
25 per cent. more shot and shell, guns, and muni- 
tions if they could, during the war, shake themselves 


5|free from the domination of practices which have 


controlled their action in peace times. ‘‘ Nothing 
done by the Government in the way of organising 
fresh supplies can make any impression for some 
time. hat can make..an immediate impression is 
that the men should fling the whole of their strength 
and energy, without any.regard for any of these prac- 
tices, into turning out mtinitions of war.” Only this 
week we heard of a case where a man, because of re- 


, | Strictions, can complete his day’s work according to 


trade-union standard by 11 o’clock in the forenoon. 
This may be an extreme case, but there can be no 
doubt whatever that in many instances the best is 
not being got from the men. As re; demarca- 
tion of work, Mr. Lloyd George stated that 


there is a strike at this very moment because 
25 


plumbers were brought in to assist coppersmiths, 
due to an insufficient supply of workers of the latter 


27| class. Mr. Lloyd George himself regarded this as 


deplorable ; but what is wanted is not characterisa- 
tion of the action, but imperative insistence that 





jsuch action shall cease, and the whole of the 





Government’s resources should be utilised to end 

such lack of patriotism. 

An increase in factories should only, at the pre- 

sent moment, be a secondary action. What is 

n is that those shops now equipped should 

be operated to the fullest ible extent. This is 

not now the case, not only because the men will 

not work at their fullest capacity, but because there 

is great shortage of labour, and, obviously, the 

multiplication of factories cannot supply. this. 

Mr. Lloyd George said that the enlistment of 

munition volunteers had been ‘‘a great success.” 

Nearly 100,000 had been enrolled, the great bulk 

of them skilled men in the engineering trades and 

shipbuilding. On the face of it, this looks fairly 

satisfactory ; but he proceeded to point out that 

four-fifths of these men were already engaged on 

munition work. Some of them were not aware 
of the fact. He admitted that even the employers 
were not conscious that the work they were doing 
was essential to the progress of the war; a fact 
which shows laxity on the part of those giving the 
order, because every man e on Government 
supplies ought to be fully conscious of it, other- 
wise he cannot be proud of the fact. Therefore, 
out of this great movement for volunteers for 
munition work we have only 20,000 men, and 
these should very quickly and easily be absorbed 
into existing factories, with the immediate result 
that the supply of munitions would be greatly 
increased. Mr. Lloyd George says that every 
effort is being made to distribute these men. It 
seems also that the unskilled workers, and willing, 
ready, and intelligent female operators, are not 
being distributed among the factories in sufticient 
numbers and without delay. In this respect Mr. 
Lloyd George appealed for ‘‘ more liberal, more 
favourable, and more satisfactory” interpretation 
by trade-unionists of the agreement made. The 
reason attributed for this trade-union action is 
said to be the fear on the part of the men, first, 
that the employers are making exorbitant profits, 
and, second, that labour conditions prior to the war 
will not be resumed when victory is achieved. This 
fear is not understandable. The agreement under 
the Munitions Act lays down definite terms regard- 
ing profits—namely, that the companies engaged in 
such munitions can earn a return on their capital only 
one-fifth more than in the two complete financial 
years preceding the outbreak of the war. No oppor- 
tunityshould be omitted for enlightening the workers 
on this point. Again, as Mr. Lloyd George pointed 
out, there is ‘‘a solemn undertaking, put in an Act 
of Parliament, in which not only the Government, 
but the whole of the House of Commons and the 
House of Lords undertake that at the end of the 
war the fact of the men abandoning those practices 
now will not prevent them from restoring the prac- 
tices at the end of the war.” During the campaign 
that the parliamentarians pro in the summer 
recess for the enlightenment of the workers and for 
the enforcement of the need for their whole-hearted 
effort, it will be well that these points should be 
brought out rather than that honeyed words should 
be addressed to the men. In fact, Mr. Lloyd George 
stated that, from inquiries he had made during the 
last few days, the position in the factories became 
worse after meetings had been held. This is due 
to the whole purpose of such meetings being lost 
sight of—namely, the use of forcible language to 
awaken the workers to a full sense of their respon- 
sibility in the national crisis. What is immediately 
wanted is not so much to increase the shell fac- 
tories as the utilisation, to the fullest extent, and 
for twenty-four hours per day, of the existing 
shops. ith a sufticiency of men working in relays 
or in shifts this could be achieved, and there would 
be no need then for any of that exhaustion of 
energy which may arise use conscientious 
workers—and there are many of them—display 
their patriotism by working eighty and even ninety 
hours per week. ; 

We look with misgiving on the establishment of 
national shell factories controlled by local boards 
of management. For the improvement of the equip- 
ment of existing factories, and for tools for these 
new establishments, inquiries were made from about 
40,000 engineering firms in the country, and again 
we note, as an exemplification of the attitude of 
employers, that ‘‘they all, without exception, 
calkeats practically that their works shall become 
Government factories during the war. There was not 
a word of protest, although it meant limiting their 
profits and restricting them in various directions,from 





a single machine-tool maker present at that trade 
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gathering.” All this is very satisfactory, and we 
have no objection to new factories ; but these, as 
we have already urged, must be secondary to the 
utilisation of the resources now available. It is 
highly creditable that the existing munition manu- 
facturers are giving willingly and fully the best of 
their advice and experience, not only for equipping, 
but for the management of these national fac- 
tories. There is danger, however, in such factories 
being controlled by committees. What is needed 
at the present time is dictatorship, whether in 
government, in the immediate conduct of the war, 
or in the control of factories. On this point, 
however, we do not propose for the present to 
enlarge. No doubt when these factories are 
available there will be some skilled men returned 
from the Army in training, but even on this score 
there seems to have been difficulty. The Secre- 
tary of State for War will not allow the men who 
have already gone abroad to return to the fac- 
tories, and the statement is made by Mr. Lloyd 
George that, as a consequence, only one-third or 
one-fourth of the skilled men who have joined the 
colours will be available. It is true that within 
the last few months thousands have been released, 
and more will be available in the course of the 
next few weeks; but we are persuaded that even 
now there are sufficient mechanics left in the 
country to enable a — increase to be made in 
the production of shells if the action taken by the 
Government is such as to ensure that, without 
exception, these available resources are utilised 
immediately and to the fullest extent. 





REINFORCED CONCRETE BUILDING 
REGULATIONS. 

Tne London County Council have again modified 
their proposed Regulations under which frame 
buildings of reinforced concrete would be allowed 
to use the thinner walls permissible in steel-frame 
buildings which comply with the conditions specified 
in Lections 20 to 25 of the London County Council 
(General Powers) Act, 1909. 

We have commented at some length upon the 
details of previous published drafts of these Regu- 
lations,* and we note that many of the recommen- 
dations made in these columns have been adopted. 
Doubtless they have received the support of the 
four institutions who have to be notified under the 
1909 Act, and who have made representations to 
the Local Government Board upon the receipt of 
each fresh draft, as the Legislature obviously 
intended them to. 

Many of our contemporaries have also criticised 
the proposals from time to time, and the opinion 
has n somewhat freely expressed, and not by 
members of the Council only, that there has been 
quite sufficient expenditure of good printers’ ink 
on the subject, and -that it is time that the Regula- 
tions were allowed to pass by consent, especially as 
they would only affect a special class of buildings 
in London. As regards further detailed criticism 
of particular clauses, there is probably much to be 
said for this view ; but to withhold objection to 
matters of principle, and to allow silence to give 
a tacit consent to unjust and undesirable pre- 
cedents, would be quite wrong. Even though the 
legal scope of the proposed regulations may be 
comparatively small, the status which they will 
enjoy will, or should be, high. 

Londoners are citizens of no mean city, in size at 
least, and the first and only British code should be 
in every way worthy of its position. Its provisions 
will inevitably be widely copied and frequently 
specified, and it is important that they should not 
give countenance to doubtful theory, or be so 
framed as to preclude the speedy incorporation from 
time to time of improved knowledge and more 
extended data. It cannot be said that the pro- 
posed regulations in any of their various incarna- 
tions have ever come within even measurable dis- 
tance of fulfilling these essential conditions. Much 
of the criticism which they have attracted has been 
due to the initial mistake of specifying a great deal 
of so-called ‘‘ standard” theory, not a little of 
which has been rendered obsolete by more ex- 
tended research even during the comparatively 
short period which has elapsed since the first draft 
was published, Although many of the original 
proposals have been deleted or modified, the com- 
pilers of the code have apparently failed to appre- 


* See Encrneerine, March 28, June 13, 20, and 27, 
and September 26, 1913. 








ciate the significance of such unavoidable altera- 
tions, and still say ‘‘shall” where ‘‘may” would be 
far more fitting. No engineer would be surprised 
at any time to see many of the long, clumsy 
formulz, employment of which is still rigidly in- 
sisted upon, rapidly superseded by shorter and pos- 
sibly more accurate forms. 

The Code makes no attempt to limit the period 
of its own application in order to ensure periodical 
revision, and it has been contended that the 
Council can at any time submit new amending 
Regulations to the Local Government Board. 
Such a course might be considered sufficient to 
prevent the bye-laws of a ish council from 
inflicting any widespread hardship ; but the inte- 
rests which will be affected by this Code are far too 
large to be compelled to wait whilst any future 
Council screws up its courage to the sticking-point 
of declaring its own Regulations to be at fault, and 
duly completes all the necessary penitential steps 
to rectify them. The demand for automatic revi- 
sion is general, and the Council would add to its 
own reputation by supporting it. 

Of scarcely less importance is the absence of any 
machinery for appeal from the decisions of the 
Council’s officials in the interpretation and adminis- 
tration of the 188 clauses. If appeal to a technical 
tribunal is so desirable in the case of structural steel- 
work as to be specified in the Act which authorises 
these Regulations, it is doubly essential with regard 
to a comparatively new material, compulsorily 
designed according to an intricate theory, which is 
neither complete nor accurate ; for there is an 
eloquent absence of formulae for dealing with 
beams reinforced in compression, and the ‘‘ straight- 
line ” hypothesis is insisted upon in its entirety. 

Structural bye-laws which are not amenable to 
some form of appeal to an independent authority 
may not be an absolute innovation ; but they are 
essentially contrary to the most elementary prin- 
ciples of justice. Whilst we readily accept the ex- 
planation that the continued refusal of the Council 
to submit to the Local Government Board a clause 
authorising appeal is due to legal difficulties, and 
not to any desire to be free to administer their 
Regulations as they may deem best, we submit in 
the strongest terms that the approval of the Regu- 
lations by the Board without any such clause 
would create an intolerable precedent. 








FIELD TELEPHONES AND 
TELEPHONY. 

On Wednesday afternoon last Mr. Charles R. 
Darling, A.R.C.Sc.I., F.1.C., delivered a lecture 
at the Royal Society of Arts on the subject of field 
telephones and telephony. These instruments, 
the lecturer stated, were playing a very important 
~ in the present war, os having 

m almost entirely abolished, and communica- 
tion maintained by means of telephones alone. 
Field telephones, he said, differed from ordinary 
instruments in several respects. For instance, 
a buzzer was used for calling up instead of 
a bell, the former having the two important 
advantages that it is lighter than the latter and 
can also be used for transmitting messages by the 
Morse code. Asa matter of fact, in actual warfare 
more messages were sent by Morse signals than by 
speaking, because the sound of the buzzer was 
easily distinguished above the inevitable noise, 
which greatly interfered with conversation. The 
lecturer explained the construction of a simple 
buzzer, which, it will be remembered, is practically 
a small electric bell in which a thin steel strip 
takes the place of a comparatively heavy iron 
armature. The vibrations of the strip are suffi- 
ciently rapid to emit a more or less musical note. 
Another feature in which field telephones differed 
from ordinary telephones was that only a single 
wire was used to connect the instruments, the 
current returning through the earth, iron spikes 
provided with terminals being driven into the 
ground to make the earth connections. All other 
parts of the instruments were explained, and their 
construction illustrated by means of diagrams and 
simple but interesting experiments. 

The lecturer then described the Stevens field 
telephone, as made by the International Electric 
Company, and pointed out that in this instrument 
the induction coil was used for working the buzzer, 
and some weight was saved by this device ; the 
actual weight of a complete set was given as 
64 lb. Another useful feature of the Stevens 

ephone was that four cells were provided, only 








two of which were normally required, but the other 
two could be switched in at any time if the first two 
showed signs of running down. These instru- 
ments were very satisfactory, and a large number 
of them were in use at the Front. The new 
D Mark III. instruments, however, were gradually 
superseding other types used in the Service. In 
these instruments, the lecturer said, a more com- 
plicated type of buzzer was used, which gave a 
clearer note and was much better for Morse 
signalling than the simpler form. A permanent 
magnet having two iron cores projecting from 
one pole towards the other pole was employed. 
A steel strip, pivoted at its centre, and having a 
contact at each end, was placed in the gap between 
the iron cores and the opposite pole of the magnet, 
and the passage of a current in opposite directions 
round a coil on each of the cores weakened the flux 
in one core and strengthened that in the other. 
This caused the strip to tilt,so as to make one of the 
contacts and break the other. The effect of this was 
to reverse the direction of the current in the coils, 
and cause the strip to tilt in the opposite direction, 
and the action was, of course, continuous as long as 
the calling-key was pressed. Besides giving a better 
note, this buzzer required less current, so that the 
cells did not need replacing so frequently. The 
D Mark III. telephones had two receivers to each 
instrument, one receiver being arranged to be 
strapped to the head of the operator, while the other 
formed part of a hand set. The former was sufli- 
ciently powerful to wake a man if he should fall 
asleep, and it also enabled the operator to have 
both his hands free while takinga message. Other 
advantages of using two receivers were that two 
persons could take an important message simul- 
taneously, and thus check each other, and the risk 
of the instrument being put out of service by the 
breaking of the receiver-cord was also halved. The 
instruments were placed in a leather case, which 
was carried over the shoulder by a strap, and 
weighed, altogether, about 8 lb. 

Coming now to the duties of a field telephouist, 
the lecturer said it was absolutely essential for 
men engaged in this class of work thoroughly to 
understand the construction of the instruments, so 
that they could discover and remove the cause of 
any defect that might arise in working. He then 
explained how the different parts should be tested 
and adjusted, dealing with all the faults likely 
to occur. The telephonist had also to decide 
where to run the line connecting two stations, 
and must bear in mind that the shortest route 
was not necessarily the best; in fact, much judg- 
ment was required for this part of the work. 
When the connection between two stations was 
of a very temporary nature, single-strand iron 
wires insulated by varnish were used, and as theso 
wires were very cheap, they were left in place 
when the stations were moved. For more per- 
manent connections stranded steel wire with better 
insulation was employed, the wire being carried 
on reels holding about half a mile. Telephone 
wires were frequently broken by fragments of 
shells, and were also cut by the enemy if possible, 
and it was part of the telephonist’s duty to repair 
the wires. When the break was discovered, the two 
ends of the wire should be formed into an ordinary 
reef knot and pulled tight, the joint then being 
insulated. Multiple lines were being used to keep 
up communication for a longer period than was 
possible with a single wire. The multiple line was 
arranged in the form of a ladder, the instruments 
being connected to the end rungs. Such a system 
could be broken in many places without interferiny 
with the use of the instruments, as the current 
could usually get round one way or the other. 
This system, which was due to the French, had 
the disadvantage that, when broken, the ends 
of the wires might touch the earth, and if 
many breaks occurred, the leakage might be 
too great for communication to be maintained. 
In another system the telephones were connected 
by a number of wires in parallel, and the wires 
were all brought into a trench made at some con- 
venient point between the stations. An operator 
stationed in this trench, and provided with a tele- 
phone set, would be able to communicate with both 
stations on any of the lines if they were all intac'. 
If, however, one or more of the lines were broken, 
he could ascertain in which line the break had 
occurred by the fact that he could not commun'- 
cate with the station at the end of that line. He 
would then pick out any pair of sound lines, anc 
connect them, so as to put the two main statiov= 
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again into communication with each other. The 
lecturer gave a successful demonstration of this 
system, using four lines to connect a pair of 
instruments placed on opposite sides of the room. 

In conclusion, the lecturer said that field tele- 
phony was difficult work, requiring considerable 
knowledge, skill, and quickness in the operators, 
and it was not easy to find enough men suitable 
for the occupation. He therefore suggested that 
teachers of electricity and physics in technical 
institutions should combine and offer their services 
to the authorities for training men in this very 
important and useful work. 








THE ROYAL SOCIETY AND 
TECHNOLOGY. 

Dourine war we do not wish to raise any conten- 
tious questions that can be avoided, but we feel it 
our duty to call attention to the present very pro- 
nounced policy of the Royal Society. That Society 
is essentially untechnical. Its list of Fellows in- 
cludes all the most eminent students of pure 
science, and admission is considered so carefully 
and fairly that it is extremely rare for anyone to 
secure election without fully deserving it, though 
many who are thoroughly qualified are unavoidably 
excluded as a result of the rule which limits the 
number of elections made annually. No one can 
deny the well-merited position of the Royal Society 
as the head of all the other purely scientific bodies. 
But itis purely scientific and non-technical. It is 
quite true that some engineers of high position and 
with no purely scientific reputation are Fellows, but 
they are so few that they need not be considered. 
There are also some other technical men who are 
Fellows, but they have all done purely scientific 
work, and have been elected on the strength of that 
work, and rather in spite of than on account of 
their technical knowledge. The fact that a technical 
man is a Fellow does not of itself in the least 
prove that he is a good technologist. 

The Fellows of the Royal Society may be divided 

broadly into two classes—namely, those devoted to 
physics, mathematics, and chemistry, and those 
concerned with physiological questions and allied 
work. This broad division of the membership is 
officially recognised by the division of the publica- 
tions of the Society into two parts, known as A and 
B, respectively dealing wit pee of the two 
classes above-named and published separately. The 
Fellows forming the first class, with which alone 
we have to deal here, are largely composed of pro- 
fessors or science masters at the various universi- 
ties. This is quite natural, because teachirg is the 
only profession whose members can devote a large 
proportion of their time to pure science, since it is 
their work. Moreover, they have special facilities 
in the way of research, as they have laboratories 
at their disposal and numerous pupils available as 
assistants in research work. In fact, it seems to 
be assumed in some cases that the aim of a professor 
is not necessarily to be a good teacher ; he should 
rather use the college facilities for original research 
to bring fame to himself and to his college, so that 
the latter may obtain more students through the 
reflected glory of the professor. We, as a nation, 
have certainly every reason to be very proud of 
our professors of unapplied science ; in their diffi- 
cult and rare combination of originality and know- 
ledge they are unrivalled. But the position of the 
schoolmaster, like that of the preacher, has one 
great danger. While the parson is permanently 
six feet above contradiction, the teacher is always 
in contact with the immature mind, and he would 
have to be very well balanced not to be affected by 
this fact. 

An engineer’s career, on the other hand, consists 
in doing new things and making mistakes. Every 
time he makes a mistake he is, metaphorically, hit 
over the head for it, and hit hard. e soon learns 
what he can do and what he cannot. The teacher 
has no such chastening, and he is far too apt to 
think the paiticular knowledge he has is complete 
and thet no other knowledge is important. This 
is the origin of the blatant outcry that English 
manufacturers are hopelessly behind because they 
do not appreciate science. The attitude of some 


professors, or the Royal Society attitude, which is 
much the same thing, assumes that applied science 
18 an inferior kind of knowledge which is completely 
included in pure science, so that any able pro- 
fessor could improve an engineering, and especial, 

& chemical, business, and increase its dividends, if 


loath to believe that any ical man can know 
any science. The result is that the academics, 
who are, owing to their calling, facile with both 
tongue and pen, persuade the public that the 
country is going to the dogs through not taking 
their advice. This outcry is quite well organised. 
The British Science Guild is ly concerned with 
it, and the Royal Society is indirectly very active, 
particularly of late. : 
The Reyal Society has somehow got it accepted 
by Government officials that it is the right body 
to give advice on ‘‘ scientific’ questions, and appa- 
rently they are convinced that it alone should be 
consulted. Of course, the Government very rarely 
wants purely scientific advice ; it wants technical 
help occasionally, which is a very different 
matter. During the war the Royal Society has 
had sitting several committees, consisting mainly, 
of course, of professors and ex-professors, advising 
the Government on what they call scientific—that 
is to say, technical—matters. The Prime Minister 
stated in the House that the Royal Society had 
provided, or supplied, several inventions. Prob- 
ably Mr. Asquith hardly knows what an invention 
is ; butif the statement was correct, it meant that 
when the Government wanted some new thing to 
be devised, instead of going to the people who 
would be most able to help, they let the matter be 
side-tracked by a small committee of an untechnical 
society. It is quite true that there are technical 
men of high ability in the Royal Society, but there 
are relatively very few, and their names are still 
fewer on the new committees. Moreover, nearly 
all of them are members of the leading technical 
societies, while the enormous majority of technical 
men who compose . these latter bodies are not 
Fellows of the Royal Society. Obviously the right 
course would be to apply for inventions to inventors, 
and then to submit them to the criticism of technical 
men. The Royal Society is not a society of inven- 
tors by any means, and neither is it technical. The 
reader will find it difficult to think of any invention 
of practical importance made by any Fellow who 
was not at the same time a member of some 
technical institution. 

After trying this system for nearly a year, the 
Government, under outside instigation, formed the 
Lord Fisher Committee — the most unpractical 
scheme that ever emanated from the imaginative 
brain of a novelist. Itis pretty clear the Admiralty 
did just what Mr. Wells told them to do in a letter 
to The Times, and — to the Royal Society, 
with the resuit that the latter nominated a com- 
mittee all the members of which, with one excep- 
tion, were their own Fellows. The Admiralty 
are exceedingly competent, as anyone knows who 
has had to do with them; and it is possible this 
committee was formed merely to please the news- 
papers, not to be of any use. If it is for this war 
that the inventions are wanted, measures should 
have been taken last August, or a permanent 
organisation should have been at work years ago. 
But the obvious course is for the Government to 
publish their wants, and let inventors fill them. 
There can be no need for secrecy ina want. At 
present inventive people can do nothing, because 
they do not know what is wanted, and they do not 
know the conditions. 

We have now a Haldane Committee. It is 
apparently for ‘‘ scientific investigations, <&.’ 

ith the exception of the ‘‘ administrative chair- 
man” the council consists entirely of Fellows of 
the Royal Society, and all but two are professors 
or ex-professors, and nearly half of them are on 
the Inventions Board. Doubtless the Royal Society 
has again been asked and has appointed itself. It 
is difficult to know exactly what this organisation 
is expected to do, or how it is to be kept in 
touch with the requirements of our manufacturers. 
It may be mere window - dressing again, just 
something to satisfy the lay Press. A committee 
or council of ordinary people is a pretty inefli- 
cient machine. .What a committee of exponents 
of pure science is like, only those who have had 
experience can say. We believe the intention is 
to induce manufacturers to become scientific ; but 
the formation of these committees, and the propa- 
ganda of the eminent scientific men in the daily 
Press, can have only one result, and that is to in- 
crease the estrangement between pure and applied 
science. Though the formation of these committees 
and the whole propaganda are meant honestly and 
sincerely for the good of industry, they are really 
an unintended insult to technical men of ability and 





his advice were taken. 


On the other hand, he is 


experience ; and they are either so taken or are 





treated as a kind of joke. No commercial undertak- 
ing would dream of asking the Royal Society to 
form a committee to help its business by advice. 
It may be said that the British Dyes Research De- 
partment has just appointed an advisory council 
consisting of no less than fourteen professors, all 
but one being Fellows of the Royal Rociety. But 
the British Dyes is largely a Government con- 
cern, and the Royal Society has most likely been 
asked to nominate a genuine committee, and has 
again nominated iteelf. This committee was, no 
doubt, appointed tv allay newspaper agitation. No 
chemical manufacturer supposes such a body can 
be of any practical use, though a better case 
might be made out for dye manufacture than any 
other industry. 

We regret to say it, but it is certain that this 
action of the Royal Society in pushing itself into 
technical and business matters can do nothing but 
harm. Our engineering and chemical industries are 
large, and, most certainly, important, but they are 
curiously inarticulate. We might expect the In- 
stitutions of Civil, Mechanical, Electrical, and 
Automobile Engineers, the Institution of Naval 
Architects, and the Iron and Steel Institute, to 
object strongly to a non-technical society taking 
precedence of them in their own domains, though 
willingly ceding it in science. In time of war, how- 
ever, patriotism prevents this, and most of the 
institutions and societies are anxious to help in any 
capacity, but can get nothing todo. The Govern- 
ment is urged on all hands to encourage invention, 
a matter which no Government department ever 
wanted todo. It, therefore, relegates the subject 
to the Royal Society with the comfortable assur- 
ance that it will be long before any scheme 
emerges from that tribunal in a condition in which 
it can be put to active service. For dealing with 
matters which really interest them the War Office 
and the Admiralty have already provided them- 
selves with committees of a different stamp. 





PATENTS AND THE WAR. 

WHEN war broke out in August last year between 
this country and Germany, one of the first acts of 
the Government was to introduce a Bill into Par- 
liament to extend the powers of the Board of 
Trade, during the continuance of hostilities, to 
make rules under the Patents and Designs Act, 
1907, and the Trades Marks Act, 1905. The Bill 
in due course became an Act of Parliament, and at 
the time we published several articles dealing with 
its provisions, the procedure to be adopted, and 
its effects. It will be remembered that under the 
Act, which is known as the Patents, Designs, 
and Trade Marks (Temporary Rules) Acts, 1914, 
power was given to the of Trade to do 
such things as they thought expedient for avoid- 
ing or suspending, in whole or in part, any patent 
or licence, the person entitled to the benefit of 
which was the subject of a State at war with 
His Majesty. In addition to the power of avoid- 
ance or Wa tee a of patent and licence rights, 
power was also given to avoid or suspend the regis- 
tration, and all or any rights conferred by the 
registration, of any design or trade mark belonging 
to an alien enemy, and to avoid or suspend the 
proceedings in any a application for patent, 
design, or trade mark protection by an alien enemy. 
The Board of Trade was also given power, as an 
alternative to the power of avoidance or sus- 
pension, to nt in favour of any person, other, 
of course, than an alien enemy, and von such 
terms and conditions and for such period as 
might be thought fit, licences to make, use, exe1- 
cise, and ven tented inventions and is- 
tered designs. he Act has been taken advantage 
of to a considerable extent, and a large number 
of applications for avoidance or suspension of 
enemy-held patents and trade marks has been 
filed and dealt with by the Comptroller, who has, 
in the majority of the cases, recommended;the Boaid 
of Trade to exercise the powers they possess, and 
to grant the prayers of the petitioners. It is not 
our pur to deal with such decisions, or the 
lessons to be learned therefrom ; we have done so 
in the past on more than one occasion, 

The Russian Government took note of the steps 
that had been taken in this country, and in due 
course amended the law so as to meet the con- 
dition of affairs now obtaining. ‘The Russian law is 
not, of course, the same as the British law ; it is, in 





some respects, much more drastic and far-reaching. 
It enacts that patents are not to be granted to the 
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subjects of States at war with the Emperor of 
Russia, that applications for patents from alien 
enemies are not to be received, and that proceed- 
ings on pending applications for patents by alien 
enemies are to be suspended. It further enacted 
that all patents for inventions of value for the 
defence of the country automatically became the 
roperty of the State, without compensation or 

indemnification, when such patents were enemy 
held, and that the validity of all other enemy-held 

atents was annulled. It will be seen that the 

ussian Government did not take any half measures 
with regard to enemy-held industrial property, and 
that with the exception of such as might be useful 
for home defence, they abrogated all enemy-held 
patent rights, and thus placed all their manufac- 
turers in a position to commence and continue 
manufacture unhampered by royalties or other 
dues. 

The French law has also been amended, but the 
amended law is not so severe against the enemy as 
are the laws of this country and of Russia, in that 
only the exploitation of patents and the use of trade- 
marks belonging to Austrians, Germans, and Hun- 
garians is interdicted. Power is, however, taken 
to grant compulsory licences in respect of any 
patented invention the use of which would be to 
the public interest, or aid in the defence of the 
country. 

In Germany, at the commencement of the war, 
a law was passed empowering the Federal Council 
to institute economic measures by way of retalia- 
tion. Up to the end of June the Government had 
not taken retaliatory action so far as concerns 
remy © designs, and trade-marks. It has now 

een deemed desirable to do so, and regulations 
have just been published from which it appears 
that patent, gebrauchsmuster (petty patent), and 
trade-mark rights belonging to subjects of enemy 
States may be cancelled or restricted in the public 
interest, or the right to work and use the same 
granted to others. An official has been charged 
with the duty of carrying out the regulations, and 
rovided with all necessary powers to that end. 
t would appear from the regulations which 
have been published that the owners of indus- 
trial property coming within the terms of the 
regulations will be afforded an opportunity of 
opposing the cancallation or alteration of their 
rights. An alien enemy has the same right 
in this country. British and French owners of 
industrial property in Germany seem to be in a 
better position than are Russian owners ; for, 
whereas the former will only suffer should an 
application be filed for the restriction or cancella- 
tion of their rights or the grant of a compulsory 
licence thereunder, the latter are penalised by the 
automatic voiding of all their rights. This more 
severe attitude towards Russian proprietors is no 
doubt due to the more drastic Russian law to which 
we have referred. 

We are surprised that the German authorities 
have not taken retaliatory measures sooner. The 
passing of our Patent, Designs, and Trade-Marks 
(Temporary Rules) Acts, 1914, caused a great 
deal of disquietude in German industrial and 
manufacturing circles, and it was only to be 
expected that pressure would be brought to bear 
on the German Government to place their manu- 
facturers in the same position as obtains in this 
country. 





THE TRANSPORTATION OF DEBRIS 


BY RUNNING WATER. 


Tue flow of a river is a very complex phe- 
nomenon. The work of transporting the more 
or less insoluble residue of disintegrated rock from 
a higher to a lower level is accomplished in a 
variety of ways, but though the number of con- 
trolling causes is large, these do not act capri- 
ciously, and the influence of each should become 
apparent by a rigorously conducted analysis. We 
can see readily enough that certain factors de- 
pending upon the stream itself, as width, slope of 
bed, velocity of current, &c., will affect the result. 
The size, weight and shape of the detrital material 
carried will introduce another set of variables. The 
geological character of the banks, their curvature 
and frictional effects, will also exercise an in- 
fluence ; and, further, each of these operating 
causes may interact on the other, complicating the 
final issue. It need occasion no surprise therefore 
if categorical answers cannot be given to many 
questions that necessarily arise as we watch the 





ive changes in the behaviour of a river, as 
it pursues its course from its mountain origin, 
through valley and plain, to the distant ocean in 
which it comes to rest. Though the main features 
may be recognised and explained on general grounds, 
it is clear **that an adequate analysis with quan- 
titative relations cannot be achieved by the mere 
observation of streams in their natural condition. 
It is necessary to supplement such observation by 
experiments in which the conditions are defmitely 
controlled.” Unfortunately, experiments arranged 
to exhibit special and singular effects, usually 
adopted as the one method of simplifying involved 
phenomena, entail a new set of complications, for 
the short mechanically-constructed channel differs 
materially from the lengthy bed of a typical river- 
course,"and the applicability of laboratory results 
to natural streams becomes extremely hazardous. 
The chasm between the laboratory and the river 
can only be bridged with difficulty. No adequate 
theory at present exists. The demands of naval 
architecture have, however, made the construction 
of experimental tanks and artificial rivers a neces- 
sity, and rapid theoretical advance may be an- 


ticipated. 

This subject has been investigated by Mr. Grove 
Karl Gilbert, whose researches have just been 
published by the United States Government Print- 
ing Office at Washington, under the auspices of the 
United States Geological Survey. To determine 
the influence and the mode of operation of some of 
the contributing factors by excluding others is the 
method that Mr. Gilbert has adopted, and, remem- 
bering that the results are applicable to particular 
conditions, with considerable success. e results 
are deserving of careful study, for the history of the 
subject shows that the information hitherto collected 
is vague and inaccurate. For instance, an opinion 
prevails, though, as far as Mr. Gilbert has been able 
to discover, without any basis in theory or observa- 
tion, that the quantity of material transported by 
a river varies as the square of the slope. More 
frequently it is stated that the quantity of débris 
removable by flowing water varies as the sixth 
power of the velocity. There is no doubt about 
the origin of this latter assertion, but Deacon 
determined from actual. experiment that the amount 
varied more nearly as the fifth power. The use of 
such loose statements shows the necessity for 
rigorously-conducted experiments and the construc- 
tion of an accurate theory. 

So little has the subject been studied that a con- 
venient vocabulary to describe clearly the character 
of the motion to be observed has not been definitely 
settled. If a particle when carried down stream 
does not retain continuous contact with the river- 
bed, the process of progression is called ‘‘ salta- 
tion.” With small particles, or in swift streams, 
this want of contact may be indefinitely prolonged, 
and then the mode of transportation is known as 
‘* suspension,” a term that explains itself. There 
is no sharp line of demarcation between ‘‘ suspen- 
sion ” and ‘‘saltation,” but the mechanical forces 
- mage in each case are different. In the former 
the efficient factor is the upward component of 
motion in a complex current; in the latter, the 
motion parallel to and contiguous with the bed is 
the controlling force, and the dragging, rolling 
motion set up is conveniently described under the 
term ‘‘traction.”” Again, the form and nature of 
the bed give rise to differences of transportation. 
In artificial channels, flumes, and pipes the bed is 
comparatively rigid and unyielding; in natural 
streams, where the bed approaches in character the 
material carried and is moulded by the current, it 
becomes more plastic and irregular. From the ex- 
perimental point of view, it is necessary to dis- 
criminate between the influences which the bed 
exercises on the velocity and amount of the mate- 
rial carried. Mr. Gilbert distinguishes between 
the motion over.a rigid and over a yielding surface 
by the terms ‘‘ flume transportation ” and ‘‘ stream 
transportation.” Four conditions may therefore be 
recognised: ‘‘stream suspension” and ‘‘ stream 
traction,” ‘flume suspension” and ‘‘ flume trac- 
tion,” though if a particle does not come in contact 
with the bed it is difficult to see wherein ‘‘ stream ” 
differs from ‘‘ flume” suspension. This, however, 


is of little consequence, for the series of experi- 
ments under consideration, carried out at Berkeley 
University, Cal., U.S.A., had for its object the 
investigation of the laws of transportation that 
obtained in ‘‘steam traction” and ‘‘ flume trac- 


in which contact with the bed is a 
definition. 





tion ”’ reg 
necessity by 


The course of the inquiry was directed to deter- 
mining the ‘‘ capacity ” or maximum load of a given 
kind of débris which a stream can support under 
varying conditions. ‘‘ Discharge,” defined by the 
quantity of water passing through a cross-section of 
the stream in a unit of time, can be made to vary. 
Similarly, other factors—as slope, width, and depth 
of bed, &., to which reference has been made-— 
swell the number of variables to uncontrollable 
limits. The number of possible combinations into 
which these variables enter is legion, all of which 
could not be fully examined. The actual number 
dealt with amounted to 130, while the number of 
separate observations was necessarily very large. 
Mr. Gilbert has pursued the inquiry with great 
enthusiasm, and we believe that there does not 
exist a similar mass of coherent measurements, 
especially directed to the end in view, though the 
employment of water under pressure to remove 
conglomerate rock has of late years directed in- 
creased attention to this department of hydraulic 
engineering, and to the laws which control the 
movements of colloids over fixed beds Mr. Gilbert 
has, moreover, had in view the requirements of the 
geologist, who is concerned in the part rivers and 
river transport play in the work of earth sculpture. 
The derived results are necessarily more imme- 
diately applicable to hydraulics than to the opera- 
tion of rivers. The sinuous character of a river, 
with its deeps and shallows, could not be imitated 
under the necessarily limited conditions of the 
Berkeley Laboratory. There is no necessity to 
emphasise the points of difference, of which the 
experimenter was perfectly aware, and to which 
reference will be made later. 

In the course of the experiments the apparatus 
was occasionally varied to meet particular require- 
mente, or to increase the accuracy of measurement, 
but the greater part of the observations was made 
with a wooden trough 314 ft. long, 2 ft. wide, but 
capable of variation, with vertical sides, 1 ft. 8 in. 
high at the head, diminishing in steps to 1 ft. at 
the end. Sheets of glass were let into the sides 
of the trough to facilitate observation, and a 
device consisting of a small aperture in a moving 
shutter that could be made to travel at the same 
rate as a selected particle was a useful adjunct, that 
enabled much information to be collected concern- 
ing the trajectory of a saltatory grain and the 
manner in which eddies and currents of water 
acted. The end of the trough was open, permitting 
the passage of a stream of water whose discharge 
could be controlled and measured. For experi- 
ments in ‘‘ stream traction” the trough was mount d 
horizontally ; sand grains of approximately uniform 
size were fed to the running water, and at first 
accumulated at the upper end of the trough, but 
were gradually shaped by the current into a 
characteristic deposit having a gentle forward slope. 
This deposit spread itself throughout the length of 
the trough, and finally was discharged at the out- 
fall end. The object of the observation was to 
determine when accumulation ceased, or when the 
escape of the outfall equalled the amount fed at 
the upper end. The stable slope of the sand, 
automatically assumed under the conditions pre- 
vailing at the moment, was then evidently just 
sufficient to enable the particular discharges to 
transport sand of known quantity and kind. 
Keeping other conditions the same, it was pos- 
sible to vary any one factor, as the size of the 
sand grain, or the rate at which the sand was fed, 
and from measurement of the resulting slope and 
depth, in connection with other known quantities, 
to determine the effect of the variation on the 
“capacity” of the stream, thus supplying data 
for studying the quantitative relations between 
load, slope, discharge, &c., from which the law of 
variation might be derived by discussion of the 
equations of conditions or their equivalents. 

Confining attention to ‘‘ stream traction,” the 
experiments were so arranged that the observed 
quantity was a function of six variables; the 
degree of fineness of the débris, whose separate 
particles varied from approximately one hundredth 
of an inch to pebbles of half an inch or more in 
diameter ; width of trough, which could be con- 
tracted from 2 ft. to 8 in.; the rate of discharge, 
determined by flow through an aperture of adjust- 
able size under an adjustable head ; slope of bed ; 
depth of current ; and, finally, capacity of stream. 
Under ordinary circumstances, equations of con- 
dition and a most probable solution would be 
obtained, but in this case there is no theory 





available. The form of the function that expresses 
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variation is not known, and there is no certain 
way of deciding inadmissible errors of observa- 
tion. An empirical curve had to be derived, and 
it was possible to obtain the numerical coefficients 
and exponents of several, founded on interpola- 
tion formulz or on parabolic forms, that repre- 
sented fairly well the short trace given by 
observations. 
they were extended by extrapolation, and those were 
rejected that indicated forms that failed to satisfy 
known criteria that must be fulfilled at critical 
points. Some gave a negative capacity, which 
might be interpreted to mean a capacity for trac- 
tion up-stream, clearly erroneous. The process of 
elimination was carried as far as possible, but a 
wide choice was left, and, doubtless, the number 
could have been increased. The form selected has 
the advantage of simplicity. In the typical instance 
of the slope factor, the ‘‘ capacity ” is made to vary 
according to a power of the difference between the 
slope of the bed and the ‘‘ competent” slope, or C 
is made to vary as (S — co)". 5S, the slope in per 
cent. of the stream-bed, is a simple matter; the 
‘*competency” as used here is more technical. 
The ‘‘competent” slope is that which is just 
sufficient to initiate traction. Under particular 
conditions of the controlling factors, capacity may 
be zero; but if one factor be changed just sufficient 
to give a positive capacity, that factor in its new 
condition is said to be ‘‘ competent.” For example, 
a stream may have so gentle a slope that it 
possesses no capacity, but if coming to a steeper 
slope it is just able to move the débris, then the 
steeper slope is ‘‘competent,” and is expressed by 
o. We are inclined to regard the results here 
obtained, as far as they can be expressed by 
exponents, as having a very limited application. 
Great doubt will be entertained of the legitimacy of 
the plan of considering any one factor, especially 
when near its limit of ‘‘ competency,” apart from 
the other operating factors. But Mr. Gilbert was 
committed to a difficult inquiry, in which he had 
little help from the experience of former experi- 
mentalists, and the complexity of the soiiian 
could not have been appreciated at the outset. It 
is easy to suggest that it would have been well to 
have given a greater variation to the several con- 
ditions whose effects were being sought, in order to 
have a greater range of values with which to 
compare the empiric law, but doubtless the prac- 
tical difficulties were very great. The observations 
were extremely involved ; a great many appear to 
have been discarded, and owing to the form of the 
discussion, it is not easy to estimate the accuracy 
of the probable error attached to those that have 
been utilised. 

Mr. Gilbert is to be congratulated on having 
carried his inquiry to such a definite conclusion 
that it is possible to express the effect that 
variation of slope and discharge of a stream, the 
character or degree of fineness of the débris, and 
some other factors have upon the quantity of load 
carried in a straight stream, by means of an 
equation of simple form. In the case of slope we 
have seen that the observations can be represented 
by the equation C = b, (S — oc)", where b, is the 
value of capacity when ‘‘competent” slope differs 
from that of bed siope by unity. In the same way, 
if Q be the discharge expressed in cubic feet per 
second, and « isa constant relating to ‘‘ competent ” 
discharge, C = b,(Q — x)® and the influence of 
the fineness of débris, gives rise to similar ex- 
pression C = b,(F — @)?. Eachof these equations 
expresses the law of variation of capacity when the 
other two conditions are unchanged, and in that 
sense they are independent, ‘‘ but there is a mutual 
dependence of parameters which is of so complete a 
character that they are essentially simultaneous.” 
For example, b,, ¢, and n are constant so long as 
‘) and F are unvaried: they do not vary with 
variation of S. But when Q and F are altered, the 
values of b,, o, and n are modified. The extent 
therefore to which the exponents can vary is a 
matter of prime importance, and their values and 
range are shown in the following table :— 














Fx Number of Mean Range of 
— Determinations. Value. Values 

n 92 1.59 0.98 - 2.97 

a 20 1.02 0.81 -1.24 

P 5 0.58 0.50 — 0.62 


The variations in magnitude have a real signifi- 
cance, and are not to be attributed to defective 


To test the relative merit of these, | d 


when the discharge is smaller, or the débris is 
coarser. The exponent o, being smaller than n, 
shows that capacity is less sensitive to discharge 
than to changes of slope, while its numerical value 
increases with diminished steepness and larger 
particles of débris. The still smaller value of p 
intimates that the sensitiveness of capacity to the 
of comminution of débris is less than to 
either change in discharge or in slope. The magni- 
tude of the exponent increases with increased 
steepness and greater discharge. As a rule, débris 
consisting of approximately equal particles was 
used, but in some trials with mixtures it was found 
that with less uniformity in size, the load moved 
more freely—that is to say, if fine material be added 
to coarse not only is the total load increased, but a 
greater a is carried. 

The three factors considered here—slope, dis- 
charge, and fineness of material—have been re- 
garded as of primary importance. Other controls 
of capacity, as stream velocity, depth, and the 
ratio of depth of stream to width of channel, called 
by Mr. Gilbert ‘form ratio,” are not independent. 
It is feasible to treat only one of these in addition 
to the three main factors, and ‘‘form ratio,” 
denoted by R, is the one selected. The formula 
chosen to represent it, though exponential in form, 
differs from the three preceding. Zero capacity is 
possible under two conditions: either when the 
stream is very wide and shallow or very narrow and 
deep. Between these extremes is a particular ratio 
of depth to width (p), corresponding to maximum 
capacity. Hence the function must rise to a maxi- 
mum and return to zero. The form selected is— 

m R\p, 
c bs (1 ai = )R ’ 
The values of p in the course of the laboratory 
experiments ranged from 0.5 to 0.04, the number 
increasing as slope, discharge, and fineness dimi- 
nished. Collecting results, if regard be paid to 
units, the final equation expressing capacity may 
be written— 


C = b(S - o)"(Q- xp (F- ov (1 ae. >" 
m+1op 

The measurement of velocity near the stream’s 
bed, where the influence of velocity on capacity is 
greatest, was not unattended with difficulties, and 
it was found convenient to substitute a mean 
velocity. In tracing the relations between capacity 
and mean velocity it is necessary to assume con- 
stancy in some of the simultaneous conditions. 
The power expressing the sensitiveness of capacity 
to changes of mean velocity has a wide range of 
values, but, on the average, in no case reaches the 
sixth power. We have in fact the following results 
according to the selected constant :— 


or. F Capacity 
Constant. Capacity Changes with Verlen on 
Slope Discharge V2 
Discharge Slope vs 
Depth Slope and Discharge Vii 


As slope, discharge and fineness of débris diminish, 
it is found that the sensitiveness of capacity in- 
creases. 

If the discussion of the eroding and transporting 
capacity of rivers is valuable as throwing a pos- 
sible light on the mechanism whereby the surface 
of the earth is being continually destroyed and re- 
formed, the experiments on flume traction are of 
no less importance in hydraulic engineering, and 
possess the advantage of more immediate appli- 
cation. We are able to trace the influences of 
different textures and shape of bed on water car- 
riage, and approach the determination of the most 
economical treatment of disintegrated rock, as it 
occurs in pulverised ores and similar problems. 
For, as already explained, the distinctive feature 
between flume and stream traction is the character 
of the bed, the rigid irresponsive support, arti- 
fically constructed, replacing the plastic varying 
bed formed from the materials of the débris itself. 

For the experiments on flume traction, the trough 
was of wood, 60 ft. long, with vertical sides, 
giving a width of 2 ft.; but for the greater part 
of the work the effective width was redu to 
1 ft. The bed, which could be inclined to the 
horizontal at various angles up to about 3 deg., 
had five different degrees of roughness : planed and 
painted wood, sawn unplaned wood, wooden blocks 
with vertical grain, a pavement of sand-grains set 
in cement, and a pavement of pebbles. The débris 
was also more varied than in the case of stream 





observation. In the case of n, the value diminishes 


traction, pebbles of over an inch in length being 
used in some experiments. This débris, whatever 





its size and nature, was fed to the current by 
hand with the aid of a scraper, the rate being 
modified till, by successive trials, it was adjusted 
to the capacity of the current. When the material 
was fed to the water, the current was retarded, 
with the result that there was an overflow at the 
feeding end of the track, and some portion was 
deposited, causing the débris in its upper course to 
travel over a bed of like material, while in the 
lower portion the débris was in direct contact with 
the bottom of the trough. The upper end of the 
trough was therefore clogged, although motion was 
free in the lower portions, and when this condition 
was observed the load delivered at the outfall was 
assumed to represent the capacity of the stream. It 
is important to know the process followed and the 
criterion selected for decision, though without more 
information it would be injudicious to criticise the 
method. It is satisfactory to note that the accuracy 
of the observations is greater than the description 
would suggest. Long experience enabled the expe- 
rimenters to r ise the selected phase with con- 
siderable certainty. The degree of precision is more 
than twice as great as that attained in the experi- 
ments on stream traction. It is suggested that the 
constancy of slope gave some assistance, and that 
some of the rhythmical fluctuations in stream 
traction were avoided. 

The fact that stands out prominently from the 
—— is that, under similar conditions, 
‘**flume traction” gives higher capacities than 
‘*stream traction,” but the laws of variation are 
different. This latter fact might be anticipated 
from the different character of the transportation 
induced by the altered form of bed. With the 
smoother , rolling and sliding become impor- 
tant modes of progression. This is not altogether 
a frictional effect, though on a smooth bed any 
particle with a broad facet is inclined to slide, and a 
rounded particle to roll ; the motion is started by the 
current applying a greater force to the upper part 
of the particle than to the lower. The recorded 
speed of the particles is on the average 75 per cent. 
of the mean velocity of the water, the ratio being 
greater as the velocity is greater, and the depth 
less. The size of the particles determines the 
8 and the mode of progress, the largest slide, 
the smaller rolJ, and the smallest leap. Increase 
of velocity tends to increase saltation at the 
expense of roll, and to increase roll at the expense 
of slidiog. When the conditions are such that the 
principal movement is by sliding and rolling, the 
experiments show that the capacity of the current 
increases with the coarseness of the débris trans- 
ported ; but when saltation prevails, the greater 
the fineness, the greater the capacity. Under all 
conditions, capacity increases with steepners of the 
slope, and with enlarged discharge, but the rates 
of increase are less than in stream traction. As 
might be expected, a smooth channel-bed facili- 
tates transportation. As roughness is increased, 
capacity is reduced until the texture of the bed 
becomes coarser than the débris of the load. 

As of practical importance in the water carriage 
of loose material, it should be noted that flumes «f 
rectangular shape have greater capacity than semi- 
cylindrical flumes of similar width, and that within 
limits it is advantageous to increase the width of 
channel at the expense of depth of* current. 
Further experiment would be necessary to deter- 
mine the most efficient ratio of depth to width, 
** but it is believed to be rarely greater than 1 : 10, 
and often as small as 1:30. For large operations 
the determination of width will usually represent 
a compromise between efficiency and the cost of 
construction and maintenance.” 

Although the main results deduced from the 
experiments have been summed up, and these 
include some that may prove of importance in the 
fields of physiography and hydraulic economy, not 
a small part of the interest of this valuable paper 
attaches to observations that lie outside the prac- 
tical scope. To this class belong questions con- 
nected with the behaviour of particles, singly or 
collectively, when submitted to the operation of 
regularly-induced currents. Some cogent reasons 
are given for modifying our notions of the forces 
that induce “ saltation” or bring about suspen- 
sion. In recondite phenomena, the plausible expla- 
nation is Senquentiy incorrect, and the generally - 
accepted assumption of the existence of upward 
minute currents supporting suspended particles is 
scarcely warranted by observation. To observe the 





motion of single particles, Mr. Gilbert made use of 
the diaphragm that travelled along the glass side 
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of the trough at the same rate as the particle 
was carried by the current, and by thus elimi- 
nating the horizontal component, the vertical 
motion of the saltatory in was rendered dis- 
tinctly perceptible. This arrangement permitted the 
movement at different distances from the bottom 
of the trough to be studied, with the result that a 
sensible uniformity of process was manifested over 
the whole width of the channel, inconsistent with 
the suggestion that the saltation zone was invaded 
by eddies of such large dimensions as would be 
competent to sustain the grains by upward com- 
ponent of their motion. There was no evidence of 
ascending strands of current, such as the accepted 
theory requires. In place of the uplift theory, 
Mr. Gilbert suggests that each grain is projected 
from the bed with an initial velocity which gives a 
trajectory analogous to that of a cannon-ball. The 
application of ballistics to explain the motions of 
minute particles in a current may be unexpected, 
but the trajectory of saltation is worked out here 
with a completeness that at least demands con- 
sideration. 

The collective movement of the sand under 
adjusted conditions also presents features of con- 
siderable interest. When, over a level surface of 
sand, a deep stream of water was allowed to pass, 
with a current so gentle that only a few ins 
were disturbed, it was perceived that the feeble 
traction did not affect the whole bed simulta- 
neously, but led to the production of a regular 
pattern on the sand floor, punctuated by a system 
of waves and hollows, separated by uniform inter- 
vals. By continuing the current action, the 
up-stream face of the wave formation was gradually 
moved by erosion, and the down-stream face made 
steeper by the deposit of eroded material, causing 
the wave as a surface form to travel down- 
stream, analogous to the motion of a sand hill, or 
dune, under the influence ef wind. With any pro- 
gressive change of condition tending to increase 
the load, the dunes eventually disappear, and the 
débris surface becomes smooth. This phase 
and is succeeded by a second rhythmic phase in 
which the system of dunes travels up-stream. This 
again has its counterpart in Eolian dunes. Dr. 
Vaughan Cornish, whose observation of wave sur- 
faces is so extensive, has described a similar phase 
as occurring occasionally under natural conditions. 
Since their movement is affected by erosion and 
accumulation in the opposite direction to that of 
dunes, they are well described as ‘‘ antidunes,” 
but, like the dunes, they are initiated by rhythm of 
water movement, though the precise mechanism 
is obscure. Rhythm brings many puzzles and 
makes the way of the experimenter hard. Its 
unexpected manifestations introduced noticeable 
errors of observation that mechanical devices could 
not wholly remove, and whose mprnee explanation 
still baffles analysis. It may assumed that the 
dominant rhythm originated at the intake, that it 
was started by irregularities of débris feeding or by 
variation of the size and texture of the material 
supplied. A screen would only ensure comparative 
uniformity in the particles present; the current 
proved much more sensitive to slight differences ; 
and the small inequalities of motion, originated and 
increased by the interaction of constant forces, 
were probably responsible for giving rise to varying 
rhythmic periods that could not be separately 
analysed. 

In the presence of so many residual phenomena 
that defy complete explanation, it is difficult to 
decide how far the discussion partakes of a purely 
academical character, and to what extent the 
mechanical arrangements, by imitating the move- 
ment of rivers, permit the numerical results 
obtained to be applied to natural streams. We 
have already called attention to some marked points 
of difference ; there is no need to dwell upon them, 
Rivers are of many kinds, and the same river in 
its course adopts different processes, according to 
its environment. It does not seem possible that 
the rigid limitations of laboratory experiments can 
accommodate themselves with sufficient closeness 
to the continually shifting conditions of season, 
soil, and situation, that the results derived from 
the one should be applicable to the other. Mr. 
Gilbert dissects the H of difference very 
narrowly, emphasising the material points with 
stern impartiality, but leaving an unfortunate im- 

ression that he is disappointed at the poverty of 

is result. His object was to study the mode 


of propulsion, and learn from experiment the laws 
connecting the output with the several factors of 


control. This goal, he says regretfully, was not 
reached. A valuable outcome is the knowledge 
‘*that the output in tractional load is related to 
the controlling conditions in a highly complex 
manner, the law of control for each condition being 
qualified by all other conditions.” To the results 
of experiments on the transportation of detritus 
and related materials by artificial currents, Mr. 
Gilbert can look with more satisfaction. It may 
still be urged that if the laboratory formule are 
not immediately available, they may be advan- 
tageously used in comparing the work of one 
stream with that of another of the same type, and 
under conditions assign limits with considerable 
approximation. On the collection and manner of 
presenting a mass of very varied detail, Mr. Gilbert 
is certainly to be congratulated. 





THERMAL CONDUCTIVITY OF 
REFRACTORY MATERIALS. 

Tue term ‘refractory material,” meaning a 
substance which will resist high temperatures 
without fusing, burning, or decomposing, is, in the 
popular usage, not rarely understood to imply that 
the substance is also a thermal insulator. The 
two properties are not necessarily combined, how- 
ever. When the metallurgist lines the inner walls 
of a furnace with firebricks, he wishes to keep the 
heat of the reactions concentrated within the 
charge and furnace; those bricks should be bad 
conductors of heat; since they must not ther- 
mally be strained beyond endurance, however, the 
metallurgist is quite content that the outer layers 
of bricks should be fairly good conductors, so that 
they may help to dissipate the heat by air cool- 
ing, lest the furnace life be shortened. In the most 
vulnerable part of a steel furnace, where air cool- 
ing is out of question, the cooling is effected by 
the aid of water-jackets made of cast iron, and the 
engineer finds in cast iron a suitable material for 
the construction of the cylinders of internal-com- 
bustion engines, which must bear high tempera- 
tures and yet be good conductors of heat. 

In general, however, a refractory material is 
intended to be a bad conductor of heat. To what 
extent it will remain a bad conductor at really 
high temperatures, when heat insulation seems to 
fail, is very uncertain. Experimental measure- 
ments are generally confined to moderately high 
temperatures, for the one reason that the difficulties 
of heat insulation make accurate determinations at 
high temperatures impossible. That implies that 
extrapolations must be relied upon, and conclusions 
as to the behaviour of refractories at really high 
temperatures—-as to which further information is 
most desired—drawn from experiments at lower 
ranges. Some recent work which we notice to-day 
does not carry us much further in this respect, 
though it is interesting in others. 

A few months ago Messrs. G. Dougill, M.Sc., 
H. J. Hodsman, M.Sc., and J. W. Cobb, B.Sc., 
described some experiments on the thermal con- 
ductivity of refractories before the Yorkshire Sec- 
tion of the Society of Chemical Industry. Their 
apparatus consists of a gas-heated furnace made 
up of a lower and an upper section. The lower 
section is a rectangular body of fireclay encased in 
sheet iron and heated by a Méker burner; it is 
closed above, either directly by the brick of the 
refractory material under test, or indirectly first (in 
moderate temperature work) by a thin sheet of 
iron. The hot gases escape through holes at both 
ends of the furnace-chamber. The brick, 4 in. by 
2 iu., | in. or 3 in. thick, rests on firebricks 4 in. 
thick, all the chinks being sealed with fireclay and 
brick fragments, and it is surrounded at some dis- 
tance by a casing of sheet-iron, the intermediate 
space being, filled with slag-wool or kieselguhr ; 
the test-brick itself supports the water-calorimeter. 
Temperature measurements are taken on the lower 
and upper surface of the test-brick, and the water 
evaporated from the calorimeter is determined. 
Temperatures are measured with the aid of thermo- 
couples, the mounting of which requires great care. 
A groove is made in the brick surface sufficiently 
large to take the silica tube of the couple (1.5 mm. 
in diameter), which is cemented in the groove with 
a mixture of magnesia, sodium silicate, and fire- 
clay, so that the couple is flush with the surface of 
the brick. The lower couple is of platinum and 
ayer nang ner the upper of silver-constantan. 

n order to check the readings of these couples 
holes were drilled horizontally right through the 





it, and other couples were inserted into these hori- 
zontal holes ; the readings were in fair agreement. 
A further check is obtained by sighting a Holborn- 
Kurlbaum optical pyrometer on the lower brick 
surface, whose temperature is thus directly deter- 
mined ; the pyrometer and thermo-couples agreed 
within 10 deg. Cent. for the range 900 deg. to 
1400 deg. Cent. 

The calorimeter is a box of sheet copper, 4 in. 
by 2 in. by 24 in. high, standing on the test- 
brick ; the real calorimeter is an inner chamber 
within the larger box, the latter serving as a 
jacket. Since, however, the whole upper brick 
surface is covered by the water vessel, the heat 
flow through the fire-brick from the lower to 
the upper surface was really rectilinear and in 
parallel lines, whilst there would have been dis- 
tortion of the lines of flow if the calorimeter had 
covered only a portion of the brick—an objection 
to which the often-quoted experiments of Wologdin 
(Bulletin Société d’ Encouragement, 1909, page 879) 
are open. To obviate the effects of any relative 
cooling of the brick near its edges only the inner 
calorimeter, occupying the central portion of the 
whole vessel, was utilised for measurements. To 
make an experiment the furnace is heated for about 
an hour until equilibrium conditions are established. 
During this period the water escaping from the 
inner calorimeter passes up a reflux condenser and 
flows back into the calorimeter; when the real 
experiment, which takes 5 or 10 minutes, com- 
mences, the reflux-pipe is removed, and the escaping 
steam is condensed in a measuring-flask. To avoid 
priming, a disc is fitted in the calorimeter underneath 
the mouth of the steam-pipe; the water in the outer 
jacket boils away, but is not collected. Consider- 
able care was bestowed ona good method of cement- 
ing the calorimeter-box to the upper surface of the 
test-brick ; a thin paste of magnesia brick-dust, 
clay-slip and water was found serviceable, and the 
box was a into a layer of this paste. 

Four kinds of fireclay and of siliceous bricks 
(described as Farnley and as Gregory bricks) were 
tested in this way. The two fireclay bricks 
(Farnley) contained 66 per cent. of SiO,, 31 per 
cent. of AJ,U,, and some oxides of iron, calcium, 
magnesium, and the alkali metals; the siliceous 
brick (Farnley) contained 82.5 per cent. of SiO,, 
16 per cent of Al,O, ; the silica brick (Gregory), 
contained 95.3 per cent. of SiO,, 2 per cent. of Al,(,, 
in addition to the other oxides mentioned. ‘The 

rosity of the bricks was 23.3, 28.7, 28.2, 24.7 
in the four cases—that is to say, the pores occu- 
pied the ——- stated of the total brick 
volume e thicknesses of the bricks were 14 in., 
3 in., 2$in., 24 in. The temperature of the lower 
brick-surface was raised up to 1440 deg. Cent. in 
some cases, the range being 825 deg. to 1440 deg. 
Cent., whilst the upper surface indicated tempera- 
tures ranging from 260 deg. to 550 deg. Cent. 
Another series of tests concerned magnesia bricks 
(Mabor). They contained 92.1 per cent. of MgW, 
5 per cent. of SiO,, 1.7 per cent. of CaO, 1.6 per 
cent. of Fe,O,, and 0.4 per cent. of Al,O,; the 
temperatures in these cases were 380 deg. to 
1370 deg. (lower surface), and 270 deg. to 690 deg. 
Cent. (upper surface); the brick thickness was 
2% in.; the porosity, 31.4 per cent. 

The thermal conductivity k is defined as the 
quantity of heat passed in unit time through unit 
area of a plate of unit thickness, when the opposite 
faces differ in temperature by ldeg. The resulting 
mean thermal conductivities k were calculated on 
the assumption that the conductivities remained 
constant over the interval in question. Thus in 
the case of the first fire-clay mentioned, the k was 
0.0029 when the lower-surface temperature of the 
brick was 825 deg., and the upper-surface tempe- 
rature 260 deg. Cent.; when the limits were 1350 deg. 
and 510 deg. Cent. the k was 0.0039. In the case 
of the more porous second fire-clay brick the k was 
0.0012 when the lower surface was at 1020 deg. 
Cent. (upper-surface temperature not mentioned). 
The other fire-clay and silica bricks followed more 
the first-mentioned case. From these data, Professor 
Cobb, who read the paper, and his collaborators, 
calculate the true conductivities, and they find that 
for all the fire-clay and silica bricks the conduc- 
tivity rose as the temperature rose. But the 
magnesia brick behaved differently. The mean / 
for the interval (380—270) deg. Cent. (lower and 
upper brick surface) was 0.0170, and this figure 
steadily decreased to 0.0091 for the interval (1370 — 
690) deg. Cent., as the brick temperature was raised. 





brick, parallel to the groove and about } in, from 





Thus the conductivity of the magnesia brick was 











JuLy 30, 1915.] 


ENGINEERING. 


I2I 








always much higher than that of the fire-clay and 
silica bricks, but it decreased as the temperature 
was raised, whilst remaining higher than that of 
the other bricks even at the highest temperature. 
This singular decrease of conductivity at higher 
temperatures in the case of magnesia is not in 
accordance with most other observations. The 
results communicated at the meeting of the Society 
of Chemical Industry concerned only one series of 
experiments on one magnesia brick ; the bricks were 
not of pure magnesia, moreover. ; 

Applying a different method, which may have 
advantages, but involves complicated deductions, 
Heyn, Bauer, and Wetzel found last year in the 
Materialpriifungsamt that magnesia bricks con- 
ducted the heat less well than fire-clay bricks, 
and that the conductivity of the magnesia increased 
at higher temperatures, as in the other cases. They 
thus differed from Cobb. On the other hand, 
Goerens described last year in Stahl wnd Eisen 
some experiments with commercial magnesia bricks, 
heated by an electric hot-plate, the results of which 
broadly agreed with those of Cobb. 

The problem hence requires, we think, further 
investigation, and this holds in particular also 
with regard to the influence of the pores. Across 
the pores the heat is transmitted by radiation, and 
at high temperatures the radiation effect may be- 
come equal to the conductive effect through the 
solid mass. Mellor calculated last year (Journal of 
tas-Lighting, March 10, — that, with ordinary 
porous bricks, radiation would count as much as 
conduction at red glow. Cobb doubts this, and 
calculates that the heat-insulating effect of the 
pores would only vanish, with pores of less than 
0.1 mm. size, at temperatures above the melting- 
point of fire-bricks. We think that there are 
hardly sufficient data available for such calcula- 
tions. It is, we believe, assumed that with ordi- 
nary fire-bricks little is changed if the pores are 
enlarged from 1 mm. to 2 mm. in size. Yet it is 
considered advisable to fill large pores with some 
porous material, and it seems to be supposed 
that the smaller the pores the better the heat 
insulation. If the subject were not beset with 
considerable difficulties, the rapid development of 
electric furnaces should already have helped us to 
a solution of these problems. 








THE WAR LOSSES OF MERCHANT 
SHIPS. 

Ir is as difficult to get reliable data as to the war 
losses of merchant ships as of the casualties of the 
belligerent nations ; Put Lloyd’s Registry, who 
have facilities for acquiring information on the 
former subject, reveal some interesting results in 
the annual return issued this week. It deals only 
with the period ending with December, and conse- 
quently includes only five months of these war 
losses ; but, even so, the figures are of very con- 
siderable interest. They show that in respect to 
tonnage the Allies have lost by warships or mines 
97 out of 10,000 tons of the shipping owned by 
the nations, whereas in the case of the Ceutral 
European Powers the proportion is 113}, and in 
the case of the neutral nations about 40. It 
should be remembered, however, that the German 
submarine attack on merchant shipping commenced 
in earnest only at the end of January ; up to that 
time only three British vessels had been sunk by 
under-water boats, although fifty vessels had been 
destroyed by cruisers and eleven by mines, exclud- 
ing the fishing craft. The position up to the end of 
December is shown in Table IL., from which it will 
be seen that the heaviest rate of loss to tonnage 
owned was experienced by Denmark, the rate in 
their case being 1.36 per cent. of the tonnage 
owned. Germany comes second with a percentage 
of 1.24, and when it is remembered that the 
policy of the German nation, as definitely re- 
vealed at the meeting of the Marconi Company, 
was, at the outbreak of war, to ensure by wireless 
code communication to all German ships on the 
high seas their safety by ordering them into neutral 
ports or German colonial possessions, this percentage 
of loss must be regarded as satisfactory to the British 
Navy. We, on the other hand, have continued 
our shipping practically at its normal volume on 
every sea, so that the fact that we have lost only 1.19 
per cent. of the tonnage is highly satisfactory, and 
establishes clearly the effectiveness of the supre- 
macy maintained on the high sea by our merchant 
fleet. Like Denmark, Sweden has suffered much 


cent. Russia comes next amongst the nations, her 


rate of loss being 0.784 percent.; the next in order 
are Holland, with 0 774 per cent.; Austria-Hungary, 
with 0.596 per cent.; France, with 0.565 per cent. ; 
Norway, with 0.476 per cent.; and the British 
colonial ions, with 0.127 per cent. 

Regarded from another point of view, it may be 
said that during the first five months of the war 
we lost by the action of German ships and Ger- 
man mines a tonnage equal to that normally lost 
through misadventure and decay—in other words, 
by natural causes rather than violence. But in the 
case of both Austria-Hungary and Germany, the 
war losses were in the proportion of 140 to 100 
tons. The Dutch losses were in the ratio of 137 
to 100 tons, and the Danish losses, 95 to 100 tons. 
France comes next with 82, Russia with 76, Sweden 
with 56, Norway with 31.7, and the British Colonies 
with 16 to the 100 tons. 

The important shipping countries own 27,676 
ships, and of these the war has, up to December, 
accounted for 162. The tonnage of these vessels 
sunk by warships and mines, for the same period, 
totals 372,277 tons. The world’s tonnage, how- 
ever, aggregates about 44 million tons, so that the 
proportion of lossesin that period is considerably 
under 1 per cent. The Allies at the end of Dec- 
ember had lost 252,813 tone, but their united 
merchant fleets represented a total of over 26 
million tons, so that, as we have already pointed 
out, the loss is only 97 tons for each 10, tons 
owned. In the case of the Central European 
Powers, the losses were little more than one-fourth, 
having been 73,930 tons, but their collective fleet 
only totalled 6,515,000 tons. As we have already 
indicated, however, a very small fraction of this 


TaBLe I.—War Losses of Merchant Ships to 
December 31, 1914. 





Vessels 
Total Vessels | Sunk by |fercentage Sunk 
Owned. = |Warshipsor| "7 Sings 
by Mines. — 
Nation. 
| Of Of Ton- 
No. Tons. No.| Tons. | Vessels; nage 
| Owned. Owned. 
British : | | 
United Kingdom 9240 (19,256,766 101 229,179) 1.09 1.19 
Colonies --| 2088 | 1,788,283) 2 2,271) 0.104 0.127 
America (United | | | 
States of)* ..| 2490 | 2,970,284, — — | — — 
Austro-Hungarian); 445 | 1,055,719 4 | 6,289) 0.9 0.596 
Danish ee ..| 822) 820,181 7 | 11,140) 0.85 1.36 
Dutch ie | 1,496,455) 5 | 11,574| 0.62 | 0.774 
French -| 1576 | 2,319,488 5 13,097; 0 318 0.565 
German 2388 | 5,459,206 13 67,641) 0.545 1.24 
Italian 1160 | 1,668. — _ — — 
Japaneset .. 1103 | 1,708,386 — —_ i— _— 
Norwegian 2191 | 2,504,722, 8 11,902! 0.365 0.476 
Russian 1254 1,053,818 7 8,266, 0.558 0.784 
Spanish .. 647 898,823, — —/— _ 
Swedish .. --| 1466 | 1,118,086 8 9,875, 0.546 0.883 
Other European | 
Countries |= — 1 -- oe 
Central and South 


America. . oe 
Other countries .. 


| 
| 285 
| 7 : 


~ | 


8 


| 
| 
| 
' 


* Excludes the Lake steamers. t Excludes sailing vessels. 


64 million tons could be attacked by the British 

avy, a8 a preponderating majority of the ships 
flying the German or Austro-Hungarian flags had 
scuttled to ports of safety, and probably more than 
half are to-day interned either in enemy or in 
neutral ports. The losses of the neutrals equal 
only 20 per cent. of those experienced by the 
allies, the tonnage loss of such countries being 
45,534, but the proportion in their case is only 39 
tons for each Po, 600 tons owned. The British 
losses in merchant ships to the end of December 
were 101 vessels, of 229,179 tons. This agrees 
very closely with the Admiralty return, which 
showed that the vessels sunk by warships and 
mines made up 234,632 tons. In their case only 
vessels of over 300 tons were included, whereas 
Lloyd’s include vessels of over 100 tons. The rate of 
loss, therefore, of the first four months of the war, 
according to the Admiralty, was 47,000 tons per 
month. Since then, however, as we have already 
said, the German submarines have been much 
more active, particularly since the commence- 
ment of the so-called submarine blockade on Feb- 
ruary 18 ; so that, according to the latest Admiralty 
returns, the average loss per month since the 
beginning of January exceeds 50,000 tons, or 
since the beginning of April 60,000 tons. The 
total loss of vessels over 300 tons from August 4 
until July 21 made up 593,426 tons. Included in 
these are 56 vessels sunk by enemy cruisers, 14 by 





from the war, her tonnage loss being 0.883 per 





mines, and 109 by submarines, making a total of 


179. This is exclusive of 177 fishing vessels sunk, 
either by warships or mines, representing 22,957 
gross tons. 

It may be added that the losses from all causes 
in 1914, according to Lloyd’s Return, include 
766 vessels, of 1,055,112 tons, of which 870,662 
tons were steamers, and 184,450 tons were sailing 
vessels. The total is 338,082 tons greater than in 
1913, which is more than accounted for by the war 
losses, which make up a total of 372,277 tons. As 
to how this figure is made up, details are given in 
the accompanying table. A considerable number 
of vessels are withdrawn from the merchant fleets 
of the world owing to breaking up or dismantling, 
and not as a consequence of casualties. Included in 
these are vessels totalling 128,978 tons, which is 
20,183 tons more than in the previous year. Thus 
16 per cent. of the removals are due to this cause, 
wel it is gratifying to note that one-third of the 
tonnage of those broken up belonged to the 
United Kingdom. Strandings and similar mis- 
haps count for 45.7 per cent. of the losses of 
steamers and nearly 39 per cent. of those of sailing 
vessels. If the vessels which were abandoned, 
foundered, or are missing owing to the same cause, 
are included, nearly 204 per cent. of the steamers 
and nearly 314 per cent. of the sailing ships were 
lost because of stranding, From all causes the 
United Kingdom lost during the year 2.2 per cent. 
of the tonnage owned ; Germany, 1.75 per cent. ; 
and all the neutral countries combined, 2.37 per 
cent. The heaviest losses on this basis were those 
of Sweden, which lost 3.7 per cent., Norway, 
which lost 3 per cent., and Denmark, 2.84 per cent. 
of the tonnage owned. 








NOTES. 

Porosity AND Capacity OF ACCUMULATORS. 

Tue great weight of the lead plates and cells in 
accumulators is their chief primary imperfection, 
and ae mpee to raise the capacity, and thus to 
reduce the weight, of the cells still excite interest. 
About fifteen years ago Professor C. Heim, and 
others subsequently, showed that the capacity 
could be considerably raised by heating the electro- 
lyte. It turned out that Gladstone and Hibbert 
had observed that fact in 1892, and accumulator 
makers did not take kindly to the suggestion. 
Manufacturers of accumulators had themselves 
been responsible for a good deal of the trouble 
attending the use of secondary batteries, because 
they gave bad advice ; but they were right in this 
case ; the heating shortens the life of the plates. 
Heim now publishes, in the LHlektrotechnische 
Zeitschrift of June 10, 1915, definite figures as to 
the inerease of the capacity of accumulator-plates 
which can be secured z increasing their porosity. 
He does not propose that the porosity should be 
increased, and sucha suggestion would, of course, 
not be novel. But he offers definite figures instead 
of vague claims, and states that there is obtained 
a rise of 21 per cent. in the capacity by increasing 
the porosity of the active material, without altering 
its composition in any way, while simultaneously 
the weight of the active material is reduced by 16 per 


cent. That is sufficient to justify further experi- 
menting, especially as there is nothing surprising 
in the observation. The capacity of a battery 


depends upon the amount of available active 
material, but not so much upon the total mass of 
the material as upon its being available—i.e., 
accessible to the acid which is to transform the 
spongy lead, on the negative electrodes, and the 
peroxide, on the positive electrodes, into lead sul- 
phate, and thus to create electric energy during 
the discharge. The acid must be able to diffuse 
into and out of the material, and the plates 
should yet be mechanically strong to stand the 
reversion of the chemical reactions and the 
concussions, unavoidable, for instance, on a sub- 
marine. The problem is to combine porosity 
with strength. Heim’s experiments were made in 
connection with a private research, and though he 
does not communicate the composition of the 
material, he states, at any rate, how he secured 
higher porosity. His positive plates consisted 
of grids 140 mm. by 102 mm., 6 mm. thick, pro- 
vided with windows of 26mm. by 20 mm. He 
mixed the material simply with sulphuric acid, 
taking in four different mixtures, A, B, ©, D, 100, 
121, 143, and 171 volumes of acid (density, 1.180 
at 15 deg. Cent.) for a constant amount of material. 





The A mixture was a very stiff paste of the cus- 
tomary consistency, B and C were less stiff, and 
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D was almost liquid ; a small amount of glycerine 
was added in all the cases. The plates were dried 
by the special process of the firm, and then formed 
in the usual fashion; the negative plates were 
prepared in the same way, the grids being of the 
same kind, only a little less thick. Cells were then 
built up of three negative and two positive elec- 
trodes, placed in acid of density 1.2, and charged 
ata current density of 1.31 amperes per square deci- 
metre of surface. During the discharges the poten- 
tial was allowed to sink from 2.7 to 1.8 volts ata 
temperature of about 20 deg. Cent.; the tem- 

rature did not fluctuate by more than 1.5 deg. 

he average results of eight fairly concordant dis- 
charges at 7.5 amperes were for cells A, B, C, D, 
28.5, 30.2, 32.3, 34.6 ampere-hours ; or putting 
the ampere-hour capacity and the acid proportions 
in the active material of the A plates at 100, the 
capacities were 100, 106, 113, 121, and the acid 
proportion in the material 100, 121, 143, 171, as 
stated above. The weight of the dry D plates 
was 16 per cent. smaller than that of the A plates. 
Former similar researches by P. Schoop and by 
L. Jumau did not give definite figures, or were not 
made with the same material. 


TRINITROTOLUOL. 


According to the French journal La Nature, the 
Germans have for some years = adopted trinitro- 
toluol as the main explosive for shells and also for 
torpedoes and mines. The fragments of their 
shells show more often than not a black deposit, 
a feature which indicates an incomplete combustion 
or explosion of the trinitrotoluol owing to an excess 
of carbon and an insufficiency of oxygen ; this is a 
grave defect for any explosive. When explosion, 
or instantaneous combustion, is complete, the flame 
is clear, and there is no carbon residue. Trinitro- 
toluol is a crystalline body, slightly yellow in colour, 
fusible at 82 deg. Cent., soluble in alcohol and in 
ether. For nitrification, toluol is treated in a 
mixture of sulphuric and nitric acids; 100 lb. of 
toluol yield 150 lb. of trinitrotoluol. The treat- 
ment is an easy one, and is not surrounded with 
danger. Trinitrotoluol is not a new product, the 
American chemist Mowbray having called atten- 
tion to it in 1886. Its great advantage is that it 
does not give out any very toxic gases. The 
Germans have adopted trinitrotoluol for charging 
their shells, submarine mines, and torpedoes, 
because they have a good supply of toluol. This 
latter compound is Sbtained solely from coal- 
tar, and its production is necessarily somewhat 
reduced in war time. It is only one of the nume- 
rous products obtained by the distillation of coal- 
tar. On the other hand, the nitrification of toluol 
requires a very large amount of nitric acid, and this 
can only be obtained from the Chilian or Peruvian 
nitrates, or from the nitrates made in Norway from 
the air, products which Germany is no doubt 
now trying to replace. Trinitrotoluol is a stable 
compound. Samples exposed to the action of the 
atmosphere for several months, at temperatures 
varying between 10 deg. and 50 deg. Cent., were 
not influenced in any way. It does not explode 
by contact with a flame, nor by heating in the 
atmosphere, nor, again, under ashock. By striking 
it with a hammer, there follows only a slight 
partial decomposition. It has no action on the 
metal with which it is in contact; it has no acid 
reaction, and can be placed in the shells 
without any special precaution. The Germans 
either melt and pour it into the shells, when it 
has a density of 1.60, or compress it heavily 
in the shell under an hydraulic press, when it 
has a density of 1.70 to 1.80, and is as hard 
as stone. But this compression is surrounded 
with risks, and it has led to accidents at the 
Schoenebeck a. Elbe works ; compression has also 
the disadvantage of decreasing the sensibility of the 
shells to the detonator. Even in the pulverulent 
state, without melting or compression, trinitro- 
toluol is hard to detonate. The German shells are 
— by means of a cartridge containing pulveru- 
ent trinitrotoluol, or picric acid, and by a 
large cap of fulminate of mercury. The German 
Government is supplied with this explosive mainly 
by two works—that of Schlebusch, near Cologne, 
belonging to the Sprengstoff A.-G. Carbonit, and 
that of bdhequateth, . ee referred to. With 
reference to the production of nitrates from the 
air, the Schweizerische Bauzeitung says that the 
yield is small compared with the en spent, and 
therefore satisfactory results are a to be ex- 


pected in countries which can dispose of very cheap 








water-power. These few remarks would be incom- 
lete without reference to a statement made by 
. W. J. A. Butterfield, at a conference recently 
held at Cardiff, on the extension of British trade, 
and reported in Nature. Mr. Butterfield men- 
tioned that great stores of this explosive (trinitro- 
toluol) had been accumulated in Germany prior to 
the outbreak of war, and that for one or two years 
prior to the commencement of hostilities its ship- 
ment to this country ap to ‘have been hin- 
dered, on the ground of its being dangerous. 
Without a powerful detonator there is, however, 
no danger in shipment. 


Tue GerMaAw STATE AND THE RHENISH- 
WeEsTPHALIAN CoaL SYNDICATE. 


Genuine and general surprise has been caused in 
Germany by the proposed establishment of Govern- 
ment control for the coal and lignite industry. Some 
faint hints may have been thrown out about this 
somewhat drastic step on the part of the Govern- 
ment, but no notice had in any case been taken of 
what may have been put forward, and one of the 
leading men, a man in the front rank, of the 
Rhenish - Westphalian Coal Syndicate, Herr 
General-Director Kirdorf, has openly stated that 
the coal-mine owners look upon it as a rather 
unfriendly act of the Government not to have 
revealed their plans to the syndicate. It is 
argued, however, that all personal interests must 
stand aside, and that the public-welfare is the 
first concern of the State. e negotiations about 
the renewal of the Coal Syndicate have so far led 
to no result ; new impediments have always cropped 
up when the attainment of the desired end seemed 
at hand. Time is growing short ; the present 
Coal Syndicate agreement expires on December 31 
of the present year, and the mines are already 
at liberty, from October 1, to dispose of their 
production after January 1, 1916. The official 
coercive syndicate arrangements, which the new 
Decree provides, can, however, yet be avoided 
by the mine -owners, if they can bring the 
voluntary renewal of the syndicate to con- 
summation, say, before the middle of Septem- 
ber, provided the new or renewed syndicate 
comprises 97 per cent. of the aggregate pro- 
duction of the district, and also provided that 
the authorities in question consider that the 
new agreement sufficiently protects the public 
interest. The Government will in this case be 
represented by the Prussian Minister of Commerce. 
The Rhenish- Westphalian Coal Syndicate has an 
aggregate productive capacity of more than 
100,000,000 tons per annum, against a total Ger- 
man production of coal during the year 1913 of 
191,000,000 tons. Of the 63 mines which belong 
to the syndicate, only a little more than two-thirds 
have so far signed the new agreements, and it 
remains to arrive at an understanding with the 
remaining third and the outsiders. This would 
“rape have been brought about, though per- 

ps at the last moment. The position with the 
Crown coal - mines is somewhat different. The 
question of allotment and self-consumption might 
not have offered any special difficulties ; the Crown, 
however, desires to obtain a controlling influence 
in the fixing of quotations, and further the full ac- 
quirement of all the shares in the Hibernia concern, 
of which the State has so far only held a portion. 
With these two demands the syndicate, so far, has 
been disinclined to acquiesce, being unwilling to 

ive up the control of their own affairs, and the 

erne Combine, to which the majority of the 
shares in the Hibernia concern belongs, took up a 
somewhat defiant position, and showed no desire 
to relinquish their dominant position in the con- 
cern without receiving the remuneration they had 
in view. The syndicate men probably thought 
that the Crown would rather give in than be 
the cause of breaking up the syndicate, but, as 
will be gathered from what has been said above, 
the Crown found a way out of the difficulty which 
had not been thought of. If the syndicate is 
not voluntarily prolonged with the 97 per cent., 
which involves the joining of the Crown mines, 
the Prussian State steps in. In either case the 
Crown mines will, of course, gain their point— 
the highest possible allotment for their mining 
undertakings already in full swing or in a state 
of development, and a controlling influence upon 
the fixing of the quotations, inasmuch as the 
Crown will not join the free syndicate except on 
its own terms.’ The tions for the possible 
coercive kartel have already provided the needful for 





the fulfilment of the desires of the Crown, barring 
the coveted sale control of the Hibernia concern, 
for which the Crown is said to have striven for 
more than ten years. It is pointed out that a 
syndicate under State coated tt better for the 
= weal than a syndicate which does not let its 

uyers participate in the advantages arising from 
the production under kartel. Thus a combine of 
coal-mining concerns has quite recently committed 
an arbitrary act by using the state of war between 
Austria and Italy as a justification for cancelling 
current contracts. Only those who are pre to 
pay higher prices will receive delivery. is does 
not look like a state of distress within the coal- 
mining industry. As far as the Rhenish-West- 
phalian Coal Syndicate is concerned, their sale of 
coal has almost continuously risen since the war 
broke out, and the sale of coke is already larger 
than was the case at the corresponding period last 
year. 





THE LATE REAR-ADMIRAL BENJAMIN 
FRANKLIN ISHERWOOD. 

WE regret to have to record the death, which 
occurred at his residence in New York, on June 19, 
of Rear-Admiral Benjamin Franklin Isherwood, 
who was Engineer-in-Chief of the United States 
Navy during the American Civil War. 

Admiral Isherwood was born in October, 1822, 
at New York City ; his father was a physician, 
and his great-grandfather was Captain du Clos, a 
distinguished French military engineer, who was 
on General Lafayette’s staff in the American 
Revolution. He received his early training at the 
Albany Academy. His first employment was with 
the Utica and Schenectady Railroad ; he left this to 
co-operate in the construction of the Croton Aque- 
duct, entering later the service of the Erie Railroad. 
At a subsequent date he entered the United States 
Treasury Department, where his work was in con- 
nection with lighthouse construction. Whilst at 
the Lighthouse Board he was sent to France to 
superintend the manufacture of lenses on designs 
which he had put forward. When the Engineer 
Corps of the United States Navy was organised the 
subject of our memoir was one of the first to be 
appointed a member of this corps, and he began 
his experience at sea during the Mexican War in 
1846, on the Princeton, the first screw-propelled 
steam vessel of the United States Navy. He served 
later as chief engineer on the Spitfire, and on the 
conclusion of the war he cruised during three years 
in the San Jacinto, which was attached to the 
Asiatic Squadron. 

In the year 1851, Isherwood, whilst engaged in 
his ordinary duties in the American Navy, pre- 
pared a for the modification of the engines 
of the Allegheny. From that time onward he 
made a complete study of the involved problems 
of naval architecture, problems which in his par- 
ticular case and in the earlier days were specially 
difficult to solve, since they dealt with the trans- 
formation and the new equipment of old vessels, 
=e of which were of light construction. The 
results of some of his work in this field were pub- 
lished in 1859, in two volumes of ‘‘ Engineering 
Precedents,” in which he dealt with the duty of 
steam-engines in connection with their indicated 
horse-power, their losses by friction, the losses in 
transmission, and the net energy expended in pro- 
pelling the ship. 

His work won recognition, since at the outbreak 
of the Civil War, in the early months of 1861, he 
was appoin Engineer-in-Chief of the Navy, 
although he was not at the time at the top of the 
engineers’ list. An idea of the work carried out 
by Isherwood in his capacity of Chief Engineer is 

‘orded by the fact that, whilst at the commence- 
ment of the Civil War the United States Govern- 
ment had only 69 ships of all classes, including 
34 sailing-ships, by the end of the same year, 1861, 
it had improvised a navy numbering 211 ships and 
carrying ns. By the close of the war, the 
United States _— could reckon on 600 vessels of 
all classes, by the aid of which it had. blockaded 
the southern ports very effectually. 

Isherwood held the post of Engineer-in-Chief 
from 1861 to 1869, when he was succeeded by 
Mr. James W. King. He remained in the naval 
service until 1884, when he retired with the rela- 
tive rank of Commodore, raised later to that of 
Rear-Admiral. On his retirement he took up his 
residence in New York, and devoted his energies 
to scientific research and literary work. 
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CANAL BRIDGES. 
By E. A. Cross, B.Sc., Assoc. M. Inst. C.E. 


In this paper the author’s object is to give a short 
description of and a few notes concerning construc- 
tion and maintenance of some of the bridges for which the 
Birmingham Canal Navigations are responsible. 
canals lie wholly to the north of Birmingham, and for a 
considerable distance wind in and out of the various 
pits, works, and factories, of South Staffordshire. The 
construction of the waterways has necessitated the con- 
struction of a large number of bridges and aqueducts 
to enable the roads to be carried over or to pass under 
them. These — are generally of small spans, 
the majority being from 15-ft. to 35-ft. but from 
an engineering point of view, both in their construction 
and maintenance, present many interesting features. _ 

The Act of Parliament authorising the construction 
of the earliest canal forming part of the Birmingham 
Canal Navigations was passed in 1767, the canal being 
afterwards constructed by James Brindley. Since that 
date various additions have been made. During this 
period considerable progress was made in the art of 
bridge-building, and the bridges built are of different 
types, according to the date of their construction. They 











Fic. 1. Typicat Brick Arcu, Fazetey Cana. 








Fic. 2. SmetuHwick AQUEDUCT. 


thus provide a number of examples of the evolution of 
bridge construction. In order to make the historical 
references as complete as possible, the author proposes 
briefly to narrate the leading stages in the art of bridge 
construction pee to 1767, continuing with the bridges 
—_ on the Birmingham canals from 1767 to the present 
ay. 

ridges of one form or another are of ancient origin, 
possibly the earliest types were constructed with tree- 
trunks thrown across the stream; at other times, large 
stones were hurled into the river to form piers, on which 
was constructed a flooring of stones or timber. Several 
of this latter type appear to have been built in England, 
and in Devonshire the remains of a stone bridge con- 
structed across the Dart are still to be seen. There are 
three piers, each composed of six layers of granite slabs 
above the foundation. The top covering-stones are about 
15 ft. long by 6 ft. wide, the whole mass being entirely 
held together by its own weight. 

The Romans built sev bridges, both stone arches 
and timber structures, the latter usually being formed of 
piles driven into the bed of the river, on which the timber 
roadway was built. 

In England itself little appears to have been done up 
to the ninth century, the majority of the rivers bei: 
forded at suitable points. One of the earliest Englis 
arches, which was probably built in the tenth century, is 
the triangular bridge at Croyland. This consists of 7 bling 
arches springing from three abutments at the base of an 
 eapten triangle, and meeting at a point on the crown. 
The road over is so steep that a horse can only pass over 
with difficulty, and the exact reason for its construction is 
rather vague. Another early bridge was old Bow Bridge, 
constructed, about 1110, over the Lea, near Stratford, 
the river being spanned by three arches. Several other 
stone arch bridges were in England soon 
after, but the arches were small, the piers extremely 
wide, and the river current considerably impeded. More- 
over, the piers were often badly constructed, being 


formed merely by throwing stones into the bed, and were 
frequently swept away 
was increased owing to 


hy force of the current, which 
constriction of the waterway. 


These | ever, and to this day it is known as the shaking bridge. 


Little progress was made till 1634, when Inigo Jones 
constructed a bridge over the Conway at Llanrwst. It 
is of three spans, the arches being ‘7: and the 
largest span 58 ft. The gradients of roadway were 
much flatter than had been the case in earlier structures. 
The work does not appear to have been well done, how- 


In all probability this provided the model for future 
structures. is 

One of the first attempts in Great Britain to construct 
A bridge was that built in 1746 by William 
Edwards across the Taff. His idea in constructing one 
large span was to avoid the necessity for piers in the 
centre of the river, as these were often the cause of the 
destruction of the bridge. The span is 140 ft., the arch 
being the segment of a circle of radius of 170 ft. The 
first attempt failed —— the pressure on the haunches 
forcing the crown up. The second attempt succeeded 
owing to the introduction of three cylindrical holes in 
the masonry of the haunches to relieve the weight on 
them. 

This practically brings us up to 1767, the date of the 
Act for the construction of the first canal from Birming- 
bam to Wolverhampton. This was built by James 





Brindley, his bridges being mostly brick arches. They 
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were either segmental or semi-circular, and were built 
with parapets curved in plan ; the wings were built with a 
curved batter, and there was hardly one straight edge on 
the whole bri 

The an and Fazeley Canal was constructed 
soon after the Wolverhampton line, and a series of arches 
similar to Brindley’s were built. y are all segmental, 
and have spans about 18 ft., with a rise of one-quarter 
span. A typical bridge is shown in Fig. 1. 

It is —— to note that up to this time all the 
bridges were either segmental, semi-circular, or built 
with pointed arches, the roadways over them being 
extremely steep. John Rennie was the first to introduce 
the elliptical arch into England, as a result of which he 
was able to make the ients over his bridges much 
flatter. His first semi-elliptical arch was built across 
Tweed at Kelso, and consisted of five arches, each 72 ft. 
span and 28 ft. rise. The roadways over it were almost 
level, and the chief cause of complaint from one of the 
inhabitants was that it was no bri at all, as you did 





not know when you were on it and w you were off it. 
Prior to this, bridges had been constructed with either 





the | least not on Birmingham ca: 


stone, bricks, or timber, and cast iron now makes ite first 
appearance. It appears that the first attempt to build a 
cast-iron bridge was made at Lyons, in France, in 1755, 
but the scheme was abandoned as too costly. 

The first iron arch constructed was made in England at 
Coalbrookdale by Mr. Darby. The bridge consists of 
one semi-circular arch, 100 ft. span, each of the ribs bei 
cast in two pieces only. It was opened for traffic in 1779, 
and a new era in the art of bridge-building was thus 
entered _. Following this a cast-iron arch in one 
span of ft., with a rise of 34 ft., was built across the 
Wear at Sunderland. The springing level was 95 ft. 
above the bed of the river. Considering that the use of 
iron for this class of work was just commencing, its con- 
struction was undoubtedly a great achievement. 

Cast iron was first introduced on to the Birmingham 
canals in the oy part of the nineteenth rea d by 
Thomas Telford. He was engaged to improve the Wolver- 
hampton line built by Brindley, for which purpose he 
carried out numerous shortenings and the construction 
of a new canal at Smethwick at a lower level than 
Brindley’s canal. His improvements necessitated the 
construction of many new bridges as well as several 
aqueducts. Telford had already used cast iron with 
great success in the construction of the aqueducts on the 








Fie. 3. Canat Aquepuct, Masonry ARCH ; 
Heavity Puppiep Troves Insipe. 








Fie. 7. Prercy Aquepuct ; Cast-Iron Troven, 


Ellesmere Canal at Chirk and Pons-Cysylitau, and he 
decided to use it again on the Birmingham Cenk Fig. 2 
shows an illustration of Smethwick Aqueduct, which was 
constructed of cast iron. It has a span about 60 ft. and 
consists of a cast-iron trough supported on five cast-iron 
arched ribs at 4-ft. centres, e idea for making 
the trough of cast iron ap to have been Telford’s 
own invention, and this has many advantages over 
the thick puddled trough necessitating heavy arches 


and walls, with which many of the aqueducts are 
built (Fig. 3). His cast-iron trough consists of plates 
wi ends, securely bol together, the joints 


th a 
being well caulked. No puddle is required in the trough 
iteelf, which is Fagen water-tight. Telford con- 
structed many bridges, among which were two cast-iron 
arches, viz.—Galton Bridge and Rabone Bridge. At 
Galton Bridge the road is carried over the canal at a 
height of 69 ft. above canal-level, and in order to avoid the 

heavy masonry piers which would have been neces- 
sary with small he decided to use one span only, of 
150 ft. The bri consists of a cast-iron arch, 150-ft. 
ey 15 ft. rise, formed with six ribs at 4-fb. 9-in. centres. 
rib is cast in seven pieces, and has a uniform depth 
of 3 ft. The floor is formed with cast-iron a nme 
and the whole structure is Goncasnlz braced together. 

Rabone Bridge is of a slightly different design, and 
consists of a segmental arch, 52-ft. span, 5-ft. 6-in. rise, 
formed of five ribs at 4-ft. 6-in. centres ; each rib is cast 
in two pieces, and has a depth of 1 ft. 6 in. at the crown. 
Flooring is formed with cast-iron floor- plates in a similar 
manner to that of Galton Bridge. _ 

From this time up to 1860 cast iron was predominant 
in bridge construction, and although it is believed that 
wrought iron was introduced before 1800, it does not 
appear to have been extensivel before 1860, at 
A large number of 
canal bridzes constructed between these dates were 
of cast iron, and several of them still remain, and in 
most cases are in nearly as good a condition as when 
mg = wie 4 a ent pl wr ge ny of cast- 
iron dges ; . 418 & towpa with spans u 
to 50 ft. i cunts of two deep parapet girders about 
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6 ft. apart, to which are bolted cast-iron floor-plat 
roy or a Ay fo. ee The como, t. ition 
to bei to the parapet girders, are to one 
another at the side. As there has been no increase in 
the live load taken over these structures, a large number 
of them po A gar in — condition, and show 
every pro ty of remaining as long again. 

Fig. 5 shows a section of my bo consisting of simple 
cast-iron girders, 1 shape, with floor-plates bolted to their 
bottom This type is used mainly on small spans, 
from 12 ft. to 15 ft. 6 girders are usually placed about 
4 ft. centres, and vary in depth from 12 in. to 18 in. 
Occasionally the web varies in depth from a maximum 
in Sg —_ toa a oe = oe aie 

ig. ows & type ler for spans up 
to 49 ft. or 50 ft. The girders have top and bottom 
fi with floor-plates, top and bottom, bolted to them. 
In these cases the floor-plates are well bolted to the 
girders, and the joints very tightly caulked. Sowell was 
the latter process carried out that in removing these it 
is frequently necessary to break the plate itself before it 
can be taken out. Under these conditions there is a ten- 
dency for any concentrated live load to be distributed to 
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Fie. 12. Parrripes Bripes. 


an extent all over the bridge, the latter then acting some- 
what as a monolithic structure. There are several of 
these bri on the canal; they are exceedingly 
durable and require little attention except occasional 
painting. 

Cast iron was also applied to aqueducts, formed with a 
cast-iron trough, similar to that constructed by Telford. 
An example of this occurs at Piercy Aqueduct, near 
Hams , where the Tame Valley al is carried over 
the Walsall road. This is a cast-iron trough, 29 ft. wide, 
35 ft. 9 in. span, supported on eight cast-iron girders 

laced at 4-ft. 3-in. centres, which are used in p of 

‘elford’s cast-iron arches, the girders being 2 ft. 3 in. 
deep (Fig. 7). These ees are very durable, and in 
mining districts are a distinct success, since they adapt 
themselves for being lifted. 

During the period 1800-1850 several brick arches were 
constructed, in particular, in parts where there was plenty 
of head-room. A good example of « brick-arch bridge, 
constructed about 1840, is tt Bridge on the Tame 
Valley Canal. The canal is at this point made in a deep 
cutting; the road over has a steep gradient, the average 
height being 60 ft. above canal water-level. The total 
span is 148 ft., and the structure consists of three arches, 
each 45 ft. skew span. One arch is semi-circular, and the 
other two are stilted to adapt themselves to the road 

radient. The two piers are 6 ft. 9 in. thick at tow-path 

evel. The crown of the arch is at a height of 54 ft. 
above canal water-level (see Fig. 8). 

Several brick arches were also built on the Cannock 
Extension Canal. They are all of a stan type, and 
are formed with semi-elliptical arches, about 25-ft. span, 
with a rise of one-quarter span. An illustration of a 
= bridge is shown in Fig. 9. 

imber bridges were also used for small s and 
usually consisted of baulks 14 in. by 14 in. at 4-ft. centres, 
with 4-in. planking laid acrossthem. Both the baulks and 


planking, however, require frequent renewal, and this 
ty is not often used except in districts where traffic is 
ight. 


Having thus briefly dealt with the history and con- 
struction of the various bridges on the Birmingham 
the author proposes to devote the remainder of 








this article to dealing with their maintenance, including 
under this heading the reconstruction of the existing 


structures. In the district covered by these canals the 
bridges as maintenance can roughly divided 
into two classes :— 


1. Structures affected by mining subsidence. : 

2. Structures requiring alterations or repairs necessi- 
tated by causes other than mining operations. 

1. Structures Affected by Mining Operations.—The con- 
ditions affecting the mining subsidence on canals in 
general has been dealt with in a former paper by the 
author, * and consequently will be but lightly touched upon 
in this. The —— point to note is that the with- 
drawal of coal from below causes subsidence of the sur- 





structure the commencement of subsidence necessitates 
the immediate reconstruction of the bridge; for even 
assuming no material damage is done to structure 
itself, the head-room after subsidence would be insufficient 
to allow boats to pass under. (In the type shown in 
Fig. 9 the arch must be generally pulled down imme- 
diately subsidence commences, owing to lack of head- 


room. 

(c) Girder Type.—With this type and deep mines the 
maintenance is comparatively ~-_~ the girders being 
lifted as the subsidence proceeds. e stracture itself is 
not often . The amount of the vertical lift is 
usually 18 in. at each lifting; if the bridge has brick 
parapets, it is advisable to take these down before lifting, 
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face above. All works on the surface subside :—Bridges, 
aqueducts, locks, towing-paths, buildings, houses, wharves, 
in fact aryeene gem down except the original water- 
level, which must be maintained. © effect of this would 
be to reduce the head-room of the existing bridges. Con- 
sequently the bridges must be either rebuilt or lifted until 
the original headway is restored. ; 

The effect of the mines varies according to their depth. 
With deep mines, say 300 or 400 yards below the surface, 
the effeet of removing the coal is to cause a gradual 
subsidence; while with shallow mines, say 50 to 100 
—_ deep, the effect is more severe, the subsidence 

ing rapid, causing cracks, and sometimes ‘‘ crownings 
in,” on the surface. 

Mines.—Dealing with deep mines first, we note 
that the subsidence is gradual, and the method of 
restoring the structure depends upon whether it is— 


(a) Brick or stone arch with ample head-room. 
i} Brick or stone arch with minimum head-room. 
c) Girder structure. 

(a) Brick or Stone Arch with Ample Head-Room.— With 
gradual subsidence of a few feet the arch may escape 
without serious damage, and when the sinking has finished 
the arch will merely be at a lower level than previously, 
with reduced head-room according to the amount of the 
subsidence. A careful watch, however, must be kept on 
the structure for any cracks or other signs of disturbance, 
since, once commenced, these may soon prove serious. 
In some cases it is advisable to put mapeeey centres in 
to support and strengthen the arch while it is subsiding. 
(b) Aftch Type, with Minimum Head-Room.—With this 





* See Birmingham Engineering Journal, June, 1912. 











,and substitute steel and timber parapets, which will be 


descri later. With a narrow roadway, say, up to 
18 ft. wide, the road is closed and the whole bridge 
lifted, it being usually three or four days at least before 
the traffic can pass over it once more. With a wider struc- 
ture, say, 20 ft. to 30 ft. wide, and built with longitudinal 
girders, the bridge can usually be lifted half at a time, the 
road being diverted over each half in turn. The method of 
lifting these structures is rather interesting, and the 
author proposes to describe the method of liftin 

a bridge in August, 1913. This bridge is built wit 

eleven cast-iron girders, 3-ft. 9-in. centres, has a skew 
span of 55 ft., and a width between parapets (which are 
of cast-iron plates) of 40 ft. Owing to mining operations 
the structure had subsided, and it was necessary to keep 
the towing-paths low in order to enable the horses to pass 
under. @ mines at this point are about 600 yards ne 
and no damage occurred to the structure itself, the sub- 
sidence being very — The vertical lift decided upon 
was 2 ft., and the bridge was lifted in two halves, five 
girders being lifted at the first operation, and six at the 
second. © total weight of the cast-iron alone was 
250 tons, so that about 120 tons were lifted at the first 
half, making about 60 tons on each abutment. The road 
metal was y removed, and the floor-plates from the 
middle bay unbolted and taken out, thus separating the 
two halves of the bridge. The towing-paths were then 
timbered, as shown in the sections, Figs. 10 and 11. The 
object of the timbering was to bring the weight of 
the structure during lifting directly on to the abut- 
ments and the towing-path walls, and thus prevent 
any pressure coming on the towing-path iteelh Had 
this occurred, the towing-path walls would have been 
in danger of being pushed outwardsinto the canal. Each 
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side was timbered in the same way, and 30-ton jacks 
were then placed under each girder at one abutment, and 
the peer 5 em oy = side was then oo 
and carefully packed, this nF a ey yA y follow- 
ing the lifting. The other side was then lifted 6 in. and 
packed in a similar manner. This process was continued 
until the girders had been lifted the required height 
(which was slightly above the level of their new bed), and 
securely packed from the abutments. The latter were 
then raised to the required height, blue brickwork in 
cement mortar being used, and the girders lowered on to 
their —— © wing walls were then oT, 
corres) ing amount, the new a re} « 
and the road turned over this half. The veonanaiane half 
was then dealt with in a similar manner. The actual 
process of jacking the girders occupied about 4 hours for 
each half of the bridge. The raising of the girders neces- 
sitated the alteration of the approaches, these being 
altered for a considerable distance on each side of the 
centre of the bridge. The whole of the work, both as 
regards raising the bridge and approaches, was carried 
out without any -. of the traffic on either the 
canal or roadway. bis is but one of several bridges 
which have to be occasionally raised in a similar manner 
owing to mining subsidence. In course of time, as the 
subsidence increases the gradients over these bridges 
become very steep unless the approaches are raised to 
a considerable extent on either side. 

A method of restoring the head-room was omer | intro- 
duced by the chief engineer with the object of avoiding the 
heavy timbering formerly used. It is applicable rrr d to 
small spans, up to 20 ft. or 25 ft., and Figs. 13and l14show 
sections illustrating the se involved. In this brid 
shown in Fig. 12, which is of 17-ft. span (built with five 
longitudinal girders at 3-ft. 2-in. centres), a reinforced- 
concrete impost was made, section 18 in. by 12 in., and 

laced in position for the girders to rest upon, as shown. 
Resesses are left in the abutments under two of the 
girders (see Figs. 13 and 14), and when it is required to 
lift the bridge, jacks are placed in these recesses, the 
bottom resting on the abutment, and the top bearing on 
the under side of the impost. The impost is then jacked 
up, taking the girders with it, the former being specially 
designed to carry the loads thus a upon it. By 
this means it is believed that the whole bridge will be 
lifted in a much shorter time without any obstruction to 
the traffic or any timbering being required, the pressure 
being brought directly on to the abutments. This prin- 
ciple is most successful with idges ; it can, of 
course, be used for larger spans, but the loads to be lifted 
are then so heavy that more points of lifting are required ; 
the impost must also be made abnormally deep to obtain 
the required strength. 

Shallow Mines.—These are most treacherous and their 
effects much more severe than those of deep mines. 
The subsidence is rapid, and in addition to reducing 
the headway, the structure itself is damaged—brick- 
work is pulled about and badly cracked. With a 
brick arch, whether there is ample head - room or 
not, the structure is usually badly damaged and must 
be at once replaced by — If a girder bridge 
already exists, it can usually be lifted in a similar 
manner to that described above, but the abutments ma 
be damaged, and are then sometimes tied together wi 
2-in.-diameter tie-rods, running through their entire 
length. (An example of this is shown in Fig. 12.) 

The way in which the brickwork is pulled is interesting 
to note. One part of a wing, for example, will remain 
rigid, while the other part will be pulled bodily away 
from it, developing a crack several inches across. ere 
is, of course, the alternative to purchase the mines and 
prevent the subsidence; but this is not usually done, 
except in the case of very important works. 


(To be continued.) 





E.ectrotyt1c Inon.—From an account published by 
M. Guillet in a recent issue of the Revue de Metallurgie, 
1t appears that La Société ‘* Le Fer” of Grenoble has 
attained some striking results in the production on a 
commercial scale of electrolytic iron. e metal is 
deposited in a rotating cathode, the electrolyte being a 
neutral solution of ferrous salts, which is circulated over 
iron turnings in order to maintain this neutrality. At 
regular intervals also additions are made to the solution 
of oxide of iron, which acts as a depolariser and prevents 
hydrogen collecting in the cathode to a deleterious 
degree. The current density used is 1000 am 
Square metre. The deposit obtained is ex 
& chemical standpoint. 
iron containing 2. 


ent from 
Thus, starting from a cast 
per cent. of C, 1.31 per cent. of 
Si, 0.07 cent. of S, and 1.07 per cent. of P, the 
deposited metal gives an assay of 0.004 per cent. of OC, 
0.007 per cent. of Si, 0.006 per cent. of S, and 0.008 per 
cent. of P. In its unannealed condition, however, the 
iron is very hard and brittle, but on ing for two 
hours at a temperature of 900 deg. Cent. it shows an abso- 
a nccmel me fe cture Ce is a 
ugh under mechanical tests. © process is 

for the manufacture of very thin tubing, on Wy some 
eye Ah — — eo uniform in thickness 

me ong have been uced in gauges ranging 
from 0.1mm. to6 mm. Plates have also on produced 
which, in view of the extraordinary toughness of the 
material, are excellently adapted for deep stampings. 
The magnetic properties of deposited metal, more- 
over, make it exceptionally suitable for the construction 
of transformers and other electrical appliances. For the 
making of high-quality cast steel it is claimed that the 
electrolytic metal should compete successfully with 


Swedish iron. Its cost is stated to be between $l. and 
9. per ton, 









































COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


WE give below a few data on several colonial 
a engineering jects, taken from the Board of 
Journal. ¥F information on these projects can 

be obtained from the Commercial Intell: Branch, 
Board of Trade, 73, Basinghall-street, on, E.C. 


_ Australia : The Sydney office of H.M. Trade Commis- 
sioner notifies that ers are invited by the Metro- 
politan Board of Water Supply and Sewerage for the 
suppl. * eer and erection at the eg at 
the Pipe H Basin, near Guildford, N.S.W., of two 
units, each consisting of a centrifugal pump direct- 
coupled to a vertical internal-combustion engine using 
crude oil. (Contract No. 1030). Copies of the specifica- 
tion and form of tender may be obtained from the offices 
of the Metropolitan Board of Water Supply and Sewer- 
age, 341, Pitt-street, Sydney, N.S.W., at which address 
sealed tenders will be received up to 2 p.m. on Sept- 
ember 13. Each tender must be accompanied by a 
deposit of 107. A copy of the specification, form 
conditions of tender may be consulted by United King- 
dom makers of the ap acd required at the Commercial 
Intelligence Branch. H.M. Trade Commissioner for 
Australia reports that tenders are invited by the Com- 
missioner, Queensland Government Railways, Brisbane, 
for the supply of new steel and ironwork of three 80-ft. 
—s for a bridge over the Isis River on the North Coast 

silway. Copies of the specification, form of tender, &c., 
may be obtained at the office for the Commissioner for 
es Sealed tenders, on the proper forms, will be 
received, up to noon on August 2, at the office of the 

Agent-General for Queensland, 409, West Strand, 
London, W.C. Tenders must be accompanied by a pre- 
liminary deposit of 1 per cent. of the amount of the 
tender. A copy of the specification, form of tender, blue 
prints, » may be inspected by United Kingdom 
bridge-builders at the Commercial Intelligence Branch. 

South Africa : The office of H.M. Trade Commissioner 
for South Africa notifies that tenders are invited by the 
South African Railways Administration for the supply 
and delivery of :—(1) Two eight-wheeled 60-ton t- 
bucket cars and twelve delivery-buckets for coaling appli- 
ances (Contract No. 631); and (2) thirty-eight —— 
trolleys (Buda type), 3-ft. 6-in. gauge (Contract No. 637). 
Sealed tenders, on the pro orms, will be received by 
the Secretary to the Tender , South African Railwa: 
Headquarters, Johannesburg, up to noonon August 
Copies of the poy aoe ee and forms of tender may be 
obtained from the Secretary to the Tender Board. Draw- 
ings of the flat-bucket cars and delivery-buckets may aleo 
be inspected at the offiee of the High Commissioner for 
South Africa, 32, Victoria-street, on, 8.W. The 
successful tenderer, if not resident or not having a repre- 
sentative within the Union of South Africa, will, if the 
Administration so desires, be required to appoint an 
agent, who must be legally authorised tos‘gn the contract 
and to receive all matters, and to doall things arising out 
of the contract. A copy of each of the specifications, 
statements of conditions of tender, &c.,may be inspected by 
United Kingdom manufacturers of the above-mentioned 
railway stock at the Commercial Intelligence Branch. 


Russia: The Pravitelstvennei Vyestnik, Pe 
contains an article stating that the Russian Imperial 
recently held a meeting to discuss a com 1 
for the establishment of eighty-four n elevators having 
a total capacity for handling 66,050,000 pouds (about 
1,056,800 tons). It is proposed first of all to erect eleva- 
tors in the vernments of Orenburg, Ufa, Samara, 
Saratov, Simbirsk, Penza, Tambov, oronezh, ai 
others. It is hoped to commence work on the erection 
of these elevators some time in 1916. Later on it is pro- 
posed to consider the establishment of grain elevators also 
in Stavropol, Kharkov, Poltava, Kursk, Orlov, and Tula. 

Spain: The Gaceta de Madrid publishes a Decree 
authorising the Ministerio de Fomento to call for tenders 
for the execution of works at various Spanish ports, as 
follow :— 


k 
ensive scheme 


Port. 


Province. Estimated Cost. 

Pesetas 

San Vicente de la 
Barquera Santander 389,315 
Laredo san Santander 402, 283 
Moajfia Pontevedra 398,714 
Bermeo Vizcaya 1,157,116 
Candas a Oviedo 321,406 
Puerto Real Cadiz 250,957 
Médano Canary Islands 69,774 


25 pesetas = about 1/., at current rate of exchange. 


With reference to the call for tenders for the construc- 
tion and a steam tramway from Alcira to 
Carcagente, the de Madrid notifies that the con- 
cession has been awarded to Don Ramén de Castro 
Artacho. Constructional work must be com 
within a iod of two months from the date of the 
award of the concession, and must be completed within 
a further two years. The Gaceta de Madrid farther 
publishes a Decree authorising the Ministerio de Fomento 
to contract, by tender, for the construction of wharves at 
the port of Melilla, at an estimated cost of 1,462,774 
pesetas (about 58,500/.). 





Western AvusTra.ia.—No less than 419,748,000 acres 
of Crown lands still remain to be dealt with in Weetern 
ia. Large tracts of country are suitable for 
farming and pastoral purposes, the balance being held 
under timber, mineral, and other leases. a 


ENGINEERING STANDARDS COMMITTEE. 


THE first annual meeting since its 1 isation of the 

and | Sectional Electrical Committee, of which Sir John Snel 

is the chairman, was recently held to approve such work 

as was completed during the session, to receive the 
reports of the work in progress. As a result of this mee 

iv is understood that the following which have 

been transmitted to the Main Stand Committee for 


ratification, will shortly be available to the public :— 
1. British standardisation rules for electrical machinery. 
2. British standard specification for electricity meters. 
3. British standard specification for charging-plug and 
socket for vehicles propelled by electric bat- 
teries, 4. British standard specification for wall-plugs 
and sockets, 5-ampere, two-pin, without earthing device. 
As to the progress of the work in hand, it may briefly be 
stated that the Sub-Committee on Electric Power Cables, 
of which Mr. C. P. Sparks is the i has under 
consi tion the revision of the Report on Con- 
ductors (Report No. 7, revised March, 1910). Phe Sub- 
Committee on Electric Lamps will, in co-operation with 
the Tungsten Lamp Association, in the early autumn, 
consider the drafting of a standard specification for 
tungsten lamps, and the question of miners’ electric 
lamps will also e the attention of this sub-com- 
mittee. The Sub- mittee on Electrical Accessories, 
of which Mr. ©. H. Wordingham is chairman, has 
several panels at work, and it is hoped that recom- 
mendations will soon be forthcoming in regard to 
motor-s' heating and cooking apparatus, and fuses, 
as well as other electrical fittings. A panel has also 
been formed to revise the standard specification for 
ammeters and voltmeters (Report No. 49, issued in 
September, 1909), and on this panel the British Elec- 
trical and Allied Manufacturers’ Association will be 
represented by Mr. E. B. Vignoles and Mr. Patrick 
Hamilton. y, the Sub-Committee on Electrical 
Symbols, — over by Dr. A. Russell, has appointed 
two one to draw up a British List of Graphical 
Symbols for use in installation and power work, and the 
other to deal with telegraphs wireless symbols. 
The extremely important question of standards for dis- 
tributing pressures for new a which has been 
brought forward by Mr. ©. H. Merz, is to occupy the 
attention of a sub-committee, under the chai ip of 
Dr. R. T. Glazebrook, C.B., upon which all interests 
will be represented. Asa h gauge of the activities 
of the committee, it is noted that during the past year 
more than ninety meetings have been held, and from the 
above record of work accomplished and in hand it will be 
appreciated that the Electrical Section of the Committee 
is on work of the highest importance to the 
industry at large. 





Spanish Mininc anp Meratiureicat Direcrory.— 
The current issue of the annual directory of mines, metal- 
lurgy, electricity, and commercial chemistry in Spain, 
** Anuario de Mineria, Metalurgica, Electricidad y démas 
Industrias de Espafia,” published by the Revista Minera, 
Metalirgica y de Ingenieria, has now 4: It is 
edited by . Adriano Contreras, mining engineer, a 
former professor of the School of Mines in id, and 
Mr. Roman Oriol, mining engineer. The Revista Minera 
has published this directory for the last twenty years; 
it contains a list of all the mines, classified accordi 
to the metal and province; the mining, metallu ical 
electrical, and chemical societies established in Spain, 
with their capital, address, and administrative boards. 
It gives also the names and addresses of these and of 
the mining companies; the fees of the Laboratory of 
the School of Mines for examining and analysing ore ; 
the Custom House duties and commercial treaties ; the 


laws and ments referring to the metallurgical 
and mining industry, &. The book can be obtained 
from the ista Minera, 3, Villalar, Madrid, at the 
price of 7s. 





Sream Locomotives in THE Unirep Srares.—Ac- 
cording to the report of a sub committee of the American 
Society of Mechanical Engineers, the first ‘‘ American ” 
locomotive, which entered into service at the beginning 
of 1895, weighed 514 tons, of which 33.8 tons was con- 
centrated on the drivers. Its tractive effort was 9.65 
tons, or two-sevenths of the weight available for adhesion. 
Although this engine was not the most powerful of 
ng ~2 locomotives then existing, it established a 
type, being the first link of a chain of constantly im- 
ate | a ag apy: the —) .» a os tee 
type o a ey ving « four-w' ein front a 
four coupled axles and a truck behind. The most 
powerful of this type yet built ighs 152.6 tons, of 
which 109 tons are on the drivers. tractive effort 
is 26.2 tons, or 0.24 per cent. of the weight available 


menced | for adhesion. In 1898 the most powerful goods 


locomotive was a ‘“‘Consolidation” engine, with four 
coupled axles and a Bissel bogie infront. It weighed 
104 of which 94 tons were borne by the drivers. 
Its tractive effort was 24 tons—t.¢., rather over a quarter 
of the total weight on the drivers. To-day the most 


werful is locomotive is a bogie engine having twelve 
ariving-w divided into two sets of three axiea, each 
driven by independent cylinders. Its total weight is 


370 tons, and the tractive effort is 72 tons. It has drawn 
a train of 251 cars, weighing 16,100 tons (exclusive of the 
engine itself), and ft. long. The maximum speed 
attained was 14 miles per hour, and the mean tractive 
effort was 59 tons. The possibility of constructing such 
engines has only been achieved by very substantial 





60,000,000 acres are within a regular rain 
belt of from 10 in. to 40 in. per annum. 


improvements in boilers. By of automatic stokers 
6 tono of fuel can now be fed per hour. 
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CATALOGUES. 


Luthe-Chucks.—A pamphlet giving iculars of lathe- 
chucks made by them has come 1S taed Gon Messrs. 
Samuel Platt, Limited, of King’s Hill Foundry, Wednes- 
bury. These chucks have four independent reversible 
jaws, and are made with either cast-iron or steel bodies 
in nine sizes, ranging from 8 in. to 24 in. in diameter. 
They are intended for heavy work on modern lathes using 
tools of high-speed and are claimed to have excep- 
tional strength and durability. 

Half. Watt Lamps.—We have received from the General 
Electric Company, Limited, of 67, Queen Victoria-street, 
E.O., a leaflet ae See and of their half- 
watt Jamps. ps, which are now known as the 
Osram Atmos type, are listed for voltages ranging from 
25 to 255. Lamps for 200 to 255-volt circuits are made in 
seven sizes, of which the smallest takes 100 watts, and 
the 1 t 1500 watts, the candle-power being, of 
course, aboud double the wattage in case. 


Power-Transmission Accessories, Foundry Plant, éc.— 
We have received from Mr. R. J. Richardson, of Basker- 
ville-place, Broad-street, Birmingham, an abridged — 
list of pulleys, i nge plummer - 
brackets, shafting, couplings, friction-clutches, and other 
accessories for power transmission. Particulars are also 

iven of Roots’ blowers, moulding-machines, forging- 
Coumen, cupolas, sand-preparing plant, sand-blast plant, 

polishing - lathes, rubber machinery, 
machine-tools, and other t supplied by the firm. 

Electric Bells and Accessories.—The General Electric 
Company, Limited, of 67, Queen Victoria-street, E.C., 
have lately issued a catalogue section d paonenty 
with electric bells and accessories. The catalogue, whi 
is very fully illustrated, gives prices and full particulars 
of all types of bells, indicators, pushes, relays, burglar 
alarms, cells, &c. Wind-direction indicators, pb 
instruments, galvanometers, si ling lamps for ships, 
speaking - tube accessories, lightning - conductors, gas- 
lighters, and other apparatus, are also included. 

Electric Motors.—From the British Thomson-Houston 
Company, Limited, of Rugby, we have received a de- 
scriptive list of their type D.Q. continuous-current 
motors, which are made in sizes ranging from 0.15 to 10 
horse-power, for circuits up to 600 volte. The ines 
are fitted with commutating poles, end-shield bearings, 
get enclosed terminal boxes, and shaft exten- 
sion suita for pulley or coupling. All sizes can be 
supplied in the + enclosed-ventilated, and drip- 
proof types, and the larger sizes can also be made for 
pipe ventilation. 

Gas-Exhausters and Pressure-Boosters.—The Bryan 
Donkin Company, Limited, of Chesterfield, have issued 
a pamphlet illustrating some installations of Rateau 
tur bo-exhansters, blowers, and fans for pressure-raising, 
gas-compressing, dealing with gas from coke-ovens, &c. 
A complete list of installations is given, and in it we 
notice that four sets, each capable of dealing with 1,800,000 


air - compressors, 
P 


cub. ft. of gas hour, a to the Beckton 
works of the Light and Coke — They are 
driven by steam-turbines of the De Laval type, and pro- 


duce a pressure difference of 20 in. of water. 


Metals and Alloys.—A list of metals and alloys sup- 
plied by them has been issued by the Metallic Composi- 
tions Company, Limited, of 265, Gray’s Inn-road, W.C. 
The list includes all rare and com metals in nearly 
every possible form, as well as many different alloys, 
including fusible alloys with melting-points from 65 deg. 
Cent. upwards. The firm also supplies platinum di 
and crucibles, nickel coils for tin assay, nickel crucibles 
and basins, aluminium dishes, fine wire and gauze of 
many different metals, and sieves of any or 
ma 


Boilers and Accessories.— Messrs. Marshall, Sons and 
Co., Limited, of Gainsborough, have issued a sectional 
catalogue of boilers and accessories manufactured by 
them. Particulars are given of Cornish and Lancasbire 
boilers. Cornish multitubular boilers, externally-fired 
multitubular boilers, and water-tube boilers. The acces- 
sories dealt with include economisers, feed-water heaters, 
superheaters, water-softeners, — furnaces for light 
and inferior fuels, liquid-fuel burning apparatus, steel 
chimneys, coed gemene, and boiler mountings. The cata- 
logue is fully illustrated, and some interesting photo- 
graphs showing methods of ia” boilers in various 
tropical countries are also uced. 

Drilling-Machines.—A leaflet dealing with a new line 
of bench-drills recently put u the market by Messrs. 
A. A. Jones and Shipman, Limited, of New Century 
Works, East Park-road, Leicester, has come to hand from 
that firm. The drills, which are of the sensitive type and 
are fitted with ball-bearings, have been ially desi 
for high-class work where very small drills are used. 


sizes are made with 10-in. and 12-in. swi vely, 

both of which are provided with fourteen spi 

ranging from 1500 to 4500 revolutions minute ; the 

smaller size is also supplied with a sing! i = 
are 


of 5000 revolutions per minute. Parti 
given of multi indle drills of similar design, but 
for mounting on the floor. 


Wood- Working Machinery.— Messrs. Thomas Robinson 
and Son, Limited, of Railway Works, Rochdale, have 
issued a booklet giving of the smaller standard 
types of wood-working machines, which are in great 
demand at the present time, and for which quick delivery 
is a most important consideration. The booklet illus- 
trates examples of saw-benches, cross-cut saws, band-saws, 

in surfa h universal woodworkers, 





a 





-papering 








mre ee ing ra inal ? hi 
and knife-grinders, giving a brief description of each, 
with particulars of the standard sizes made. The power 


required for each machine is stated, and each is assigned 
a code word to facilitate telegraphic inquiries. 

Use of Electricity in Mines.—Messrs. W. T. Glover 
and Co., Limited, of Trafford Park, Manchester, have 
sent us a copy of the revised edition of their little booklet 
of mining rules and data. The booklet, which is bound 
in limp leather covers and is suitable for carrying in the 
waistcoat pocket, reprints the Home Office Regulations 
relating to the use of electricity in mines, as revised in 
March, 1914. It also contains formule and data to assist 
in the choice of cables for colliery work, and gives illus- 
trations and information relating to the more usual forms 
of fittings and accessories em in this class of work. 
Colliery i we think, not fail to appreciate 
the convenience of having the rules in this very handy 
form, and they will probably find the data and suggestions 
given in the booklet of considerable service. 


Wagon-Loading Machines.—The Link Belt Company, 
of Philadelphia, Pa., U.S.A., have sent us a booklet 
relating to a series of small portable bucket-elevators for 
loading coal, coke, sand, stone, and other similar loose 
materials into trucks or wagons from storage piles. The 
machines are mounted on four steel wheels, and may be 
propelled either by hand or by their own motive power, 
which is usually an electric motor. Several different 
types and sizes are made, with capacities ranging from 
4 ton to 1} tons minute. Numerous examples of the 
machines at work are illustrated in the booklet, some of 
those shown —. for filling materials into 
sacks ; others are fitted with a device for loosening the 
material and drawing it towards the elevator-buckets. 
Several testimonials from users are printed in the booklet. 


Steel Piling, Pile-Drivers, &c.—We have received from 
the British Steel Piling Company, of Dock House, 
Billiter-street, E.C., a synopsis of their catal 
givin iculars of their ‘‘ Universal Joist” and “‘ Sim- 
plex” forms of steel sheet piling, and also dealing with 
the McKiernan-Terry piling-hammers, which can be 
operated either by steam or compressed air. Direct-acting 
steam piling-hammers, complete steam on plants, 
steam aa es for pile-driving, = oes, flexible hose, 
derrick-cranes, and Blaw collapsible steel centres for con- 
structing sewers, &c., are also listed. A circular giving 
particulars of the B.S.P. patent steel pile-shoes, which are 
suitable for timber or ferro-concrete main piles or sheet- 
ing, has also been received from the firm. The shoes are 
made of steel plate, which is cut to a suitable shape and 


sent out flat and nicked ready for bending on the job, or Pp 


can be supplied ready for use. If desired, the can 
be welded up by the oxy-acetylene process. They are 
claimed to be quite as effective as cast-iron shoes, and to 
cost about one-fourth as much as the latter ; there is also 
& great saving in freight on export orders. 


Electric-Light Switching.—A copy of the third edition 
of their little booklet on the teaching of electric-light 
switching has come to hand from Messrs. A. P. Lund- 
herg and Sons, of 477 to 489, Liverpool-road, London, N. 
The booklet, which is intended principally for professors 
and teachers in technical institutions, aims at ex- 
tending and systematising instruction in the art of 
arranging the switches of electric-lighting installations, 
so as to give the maximum of convenience to the user. 
The matter, which is only second in importance to the 
arrangement of the lights to obtain the best illumination 
and the most artistic effect, certainly deserves more 
attention than it usually gets, and a more extensive 
knowledge of modern mow A of controlling lights cannot 
fail to benefit the whole electrical industry. As is well 
known, the firm manufacture man _ devices for 
po ol yy They also supply be illustration sheets, 
wi demonstration-boards, lantern-slides, &c., for the 
assistance of lecturers and demonstrators wishing to in- 
struct their wed in modern switching methods. Full 
particulars of these are given in the booklet, together with 
outlines for lectures on the subject and particulars of 
examinations, prizes, and certificates given by the firm. 
The booklet also gives the opinions of a number of promi- 
nent professors and teach and extracts from the elec- 
trical Press, which show that the firm’s methods are 
widely appreciated. 

Case-Hardening.— We have received from Messrs. 
Kasenit, Limited, of 8 and 9, Ludgate-square, E.C., a 
copy of the latest edition of their booklet on case-harden- 
ing. The booklet gives much useful information 
on the subject, and many ical hints on the use of 
the firm’s -known case- ening composition, deal- 
ing with the process of carbonising and the su uent 
heat treatment and testing. Particulars of gas- and 
coke-fired furnaces for case-hardening, tempering, an- 

, &c., are also given, and accessories, such as 
case-hardening boxes, indicating and recording pyro- 
meters, and the Keen hardness-testing device are also 
dealt with 
Brinell machine in principle, the diameter of the indenta- 
tion formed in the work oS measured to 
ascertain the hardness. ball, however, is forced into 
the work by a blow from a falling weight instead of by 
hydraulic pressure. The apparatus comprises a steel tube 
having an anvil, in which i 
and a stop at the other end. 
weight is free to slide. In making a test the tube is held 
el ball in contact with the work, 

t.is raised to the top of the tube and 
to the anvil at the lower end, thus 
, I work. The diameter of the inden- 
tation so formed is measured by means of a transparent 
celluloid scale provided with the instrument, and in this 
way the hardness of different bodies, or of different parts 


5 





6, | motor. 


The Keen hardness-tester resembles the | has 


of the same body, can be com 
the whole ap tus is only 
taken from 2 wey to place, and 
suitable for workshop tests. 
Condensing Plants.—We have received from _ the Con- 


traflo Condenser and Kinetic Air-Pump Coneeny. 
Limited, of 3, Central Buildings, Westminster, S. r, 


. The total weight of 
Ib., so that it can be easily 
thus appears to be very 


pamphlet illustrating and describing the Contrafio- 
Kinetic eng of condensing apparatus for use with 
steam-turbines. The design of the condenser used in this 


system is based on the principle of condensation and air 
concentration in wedge-sha chambers, arranged so as 
to utilise the kinetic energy of the incoming steam to 
drive the air downwards through the thin ends of the 
wedges, thereby confining the insulating effect of the 
most highly aerated — to a very small part of the 
total cooling surface. veral other im t features 
of the design of the condenser are referred to in the 
pamphlet. Air is removed from the condenser by means 
of a steam-jet ejector, the mixture of air and steam 
afterwards pane through a non-return valve into a 
water-ejector, in which the steam is condensed, the water 
and air being discharged into a tank. Water for the 
ejector is drawn from this tank by a centrifugal pump, 

© water being circulated continuously. The condensate 
is bene pon m the — by mifewal of a head- 
pump and pressure-pump of the centrifu type. A 
Send-olee is connected to the condenser from the point 
where the head-pump discharges into the suction 
of the pressure-pump, so that any air which may 
be drawn through the former can return to the condenser. 
The condensate is disc’ by the pressure-pump 
through a pipe fitted with a non-return valve into the 
tank above referred to, the excess of water being dis- 
charged through a float-operated valve and non-return 
valve to the feed-tanks or heater. The pumps are al] 
mounted on the same shaft, and are Sani Seton by a 
small steam-turbine of the implse type, or by an electric 
A complete list of instaiiations, with capacities 
ranging from kw. to 25,000 kw., is given at the end 
of pamphlet, and many of these installations are 
illustrated. 


Air-Meters.—The New Jersey Meter Company, of 
Plainfield, New Jersey, U.S.A., have sent us a copy of 
a bulletin relating to an instrument known as the ‘‘Tool- 
om-eter,” which is used for measuring the air consump- 
tion of pneumatic tools, &:. The instrument consists of 
@ cast-iron vertical cylinder, in which a perforated gun- 
metal cylinder, rather less than half the length of the 
outer cylinder, and rather more than half ite diameter, is 
laced near the upper end. Inside the perforated cylinder 
1s & weighted piston, from which a piston-rod extends in 
both directions, the lower end of the rod an 
another piston which works in an oil dash-pot. The 
upper of the rod extends through the top cover of 
the outer cylinder, and is surrounded by a glass tube, so 
that it is visible from the outside. Air, which is admitted 
near the bottom of the outer cylinder, passes up into the 

orated cylinder, raises the weighted piston more or 
ess, according to the quantity of air flowing, and leaves 
by an opening near the upper end of the outer cylinder 
© movements of the piston depends upon the fact that 
the volume of air flowing through the orifices under a 
small constant bead is proportional to the number of 
orifices exposed to the flow, and consequently, since the 
orifices are all of the same size and uniformly distributed, 
the height of the piston is directly fF. ~~ to the 
volume of air flowi A uniformly-divided scale placed 
beside the glass tube can thus be used to measure the 
volume of air passing in unit time. It will be seen that 
meters are extremely simple in construction, and 
should thus be very suitable for workshop use. The 
one moving part—the piston—floats on air, and is conse- 
quently frictionless and not subject to wear. The meter 
has openings screwed for 1-in. pipe, and its capacity 
ranges from 10 cub. ft. to 100 cub. ft. of free air per 
minute. A larger meter with 2-in. openi and having 
a capacity of from 50 cub. ft. to 300 cub. ft. per minute, 
is also made. This is known as the “‘ Drill-om-eter,” and 
is suitable for use with rock-drills, sand-blast plants, air 
lift-pumps, &c. 





BritrsH PoputatTion.—The population of the United 
Kingdom, according to the last official estimate, was 
46,184,504 ; but this total, —— by no means un- 
important, ~—_ a bid slight indication of the popula- 


tion power Empire, what may be termed 
our outlying population being estimated as follows :— 
Asiatic—British India, 244,221,377; feudatory native 


Indian States, 70,864,995 ; African—British East Africa 
Protectorate, 3,000,000; Nigeria, 17,126,983 ; American— 
Canada, 7,758,000; Australasian—Australia, 4,872,059 ; 
New Zealand, 1,084,662. 





Coat aNnp Sart rrom Soma.itanp.—A sample of 
coal obtained from a locality 53 miles east of Berbera 
been examined at the Imperial Institute. This coal 
resembles samples from Nigeria, which have already 
been examined at the Institute, but it is not so good ss 
the better qualities of the Nigeria coal. At present, 
according to a statement in the current number of the 
Bulletin of the Imperial Institute, it can be of value only 
for local use, but the deposit ought, it is to be pointed 
out, to be thoroughly examined in order to ascertain the 
extent and the general quality of the coal, which later 
on may possibly prove to be of great economic import- 
ance. Samples of salt have also been received from 
Somaliland. These prove to be very similar in composi- 
tion to most rock-salts. Refined salt prepared from them 
at the Imperial Institute was of good colour, was not 





affected by ex to air, and is declared to be generally 
suitable for culi purposes. 
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11,889/14. St. Helens Cable and Rubber 
and J. C. White, Warrington. 

Boxes. (9 Figs.) May 14, 1914.—The present invention relates 
to improvements in connection - boxes, junction-boxes and the 
like, of the type in which the terminals are arranged around a 
common central space and adapted to receive the conductors of 
cables entering the box in a more or less radial direction in the 
plane of the terminals. The invention is more particularly applic- 
able to surface wiring, and has for ite object the arrangement of 
the box in such a manner that the terminals, while arranged as 
near as possible together—i.c., only sufficiently apart to allow for 
insulation—are 80 as to _- accidental short-circuite 
as much as possible between conductors of the same cable, while 
employing the minimum amount of bending. For this purpose, 
according to the present invention, the are slotted in a 
plurality of directions, each direction being that in which the 
cables enter the box, so that all the conductors of a cable may 
enter the terminals in directi bstantially parallel to the 
direction in which the cable was running. The connecting-box 
will be seen to comprise a body portion 1 and cover 2. The body 
portion is provided with four recesses 3 into which the terminals 
4 are adapted to fit. It will be understood that the number of 
these terminals may be varied as desired, ding to the b 

of connections which are required to be made. These recesses are 
shown in a square, so that at least three of the terminals 
are readily accessible to the cable on entering. These recesses 
are circular, and are shown with shell-like cylindrical walls 5, into 
which the cylindrical body portion of the terminal 4 may fit. 
The recesses and the term are suitably slotted so that the 
cables may enter in @ line substantially in the direction in which 
they are running. ‘These terminals, although they may be fixed, 
are shown loose, and preferably consist of the body portion and a 
grub-screw 6. The slots 7 in the body portion must be sufficiently 
small to permit the metal remaining being sufficient to allow of 
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the cables being satisfactorily clamped in position. The recesses 
8 are situated around a boss portion 8 having a threaded recess, at 
the bottom of which is a hole, through wi the screw 11 for 
securing the body of the connecting-box to the wall or the like 
may pass. The threaded portion of the recess is adapted to 
receive a clamping-screw, which, passing through a hole in the 
cover 2, secures it in position. This cover is provided with slots 
on its outer periphery, through which the various eables enter 
the box. This cover projects beyond the body of the box, and 
the bounding-walls 15 reach down to the same plane as that on 
which the body of the box rests. The head 16 of the clamping- 
screw is made of a size by which it may be onl — by a 
comparatively powerful grip, so that it is not likely to be tam- 
_ with. For this purpose it may be slightly milled, as shown. 

é arrang t of 2s <> the cables will be clear by 
referring to the drawings. Here, for instance, the cables 17 are 
arranged, in which two are in the same direction and one is at 
right angles thereto. In this case, two cables have three separate 
conductors, and the other two conductors. Considering the left- 
hand cable, the conductor 18 is led to the upper terminal, the 
conductor 19 direct to the terminal nearest to it, and the con- 
ductor 20 to the bottom terminal. In each case it will be noted 
that the eable enters the terminal in a line which is el to 
the direction in which it is running, aod pe | the bend 
required in the cable is not at all rp, and this is still further 
reduced by making the recesses of the form shown—that is to say, 
of a shell-like structure—so that there is a free space between 
adjacent recesses in which the cables can readily work. There is 
another feature of this structure which will be evident, and that 
is, that in no case do two cables enter the terminal through a slot 
at one side of the periphery. Although two cables are shown 
running in the same direction, yet these enter in slots at different 
portions of the periphery, even although the slots themselves 
may be in a straight line. (Accepted May 26, 1915.) 


GUNS AND EXPLOSIVES. 





oll8s5/14, Sir w. oA tworth and 
* Limited, an ewcastle-upon- 
Tyne. Bombs. , 1914.—This invention 


; for use in connection with 
aeroplanes or airships, According to this invention, the bomb 
Consists of a a the ex ve cl The body is 
preferably of cylindrical form, cl at both e and ed 
with a pointed nose, and at its rear end is a prolongation or tail- 
Piece, within which the detonating charge is contained. A tube 
extends the | of the body, through which tube the detonating 
charge is capa pet ee Rr etn ve the tube is a 

The detonating is secured to the prolongation b; 


rotatable vane, which, as it revolves, moves the sleeve, 
and frees the bolts. a is the body of the bomb, containing a main 
explosive b. The body a has pointed nose c and a tubular 
prolongation d, which carries the tt ¢ of the detonator. The 
Pellet ¢ is secured to the prolongation d by bolts /, which are 





retained in position by a sleeve g and by the tongues h, h ted 
toit. On the tall-ploce @ to's oglimdrienl t, carrying vanes), 
jon d. On the 


Company, | and the 


tongues h,h. When the bomb strikes the target, the inertia of 
the pellet ¢ causes its conical end to overcome the tongues h, A, 
pellet e, falling —— the tube m and impinging on the 
needle n, fires the cap exploding the explosive charge 0, and con- 
sequently the main b (A May 26, 1915.) 
12,261/14. E. Schneider, Le Creusot, France. 
(3 Figs.) May 18, 1914. — This invention relates 
to ordnance, and is ularly applicable to ordnance 
to fire at high angles of elevation. When the gun is p! 
ee of elevation above the horizontal, it is n to bring 
it into an approximately horizontal position for ng. The 
chief object of the present invention is to simplify the bringing 
of the gun to and from its loading ¥y and to — 
simplify the movements and to diminish the mass to be 
According to this invention, the gun and the sliding le are 
constructed in such a manner that the latter carries, or is made 
integral with, the breech-block in which the firing mechanism is 
yp ww eee which, in the firing position, closes the barrel, which 
is = ble angularly relatively to the sliding-cradle and to 
this fixed breech. The mass to be mancuvred in order to bring 
the to the loading position and to return it to the firing 
position is thus diminished by the entire weight of the breech, 
ae vy —— 4 , od a to the cradle the 
opening o' e breec e ejection o' empty cartridge- 
case and the closing of the breech are produced. The sliding- 
cradle I) and the gun are represented as ted in a slideway 
of appropriate construction and displaceable by means of 
trunnions L in a carriage N, which may be carried on an axle and 
wheels P. The cradle I!, in which the brake and recuperator 
—— may be formed in the usual manner, in accordance with 
present invention, is given the form of a yoke-piece or a 
U nm I constitutes the 
provided with its firing mechanism. The 
e gun-barrel proper A, which is displaceable 


at 





-shaped frame, whose base or rear 
breech-block of the 
gun is completed by 
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angularly relatively to the cradle I! and ite breech-block 1. For 
this purpose, the barrel A carries two trunnions B housed in 
corresponding recesses in the cradle ; it also carries on each side 
——- or ribs O in the form of arcs of circles concentric with 

e trunnions B and engaging co ing projections or ribs J 
formed on the inner faces of the longitudinal sides of the 
cradle. This ent ensures the connection of the barrel A 
with the breech-block and relieves the trunnions B of strain 
during firing. The rear face of the barrel A and the supporting 
surface upon the breech-block I are spherically curved, the centre 
of curvature being located at the point of intersection of the axis 
of the barrel and the axis of the trunnions B. The extractor H 
movable in a guide in the block I, is pivoted to the barrel A, and 
is provided with a finger h which causes it to rock when, during 
the raising of the breech end of the gun, the said finger encounters 
the stop / of the breech-block. rocking movements of the 
gun can be obtained by means of the mechanism represented in 
the drawing, comprising a shaft d el with the trunnions B 
and mounted in a bearing formed on one of the branches of 
the sliding-cradle. This t carries a two-armed lever D, D!, 
which is the only member employed for locking the breech in the 
closed position. The arm D es an operating handle F havin 
a projection for engaging with a staple / carried by the block I, 
and the arm D! carries a finger d! displ ble in a slid a 
formed in the barrel A. The bearing carries a s' E which 
serves as an abutment for a stop on the arm D of the lever when 
the barrel A has reached the loading position. It should be 
noted that as the trunnions B are arranged in ay to the 
middle of the barrel, the rocking movements of the gun in the 
rx} are effected with the minimum effort. (Accepted May 26, 
1915. 


PRINTING AND ALLIED MACHINERY. 
18,019/14. E. J. Smith, London. Intaglio Printing- 
Machines, (4 Figs.) 1 30, 1914.—The object of the present 
invention is to facilitate and cheapen the manufacture of rollers 
used as impression - cylinders in printing, especially intaglio 
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printing-machines. According to this invention, a shaft is 
vided, t in any convenient manner in a suitable 
near 





the casing i being free to turn i 
on 


casing i is a nut & engaging with a screw the sleeve g, 80 that 





insulators, which are so shaped 
the insulators with reference to the 
of the arm with reference to the insulator on the other. 
prises pedietal ber 1 adapted to be d 
com: a su) men p 
and secured on the -bed, as by lag-screws 2 extending through 
holes in its foot into a cross-tie. On’ the top of the pedestal 
ee een) (eS or other material) are 
pe meer Any a bolt part 5 extending through them 
fenbed qn asp maaker @ cones ntl penpend joular to. eaid 
e an arm mem su ly 

The 





axis, and by which the third rail 7 is pedestal 1 has 
at ite top a web 8, through which the bolt 5 passes, and which has 
at its lower side ridges 9 for engaging the equare head of the bolt 


it from turning, and on top of the uppe 
eoulbter 4 ory! sort of cap-piece 10 with projections 11 for simi- 
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larly engaging a square washer or nut-lock 12 beneath the nut 
13. This cap-piece 10 has a projection 14 to engage the 
ordinary inverted wooden trough third-rail cover to prevent 
longitudinal shifting thereof, or arsist in keeping it 
in place. At the outer end of the arm 6 is a sort of jaw 15, and 
at nally opposite corners of this jaw are teeth or lugs 16 
that extend beneath the upper head of the reversible I-shaped 
third rail 7. This form of jaw 15 has the advan that the upper 
head cf the third rail 7 can be introduced into it sidewise as well as 
endwise, which ‘acilitates the work of the constru: gang. As 
shown, the jaw 15 has a clearance about the rail-head which is 
ample for the downward movement of the bracket structure that 
occurs when a car-wheel passes over the cross-tie on which ite 
posesiet 2 S cuenates, The pedestal 1, it will beseen from Fig. 2, 

relatively inclined surfaces 20, and the insulator 3 has rela- 
tively inclined lower 21 adjacent and conforming to those 
of the and eS Sea the insulator 3 is 
r and vented from turning with re- 
e pedestal. of the insulators 3, 4 has rela- 
tively inclined surfaces 22 adjacent the other, and the arm 
member 6 has at ite end which is clamped between the insula- 
tors relatively inclined surfaces 23 adjacent and a to 
the surfaces 22, and by this mode of engagement turning of the 
arm 6 with ref lower 8 is pre- 
vented, as also turning of the wu insulator 4 with reference to 
the arm member and the lower insulator. As shown, the upper 
insulator 4 is made exactly like the lower one, and the cap- 
piece 10 has lower relatively inclined surfaces ing to the 
soy! relatively inclined surfaces 24 of the said insulator 4, so 
~ age : the cap-piece thereon is prevented. (Accepted 

ay 19, 1915. 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 

14,598/14. Belliss and Morcom, Limited, and R. K. 

Birm Turbine-Blading. 

{14 Figs.} June 17, 1914.—This invention relates to an ere 
D 


method of manufacture in the construction of steam-turbines or 
other bladed contrivances for operating on fluids, such as fans, 
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of the copper or r alloy in an atmosphere of hydrogen, the 
ya united together and to carrier to 
group, and the carrier is secured to the more 
massive main portions of the machine in one of the usual ways. 
Figs. 1, 2, Bare three views ofa in which the 
blades a are ~~ age cut from a rolled strip of 
suitable section, these blades ing open-ended at their free 
extremities. Short lengths b cut from another rolled strip of 
suitable section are inte between the blades at their 
rooted ends, to serve as d ce-pieces, and assembled within 
a short length c of chaonel section, which serves as a carrier, the 
sides of the channel section having a slight elastic set towards 
one another sufficient to retain the contained elements in place 
to the welding operation. A group of such elements, 
with or without reinforcing wires d, or a stringer ¢, and with or 
without a rivet f through the terminal distance-piece }!, are 
enclosed in a muffle, from which air is evacuated for the admis- 
sion of hydrogen, and heated to a temperature at which the 
copper or copper alloy will melt. Under such circumstances, 
after cooling, mo eee of elements, —— the carrier of 
channel section, constitute an integral it adapted to be 
secured to the prima tions of the machine, as, for example, 
by inserting them wit in undercut ring-grooves formed in the 
stator A and rotor B, and caulked in place by strips A! and B!. 
(Accepted May 19, 1915.) 


4408/15. The Stir! Boiler Company. Limited, 
and H. J. 8. Mackay, don. § tors. 
(1 Fig.) March 20, 1915.—This invention relates to a in 
steam-generators of the well-known three-drum Stirling type, and 
has for its object to provide a compact construction of 
rator which will be suitable on board ship and also on land where 

is restricted. In accordance with the invention, this object is 
Cbtained by the provision of three baffles in the bank of water-tubes 
nearest to the furnace, so that along path is afforded for the gases 
of combustion, and intimate contact of the gases the water- 
tubes is ensured with the minimum utilisation of space. Referring 
to the drawing, 1 and 2 denote the upper steam and water-drums, 
which are interconnected by water circulation and steam-pipes 3 
and 4 res vely. 6 denotes the lower mud-drum. 6 denotes 
the front k of water-tubes cremueene the furnace te 7, 
and affording, in conjunction with the front wall 8 of the furnace- 
setting, an unobstructed busti ber -of substantially 
triangular section. 9 denotes the rear bank of tubes. 10 denotes 
the baffle nearest to the furnace in the front bank of water-tubes, 
the said baffle extending upwards from the lower or mud-drum 5, 
and terminating some distance below the forward steam and water- 
drum 1. 11 denotes a second baffle, which extends downwards 
from the forward steam and water-drum 1 and terminates short 
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of the lower or mud-drum 5, the said baffle 11 being supported, 
in the usual way, by a bar 12 extending transversely of the boiler- 
setting. 13 denotes the third baffle, which extends upwardly from 
the mud-drum 5 towards the forward steam and water-drum 1 at 
the rear of the front bank of water-tubes and carries the usual 
shelf 14. There are thus formed in the front bank of water- 
tubes three passes, through which the gases of combustion are 
caused to flow in intimate contact with the water-tubes. Rear- 
wardly of, and adjacent to, the baffle 13 is na gaa a super- 
heater, comprising tubes 15, over which the gases of combustion 
pass on their way to the rear bank of tubes. 16 denotes a baffle 
arranged in the rear bank of tubes and serving to direct the 
gases of combustion downward through the said rear bank, while 
allowing them to flow upward, by of the outlet-duct 17, to the 
smoke-stack. An imperfcrate partition 18 may be Les in 
the lower or mud-drum 5, 80 as to bridge groups of water-tubes in 
the front bank 6, separated by the baffie 10, in order to ensure 
positive circulation of the water. The ends of the superheater 
tubes 15 are secured in manifolds 19, 20, arranged on top of 
the boiler-setting, and connected by means of a pipe 21 with the 
rearward steam and water-drum 2, a valve 22 or valves iz 
arranged in conjunction with the manifolds to permit of the 
control of the supply of steam to the steam-main (Accepted 
May 19, 1916.) 


18,801/14. British Thomson-Houston Sqmeens, 

(General Electric Company, Schenectady, 

hop ‘bines. (2 Figs.) August 18, 1914.—This inven- 
on 


tes to elastic-fluld turb nes, and ite object is to provide 
e-operating ‘ich 


an improved valv mechanism which will meet some of 
pF in tion that have developed in connection with 
ex 


installat‘ons where valves are returned to their seats Wd 
the n of a spring, a weight, or the like. According to thi 

invention, the seating of the valve is completed, if necessary, by 
the oo of projecting engaging members provided on the 
cam on the li oe generally used as a connecting-link 
between the cam ve. The nozzle-valve 1, attached to 
a stem 2, is fitted with a pair of levers 3, fulcrw at 4, and is 
closed by 0 semne, 6. Connecting the free ends of the levers is 
an anti- jon ler 6 resting upon a cam 7 mounted on a cam- 
shaft 8 and having an active face 9 to lift the levers and open 
the valve, and a h face 10 concentric with the cam-shaft to 
maintain the valve in ite open 


movement of the shaft. A plu a oo is mounted on the 





customary construction of turbine-valve mecha- 

nism. The invention comprises a pin 11 peeing Sey 
from both sides of the cam and a hook 12 on each lifting-lever 
co-operating with the pin, whereby, when the cam raises the 
will to a position just above the hooks and 
to pull the levers down when the cam turns back- 
friction roller on the levers rides down the active 
These operations are well shown in the draw- 
1, the valve is closed and the roller 6 is resting on the 
The dotted lines in Fig. 2 show the cam turned 
forward until its active face is just about to lift the levers. The 
as been carried past the tip of the hooks, which, in the 
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further rotation of the cam, will be thrust in under the pin and 
follow it upward until the roller arrives at the holding face of 
the cam, as shown in full lines in Fig. 2. e cam can now rotate 
forward as far as may be necessary, carrying the pin with it ; but 
upon its return to this position of full lines in Fig. 2, the pin will 
engage the hooks. en, by the continued backward rotation of 
the cam, the roller rides down the active face thereof, the pin will 
pull the hooks down so as to compel the levers to drop until the 
roller rests once more on the hub of the cam. At this point the 
hooks and the pin will part company by reason of the divergence 
of the intersecting circular ry in which they move, so that 
further backward rotation of the cam is not prevented. (Ac- 
cepted May 19, 1915.) 
SHIPS AND NAUTICAL APPLIANCES. 

24,694/14. H. Laing and Sir James Laing oné Sena, 
Limited, Sunderland. Ships’ Davits. (3 Figs.) Dec- 
ember 28, 1914.—This invention relates to turning-gear for ships’ 
davits. According to this invention, a separate turning-gear is 
provided for each davit, each gear comprising a suitably rotated 
shaft mounted in bearings supported by a frame on the deck of 
the ship adjacent to the davit, a chain-wheel loosely mounted 
on the shaft, a chain-wheel secured to the stem of the davit, a 
chain around the wheels, and means whereby the chain- 
wheel on the shaft can be clutched thereto when desired, so that 
by rotating the shaft, the motion thereof will be communicated 
to the davit to turn same. The davit-turning gear illustrated 
comprises a vertical shaft a mounted in a 6 supported by 
a frame c suitably secured to the ship’s deck. At the upper end 
of theshaft a is mounted a worm-wheel d with which engages a 
worm ¢ ona shaft fin bearings g carried by the frame c. The 
worm-shaft / is provided with square portions at its ends, on to 
which can be fitted a handle A, whereby the shaft and worm can 

















be turned to rotate the worm-wheel d and the shaft a. At the 
lower end of the shaft a is mounted a chain-wheel j, around which 
passes a chain k, which also passes around a chain-wheel m on the 
stem n of the davit. The chain-wheel j is loosely ted 


and the turning must be accomplished the weight of the 


against 

davit-arm and boat and its load. (Accepted May 19, 1915.) 
12,622/14. The Hon. Sir C. A. Parsons, A. Q. Car- 
negie, and 8. 8. Cook, Walisend-on-' Marine- 
Turbine Installations. (6 Figs.) May 22, 1914.—The pre- 
sent invention relates to geared marine -turbine ins ons 
of the type = which — or agg = — are connected 
to a propeller-shaft by gearing, w gear-cases are 
provided as structures enclosing the gear-wheels and 
supporting the bearings of the gear-wheel shafts. The ee 
invention consists in combining in a geared marine-turbine 
installation of the type indicated, as a single self-contained 
unit, a -wheel casing, a main gear-wheel, and a thrust- 
block, whereby these may be attached to the ship’s struc- 
— 7 a single seating. In carrying this invention into effect 
to one form, and as shown in Fig. 1, the body of 
the main gear-wheel a, ), which is preferably of the double 
helical type, is in the form of a cylinder with a spindle c passing 
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through it, and projecting at each end. These projecting por- 
tions d, ¢ are supported in journal-bearings /, g in the ends of the 
gear-case h, on which are formed feet j for attachment to the 
ship’s bottom. The upper part of the aw 8 is conveniently 
formed as a detachable cap or hood k, secured by suitable studs 
or bolts. The upper part of each journal-bearing is preferably 
formed as a separate cap 1, m, bolted to the lower portion / of the 
casing, and to the sides of the casing-cover k. Spherical seatings 
” are preferably formed concentric with each journal-bearing, 
and on the inner surface of the casing, partly in the lower portion 
of the casing and Partly in the detachable bearing-cap. On each 
side of the gear-wheel body thrust-faces are provided. These 
faces may be formed on the hub of the wheel or on thrust-collars 
© secured to the spindles. Against these thrust-faces pivoted 
pressure-blocks p are ada; to bear. These pressure-blocks are 
adapted to pivot upon suitable housings —— formed with 
= backs, so as to sit in the spherical seatingsn above men- 
ioned. (Accepted May 26, 1915.) 


TEXTILE MACHINERY. 


15,317/14. A. R. Ho Mansfield, F. Sissons, 
Pleasley Vale, and C. W. I. Leather, Cleckheaton. 
“Engines. {1 Fig.) June 26, 1914.—This invention 

relates to ye for carding wool, and to that type of 
carding-engine in which a series of opening rollers, usually com- 
— four lickers-in and three or four card-clothed cylinders 
nown as “dividers,” precede the swifts, the object of the pre- 
sent invention being 80 to arrange the rollers at the feed end of 
the machine that better results will be obtainable than have 
hitherto been attained by the existing arrangements. According 
to this invention, a group of rollers comprising a brush, a burring 
cylinder and an angle stripper are substituted for the licker-in 
cylinder which directly precedes the swift. In the drawing, A 
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on 
the shaft a, and the clutch-member p is provided and keyed to the 
shaft so as to rotate therewith, but able to slide axially thereon. 
jE of Ne — } X, 
complemen: ec on the u t) 

ii. how t aeae ¢ curled bey the treme 0 10 6 
band-lever s adapted to rock the shaft r, which also carries two 
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indicates the third licker-in cylinder, B the brush, © the 
burring-cylinder, D the angle stripper, E the main swift, and 
F and G a worker and stripper t are used in connection 
with the latter. The wool is transferred from the third licker-in 
A to the burring cylinder C by the brush B, the burrs that col- 
lect on the top of the burring-cylinder teeth being removed there- 
from in the known manner by a beater H, which drives them on 
to trays J, from which they are removed by travelling scrapers K. 
As the wool arrives at the angle stripper D, it is transferred 
thereby from the ee te C to the main swift E. By 
erranging the “cy r C after the third licker-in A, the 
wool is more ly opened out or worked before it arrives 
at the ee ler ©, and much better results are produced. 
(Accepted May 26, 1915.) 
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MODERN BULLETS IN WAR AND 
SPORT. 
By Fleet-Surgeon C. Manso Beapne.t, F.C.S. 

THe propulsion of a bullet and its flight through 
the air, its impact with, penetration into, and per- 
foration through an organism—in short, the manner 
in which it acts on, and is on by, an 
organism, is a subject which, while of perennial 
interest to the soldier, surgeon, and big-geme 

t is 
hoped, therefore, that a brief description of the 
modern high-velocity, small-bore, elongated bullet, 
and of the injuries it is capable of inflicting upon 
man and animals, as well as the general principles 
involved in the production of those injuries, may 
not be out of place in this journal, nor inopportune 
at this critical period of the clash of nations. 

It is almost certain that the first animals to make 
intelligent use of projectiles as definite weapons, 
both of attack and defence, were the ape-like 
ancestors of mankind. Primitive man hit with his 
fists, but incidentally bruised his own knuckles; he 
then discovered that if his fist contained a stick, 
club or stone, he could deal, in virtue of the greater 
momentum,a much moreeffective blow,and thatwith 
less personal damage. Nevertheless, such method 
of fighting necessitated proximity with the animal 
attacked, and liability, therefore, to its retaliatory 
biting, scratching. or other traumatic reprisals. 
And then an accident happened that led to a 
momentous discovery, destined ultimately to revo- 
lutionise the whole method of primitive warfare ; 
the stone slipped from the grip of the uplifted 
moving hand, and lo! without any body-contact, a 
smashing blow was dealt the foe. Now this was 
a great step on the part of our ancient forbears, but 
serious disadvantages had still to be overcome. The 
energy of his missiles had to be directly derived 
from that of his muscles, and this while fighting 
was in actual progress and other important calls 
being made on that energy. Physical exhaustion 
placed a definite limit to the weight of each pro- 
jectile, the speed with which it could be thrown, 
and the number that could be used in a given time. 
The next intelligent move consisted in accumu- 
lating and storing up the energy of several men’s 
muscles in inanimate machines, such as arbalists, 
cross-bows, ballistas and catapults. Then, at long 
last, as a result of another accidental discovery, 
man harnessed the inorganic forces of Nature and 
hurled his projectiles by means of the energies 
unleashed during chemical exchanges ; in short, he 
discovered and used explosives. 

At first man relied rather on the weight of his 
projectile than on its s , but gradually he dis- 
covered that by very slightly increasing the latter 
the former could be considerably cut down without 
detracting in any way from its destructive powers. 
He was thus enabled to use a lighter machine from 


which to eject his projectiles ; he could also carry | P’ 


about with him, and use in a limited time, a much 
larger number of them, and, moreover, he could 
throw them both further and lower, thereby making 
more certain of hitting his quarry or enemy. Ever 
since he recognised and appreciated the relative 
energetic value of mass and velocity he has steadily 
increased the length and decreased the height of 
the projectile’s trajectory. Where paleolithic man 
threw a stone 300 ft., necessitating an angle of 
elevation of 45 deg., modern man throws hundred- 
weights of steel 3000 ft. with an elevation of but a 
degree or two. Compare the Spitz-Geschoss bullet 
now being used by the Germans with that of the 
old ‘‘ Brown Bess ;” for a range of 500 yards a 
man is in the danger zone for only 8 per cent. of 


Tair I.—Data of Bullets and Trajectories. 
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: ange. 
Rifle. | = : 
| — © Percentage. 
1. “ Brown Bess” 0.750 50 6.7 
2. Snider .. e 0.577 150 20.0 
3. Martini-Henry 0 450 200 26.7 
4. Lee-Mettford .. 0.+03 400 53.6 
5. Mauser .. 0.276 630 84.9 
6. Mannlicher 0.256 650 87.5 
7. Krag-Jorgensen 0.236 700 94.3 
8. Spitz-Geschoss 0.315 750 100.0 


the range in the case of the latter missile, but for 
100 per cent. in the case of the former. The general 
tendency during succeeding years to whittle down 
the bullet and flatten the trajectory so as to increase 
the danger zone is shown jn the annexed Table I., 


and it will be seen that the remarkably efficient 
danger zone of the German bullet is due rather to 
its high muzzle velocity (2902 ft. per second) and 
exceptional shape than to its calibre. 

The ordinary projectiles of war and sport vary 
in weight from a few grains to close on a ton ; in 
energy, from anything up to 200,000,000 ft.-Ib. ; 
and in perforative power, from that which will 
eee a quail’s head to that which will pierce 

in. of steel armour. These projectiles are 
ejected from thermo-dynamic machines, familiarly 
known as guns, rifles, and cannon; here we shall 
concern ourselves alone with the particular ones 
known as bullets. 

The Propulsive Charge; ‘* High” and ** Low” 
Explosives.—When the charge within the chamber 
of a rifle explodes, the potential energy of its 
chemical compounds is converted into the kinetic 
energy of the liberated gases, a portion of which, 
in its turn, becomes the projectile’s kinetic energy 
of translation and rotation. Explosives generally 
may be classified as ‘‘ high ” and ‘‘ low.” according 
as their decomposition is relatively rapid or slow ; 
the former are used as bursting agents, the latter 
as propulsives. A very ‘‘high” explosive used as 
a ‘‘propellant” would burst the chamber of the 
rifle, because the rise of pressure would be so rapid 
that time would not allow of the projectile’s inertia 
of rest being overcome, and, consequently, of suf- 
ficient room being given to the gases ; on the other 
hand, a ‘‘low” explosive lacks in wrecking effects. 
So many factors are involved in any explosion that 
it is impossible correctly to predict the effects ; 
the writer has seen lyddite shell burst in the open 
so close to men that their clothes were splashed 
with the greenish-yellow products of its decompo- 
sition, yet they were otherwise unharmed; and he 
has seen shell excavate the ground to an extent that 
would conceal a carriage and pair. But it is 
especially in closed buildings and compartments that 
**high” explosives produce such havoc, twisting 
iron girders and badilieg plates of steel as though 
they were so much cardboard, eviscerating and dis- 
membering living beings near the site of explosion, 
and asphyxiating those sufficiently remote to escape 
the sledge-hammer blows of the disrupting gases. 
Our lyddite is a trinitro-phenol ; the ‘‘ Black Maria” 
explosive of the Germans is T.N.T.—that is, tri- 
nitro-toluene ; the former is made by acting on 
“eg ee is, carbolic acid with nitric acid ; the 

tter by acting with this same acid on toluene—a 
coal-tar product very allied to common benzine. 

With *‘low” explosives, owing to the gradual rise 
of pressure, the bullet begins to move down the 
barrel long before the charge is consumed. Were 
the bullet fixed during the explosion, the pressure 
within the chamber would rise to about 100,000 lb. 
per sq. in.; fortunately for the firer this is not the 
case, for although the total pressure continues to 
rise until the projectile reaches the muzzle, yet the 
ressure of the gases already formed falls; in an 
ideal charge the last particle is ignited as the bullet 
leaves the rifle. Despite the increased space afforded 
by the projectile’s translation along the bore, the 

ressures are enormous, 51,000 lb. per sq. in. in the 
user, and 42,000 lb. per sq. in. in the Lee- 
Metford rifle, and this in either case means a pressure 
of about 3000 1b. on the base of the bullet, a fact 
which of itself explains why the modern bullet is so 
energetic and can be so destructive. A ‘‘high” ex- 
plosive detonates rather than burns; its energy does 
not pass from particle to particle by flame contact, 
but by a wave motion that traverses the charge at a 
rate of 19.000 ft. per second. However, it is impos- 
sible to draw a hard-and-fast line between explosives 
that burn and those that detonate, for sometimes 
the former get their temperature and pressure so 
raised by the explosion that the latter part of the 
charge detonates, and in this way, especially in 
the earlier days of sporting powders, when their 
behaviour was less understood, have been caused 
accidents from the bursting of the piece. 

The potential energy of the chemical compounds 
in the charge is converted partly into heat and partly 
into the kinetic energy of the resulting gaseous 
ee etn of carbon, nitrogen, and steam. 

hese gases, exceedingly hot—about 4000 deg. Cent. 
—thrust the projectile down the bore, and as the 
diameter of this, as measured across the ‘‘ lands,” 
is smaller than that of the bullet (the ratio is 303 
to 311 in the Lee-Metford), these ‘* lands” cut into 
the sheath, and, in virtue of their helicoidal twist, 
compel the advancing bullet to spin about a long 
axis. The result is that the kinetic energy of the 





gases is partially converted into the bullet’s energy 





of translation and rotation. By the time a small- 
bore bullet reaches the muzzle it is moving forward 
at the rate of over 2000 ft. per second, and making 
2400 revolutions in the same time, the former velo- 
city giving it an energy of about 1700, the latter of 
about 17 ft.-Ib., together forming an enormous quan- 
tity to concentrate in a small object weighing but 
a couple of hundred grains. The rotational energy 
enables the bullet to maintain its stability, and thus 
indirectly contributes to its ranging power by com- 
pelling it to travel end on, and constantly offer a 
minimal resistance to the air. We shall see later 
that this rotational energy is also an important 
factor in wound production. Unfortunately, the 
whole of the kinetic energy of the gases is not trans- 
ferred to the bullet, for at the instant the latter 
leaves the muzzle there is a tremendous rush of 
gases past it. This ‘‘ muzzle blast” is an annoy- 
ing thorn in the side of the ballistician, since, 
apart from the waste of energy, there is a tendency 
for those gases, with a higher muzzle velocity than 
that of the bullet, to shove the base of the latter 
out of line, and so cause the bullet to topple over. 
Even so, this could not occur were it not for the 
fact that it is impossible to make the muzzle of a 
rifle and the base of a bullet so accurate that the 
latter leaves the former simultaneously at all pointe, 
and it is the inevitable slight asymmetrical rela- 
tionship between these that causes the 
initial tilting which the muzzle blast accentuates. 
Elongated bullets fired from a smooth bore are 
found to be travelling side on at a distance of but 
2 ft., in consequence of this muzzle blast ; hence 
the necessity in these long bullets of a very rapid 
spin. However, despite this rapid spin, the bullet 
still wobbles a little at the beginning of its flight, 
a fact which, as we shall see later, throws light on 
the vated traumatic effects occasionally seen 
after close-range firing. A spinning top is unsteady 
at the commencement of spin, it then ‘‘ falls 
asleep,” and, so far as translation is concerned, 
becomes motionless ; finally, towards the end, it 
staggers about and rolls over. Now a bullet is an 
aerial top, —o several thousand times a 
minute on a layer of condensed air ; like the toy 
counterpart, it wobbles at first, then becomes 
rigid, and finally, at the end of long flights, when 
its rotary speed has considerably fallen, it again 
becomes unsteady. This is one of the explanations 
why the aperture made in a piece of canvas by a 
bullet is larger at the beginning and at the end of 
a long flight than the aperture made at some inter- 
mediate point of flight. As the bullet leaves the 
rifle it is quite a different thing to what it was 
before the pull of the trigger: its surface is 
polished and grooved by friction with the barrel ; in 
consequence of the explosion its temperature is 
raised, and it is surgically sterile—that is to say, 
microbes and spores previously lodged in irregu- 
larities of its surface have been killed ; lastly, it 
possesses momentum and energy in virtue both of 
ite rotation and its translation. 

The Bullet’s ‘*‘ Energy and Work.”—By the 
momentum of a bullet is meant the quantity of 
motion which it 8; by its energy is meant 
the potentiality which it has for producing pose 
change—that is, for doing work. Seeing that the 
energy of the moving bullet is the product of its 
mass and the equare of its velocity—or, to put it 
more conveniently, half the product of its momen- 
tum and its velocity—it is obvious that if the 
bullet’s mass is doubled, its energy is likewise 
doubled ; but if the velocity be doubled, then its 
energy is quadrupled. Now, how and on what 
does the bullet do its work? Partly by bringing 
about physical changes in the air it traverses on its 
way to the objective, such changes consisting in 
the molecular movements of heat and the molar 
movements of sound-waves and air-currents. The 
air immediately in front of the bullet is condensed, 
that immediately behind is rarefied almost to the 
extent of a perfect vacuum, behind which, again, is 
a wake of churned-up eddies of air; from the 
shoulders of the bullet, from the cannelure (the 
Lee-Metford has one, the Mauser has not), and 
from the periphery of the base, waves spread out 
into the surrounding atmosphere. At very high 
velocities the air is thrust away en masse from the 
bullet, and it is the columns of air falling together 

in behind the missile that give rise to the loud 
clap so familiar to those who mark in butts, and 
are therefore in close proximity to the passing 
projectile. The whole of the bullet’s energy is 
ultimately expended as heat, but a portion of it is, 








as we have seen, directly so expended by con- 
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densation of, and friction with, the air. Pro- 


fessors Boys and Mach have succeeded in obtaining 


hotographs of bullets passing threugh dense 
ak as carbon dioxide, and these show the 


cap of air covering the head, the waves thrown off 


from the side, and the vortices lying behind, the 
whole reminding one of the bow and stern waves 
of a ship cutting through the water, and the foamy 
track left behind. 

All work expended on the air is, so far as 
the real purpose of the bullet is concerned, 
wasted ; only that done on the objective is of 
practical interest. A fair idea of the compara- 
tive amount of work put out by different bullets 
during penetration of the objective may be obtained 
by measuring the excavations they make when 
arrested by some dense homogeneous solid ; the 
volume of these can be readily ascertained by 
filling them with water and decanting the latter 
into a measure-glass. In the writer’s experi- 
ments he used a large 3-in. slab of lead, and the 
bullets were fired from a distance of 10 ft. The 
following -is what happened in the case of three 
bullets :— 

A, hard-nosed, 0.303; B, soft-nosed, 0 303; C, 
0.577, Snider. (1) Depth of excavation : A, 2.5 in.; 
B, 1.6 in.; C, 0.9in. (2) Maximum width of ex- 
cavation: A, 1.7 in.; B, 2in.; C, 2.7 in. (3) Dis- 
tance below surface of maximum width of excava- 
tion: A, 0.75 in.; B, 0.3 in.; C, 0 in. (at surface). 
(4) Distance of raised edge of crater above the sur- 
face: A, 0.7 in.; B, 0.7 in.; C, 0.4 in. (5) Volume 
in cubic centimetres) of excavation : A, 50; B, 54; 

, 39. (6) Condition of bullet: A, sheath of 
anterior two-thirds split open and bent backwards, 
corresponding part of nucleus broken up, posterior 
third of sheath and nucleus intact; B, whole of 
sheath split longitudinally and turned completely 
inside out, nucleus in fragments ; C, whole bullet in 
fragments. 

It is therefore evident that the total work done 
by each of the 0.303 bullets is practically equal 
in amount, though differing in site, that done 
by the soft-nosed being nearer the surface. Pene- 
tration was deepest in the hard-nosed 0.303, least 
in the Snider, the latter expending all its energy 
close to the surface. A better method of ascer- 
taining how, when, and where the bullet does its 
work is the following :—Flat, thin steel plates, 
averaging +}, in. in thickness, were placed in series, 
one behind the other, like the leaves of a book. 
Into these plates, from a distance of 10 ft., various 
bullets were fired. The physical change wrought 
in each plate was then carefully estimated by 
measuring the depth and area of the region strained 
—that is, of the bulge—also the diameters of the 
aperture and the total length of fractured edges. 
In this way it was found that in each series of 
lates, whatever the type of bullet, the work 
Supe progressively increased up to the point of 
the bullet’s maximum deformation, and then, as the 
bullet broke up and its fragments lost energy, 
progressively decreased to zero. On the first plate 
the work done was small although the bullet’s 
energy was at a maximum; on the second plate, 
though energy had decreased by the amount 
expended on the first, a little more damage was 
done ; on the third plate, though energy was still 
further reduced, the damage was still more, and 
soon. By plotting out these measurements curves 
were obtained showing the penetrative power of 
the various bullets and the point where they 
severally put out their maximum work. In Fig. 1 


Fig.t 








e794) Perforation in of Plates or 


are shown four curves, each of which is the mean of 
several observations; the vertical co-ordinates 
represent the mean diameter of the aperture in the 
plate, the abscisswe show the penetration both as 
regards number of plates and thickness of steel. 
Thus the soft-nosed, copper-sheathed Remington 
0.45 bullet perforated 0.1 in. of steel, and did its 


underwent its greatest deformation, attaining a|or sheathed bullets that readily deform, produce 
transverse diameter of 2in. In marked contrast | more extensive injuries than do normally-travelling 
comes the hard-nosed 0.303, which perforated | hard-nosed ones, and this, again, because of the 
thirty-two plates, or 0.32 in of steel, and expended | increased area of impact they offer, and conse- 

















& maximum energy on the fourteenth plate—that 
is, at a depth of 0.14 in. 
In the living body the actual amount of werk done 
by a normal bullet is small, and in consequence the 
bullet leaves the body still retaining a high per- 
centage of its striking energy. hen, however, 
the bullet has an erratic flight in the shape of the 
‘* wobbling ”—‘‘ pirouetting,” the French call it— 
already referred to, or when, following on a 
ricochet, it is rotating about a short axis, or, still 
more, when it is of a deformative character, then 
the whole of the translatory and rotary kinetic 
energy which the bullet on impact is 
liable to be expended in physical change inside the 
organism, as evidenced by destruction of the living 
tissues and in deformation of its own structure. In 
‘*civilised”’ warfare the ideal of the belligerents, 
at least of the really ‘‘ cultured ” among them, is 
not to kill, but to disable temporarily, so that the 
individual is put out of action for the time being, 
but ultimately recovers. For this reason such belli- 
gerents make use of hard-nosed bullets ; the big- 
game hunter, on the other hand, desires to kill, 
and to kill quickly, not only because this is of 
importance to his own safety, but because, being a 
humane and true sportsman, he would rather miss 
altogether than wound an animal in such a way that 
it escapes, and dies a lingering death in some out- 
of-the-way hole and corner. 
Most important is the part played by abnormal 
rotations in wound production; the increased 
damage sustained by the tissues under such cir- 
cumstances is due to the increased area of impact. 
One has only to compare the bow wave of a yacht 
with that of a dredger to realise the significance of 
this increased area of impact. In traversing the 
organism the bullet must excavate a passage which 
is at least as wide as its own short diameter ; in 
rigid parts, such as bone, this passage may remain 
more or less unclosed ; in soft, semi-liquid parte it 
——s or completely closes up. Assuming the 
ullet does not deform, then the smallest passage 
is made when it strikes the objective at the normal 
and penetrates with its long axis in the line of 
advance ; the largest aperture is when the bullet’s 
long axis is at right angles to this line. Suppose the 
work done on the tissues when the bullet is 
advancing side on, and therefore offering a maxi- 
mum area of impact, to be 100, then, when its long 
axis is at 60 deg. to its line of progress, the damage 
to the tissues would be represented by 88, at 45 deg. 
it would be 77, at 30 deg. 62, at 1b deg. 42, at 
10 deg. 32, and at 0 deg. it would be a minimum of 
about 23 (see Fig. 2). This same principle holds 
good—at any rate up to the point where the bullet 
refuses penetration and undergoes deflection—when, 
although the bullet is rotating normally, it does not 
impinge against the surface of contact at the per- 
pendicular, and this is particularly noticeable in the 
curved walls of the cranium. Some years ago the 
writer presented toa pathological museum two skulls 
from the battlefields of Luzon ; the one showed the 
small circular aperture of the normally striking 
bullet, the other the long ‘‘ key-hole” of a bullet 


that had struck at an incident angle much less than 





maximum work at a depth of 0.07 in., where it 


the normal. So, too, lead bullets that raushroom, 
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quently the bigger area of shock they impart to the 
tissues. 


(To be continued.) 





SURFACE-FLOW PHENOMENA. 
By J. Epcar Horst. 


Tue study of the deformation of metals during 
recent years has thrown much light on the internal 
structure of metals, and the inexplicable behaviour 
of many metals when subjec' to stresses pro- 
duced during various processes of ‘‘ work ” have to 
a large extent been cleared up. The phenomenon 
now known as surface-flow was first observed in 
this connection. This phenomenon is well known 
to all metallographers, who observe the hard sur- 
face layers produced by submitting micro-specimens 
to the process of polishing. This hard surface has 
been dem by Dr. Beilby to consist of a layer of 
what he terms the ‘‘ amorphous phase” of the parti- 
cular metal under consideration. By the phrase 
** amorphous phase ” is understood a physical state 
of the metal which is the exact opposite of the 
crystalline state, or phase. The determining pro- 
perty of the crystalline state is termed ‘“orienta- 
tion,” and is such that the component molecules 
of the substance shall be marshalled in definite 
order, resulting in the metal being built up of 
grains having definite geometrical form. The 
amorphous a+ is therefore the exact opposite 
of this, and is often alternatively called the 
‘*vitreous phase,” which, from some points of view, 
is the better term. The most common example of 
a substance normally existing in this amorphous 
or vitreous phase is common glass. Certain glasses 
on being subjected to special heat treatment assume 
the crystalline phase, which becomes evident by a 
sort of opacity of the glass. This phenomenon is 
commonly known as the devitrification of glass, 
and is familiar to all glass- workers. 

The formation and subsequent existence of surface 
layers of these amorphous phases of metals has 
undoubtedly a large influence on the behaviour of 
metals from the point of view of wear. For many 
years it has been the common knowledge of engi- 
neers that the least trouble and the best running 
properties may be expected from such articles as 
steam and internal-combustion engine cylinders, 
slide-valve guides, bearings, &c., when they have 
been in use for a sufficient length of time to pro- 
duce the hard surface commonly called ‘‘ glazed sur- 
face.” This glazed surface is undoubtedly a fine 
example of surface flow. Fig. 1 is a microphoto- 
graph of a surface of a cast-iron cylinder show- 
ing this layer. The fine parallel scratches are 
caused by the motion of the piston. Fig. 2 shows 4 
layer of this material in the process of formation on 
the surface of a cast-iron cylinder. This photograph 
is taken under oblique illumination, and clearly 
shows the tool-marks underneath the layer of 
‘‘flowed”’ material. These layers are extremely 
hard and resist the action of a file. On polishing 
away this Jayer and etching, the normal structure 
of the cast iron is revealed, Fig. 3, where the hard 
phosphide eutectic will be seen embedded in 4 
matrix of silico-ferrite and pearlite intersected by 


























au 
thi 
coq 
lin 














































duce 
alling 
f the 
pnse- 








he 


ng 
al 


oP se 


in 
n 
18 


‘8 


of 


‘ee @ @ 


SS aa eS OU ahC(lUr 





Aus. 6, 1915.] 


ENGINEERING. 


131 








graphite plates. The thickness of this layer of 
** flowed” matter is approximately ,4, mm. i 


The orthodox rule for the production of efficient 


3 Speci- | wearing parts and bearing metals is that the struc- 
mens of these layers have been obtained by the|ture should consist of hard 
author from cast-iron cylinders of at least +4, mm. |embedded in a matrix of softer material. 


points or nodules 
This 


thick, and the author has in mind the case of a|rule is undoubtedly correct so far as it goes, but 
connecting-rod large-end bearing, the white-metal|the mechanism of the action of these types of 
lining of which was coated with a layer of flowed structures is far more complex than would seem 


material at Jeast ,'; in. thick. 


on the face of it. 


For example, the author is 


The general properties of these amorphous phases | acquainted with bearings originally designed with 
are: they are harder, more tenacious, and more the above microstructure, which are now running, 





Fie. 1. Macnirication 150 Diameters ; 
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Foe. 3. Maenirication 150 DIiAMeTERs ; 
Ercuep writs Ioping. 


readily attacked by chemical reagents than the 
crystalline phases. On treating the layers produced 
on cast iron with nitric acid (specific gravity 1.2) 
one finds that they are only very slowly attacked. 
Fig. 4 is a microphotograph of a layer which has 
been etched with HNO, (specific gravity 1.2) for 
one minute. The layer was hardly affected by the 
acid, but it will be evident that it is slightly more 
readily attacked than the phosphide eutectic. The 
parts of the layer other than the phosphide eutectic 
are slightly tinted with brown by the action of the 
nitric acid. The distortion and disintegration of 
the phosphide eutectic are well illustrated, the 
white dots scattered throughout the brown matrix 
being presumably particles of phosphide eutectic. 
Attempts have been made to heat-tint these layers, 
and it is found that when phosphide eutectic is 
coloured pale yellow, cementite reddish brown, that 
the layers are very little affected, being only very 
slightly tinted with brown. 

The majority of observations on surface flow 
have been made on pure metals, such complex 
alloys as cast iron having as yet been little studied. 

he cast irons from which these specimens are 
taken consist mainly of ferrite and pearlite, with 
hard phosphide eutectic. Specimens have also 
been obtained from cast irons, the whole of the 
matrix being pearlitg, and no primary ferrite. The 
hard phosphide eutectic in cast irons which have 
been subjected to wear is found to stand in relief. 
Fig. 5 is a photograph of the surface of a yery soft 


cast-iron cylinder which has been subjected to |? 


wear. The hard phosphide eutectic will be seen in 
relief. This action first takes place on the summits 
of the machine-tool marks. The flowed layer is 
without doubt a result of this wearing action, 
which causes the matter to flow, filling up the 
spaces left by the machine-tool. 

The layer is probably composed of more than one 
constituent. Undoubtedly the amorphous phase 
of ferrite is present, together with some amorphous 
product of the hard phosphide eutectic. Granules 
of phosphide eutectic may be noticed unaltered and 
embedded in the layer of ‘‘ flowed” material. 
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the whole of the above structure being covered 
with a layer of hard amorphous material ;}5 ir. 
thick. 

In conclusion the author desires to thank Messrs. 
Richard Hornsby and Sons, Limited, for permission 
to publish these incidents which have been met 
during the course of research carried on in their 
works, 





Port Jackson, N.S.W.—The entrance to Port Jackson 
is 12 mik s wide between the outer north and south heade, 
while the navigable waterway at the entrance is three- 
uarters of a mile wide, with a depth in mid-channel of 
102 ft., the minimum depth being 80 ft. uarie Light 
is on the outer south head, and Hornby Light on the 
inner south head. The former is a revolvi light, 

on a cliff 300 ft. above sea-level, and visible for a 
distance of 26 miles ; the Hornby Light (fixed) is visible 
for a distance of 15 miles. Leading lights and buoys have 
been established to facilitate navigation in the channels, 
of which there are two—eastern and western—formed by 
a shoal, the Sow and Pigs, situated in the fairway, ahout 
midway between the inner south head and George's Head. 
Each channel is about half-a-mile long, with a minimum 
width of 700 ft. The depth of the channel is 40 ft. at 
low water. The western channel is being dred 80 
that an inward and outer channel may be available for 
all vessels with minimum depths of 40 ft. at low water. 





ELECTRIC IRON-ORE SMELTING IN 
SWEDEN. 


Ir may now be taken for an established fact that 
electrical iron-ore smelting has through its pre- 
liminary more or less experimental stages, and attained 
in Sweden to a sound and remunerative industrial 
basis, with a wide scope for adoption and extension. 
We have from the outset followed this movement with 
much interest, dealing promptly, and at considerable 
length, with the experimental electric iron-ore-smelting 
furnace at Trollhittan, which may be said to have 
inaugurated this new departure. This was built and 
carried on at the instance, and at the expense, of the 
Jernkontoret, in Steakholm. It was rather a novel 
venture on the part of this excellent institution ; but 
the results have already shown how correct was the 
view which the Jernkontoret from the beginning took 
of this new , 

The following details of the further development up 
to the present date of iron-ore smelting by electric 
energy in Sweden were given by one of the Jern- 
kontcret’s mining engineers, Mr. J. A. Leffler, at a 
meeting held there on May 28, 1915. 

It is highly interesting to trace the development of 
electric iron-ore smelting from the small experimental 
furnace at Domnarfvet (1909), through the larger, but 
still experimental, furnace at Trollhi'tan, to the fur- 
nace now in course of construction at the Siderfors 
Works. The first-mentioned utilised about 500 kw. ; 
the Trollhiittan furnace ran with a load of about 
1900 kw.; the Hagfors furnaces, with a load of about 
2200 kw., and the large furnace (electro-metal type) 
at Vomnarfvet, with about 3000 kw. The one now 
being built at Séderfors, however, will, in the first 
instance, be constructed for the absorption of 4500 kw., 
and afterwards, some necessary alterations as regards 
the electrodes having been effected, probably of 6000 
kw., for which amount of energy the shaft has been 
dimensioned. 

Great changes have taken place in the views held as 
to the profiling of theshaft. Of the bosh, which at the 
outset was considered as fairly indispensable, but 
little remains ; the diameter of the body of the Séder- 
fors furnace will be 3400 mm. (134 in.), and the 
diameter in the neck 2600 mm. (102 in.), the bosh 
angle being 78 deg. 45 min. 

The arrangement of the smelting-chamber in the 
latest type of furnace presents several new features. 
At the bottom and up part of the sides there is now a 
layer of closely-packed crushed coke or electrode 
fragments ; between the arch and the neck there has 
been placed a water-cooled ring, which serves as the 
terminus of the arch, and on the top of the arch, as a 
protection against —- from within, there is now 
used a covering of steel plate, which, again, is con- 
nected with the plating of the bosh and smelting- 
chamber. 

It is reported that at the Hagfors Works, in the 
construction of a new arch at furnace No. 2, and in 
the repair of the upper portion of the walls of the 
smelting-chamber, bricks, &c., costing 1400 kr. (78/.) 
were used. The relaying of a 12-in. thick arch at T'roll- 
hiittan took 130 hours from the current being switched 
off until it was switched on again ; ten boleiiagess and 
six labourers were employed for the work, bricks and 
other material cost 1000 kr. (55/.), and the labour 
amounted to 520 kr. (29/.). The last relaying at Troll- 
hittan took 684 hours (from October 31 to November 
29, 1914); there were used bricks, electrode waste, 
tar, &e., costing 5000 kr. (278/.), labour amountd to 
3850 kr. (213/.), the repair altogether consequently 
costing 8850 kr. (491/.). 

Another great forward stride is in connection with 
the circulation of the gee by means of Jaegar fans. By 
using these or similar fans the circulating amount of 

as per unit of time can be kept constant, which is a 
decided advantage for the working and its economy. 
On the occasion of « visit to Domnarfvet towards the 
end of March, the furnace there was running with a 
load of rather more than 3000 k.v.a., the pressure of 
the gas on the pressure ride of the Jaegar fan was 
about 500 mni. water (20 in.), and the percentage of 
CO, in the issuing gas 28. It will be remembered that 
the gas is drawn from the top of the furnace, cooled, 
washed, and then a portion of it is forced into the 
smelting-chamber to effect the reduction of the ore.* 
The average production of pig-iron was then normally 
250 tons per week with a consumption of charcoal of 
22 hectolitres (77 cub. ft.) and a consumption of eleo- 
trodes of 7 kg. (154 lb.) per ton of iron. 

The newest electric iron-ore smelting furnaces are 
sll surrounded with houses of reinforced concrete or 
iron, which also marks a distinct p in construo- 
tion ; from electrical considerations it may be advis- 
able, as has been done at Siderfors, to use reinforced 
concrete round the lower portions of the furnace. It 
is, however, a question whether the induction currents 
which arise in the reinforcement of the conorete may not 
cause the iron to rust, and thus weaken the structure. 

As to the manner of suspending the shaft, different 





=< See Evc:ngerinc, November 8, 1912, page 630. 
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methods are being adopted. At Domnarfvet and 
Séderfors the same system is being followed as at 
Trollhittan—that is, the house iteelf is being used as 
supporting foundation. At Hagfors, on the other 
hand, the shaft reste upon a separate and independent 
iron construction. Both systems, no doubt, have their 
advantages and their drawbacks. Should preference 
be given to either of them, it would probably be to 
that used at Hagfors, inasmuch as it makes the 

and the house round it free and independent of one 
another. 

We will now proceed to give some details concern- 
ing the furnace (Elektrometalltype) at Domnarfvet, 
those at Hagfors, and the large new furnace at 
Siéderfors. 

Figs. 1 and 2, on the present page, show how the first 
of these is constructed. The charcoal and iron ore are 
hoisted up by means of a traverse. The ore is crushed 
in a Gates crusher to pieces of 60-mm. (2.4-in.) size ; 
the crusher is worked by a 60-horse-power electric 
motor. The three transformers (Fig. 2) are each of 
1500 k.v.s. capacity, and have been ge by the 
New United Electric Company, of Ludvi They are 
placed immediately against the furnace and are cooled 
with air. The electric energy is received as three- 
phase current of 6800 volts and 60 periods, and runs 
up to a maximum of 226 amperes. By hand regula- 
tion it is transformed down to 60 to 120 volts. From 
each transformer proceed eight copper bars, four for 
each electrode, measuring 125 mm. by 15 mm. (5 in. by 
0.6 in.). From each bar, again, proceed eight 22-mm. 
copper cables (259 wires, 0.75 mm. diameter), and 
there are thus 32 cables for each electrode. The 
cables are wedged firmly into their terminals. The six 
carbon electrodes are round, of 600 mm. (24 in.) dia- 
meter. Each phase can be uncoupled independently of 
the other two. 

The engraving, Fig. 1, shows that the furnace stands 
at some height above the ground, so that it is possible 
to tap both iron and slag into wagons standing on the 
level of the floor. The smelting-chamber is encased 
with cast-iron plates, 20 mm. thick, held firmly 
together by means of iron bands. In the tapping-hole 
water-cooled boxes are used. The tapping-hole is 
lined with % coarse quartz gravel (3-mm. grain), and 
4 Dutch clay, with the necessary water added ; in 
front of this is placed refractory brick, with a 25-mm. 
(1-in.) hole. 

The shaft is not encased in plates, but is banded 
with iron hoops. Around it, at the same level as the 
upper edge of the boshes, is a circular girder, in which 
the four suspension fittings are fastened. Otherwise 
the arch, like the smelting-chamber, is made from Ifé 
A.8. bricks. 

For the gas circulation there are installed two 
Enképing fans (one in reserve) and one Jaeger machine 
No. 8, respectively a and b in illustrations (Figs. 1 
and 2). The Enkiéping fans are worked by belting, 
each from its 35-horse-power electric motor, with three- 
phase current of 500 volts, and normally make 1200 to 
1200 revolutions ; by means of resistances, their number 
of revolutions oan be varied from 900 to 1500. Water 
is injected on the propeller, at a pressure of 43 lb. per 
sq. in., through a 19-mm. pipe. From the Enkipin 
fans the gas goes partly to the Jaeger fan a 
partly to a Pipe 305 metres long, 500 mm. (20 in.) in 
diameter, to the lime-kilns, &c. The Jaeger fan is 
worked with belting from a 35-horse-power electric 
motor, like those just referred to. In both gas-pi 
from the gas outlets water injection is ap tied by 
means of Kirting’s water-spreaders, four for each 
Pipe, with 5-mm. holes. 

e electric iron-ore smelting plant at Hagfors 
comprises at present three furnaces, a fourth furnace 
being in course of construction, and the common fur- 
nace-house will be made so as to be able to accommo- 
date a fifth furnace. Fig. 3, page 133, is a vertical 
section through furnace No. 1. This furnace was 
started on March 15, 1912, furnace No. 2 in the 
beginning of Augurt, the same year, and furnace No. $ 
in the spring of 1913. 

The requisite charcoal for the use of the furnaces is 
stored in three charcoal-houses, into which it is dis- 
charged direct from the railway wagons. The height 
of the fall in the charooal-houses is 5.3 to 6 metres, and 
their capacity to level of rails 48,000 cubic metres ; 
by further filling up, with horses, an additional 20,000 
cubic metres can be stored, or about one-and-a-half 
times the present annual 
naces, namely, 20,000 tons of 23 hectolitres (80 cub. ft. ). 
The char is conveyed .o the top of the furnace by 
means of a rope railway. The working of the charcoal 
baskets is almost entirely automatic. The capacity of 
the rope railway is calculated at 1200 hectolitres per 
“——— 

he ore arrives in railway wagons, which are dis- 
cha direct into a coarse crusher, Roasting of the 
ore does not take place. With the exception of the 
Tuolluvaara ore, of which the whole ‘8 consump- 
tion arrives in the summer, there is only a small 
reserve of some 300 to 400 tons of ore at the works. 
It is under contemplation to installa new wagon-tip- 
ping arrangement for wagons up to 22.5 tons weight. 


uirements for three fur- 





The coarse crushing of the ore is done by a Blake | emptied its load at the furnace top and commenced to 
crusher, with 490-mm. by 620-mm. (19-in. by 24-in.) | go down, the wagon begins its journey to the tipping- 
mouth ; the finer crushing is done by two crushers, sary empties its contents there, turns, and moves 
one making 250, the other 215, strokes per minute. kk to its place beneath the small ket. 

The crushing plant is worked by an 90-horse-power| For the working at Hagfors electric power is derived 


Fig.t. 


—---4700 -- 





--— 2800-- 





ax ‘ 


electric motor, and the capacity is 30 tons per hour|from the power mains of the Uddeholm Company 
when all the crushers are going. | (power-stations at Forshult, 15 km., and Malta, 5 km. 
The ore-transporting plant will work as follows :— distant, further power-stations being in course of con- 
The ore, in an ordinary ore ‘“‘dog” of 1 cubic metre | struction at Knon and Nain). The energy is three- 
capacity, is transported on to the furnace top, where | phase alternate current of 25 periods and 12,000 volts. 
it is emptied into a small pocket, and from this into a | All the motors are for 190 volte. 
wagon of the same capacity, which passes over the| For each furnace there are installed three water- 
ore-box, and can be tilted. When the ore-dog has | cooled oil-insulated transformers of 1000 k.w.s., one 
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for each phase (two round electrodes of 600 mm. dia- 
meter per phase). From each transformer proceed eight 
copper bars (four for each electrode), mm. by 
10 mm., which, without any cable connection, are 
attached to the electrode contacts. The low —e 
50 to 100 volts in eight steps, is regulated by hand by 
means of special regulators. 

Water of 10 m. (33 ft.) natural head is supplied 


At present there is an electric ore-smelting furnace 
(Elektrometalltype) in course of construction at 
Séderfors, of which installation sections are given 
in Fig. 4 and 5. The charcoal is conveyed to the 


Blisterhyttan blast-furnace. The ore will be con- 
veyed in the same manner as at Hagfors. 
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from a 200-mm. (8-in.) main pipe for the three furnaces 
at present in operation. When all five furnaces are com- 

lete, @ pipe of 300 mm. will replace the present one. 
The branch lines to the furnaces are 125mm. indiameter. 

The furnaces Nos. 1 to 3 have the shafts suspended 
on an iron frame with four legs and of 7.5 m. (25 ft.) 
height ; the furnaces Nos. 4 and 5 will be suspended 
in a similar manner, but the iron structure will have 
three legs. The bottom base for the latter two fur- 
naces will consist of a moderately reinforced concrete 
block, the upper surface of which lies 1 metre beneath 
the level of the ground. 

Furnace No. 1 has a bowl-shaped smelting-chamber ; 
the others are cylindrical. The furnaces are encased 
in plates over all; the smelting-chambers are built of 
basic If6 bricks ; in the bosh Stabbarn bricks are used, 
and in the shaft Héganis bricks. The top is not 
bricked in. All the furnaces have Tholander charging- 
measures. The measures are lifted by means of an 
electric winch, of @ lifting speed of 0.15 metre per 
second. The motor is an encased 4-horse-power motor. 
Each furnace has two gas outlets of 500-mm. (20-in.) 
diameter and a 300-mm. gas-torch. The gas-pipes are 
swept by means of water, supplied by a high-pressure 
“Gamma” pump of 500 litres per minute capacity, 
with 50-metres pressure-height; the pump is direct 
coupled with a 9-horse-power motor and makes 1400 
revolutions per minute. 

From all the furnaces a connecting 700-mm. (28-in.) 
£88-pipe goes to the Martin works ; each furnace can be 
shut off from this pipe. For the gas circulation there 
are installed two fans, with water injectors (one in 
reserve) ; these fans each make 1000 to 2000 revolu- 
tions, using 10 to 20 horse-power, and, with 2000 
revolutions, give 3000 cubic metres of gas per hour 
against & counter pressure of 350 mm. of water. 

The slag is tapped into funnel-shaped cast-iron 
moulds in blocks of 1300 kg., and is then, by a tra- 
verse, lifted into railway wagons and tilted into the 
lake. The pig-iron is tapped into ingot moulds and 
raised by means of a traverse. 

The houses surrounding the furnaces Nos. 1 to 3 
are of brick, whilst the house round the furnaces 
Nos. 4 and 5 will be an iron construction, with 10-in. 
brick filling, 5 in. on the top. The roof supports are 
of iron, and the roof of corrugated iron. The cost of 
construction of furnaces Nos. | to 3 at Hagfors is given 
in the tabular statement annexed. 

For three furnaces forty-eight men are required, and 
wages per ton were, for the year 1913, 3.45 kr. (3.85s.). 
The ee figures for the year 1912, at Blis- 
terhyttan blast-furnace, were 6.51 kr. (7.25s.) for Bes- 
semer pig-iron, and 6.28 kr. (7s.) for Martin pig-iron. 


The electric energy will be supplied by the power- 
station at Elfkarle, three-phase alternate current, 
50 periods, voltage 20,000 volts at the power-station, 
which at Séderfors has gone down to 18,000 volts. In 
three water-cooled, oil-insulated transformers, each of 
2300 k.w.a., the voltage is reduced to 50 to 100, in 
eight steps. Each transformer has 12 bars (300 mm. 
by 12.5 mm.) of copper, which, through re-coupling, 
| be converted into eight, four for each electrode, 
an 


of the electrodes. The six charcoal electrodes have a 
diameter of 700 mm. 


Cost of Construction of Hagfors Furnaces Nos. 1 to 3. 





Kr. £ 
Building 214,222 11,800 
Furnaces ... bik oni 221,769 12,300 
Electrical — transformers 
with requisites, lighting 250,590 14,200 
Charcoal and ore transport 
ents, cranes 
and traverses ... 91,582 5,600 
Crushing plant... pee 34,093 1,900 
Water-pipes and pumps... 11,917 670 
Putting ground in order, 
railway lines ... aa 34,877 1,930 
Loose fittings, &c. al 1,860 102 
em, not —~ 3,042 170 
win neers’ fees, 
&e. — = ic 32,864 1,840 
Total 896,821 50,342 


The smelting-chamber stands on a concrete base, 
perforated by seven circular air-passages. The shaft 
is suspended from a girder construction. Both the 
smelting-chamber and the shaft are plate-mantled. 
The arch of the smelting-chamber is finished near the 
neck with a water-cooled ring. 

For the gas circulation, two ventilators are bein 
installed (one in reserve), of the Zschocke system, an 
a Jaeger fan. The ventilators each have a capacity of 
80 cubic metres per minute against a pressure of 100mm. 
(4 in.) water. e one is direct coupled to a three- 
phase commutator motor of 20 horse-power and 300 
volts, capable of being regulated between 700 and 1400 
revolutions ; the other (the reserve ventilator) to an 
asynchronous motor of 20 horse-power and 1420 revolu- 
tions, the number of revolutions, by means of resist- 
ance regulation, being capable of being regulated down 
to 700. The Jaeger fan is worked by toothed gearing 








which are direct attached to the copper contacts | Th 


from a three-phase commutator motor, like the one 
just referred to, and has a aqety of about 80 cubic 
metres of gas per minute. It is constructed for a 
maximum counter - pressure of 750 mm. (30 in.) of 


furnace-top by means of a rope railway (speed, 0.65 | water, and can be adjusted for respectively 60, 120, 
metre per second), which was previously in use at the | 180, or 240 revolutions. 


| The gas leaves the furnace through an outlet of 
| 800 mm. diameter. The slightly-sloping gas-pipe from 

the outlet is swept by a water-spray. The 
continuation of the gas-pipe is 1 mm. 
(40 in.) interior diameter ; it first proceeds 
straight downwards, and afterwards ascends, 
ending in the water receptacle and water-trap. 
In the descending and ascending branches are 
placed twenty centrifugal water - spreaders, 
which produce umbrella-shaped water - sprays 
across the pipe section. From the ascending 
branch the gas is drawn by one ventilator, 
where it is further cleansed with water and is 
then driven into the water - separator (or re- 
mover). On the pipe between the water-scrubber 
and the Jaeger fan is an outlet for the gas to the 
Martin works. The circulating is driven by 
the Jaeger fan to a ring-drum Goo mm. in dia- 
meter), and further into the smelting-chamber. 

The pig-iron is run into ingot moulds, being 
raised by means of an electric travelling-crane 
of 5 tons capacity and with 10 metres span. 
The crane has three motors, and is fitted with 
lifting-hook and electro-magnetic appliances. 
The lifting speed is 6 metres, the longitudinal 

is 75 metres, and the cross 20 
metres per minute. 

The house is being built of reinforced concrete 
to the level of the electrode floor, and above 
that as an iron construction, with 150 mm. brick 
fill. The roof is of corrugated galvanised iron. 

The charcoal-house at Séderfors is of some 
interest. The length is 100 metres; breadth, 
32 metres; ite capacity is about 8700 tons. 
The house-frame is built of wood; roof and 
walls of corrugated plates. Two railway lines 
run through the house on supports of reinforced 
concrete, and 7 metres above the level of the 

und. The charcoal is fed into baskets which 

g on rails; the baskets are emptied on toa 
transport band; this is 400 mm. broad, and 
moves with a speed of 0.35 metre per second, 
transporting 8 cubic metres per hour. The band 
delivers the charcoal to a shaking-sieve, which 
makes 360 strokes per minute, and from which 
the charcoal falls into a pocket, from where it 
is emptied into the baskets. The dust from the 
sieve is removed by means of a band elevator to 
another transport band, 250 mm. broad, and running 
at a speed of 0.26 metre per second, which dischar 
it in dust-pockets. The house is of an unusually 
strong construction. 





Witiinepon Brince.—The new bridge over the 
Krishna at Mahuli is to be known as the Willingdon 
Bridge, in honour of Lord Willingdon, the present 
Governor of Bombay, who inaugurated the structure. 
© bridge is situated at Mahuli, but the nearest point 
of importance is Satara, upon the Madras and Southern 
Mahratta Railway. The arches are three - centred. 
Moulded concrete blocks have been used for the arch 
voussoirs, and have given excellent results, the si’ 
on the 55-ft. s having been under } in., and in the 
35-ft. span y 4 in. crete blocks have also been 
used for the parapet walls and coping, as stone of that 
size would have had to be brought from Nira, and is of 
such a hard nature that it cannot be finely dressed. 





Soutrn AusTRALIAN Iron Ons.—The new steel works ab 
Newcastle, New South Wales, which were erected by the 
Broken Hill Proprietary Company, Limited, and recently 
ee by the Governor-General (Sir Ronald Munro- 

), were brought into being primarily as a result 
of the existence of huge iron-ore deposits, known as the 
Iron b and Iron situated 30 miles inland 
from the west side of S s Gulf, in South Australia. 
The extent of the deposits has not yet been actually deter- 
mined ; but on the assumption that the average depth of 
ore is no more than 100 fb., it has been calculated that over 
21,000,000 tons of ore are available.- The object the com- 
pany first had in view in securing the deposit was to 
provide sufficient iron ore for use as a flux in the furnaces 
of their South Australian smelting works at Port Pirie. 
After having used some 800,000 tons of the ore in this way, 
and being satisfied as toits high and uniform quality, also 
that the supply would last for several generations, the 
directors of the company decided to make the fullest pos- 
sible aes in the leading iron steel countries of 
the world, in order to see if it might not be possible to 
— the ou ae for the — ing rah ned and steel. 

outcome o' investigations by the manager, 
which were conducted in ‘Thevess and America, was the 
decision to establish the works, which have cost nearly 
1,500,000. An important conclusion in the general 
manager’s report, and one that actuated the company in 
their resolve, was ‘‘ that it was found the average quality 
¢ ~ ores used in the a were ey iy 
of homogeneous composition, usually carried from 
per cent. to 55 per cent. of iron, whereas the ore from the 
company’s ee is of uniform quality, and carries about 
68 per cent. of metallic iron,” 
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310-TON STEAM-SHOVEL. 


THE steam-shovel illustrated on Plates IX. to XII. 
is claimed to be the largest of its class ever built. 
As, in working order, it weighs 310 tons, and is 
capable of excavating 5800 cubic yards of material in 
eight hours, the claim is probably well justified. 
The machine forms an interesting example of the 
adaptation of an appliance designed for one class of 
work to the requirements of another. The shovel, 
as will be clear from Fig. 1, is simply a very large 
example of the revolving steam-navvy such as was 
originally evolved for excavation in connection with 
railways, docks, and similar works. The 310-ton 
example, however, with which we are dealing is em- 
Eve for stripping the overburden from coal deposits. 

a several districts of the United States—notably, 
in south-eastern Kansas, south-western Missouri, 
southern Illinois, northern Oklahoma, and northern 
Kentucky, ocoal- veins lie from 10 ft. to 40 ft. 
balow the surface of the ground. Until comparatively 
recently, these deposits were considered practically 
worthless, although the coal was of excellent quality. 
The reason was that the deposits were not suitable for 
underground operations, and the team and scraper 
method of stripping was limited by the depth of the 
pit. During the last twenty years or so, however, 
many methods of stripping off the overburden have 
been tried. These have taken the form of aerial 
tramways, dry-land dredgers, railway-type steam- 
shovels, &c. Somvw have been su ul and some not; 
but it is stated that none have approached the effi- 
ciency of the large modern stripping-shovel specially 
built for the work. 

The example of a shovel of this type which we 
illustrate, and which, as we have said, is claimed to be 
the largest ever built, is used by the Carney-Cherokee 
Coal Company, of Mulberry, sas. It was built 
by the Bucyrus Company, of South Milwaukee, 
Wisconsin, of whom the British agents are Messrs. 
George F. West and Co., of Caxton House, West- 
minster. The method of working the coal seam, 
when a new field is opened, is to remove a strip of the 
overburden for the width to be dealt with. An initial 
box-cut is dug down to the coal vein and the over- 
burden is dumped, preferably on the side of the cut 
away from the field which is to be worked. This 
naturally demands a wide and high reach in the shovel, 
requiring a very long jib and bucket-arm. When the 
box-cut has been well started, the coal is mined 
behind the shovel, sometimes by hand and sometimes 
by a small revolving shovel. The coal is loaded into 
small cars, which are hauled out of the cut by a cable- 
way. When the box-cut is completed, the shovel is 
turned round and started down the field again, taking 
out the second cut and depositing the material in 
the first cut from which sy on has previously 
been removed. The coal is worked in this cut as 
before, and when completed the third cut is started, 
the overburden being dumped in the second, and 
80 On. 

The Carney-Cherokee Company’s shovel weighs 
about 310 tons in working order, and has a jib 75 ft. 
long. The bucket, or dipper, is 6 cubic yards capa- 
vity. With an 85-ft. jib, which is sometimes used on 
this type of shovel with a 5-cubic-yard bucket, the 
reach is 100 ft., and the shovel can dump material at 
this distance to a height of 68 ft. above rail-level. 
It can make a cut of 106 ft. radius when cutting 
40 ft. above rail, and a cut of 76 ft. at the bottom 
of the pit. With a 75-ft. boom the maximum 
dumping height is 62 ft. at a radius of 91 ft. 
The speed of operation of the shovel is remark- 
able, in view of its size and weight. During a six 
— run the Carney-Cherokee shovel ——— 645 
cubic yards per hour of actual operation, which means 
an average of 17 swings a minute. It excavated 5860 
cubic yards in one day, working 8 huurs 4 minutes, in 
a heals varying from 17 ft. to 20 ft. high. The table 
below shows the output for the six days :— 


Depth 








Output. Delays. Time Worked. | of Digging. 

cub. yards hr. min. hr. min. ft. 
5244 | 0 “30. 8 30 | 18 to 20 
5860 0 56 8 4 17 ,, 20 
3047 8 55 5 5 17 
4842 2 7 6 52) | 17 
3978 } 2 57 6 3 17 
4281 2 61 6 9 17 


The material encountered was for the most part 
om - grey shale. The delays were due to operating 
conditions, aud not to the machine. 

A Ee idea of the eral construction of the 
shovel will be obtained from Fig. 1, Plate IX., and 
Figs. 7 and 8, Plate XII. It consists of an under- 
frame, well shown in Figs. 3 and 4, Plate X., provided 
with 4 four-wheeled bogies. On the uuderframe a 
revolving platform is carried on a circular track. This 
platform carries the jib, operating engines, boiler, Xo. 
Hoisting, racking of the bucket-arm, and slewing are 
each carried ont by a diffsrent engine. For travelling 








the main hoisting-engine is used. The jib is of struc- 


tural steel, of box-girder construction. It is sus- 
pended by means of a twelve-part tackle, which is 
operated by a drum on the main hoisting-engine. 

he back end of the tackle is secured to the - 
of an A frame, as will be seen in Fig. 7, Plate XII. 
The outer end of the bucket-arm is hoisted by a 
single rope working over # large-diameter sheave 
at the head of the jib. This arrangement is used 
to minimise rope - wear as com with a more 
complicated tackle. The bucket-arm is 58 ft. long 
when a 75-ft. jib is used, and 60 ft. long when an 85-ft. 
jib is used. It consists of two timber members rein- 
forced with steel bars. The two members, which are 
joined together at each end, lie one on each side of the 
jib. The arm is traversed in and out by a racking- 
engine secured to the jib. Each member of the arm 
carries a nickel-chrome steel rack which gears with a 
gear-wheel of similar material on the main shaft of 
the racking-engine. The engine, which is mounted on 
the jib, as shown in Fig. 7, is of the two-cylinder 
centre crank valve reversing type. The cylinders are 
10 in. in diameter, with a 10-in. stroke. 

The main revolving platform is built up of four 
longitudinal main members connected by transverse 
girders and separators. The two inner members are 
girders about 50 in. deep, and the two outer are 15-in. 
channels, The heavy stresses at the front end of the 
machine, caused by the jib-foot, the A-frame, and 
the swinging machinery reactions, are taken care of 
by a rigid construction consisting of a large steel-cast- 
ing separator and a heavy box-girder construction. 
At the middle of the platform there is a steel casting, 
which centres it on the underframe. A shaft operating 
the travelling gear from the main hoisting engine is 
carried down to the centre of this casting. The view 
of the platform with the engines and boiler mounted 
in place, and showing the pivot for the lower end of 
the jib, is given in Fig.6. The length of the platform 
is of some importance. I: is 47 ft. 7 in. over all, and 
with a radius of swing from the pivot centre at the 
rear end of 32 ft. 3in. These dimensions are kept as 
small as possible, since, in order to handle an extreme 
depth of stripping in the most effective manner, it is 
necessary to make as narrow a cut as possible. This 
consideration dictates a short platform and a short 
back radius. 

The rotating platform rests on a turntable consist- 
ing of sixty steel rollers rotating between circular 
members built up of 90-lb. rails. One of these members 
is attached to the platform, and the other to the 
underframe. The view of the underframe given in 
Fig. 3 shows one of these circles, as well as the inside- 
tooth cast-steel slewing-ring, on which the slewing 
pinion works. This view » shows the steel centre 
casting. Another view of the underframe is given in 
Fig. 4. It is of very heavy design, and is built up of 
structural steel. The arrangement of the travelling 
bogies is well shown in these two figures and in Fig. 7. 
As will be seen, two of the bogies support the under- 
frame direct, and two are connected to it through an 
equalising beam, which has a pivot on the centre line 
ot the underframe. The equalising beam ensures proper 
distribution of the load on the four bogies in the 
event of inequalities in the track. The beam carries 
@ screw-jack at each end, as can be best seen in 
Fig. 4. Each jack is directly over a bogie. When 
the shovel is being mov to a new position, 
these jacks are released, and the bogies are allowed 
to adjust themselves as they will. Before starting to 
dig, however, they are set, this relieving the shovel 
from unequal stress. Each bogie is provided with a 
radius-bar connecting it to the centre of the under- 
frame, as will be seen in Fig. 7. All four bogies are 
drivers, the propelling being accomplished by chain- 
drives from a vertical shaft passing through the main 
centre casting and geared to the main hoisting-shaft. 

The main hoisting-engine is illustrated in Fig. 5. 
It has two cylinders, f3-in. bore by 16-in. stroke, 
of semi-steel. The reversing gear is of the link type. 
The main drum is driven through an intermediate 
shaft and double gearing. The drum is 48 in. in 
diameter, and takes the rope which hoists the end of 


| the bucket-arm, as shown in Fig. 7, and as before 


explained. Av either end of the drum there is a 
friction-wheel. One of these is for hoisting, and is 
Sag by an outside band lined with b.ss-wood 
blocks which is controlled by a steam thrust-cylinder. 
The other is the lowering brake, and is provided with 
similar arrangements. A view of the main drum, 
with its friction-wheels, is given in Fig. 2. Plate IX. 
At the left-hand side of the main drum there is a 
smaller drum, provided with a ratchet-wheel and 
detent. It is clearly shown in Fig. 5 and in Fig. 6, 
the latter being a general view of the platform and its 
machinery. This smaller drum controls the twelve- 
part tackle, which is used for raising or lowering the 
end of the jib. 

The slewing-engine can be seen at the front part of 
the platform in Fig. 6. It has two cylinders, 10 in. 
in diameter by 10 in. stroke, and is of the central 
crank valve reversing type. It drives through 4 
vertical swinging shaft and a pinion on to the inside- 





tooth slewing-wheel already dealt with. Practically 
all the machinery is mounted on structural steel bases, 
10 ft. wide, thus allowing it to be shipped in units, 
and obviating re-erection on the site where the shovel 
is to work. 

The boiler, which is shown in place in Fig. 6, is of 
the locomotive type, designed for a steam pressure of 
150 lb. per sq. in. It is equipped with shaking grates, 

auges, safety-valves, and all other usual accessories, 
including one injector and one duplex steam-pump. 
Two 1500-gallon water-tanks are hung below the floor 
and between the main members of the revolving plat- 
form. An unusual feature of the machine is that with 
little trouble it may be converted into a drag-line 
excavator, well suited for canal excavation, stripping 
shallow deposits, &c. So converted, it would carry 
2 ” 175 ft. long, and an 8-eubic-yard drag-soraper 

cket. 





INDUSTRIAL NOTES. 

THE attention of the Ministry of Munitions has been 
called to the fact that in certain cases workmen who 
have enrolled themselves as war munition volunteers 
have given up their existing employment, or have 
been discharged by their employers immediately after 
enrolment, apparently under the impression that the 
Ministry of Munitions would at once require the re- 
moval of the workmen to war munitions work. As 
it is frequently unnecessary to require immediate 
removal, war munition volunteers should remain in 
their existing private employment until they and 
their employers receive notice from the Ministry of 
Munitions of their pending removal. ‘The attention 
of employers is called to Section 6 (2) of the Munitions 
of War Act, which makes it an offence for an employer 
to dissuade or attempt to dissuade a workman from 
enrolling as a war munition volunteer. 





The Government Committee on Production issued 
a fortnight ago its award in the matter of the cotton- 
trade dispute. It decided that the wages of the opera- 
tives were to be advanced 5 per cent. on the standard 
piece price-lists. The advance was to be considered in 
the light of a war measure, and came into operation 
as from the first settling-day following June 17. 

But another difficulty has arisen in the cotton trade 
in the shape of the shortage of labour in the mills. 
This is a serious situation, which was considered at 
& meeting between employers and operatives, held last 
Tuesday at Manchester. Little hope was entertained 
of an increase in the number of women workers, since 
very few trained women who cared to return to the 
factories had not already responded to the calls 
addressed to them. It was suggested at the meeting 
that for the period of the war half-timers should be 
allowed in mills at the age of eleven, instead of 
twelve, and full-timers at twelve, instead of at 
thirteen. 





We are informed that the ironworkers’ wages in the 
area covered by the Midland Wages Board, which in- 
cludes South Staffordshire, East Worcestershire, 
Shropshire, Lancashire, parts of Yorkshire, and South 
Wales, have now been advanced by 74 percent. The 
rate for puddling becomes 11s. 3d. per ton, or 9d. more 
than the rate paid at the outbreak of the war ; this 
corresponds to a total advance of 17} per cent. The 
ascertainment on which the advance 1s based is for 
May and June, during which period the average net 
selling price for all cl of iron reached 8/. 10s. 9d., 
the highest since the boom of 1900. 








An important judgm:nt affecting trade unionists 
was given last Tuesday in the Court of Appeal by 
Lords Justices Swinfen Eady, Phiilimore, and ker. 
The plaintiff in the original action was a reel-hand 
named Kelly, engaged in the machine department of a 
London morning paper. His hours were from 10.30 p.m. 
to 6.30 a.m., and his pay, with overtime, amounted to 
21. Os. 7d. a week. ring the day he worked fora 
firm of carriers, and received from them 16s. 6d. a week. 
His sleeping hours were from seven in the morning to 
one in the afternoon. When this came to the know- 
ledge of the National Society of Operative Printers, 
of which he was a member, they expelled him. 
He lost his card, and was unable to obtain employ- 
ment again in a union office. In the County Court he 
was granted an injunction against the society, and 68/. 
damages. The society appealed, but the Divisional 
Court decided that the County Court Judge was right, 
and the appeal was dismissed. Lord Justice Swinfen 
Eady, in delivering judgment, said there was nothing 
in the rules that gave the branch committee the 
J to expel a member under such ci:cumstarces. 

elly had not beeu guilty of misconduct, and he was 
entitled to the injunction. He could not, however, 
recover dam as a member against other members, 
and the order of the Divisional Court in this respect 
must be reversed. The society must pay the costs. 

Lords Justices Phillimore and Bankes concurred. 





The National Association of Master Heating and 
Domestic Engineers and the National Union of 
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310-TON STEAM-SHOVEL. 


CONSTRUCTED BY THE BUCYRUS COMPANY, ENGINEERS, SOUTH MILWAUKEE, 


(For Description, see Page 134.) 


WISCONSIN, U.S.A. 





















Fie. 1. GENERAL ViEW oF SHOVEL IN OPERATION. 





Tue Main Horstrixe-Drvum. 


Fic. 2. 
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(To Face Page 134.) 








PLATE X. ENGINEERING, Aveusr 6, 1915 


310-TON STEAM-SHOVEL; UNDERFRAME AND BOGIES. 
CONSTRUCTED BY THE BUCYRUS COMPANY, ENGINEERS, SOUTH MILWAUKEE, WISCONSIN, U.S.A. 


(For Description, see Page 134.) 


Fic. 3. Tae UNDERFRAME, SHOWING TURNTABLE AND SLEWING-RACK. 














THe UNDERFRAME, SHOWING EquaLisinc-BEamM. 
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310-TON STEAM-SHOVEL; HOISTING AND SLEWING ENGINES. 
CONSTRUCTED BY THE BUCYRUS COMPANY, ENGINEERS, SOUTH MILWAUKEE, WISCONSIN, U.S.A. 


(For Description, see Page 134.) 








Fic. 5. Tue Matin Hoistinc-Encine. 
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Fic. 6. GeneraL View_or Roratine Piatrorm, with MacHINery. 
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Operative Heating and Domestic Engineers make the 
following remarks with reference to a joint circular 
letter from the Institute of Plumbers, Limited, and 
the United Operative Plumbers’ Association concerning 
hot-water and domestic supply services. 

1. The demand now being made for an absolute 
monopoly of the above-named class of work by 
plumbers is of com tively recent origin. Further, 
it was not till the year 1912 that the Operative 
Plumbers appropriated the term ‘‘ Domestic Engi- 
neers ” and included itin the title of their Association. 

2. The work has for many years been largely done 
by heating and domestic engineers, who are to-day 
carrying on their long-established practice of employ- 
ing fitters to execute it. 

3. Hot-water supply is a heating problem involving 
principles of thermal dynamics with which heating 
engineers are most qualified todeal. Extended ser- 
vices in large institutions where steam boilers are 
used with calorifiers have been almost exclusively de- 


signed and carried out by heating engineers, who are | h 


the pioneers in this system of steam economy. Heating 
engineers are accustomed to design and carry out the 
work, guaranteeing efficiency, whereas plumbers 
usually fix work only as specified in quantities, with- 
out any responsibility beyond workmanship. 

4, The fitters are specially trained for the work and 
are thoroughly qualitied. Apprentices and learners 
obtain instruction at technical classes, many em- 
ployers making special arrangements to encourage and 
tacilitate this. 

5. Standardisation work for the trade has been 
entirely done by heating and domestic engineers in 
conjunction with the Engineering Standards Com- 
mittee. The reports now published by the Engineer- 
ing Standards Committee cover ‘‘ Copper Tubes and 
their Screw-Threads (primarily for domestic and 
similar work),” and also ‘‘Copper-Alloy Three-Piece 
Unions” for such work, and a further report on 
Copper-Alloy Fittings is now being completed and 
prepared for issue. 

6. An arbitration award issued in 1909 by a Board 
of Trade arbitrator on a dispute where both sides 
submitted their claims is referred to. The award is 
in favour of the heating and domestic engineers, and 
is the only case which has gone before an arbitrator, 
as the plumbers have repeatedly refused to refer the 
matter to further arbitration for a general settlement. 

Subsequently a joint conference was summoned by 
Sir George Askwith, to consider and discuss the line 
of demarcation between what was actually plumbers’ 
work and the work that could be executed either by 
plumbers or engineers. In this the plumbers declined 
vo take part. 

7. Other operatives reject the plumbers’ claims, and 
the following decision was given in Birmingham last 
month :— 

‘*The Engineers and Allied Trades Societies’ Fede- 
ration, after having heard arguments as to the demar- 
cation of work between the Domestic Engineers and 
the Plumbers’ Societies, place it on record that the 
claims of the Plumbers’ Society are not borne out by 
facts, and their action in refusing to work on jobs 
with the domestic engineers is detrimental to the best 
interests of trade-unionism in the city ; and, further, 
this Federation is of opinion that the offer made to 
the Plumbers’ Society by the Domestic Engineers’ 
Society as a basis for working is fair and equitable.” 

The offer was:—(l) Hot-water service may be 
executed by either plumbers or domestic engineers. 
(2) All heating installations shall be recognised as 
fitters’ work, and shall be executed by fitters. (3) All 
cold-water supplies in any metal shall be recognised 
as plumbers’ work, and be executed by plumbers. 

8. It must be clearly understood that lead-work is 
not in dispute, and that as regards hard metals the 


position of heating and domestic engineers is that the | add 


same practice shall continue as hitherto—viz., that 
engineers or plumbers may execute the work at the 
discretion of the architect or principal concerned. 

9. The Institution of Heating and Ventilating Engi- 
neers confirm and endorse the views expressed above, 
and approve of the action taken. 





A meeting of the Lancashire and Cheshire Miners’ 
Federation was held last Friday at the Westminster 
Palace Hotel, London, when the following resolution 
was unanimously adopted :— 

‘* That this meeting recognises the t responsibility 
devolving upon coal-miners and -owners to do all 
they can to maintain the output of coal as high as 
possible in the interest of the nation, as well for the 
ueeds of our —_ at home as for our land and sea 
forces, and pledges itself to use all possible efforts in 
di <oharging such responsibility. 

‘It desires most earnestly to impress upon miners 
the necessity of reducing the perceatage of absenteeism 
to the lowest possible limit, and regards with gratifica- 
tion the categorical assurance of the Home Secretary 
that any changes in working arrangements at the 
mines, local or otherwise, shall be for the period of 
the war only, to be restored intact to the workmen 
upon its conclusion.” 





We are informed that arrangements have been made 
for setting up a special South Wales Coal-Owners’ 
Committee to see that the local industries are ade- 
quately supplied with coal under the Prices Limita- 
tion Act, and also to enable South Wales owners to 
export coal with much more facility than at present. 
The restrictions upon coal export in the past few 
months have badly hit South Wales firms, and a lead- 
ing authority confidently estimates this loss of income 
in South Wales alone at 7 millions sterling. The 

roposals have been laid before Mr. Walter Runciman, 

resident of the Board of Trade, and Mr. Russell 
Rea, chairman of the Coal Exporters’ Committee of 
the Government. 





The French workmen who are placed at the disposal 
of private works and State establishments for insuring 
permanency in the production and the manufacture 
of munitions of every nature are either men whose 
joining the Colours has been postponed, or men who 
ave been sent back to their homes, or, again, 
men who have been sent back temporarily from the 
various dépéts and formations. The question has been 
asked as to the position of these men in the event of 
an accident, and who is to bear the responsibility for 
this. In the case of the men whose joining the Colours 
has been postponed, and in that of the men who have 
been sent back home to follow their trade, it has been 
decided that the judicial position of both employers 
and employed is not modified by the war, and the 
employers remain responsible for accidents by virtue 
of the contract governing labour under the couditions 
established by the law of April 9, 1898. The men who 
have been mobilised, and who are temporarily detached 
from the dépéts and formations to work in the State 
arsenals or private works remain soldiers in the same 
way as do their comrades who form part of fighting 
units, and it is the State which has to compensate 
them for the consequences of an accident which might 
occur to them in the pursuit of their avocations ; these 
mencanclaim theengliestion of the lawof April 11, 1831, 
on military pensions, and of the Decrees of February 
13, 1906, and March 24, 1915, on enforced retirement 
through physical disability. It has, however, been de- 
cided further that these latter men, if victims of an acci- 
dent, whilst they receive a pension, or a compensation 
for enforced retirement folowing an accident, shall 
receive also, directly when employed in & State arsenal, 
or through the employers when employed in a private 
establishment, the amount of indemnity to which 
they might be entitled under the law of April 9, 1898, 
should this measure be a more advantagcous one to 
them or to their heirs legally entitied. A workman of 
this class will therefore eventually receive two title- 
deeds, one for his military pension or compensation, 
and a supplementary one destined to raise the said 
military pension or compensation to the rate estab- 
lished by the law of April 9, 1898. Should the work- 
ing of the military pension or compensation give right 
to # sum exceeding the one calculated on the basis of 
the law of April 9, 1898, the excess will be paid the 
man, and be borne by the State. 





The Commonwealth War Pensions Act provides for 
pensions being granted, at prescribed rates, in the 
event of death or disability on active service, to 
members, or widows or dependents of members, of 
the Commonwealth Naval and Military Forces enlisted 
or appointed for, or employed on, active service out- 
side Australia, or employed on ashipof war. The Act 
also applies to Australian officers employed on active 
service with Imperial Forces. The Official Secretary of 
the Commonwealth in London has been nominated to 
receive claims from members of such forces incapaci- 
tated, or from the widows or dependents of members 
who have been killed. All communications should be 
ressed to :—The Official Secretary, Commonwealth 
of Australia Offices, 72, Victuria-street, London, 8.W 





The expert committee appointed by the Australian 
Government to inquire into the question of manufac- 
turing shells in Australia consists of the following :— 
Captain G. Smith, Second Naval Member ; Captain 
Thring, Director of Naval Ordnance ; Colonel Dangar, 
Chief of Ordnance ; Mr. Bell, Chemical Adviser to 
the Defence Department; Mr. 8. McKay (of the 
Sunshine Harvester Works) ; a representative of the 
Broken Hill Proprietary Company, Limited, of which 
Mr. G. D. Delprat is general manager. In making the 
annouucement, the Australian Minister for Defence 
said :—We have asked the Chamber of Manufactures 
to appoint a committee of experts to go into the ques- 
tion of organising the various trades and collect infor- 
mation regarding the plant and capacity of each 
factory. As regards the departmental committee, its 
members will go into the following questions :—(1) 
The supply of material to this Government by Aus- 
tralian manufacturers ; (2) Government manufacture 
of war material ; (3) Contracts between the War Office 
and Australian manufacturers. 





A creditable proportion of most branches of the 
Civil Service in South Australia has volunteered for 





service in the Australian Imperial Expeditionary 
Forces, both as officers and men of the ranks, and in 
the case of the latter many employees were involved 
in pecuniary loss as a result of enlistment, owing to 
the disparity between the a and the salaries 
they received from the State. © Covenant have 
this matter under consideration, and the Premier 
(the Hon. Crawford Vaughan, M.P.) has made an 
important pronouncement on the subject :—‘‘ The 
Government,” said Mr. Vaughan, “‘has decided, in 
order to encourage civil servants to volunteer for 
active service, to make up any deficiency between the 
salary they receive as members of the Expeditionary 
Forces and that which they received in the Govern- 
ment service. In some cases civil servants have had 
to make considerable sacrifices to go on active service. 
In view of the fact that certain private employers are 
making up the difference between the ies the 
paid their employees who volunteered and that which 
the latter now receive, the Government considers it 
only right that civil servants should be similarly 
treated. This allowance will be made retrospectively, 
so that all civil servants who have gone to the Front 
will b-sefit.” The Premier subsequently added that 
the Cabinet had also approved of the payment of all 
remiums in connection with the superannuation fund 
or which volunteer civil servants may become liable. 
He remarked that it should be clearly understood that 
men who enlisted would receive the same consideration 
from the Government with regard to annual increases 
as though they were actually in the service. Men who 
volunteered should in no way be penalised, either 
with regard to pay or status, because they had shown 
their patriotism in a practical and heroic manner. 





On June 18 several Bills were read a first time in 
the Australian House of Representatives. One of 
these Bills seeks to alter Section 51 of the Constitu- 
tion by omitting from paragraph 35 the words ‘‘Con- 
ciliation and arbitration for the prevention of indus- 
trial disputes, extending beyond the limits of an 
one State,” and to insert in their stead the words 
‘*industrial matters, includirg (a) labour, (6) employ- 
ment and unemployment, (c) the terms and condi- 
tions of labour and employment in any trade, industry, 
occupation or calling, (d) the rights and obligations 
of employers and employees, (e) strikes and lock-outs, 
(f) the maintenance of industrial peace, and (g) the 
settlement of industrial disputes.” 

Another Bill is entitled ‘‘ Railway Disputes,” and 
provides that Section 51 of the Constitution shall be 
altered by mg after paragraph 35 the following 
paragraph 35a, ‘‘ Conciliation and arbitration for the 
prevention and settlemcnt of industrial disputes in 
ney to employment in the railway service of a 

tate.” 





TURNING SHELLS. 
To THe Eprror oF ENGINEERING. 

Sin,—I send you herewith a sketch of a tool for 
forming the nose of a Se shell which 
may be of interest to your ers ; the design of tool 
now in general use requires a considerable amount of 














skill to avoid small errors in setting the cutter, whereas 
with the tool illustrated trouble of this kind would be 
entirely removed. 

The shells are roughed down almost to finished size, so 
that the finishing cut is only a scraping cut, and a very 
fine finish can be obtained with this tool. 

Hoping you will find this sketch of some use, 

I remain, yours faithfully, 
Cuar.es Pou.itr, 
2, Wilson-street, Gorse-hill, Manchester, 
July 30, 1915. 





ComBINE OF THE SMALL RouMANIAN PeTroieum Pro- 
pucEKs.—The prices fur raw oil have now reached such: a 
low , that sales can almost only be effected at a lo«e, 
and the transport, storage and export difficulties are als.» 
very discouraging. At a recent meeting of the smaller 
petroleum producers—those who have not their own 
refineries—the unsatisfactory position was gone into and 
several proposals were put forward to alleviate the present 
situation. It was proposed to form a joint bureau for 
the sales, and to approach the Government with a view to 
obtaining permission to export raw petroleum. Some 
reservoirs, it was urged, ought also to be at the 
di of the ucers without refineries by the State, 


and credit facilities pruvided. 
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SELF-CLEANING STRAINER FOR CIRCULATING WATER. 






pital, 


Fra 1. 
Fi ug4. 


Average Per Cent Vacuum 


with 30” 


“mw 5 Ld 


September 1914 


Dotted Lines Represent Machine N“5 with Strainer Fitted to Condenser. 
Full Lines Represent Machine N° 3 without Strainer. 

Both Machines, before Strainer was Fitted, : 
¢ Denotes Cleanings of N° 3 Condenser, there being no Strainer in Greuit. 


(4471-C) 


Ow1ne to the high resistance offered to heat flow by 
deposits left by circulating water on the inner walls of 
condenser-tubes, quite twice as much tube area has 
commonly to be provided as would suffice could tubes 
be kept permanently clean. The apparatus which we 
illustrate on this page is being introduced, under the 
name of the Wright self-cleaner water-strainer, by 
the Worthington mp Company, Limited, of India 
House, Kingsway, London, W.C., to clear water en- 
pera. condensers from grosser solid matter, and is 
stated, where applied, to have made a very material 
improvement in condenser efficiency. A general view 
of the strainer is represented in Fig. 1, whilst the 
details of its construction are clearly shown in Figs. 2 
and 3. The body is of cast iron, the water-inlet being 
at the top, and the outlet at the side. Between the 
two is interpolated the conical strainer shown. To 
keep this from being gradually clogged by an accre- 
tion of the solids retained, a spiral wiper, shown 
separately to the front in Fig. 1, is kept in slow rota- 
tion by worm-gearing, as best seen in Fig. 3. Owing to 
ite spiral form, this wiper has also a certain con- 
verging action, causing the whole of the solids re- 
moved to be deposi in a sump at the base of the 
apparatus, from which they can be flushed out periodi- 
- y through the connection shown near the foot of 

ig. 2. 

K series of observations made in a power-station in 
which the No. 5 condenser was equipped with the 
strainer, whilst the No. 3 condenser was opera’ 
without, have been plotted in Fig. 4. It will be seen 
that in all cases the vacuum was very materially 
higher in the No. 5 condenser, in spite of the very 
frequent cleanings of No. 3. 

The strainer can be placed on either the suction or 
the delivery side of the circulating pump, and is 
stated to require very little power to operate ; little 
floor space is occupied, and there is little loss of head, 
the strainer area being large and the perforations 
formed so as to be free from the danger of choking. 





Tae Munrrions or Wark Department.—The First 
Lord of the Admiralty has placed the services of Sir 
Frederick Black, Director of Naval Contracts, temporarily 
at the disposal of the Minister of Munitions, who has 
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GERMAN IRON AND STEEL INDUSTRIES 
AND THE WAR. 


THE quantity of goods despatched by the German 
Pig-Iron Union during the month of June amounted 
to 57.25 per cent. of the usual quantity, against 59.37 
r cent. during the month of May. The business of 
uly was expected to show an improvement on that 
of June. As regards the general position, it was 
stated at a meeting held on 5 uly 23 that the demand 
for good quality pig-iron continued very active. The 
foundries, broadly speaking, had covered their re- 
quirements as regards foundry pig No. I. and 
No. III. for the third quarter, and the orders received 
would keep the works of the union fully employed for 
some weeks. Also for hematite pig and the different 
kinds of Siegerland iron there was a continued strong 
demand. The foreign business was unaltered. 
The report stated that as regards half - finished 
a the home consumers, in proportion to their 
ecreased capacity, were still well employed. The 
average orders could not keep up to the previous 
level, because the conditions of labour necessitated 
further reduction in the output. As regards the 
export business, the current contracts with neutral 
countries were worked off in the regular way. In 
heavy railway material a supplementary order had 
been received from the State railways, which brought 
their orders for 1915 up to the average of the last 
few years. From neutral foreign countries some 
orders had been definitely booked; with reference 
to others negotiations were re. The demand 
for lighter rails remained quiet. he June home 
demand for shape iron showed an increase compared 
with the two preceding months. Generally speaking, 
business was quiet, on account of the inactivity of the 
building trades. Construction works and wagon-build- 
| concerns were apparently busy and sent in good 
orders. The business in foreign neutral countries con- 
tinued quiet. 

Whilst the official statistics as regards the produc- 
tion of German rolling-mills only go as far as 1912, the 
Union of German Iron and Steel Industries, which 
publishes monthly reports about the German produc- 
tion of iron and steel, has, through private sources, 
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gregate production of the relling-mills in ques- 
tion for the year 1914 amounted to 13,011,438 tons, 
against 16,518,950 tons in 1913, and 16,347,142 tons, 
according to the official statistics, in 1912. Of the 
aggregate production of 1914, 9,590,695 tons are 
credited to the seven months of peace, and 3,420,743 
tons to the five months after the declaration of war. 
The average monthly production during the seven 
months of peace in 1914 amounted to 1,370,099 tons, 
whereas the average for the last five months of the 
year receded to 684,149 tons, or about 50 per cent. of 
the former. In spite of this marked reduction during 
the war period of the year, the aggregate production 
in 1914 was still materially higher than it was only a 
few years ago—viz., 1910. 

The following table shows the production of the 
different districts and of the different sorts for 1913 
and 1914 :— 





1914, War 

— 1913. 1914. Time (Five 

| Months). 

| tons tons | tons 

Rhineland and Westphalia) 9,021,229 7,435,493 | 2,227,407 

Sete. ee 1,278,477 | 1,080,595 | 345,904 
Siegerland, etzlar, an | 

Hesse-Nassau ..| 446,228 | 846,704 | 100,212 
North an entral Ger-| | 

many oa - ot 654,318 | 529,574 | 152,311 

Kingdom of Saxony | 262,891 | 919,730 | 75,820 

uth Germany... - 190,234 | 165,528 41,558 
Saar District and Bavarian| 

Rhine Pfalz — --| 1,632,414 | 1,102,965 202,397 

Alsace-Lorraine 1,935,980 | 1,267,262 148,999 

Luxemburg .. | 1,097,729 863,587 | 131,045 


As regards the different kinds of goods manufac- 
tured, the following particulars are supplied :— 











1914, War 
— 1913. 1914. Time (Five 

| Months). 

tons tons tons 

Half-finished goods forsale| 2,799,990 | 2,029,280 435,296 
Railway material .. .-| 2,470,065 1,867,086 592,711 
Girders ‘ ee 1,555,511 1,192,246 245,394 
Bar iron 4,429,558 8,536,901 898,762 
Hoopiron .. 395,602 368,914 91,790 
Rolled wire .. 1,157,873 927,032 219,438 
Heavy plates 1,408,591 | 1,172,966 855,498 
Thin plates 820,046 688,805 194,113 
Tinned plates 83,051 85,569 34,236 
Pipes .. - 640,084 506,488 127,255 
Rolling-stock ool 374,082 277,048 78,048 
Hammered g ny a 207,602 195,125 72,637 
Other finished goods 176,895 163,978 75,565 








The opinion is expressed that the production of the 
rolling-mills, like that of the blast-furnaces and steel 
works, will show a material increase as compared 
with the last five months of last year, inasmuch as the 
rolling-mills, like the iron and steel industry other- 
wise, no doubt will have been able to adapt them- 
= to the contingencies of the war on an increased 
scale. 

The iron industry of Upper Silesia is now princi- 

lly en in the production of war material. 
The works, which in time of ace had a fair 
amount of military contracts, have with much 
rapidity and to a very great extent increased their 
capacity ; and the other concerns have in a short 
time completed the transformation of their works 
for army ~~ To the works of the first class 
belong the Bismarck Hiitte, which is very actively 
employed, and looks for a very satisfactory result 
for the new financial year; for the year now 
concluded a dividend of 12 per cent. is expected 
(against 9 per cent. for the preceding year), unless 
unforeseen happenings in the meantime take place. 
Of the Upper Silesian Railway Requirements Com- 
pany’s undertakings, the Huldochinsky works attract 
most attention. hese works are at present fully 
employed, 800 lathes running at their own estab- 





supplied the figures for the last two years for the 
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pany at present employs 2000 hands more than in 
times of peace ; also, the works at Zawadzki are very 
fully employed, the extensions being just ready in 
time. The Upper Silesian Iron Industry Company, 
Caro-Hegenscheidt, is also busy for the army, amongst 
other things with wire, as well as with fine brands of 
steel, parts for infantry ammunition, &. Of the 
works of the Kattowitz Company for Mining and Iron 
Industry, the Hubertus Hiitte especially is very fully 
employed in all departments, also as regards peace 
work. 

The production of coal in Upper Silesia keeps on an 
average of some 75 per cent. of that of past years. 
The coal business is satisfactory, and confident views 
are taken of the future as far as coal is concerned ; 
hopes are entertained that English coal can be kept 
out after the war, both locally and in such places 
where Silesian coal has only recently been introduced. 

The position of zinc continues very favourable, and 
much is expected of the future for this article, which, 
it is anticipated, will be used after the war in many 
places, where more expensive metals have hitherto 
been used. The prices for zinc are satisfactory, and 
the demand is good from the military authorities. 

In Upper Silesia, too, the shortage of labour makes 
itself felt; but help is derived from various quarters, 
and the authorities have shown much consideration. 
Juvenile labour is plentiful, and female labour is used 
on an extended scale. An addition to wages of 10 per 
cent. has been granted on account of the high prices 
which prevail for the necessities of life. ft should 
be remembered that Silesian labour, both male and 
female, is both cheap and frugal, and that women in 
those parts often do work which is elsewhere thought 
fit only for men. 

The question of supply of raw material has been 
satisfactotily solved. The Siegerland district cer- 
tainly does not deliver the contracted quality, but 
supplies are being obtained from elsewhere, especially 
as regards ore. So as to relieve the western districts 
of the Empire, Upper Silesia has even sent pig-iron to 
Central and Southern Germany. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 21. 

GENERAL iron and steel conditions continue to im- 
prove; the industry is working to 85 per cent. of ingot 
capacity. Open-hearth capacity is completely em- 
ployed, and Bessemer at 70 per cent. Pig-iron, after 
long delay, hasstarted on an upward tendency. Fifty 
thousand tons Bessemer are wanted for export; the 
Steel Corporation has advanced bars to 1.30 dols. for 
third quarter, and a general movement to cover the 
fourth quarter is expected. Neutral nations, which 
have been buying from 5 to 8 million tons of steel in 
British centres, are in large degree looking to American 
sources. Bars, plates, and shapes have advanced 1 dol. 
Berwick, Pa., took 7500 tons of steel shapes to help out 
ona Russian car order. Negotiations will soon close 
for 1,000,000 tons of war material. The Northern 
Railway of France ordered 1300 freight cars ; several 
domestic car orders aggregate 5500 cars. The Bald- 
wins will build six locomotives for the South African 
Government. 

Business outside of iron and steel is not good. Hesi- 
tancy prevails and constitutes an undesirable ballast to 
enterprise. Vast supplies of capital await employment. 
The real export of munition in large quantities is only 
beginning ; orders are cut up and distributed among 
small plants according to their capacity. Some esti- 
mates put war orders now in hand at 1000 million 
dollars, which is as good a guess as can be expected. 
Labour unrest in muaition plants is causing some 
apprehension. Bankers are concerned over the accu- 
mulation of money, for which there is but little 
present use. The railroads have plans laid for vast 
improvements, but the underlying thought is that no 
general expansion will occur until a change of adminis- 
tration can be safely discounted ; this feeling prevails 
more strongly in manufacturing centres than in 
agricultural regions. Latest crop returns show the 
probabilities of a still greater surplus. Prices remain 
arene and exportable supplies will equal any probable 

emand. 








Tue ScHoor Mera.iic Sprayine Pistou : ExnaTuM.— 
In our description of this pistol in our last issue, 
110, we stated that a previous notice would be found in 
our issue of September 14 last. This reference is erroneous, 
the correct date being September 25, 1914, page 382. 





Tue German Potash InpustRY.—The nitrate works 
Gildemeister, in Bremen, which for 1913 paid a dividend 
of 10 per cent., pays no dividend for 1914, writings-off, 
&c., having entirely absorbed the much reduced gross 
Profits. e report says that the production had risen 
materially during the first half of last year, and sales 

been effected at very remunerative prices. The war 
had compelled them to stop working; two works were 
closed in the LL . of Baptemban, whilst one went 
on at half the ordinary rate to the middle of February, 
1915. As the nitrate business seemed reviving, the two 
works would soon again be started, 





INTERNAL GAS-HEATER. 


WE illustrate in the engravings below the internal 
as-heater designed by the Gas Light and Coke 
mpany ; & gas-heater of this type is exhibited 
by the company, together with other apparatus and 
ere in their test-room at 146, Goswell-road, 

.C., to which we referred in a former issue.* The 
object of the apparatus is to turn to account the 
greatest possible amount of heat produced, utilising, 
therefore, practically the whole of the heat whic 
otherwise would be lost by radiation. 

The apparatus consists, as will be seen, of the 
burner A, the primary heater B, the secondary heater 
C, and the exhaust nozzle D. The primary heater is 
& vertical pipe which communicates at ite lower end 
with the secondary heater by a horizontal conduit, 
the hot gases entering the secondary heater at a tan- 
gent and flowing spirally round it over its whole 
height before escaping through the exhaust nozzle D, 
the whole apparatus being placed inside the tank, 
shown by dotted lines in Fie 2, and containing the 
liquid or water which requires heating. For starting 
the apparatus, the burner A, which communicates 





Fie. 1. 
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with the air and gas-mains by flexible connections, is 
removed from the primary heater, the gas jet is 
lighted, a small current of air is allowed to flow 
through to the flame, and the burner is replaced in 
the primary heater, the gas and air inlet being 
further regulated according to the requirements of 
the treatment in progress. 

The view, Fig. 1, illustrates a series of internal gas- 
heaters at the Anglo-Continental Guano Works, for 
the treatment of bones. Each of the vate shown has 
a capacity of 200 gallons of water ; bones are thrown 
into them, and after they have been steeped in the 
water for about four hours, the gas is lit, and the hot 
water cleanses the bones, and extracts from them the 
fatty substance they contained. The company for- 
merly injected steam into the vats, but find the 
method of treatment by the internal heater much 

referable from every point of view. The vats being 
built of wood, any ordinary method of gas-heating 
would have been impracticable. 

The heaters in use at the Guano Works have ribs of 
metal about 2 in. wide, welded up the sides of both the 

ri and secondary heaters ; their object was to 
increase the heating surface. These ribs are seen in 
the view, Fig. 1. eir efficiency not being an appre- 


* See ENGINEERING, vol. xcix., page 634. 








ciable one, it was decided not to fit them on the new 
models of heaters. 

An internal heater of an earlier design has been 
used for melting stereo-metal at a large newspaper 
works. The Gas Light and Coke Compan to 
have one of their latest design fitted up short y for 
demonstration purposes. 





_Ftame-Proor Minino TriepHonr.—A new water- 
tight and flame-proof mining telephone has just been 
brought out by the General Hiectrie Company, Limited, 
of 67, Queen Victoria-street, E.C. It is manufactured b: 
the Peel-Conner Telephone Works, Limited, of Salford. 
The method followed in the construction of the instru- 
ment is that which is now generally considered to be the 
best for flame-proof appliances intended for use in fiery 
mines. This consists in the use of a long machined 
metal-to-metal joint, where the lid meets the case, so that 
if gas is fired inside the case the flame cannot reach 
the outer atmosphere, owing to the cooling effect of 
the metal of the long joint. The internal unoccupied 
space in the case is also kept down to a minimum, so 
as to limit the possible accumulation of explosive gas. 
The telephone equipment consists of a four - magnet 

merator, a polarised bell with two 3-in. gongs, a 
ong-distance transmitter, an induction coil, a double- 
pole Bell receiver and two dry cells. The gouge are 
fitted on top of the instrument, and the diaphragm 
end of the receiver is mounted on a revolving listening- 
tube on the side of the case. A cam inside the case 
is fixed to the tube, and the act of lifting the tube, 
in order to use the receiver, causes the cam to 
together a bank of springs which control the primary 
and secondary circuits. The gland through which the 
tube passes is flame-proof and water-tight. The same 
thing applies to the spindle of the handle which operates 
the generator. The instrument is known by the makers 
as ‘* K 8098” (1915 type). 





Tue Wor.p’s Potash.—The potash hitherto used in 
this country has been chiefly derived from the enormous 
deposits of potash salts which occur near Stassfurt, in 
the north of Germany. These deposits have been 
systematically and economically worked, and the trade 
so well organised, that German potash, on account of its 
cheapness, became the almost exclusive source of the 
potash required throughout the world. The German 
source being no r 4 available, it has become necessary 
to take stock of other sources of supply, and these are 
considered in “‘The World’s me § of Potash,” a 
pamphlet just issued by the Imperi titute. In this 
pamphlet—which forms, in fact, a miniature encyclopedia 
of its subject—both the old and new sources of potash are 
descri so far as details are available. Certain of these 
will bably only be utilised so long as the price of 
potash ¢ continues high, but others promise to me 
active competitors with the Stassfurt deposits, even when 
prices again fall to their usual level. The chief use of 
potash, usually in the form of chloride or sulphate, is as 
an artificial manure, for which purpose over 90 per cent. 
of the world’s output is employed. But potash is also 
essential for numerous chemical industries carried on in 
this country, and for the manufacture of the finest kinds 
of glass, and the er scarcity is having considerable 
effects on these industries. The idesensed roduction of 
potash in the United Kingdom from kelp and other 
vegetable sources, referred to in this pamphlet, is now 
under serious consideration. The price of ‘‘ The World’s 
Supply of Potaeh” is 1s., post-free, and application for 
copies, enclosing remittance, should be made to the 
Imperial Institute, South Kensington, 8S,W. 





Business witH Iraty.—The Journal of the British 
Chamber of Commerce for Italy gives publicity to an 
article a in - British eons, which 
reviews the t and past position o' y in regard 
to trade with Great Britain and with the Central Powers, 
pointing out that the entrance of Italy into the war is 
Great Britain’s opportunity to regain lost trade with this 
country. To dey, says the British Export Gazette, Italy 
finds herself obliged to seek new sources of supply for 
goods to the extent of 35,000,000/. annually, hitherto 
obtained from the two Teutonic Empires, and to find 
new markets for produce and manufactured goods to the 
amount of 22,000,000/. Germany had obtained almost 
complete control over Italian banking and financial in- 
stitutions, as, indeed, over almost every industrial and 
commercial activity. In Italy the feeling is very stron 
that the bulk of the manufactured goods required shou 
be purchased from the United Kingdom, and the latter 
encouraged to enjoy once again the very large share of 
the trade formerly held ; but the attention received from 
the German firms must be accorded by British firms also 
if business is to be done. German catalogues price- 
lists were sent printed in Italian, with decimal coinage, 
weights and measures, and correspondence from Germany 
was conducted in the Italian language; requests for further 
information were immediately replied to, and all orders 
taken or given were executed with promptness, while 
German commercial travellers penetrated even to the 
remote country districts. Now that Italy has entered 
into the conflict, she will not be requiring for ordinary 
domestic consumption all that she required while she 
remained neutral ; it is rather the future that is to be 
pared for. the shaping of things now, in view of develop- 
ments after the war ; the market should be wooed and 
appropriated as far as possible, the probability being that 
when peace is si the prejudice against everything 
Teutonic will remain bitter for years, and German goods 
will not be bought in Italy if the same class can be 
obtained from other countries, 
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SWINGING PONTOON BRIDGE OVER THE 
PANAMA CANAL. 


Amonc the minor works carried out on the Panama 
Canal there is an interesting swinging pontoon bridge 
at Paraiso, carrying the Panama Railroad and a road- 
way. The arrangement is not a common one, but 
similar bridges are used on the Upper Mississippi. We 
illustrate this Paraiso bridge on page 140. It consists 
of a timber barge, or pontoon, mayeeage continuous 
framed trestle carrying the roadway. e@ pontoon is 
arranged to — about one end, so that it may either 
bridge the canal, as shown in Figs. 1 to 3, or lie 
alongside the east bank, as shown in Fig. 4, leaving an 
open fairway. Concrete piers are built at each bank 
of the canal, and the pontoon is pivoted about a heavy 
steel tube fastened to the east pier. Steel apron- 
— are provided, connecting the piers with the 

ridge when it is closed, and the piers are connected 
to the banks by pile-trestle approaches. The bridge is 
operated by means of a l-in. anchor-chain fastened 
at each bank ; this round an electrically- 
driven winch on the Son of the pontoon near the 
west end. 

The pontoon is 378 ft. long over all, 55 ft. wide, and 
6 ft. 3in. deep at the centre line, and when it is open 
there is a clear 300-ft. channel in the canal. e 
frames of the pontoon are spaced 24 in. apart, the floor 
and rake Salen are 4in. by 12in., and the deck 
beams are 4in. by 10 in. At intervals of 14 ft. there 
are trussed frames consisting of three ordinary frames 
bolted ther, and braced with 1§-in. steel rods. 
The trestle sills are carried on these trussed frames. 
Six solid longitudinal bulkheads of 8-in. timber extend 
the full length of the pontoon. The height of the 
trestle structure was fixed so as to give a moderate 
gradient onthe approwhes. The rail is 30 ft. 4in. 
above water level, or 32ft. 11 in. above the bottom of the 
pontoon. The trestle-bents each consist of a 12-in. by 
14-in. sill, 40 ft. long. six 12-in. by 12-in. posts and 
12-in. by 14-in. caps, 18 ft. long. The outer and in- 
termediate poe are inclined, Sistributin the weight 
over the whole width of the pontoon. The arrange- 
ment can be seen in Fig. 3. All the trestle-bents are 
braced together, as shown in Fig. 1. Under each rail 
there are two 10-in. by 16-in. and one 8-in. by 16-in. 
stringers, while there are additional 8-in. by 16-in. 
stringers on each side for —_s the roadway floor. 

As the pontoon has but little longitudinal stiffaess, 
the trestle structure was designed to act as a stiffenin 
truss to take the bending moments and shear whic 
come into play with a moving train on the bridge 
The track stringers are fitted with plate-splices so as 
to form a continuous chord, and a similar chord is 
provided by heavy timbers at the bottom of the pon- 
toon. The trestle bente act as verticals for the truss, 
while the diagonals are 2-in. rods with upset ends and 
turnbuckles. There are two diagonals per panel in 
each direction in each truss. The onstle is further 
stiffened by horizontal members, and a double bracing 
of 3-in. by 10-in. timbers on the outer posts on each 
side. It was found necessary to add braces and hog- 
bars to stiffen the a prevent distortion of 
the ends of the pontoon below the approach-aprons. 
The timber is Douglas fir and long-leaf yellow pine 
treated with carbolineum. 

The apron-girders at each end provide automatic- 
ally for a variation of 6 ft. in the water-level of 
the canal. They are 64 ft. long, and rest on hinged 
supports at each end. They consist of spare lock-gate 

rts. When the bridge is turned, the girders are 
ifted clear of the concrete piers by an electrically- 
driven mechanism, and are temporarily supported by 
blocking on the ends of the pontoon. e mechanism 
for lifting the girders, moving the bridge by means of 
the anchor-chain already referred to, and operating 
the rail-latches and the main latch at the west end, is 
controlled from a central house on the bridge, shown 
in Figs. 1 to3. It takes 10 minutes to turn the bridge, 
and about 45 minutes for a complete operation, in- 
cluding unlocking, opening, closing, and re-locking. 





Tue InstiTvTe or Merats.—A meeting of the Insti- 
tute of Metals is to held in the rooms of the Chemical 
Society, Burlington House, Piccadilly, W., on Friday, 
September 17, commencing at 8 p.m. The following 
poems will be read :—(1) “* Corrosion of Gun-Metal, 

y Dr. C. H. Desch ; (2) ‘* Metallic Crystal Twinning by 
Direct Mechanical Strain,” by Professor C. A. Edwards, 
D.Sc. ; (3) *‘ Notes on the per-Rich Kalchoids,” by 
Professor Brinton and Professor 8. L. Hoyt ; (4) ‘The 
Constitution of Brasses Containing Small Percentages 
of Tin—A Contribution to the Study of the Ternary 
7 ey ie aig roe” by Dr. O. F. Hudson and 

r. R. H. Jones, M.Sc. ; (5) (a) “‘ Structural Changes in 
Industrial Brasses.” (b) ‘“‘ Hardness of Copper - Zinc 
Alloys,” by Dr. D. Meneghini ; (6) i for 
Alloys for — - Speed Superheat - Steam Turbine 
Blading,” by ° Parker; (7) “‘The Physical 
Properties of Metals as Functions of Each Other,” by 
Mr. A. H. Stuart, D.Sc.; (8) ‘* Detection of Internal 
Blow-Holes in Metal oy by Means of X Rays,” by 
Mr. ©, H. Tonamy; (9) “ tat for Moderate 
and High Temperatures,” by Messrs. J. L. Haughton, 


M.Sc., and D. Hanson, M. 





THE ZINC INDUSTRY IN GERMANY. 


Ir is interesting to watch the influence of the war 
upon some of the longing German industries, which, 
generally speaking, no doubt feel the effect very we 
whilst others, the few, are profiting byit. As an example 
of the former, there is the large Hohenlohe works, with 
a capital of 80,000,000 marks, which has just issued its 
report for 1914-15. Since it was founded, ten years ago, 
with a capital of 40,000,000 marks, the dividend has ranged 
between 8 to 11 per cent., except for the year 1913-14. 
when no dividend was paid, the net profits of 3.314,114 
marks being pg to consolidating funds. For the 
year 1914-15 the net profits only amount to 114,571 
marks, inst the record profits of 1910-11—9,139,215 
marks. For last year it has deemed expedient to 
write off as much as 9,223,000 marks, against 6,020,000 
marks for the preceding year. It must, however, be 
noticed that the extraordinary writings-off of last year 
of 3,200,000 marks have not been covered out of last 
year’s earnings, but from a special fund formed in the 

receding year, and which absorbed the 4 per cent. divi- 

end which it was originally intended to pay for 1913-14. 
The business in zinc very quiet during the first 
nine months of the last financial year. Stocks increased, 
and the production had to be reduced. The sale 
<a during the last three months, stocks were 

duced, and prices could be raised so as to coincide 
with the increased cost of manufacture. The production 
of zinc ore amounted to 131,021 tons, against 178,268 
tons for the preceding year. Asin the previous year, 
75 per cent. of the pckestion of Brusowitz Mine, and 
85 per cent. of that of New Helene Mine was acqui 
for the company’s works. The production of raw zinc 
amounted to 23,825 tons, against 36,324 tons for the 
preceding year; the zinc rolling-mill produced 7876 
tons, nst 10,559 tons in the previous year. The sale of 
coal left much to be desired during the first four months 
of the year, but later on matters improved, and at the 
end of the year under report the stocks were almost 
entirely exhausted. The production of coal amounted to 
1,591,080 tons, against 2,082,480 tons for the previous 
year ; the output of the Hohenlohe Mine, which had 
receded from .796 tons in 1906-7 to 111,994 tons in 
1913-14, ceased altogether last year, the old pits oaiee 
been exhausted, while the lower levels are being work 
from other mines. The company’s own consumption 
amounted to 336,762 tons, and the sales to 1,243,632 tons ; 
of briquettes there were produced 38,950 tons. 





AUSTRALIAN Navat Cotiece.—The Royal Australian 
Naval College at Captain’s Point, Jervis Bay, New 
South Wales, receives each year thirty boys for train- 
ing as naval officers. Candidates have, in the first 
instance, to face an interviewing committee, com 
of naval, medical, and educational experts, who 
mine whether a boy is of the right type. 


eter- 
Those 
regarded as suitable for the naval profession are after- 
wards further tested to ascertain their educational 
abilities. The candidates are awarded marks on each 
occasion, and those oy, fo highest err earn 
the coveted places. The College iz open to all, and full 
advantage of this has been taken by State schools, 
whose scholars have supplied more than one-half of 
the numbers entered. The cadet midshipman enters 
the College at the average age of thirteen years— 
that is, boys eligible for this year’s examination must 
have been born in 1902. From the day the boy is entered 
on the books of the College the whole expense of his 
training is borne by the Commonwealth. Last year there 
were five candidates for each vacancy, and as the work 
of the College and the prospects presented by a naval 
career are ming better known to parents, it ie antici- 
pated that the competition for places will be as keen as 
on previous occasions. The applications from each State 
during the last three years were as follow :— 


1912. 1918. 1914. 

New South Wales 36 50 49 
Victoria .. ae 70 738 60 
Queensland ae we ee 6 12 11 
South Australia .. as oe 5 10 13 
Western Australia 14 22 13 
Tasmania .. ee 2 6 6 
Totals .. 133 173 152 





A Cenrrat Orrick FoR GERMANY’s ForEIGN TRADE. 
—Anyone in the least acquainted with what goes on at 
present within German industry and commerce will be 
aware of the determination of all concerned to counter- 
act, as far as possible, hostile efforts to force and keep 
Germany out of at least portions of her foreign trade. 
One of the most interesting moves in this connection is 
the revival of a vast scheme, mooted once or twice in the 
past, without then taking actual shape. The plan is to 
create a central office, a central institution for the ad- 
vancement of Germany’s export, in the doing of which 
representatives of the Imperial Government and indus- 
trial and commercial bodies would assist. Apart from 
some endeavours in the beginning of the — century, 
the formation of a German company for world trade 
was under consideration two years ago, but the scheme did 
not get je ite prelimi stages, mostly on account 
of the difficulty in establishing a satisfactory basis of 
organisation. Now, however, the war committee of the 
German industry, in which both the large central indus- 


trial Ls the Union of the Industries and the | 265 
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nion of German Industries) are combined, has 
taken up the work for the advancement of all matters 
furthering exports after the war, in order, in due time, to 
co-operate with the concerns interested in export. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday last there 
were no dealings in Cleveland warrants, complete stagna- 
tion ruling at the forenoon session, when prices, although 
fairly steady, dropped slightly, and closing sellers were 
quoted 66s. 7d. per ton cash and 67s. one month. No 
improvement took place in the afternoon, and closing 
aim, both cash and forward account, declined another 
4d. per ton. This lifeless condition continued on Friday, 
the only transaction recorded being one warrant, which 
was dealt in at 66s. 94d. per ton one month, and 
closing sellers made a further drop of 14d. per ton to 
66s. 5d. cash and 66s. 10d. one month. Proceedings 
in the afternoon were rather easier, and although cash 
warrants lost another 24d., some iness was done 
at 66s. 6d. one month, and at the close sellers were 
ae r ton below the morning’s level. Owing to Bank 

alidey the market was closed on Monday, but when 
business was resumed yesterday morning, a further 
fall took place in the price of Cleveland warrants, and a 
few minor transactions amounting to 2000 tons were re- 
corded at 24d. per ton lower than on Friday. The quota- 
tions for closing sellers were 65s. 114d. cash and 66s. 44d. 
one month. In the afternoon prices stiffened up a little, 
and at 66s. 1d. cash a lot of 1000 tons of Cleveland iron 
was dealt in, and closing sellers rose to 66s. 14d. per ton 
cash and 66s. 7d. one month. This (Wednesday) morn- 
ing no business was done in cash iron, and at the close 
cash sellers had advanced 14d. per ton to 66s. 3d. A 
transaction in three months iron took place at 67s. 4d, 


red | the last price paid being 67s. 6d. on July 28. A still 


further advance took place in the afternoon, when 1000 
tons were dealt in at 66s. 3d. cash. Closing sellers gained 
— 14d. per ton—to 66s. 44d. cash and 66s. 94d. one 
month. 


of Ammonia.—Sulphate of ammonia is still 
much in demand and prices remain steady. For prompt 
delivery Glasgow, the quotation is 14/. 15s. per ton, and 
at Leith 15J. is the figure. 


Scotch Steel Trade.—With machinery and plant all in 
good running condition the greatest activity again pre- 
vails in all the steel works in and around Glasgow, and 
it would almost seem as if the pressure for delivery had 
increased, for the stoppage of the works for the holidays 
considerably interfered with the output. The demand 
for war material and munitions shows no falling off, and 
as it is confidently expected that this will continue for 
many months yet, every effort is being made to meet the 
demand, and turn out the orders with the least possible 
delay. Very few home orders have booked since 
the resumption of work, for L.: is almost im — to 

ive any special attention to ordinary mercantile business 
S the Caatations 5 the higb prices now ruling, the diffi- 
culty of transport, and the consequent uncertainty of 
delivery render it advisable fer would-be purchasers 
to hold off for the present. It is fortunate, there- 
fore, that inquiries for export material are steady and 
the prices firm. The bar-mills in the West of Scotland 
are running continuously in order to produce a sufficiency 
of material for shells, which, of course, are greatly in de- 
mand, with high-tensileshell-bars aspecial feature. pite 
the enormous output, it is safe to say that even yet this 
is thousands of tons behind the requirements of our own 
and the Allied Governments. It is almost impossible 
for those not engaged in the actual warfare to realise how 
the immense tonnage sent out from day to day can be 
made use of. The greatest economy prevails, however, 
and loads of valuable waste are returned to the various 
works concerned with the utmost possible despatch. As the 
raw material advances in price, the rates for the finished 
goods go up steadily and gradually, and there are signs 
that these will still further increase. Boiler-plates for 
home delivery are quoted at 10/. 5s. to 107. 10s. per ton ; 
ship-plates for home delivery may be called anything 
from 9/. 10s. to 10/ 5s.; and for export, 101. 5s.; while 
angles for home delivery are steady at 9/. 15s. Sheets, 
especially the thicker makes, are firm at 11/., both for 
a — export orders, and thin sheets are not much in 

emand. 


Malleable-Iron Trade.—The makers of malleable bar- 
iron report excellent business and a continuous flow of 
good orders, in many cases the deliveries being consider- 
ably in arrears. This is notwithstanding the more 
exacting conditions being laid down as to length, size, 
quality, finish, &c., every specific detail of which means 
more money, alike to maker and seller, Less the cus- 
tomary 5 per cent. discount, ‘‘Crown” bars are round 
about 11/. per ton, the export rate being 10/. 10s. net. 


Glasgow Pig-Iron Trade.—The continued and excessive 
demand for finished iron and steel material has had a 
most stimulating effect upon the local pig-iron trade, and 
although there is not much business to report, the 
output is steadily on the increase, | y for home 
deliv Scarcity of labour and freight restrictions still 
affect the export trade. which continues dull and unsatis- 
factory. For prompt delivery prices have eased slightly, 
but the rates for makers’ (No. 1) iron remain 5 y, as 
follows :—Clyde, Calder, Gartsherrie, Summerlee, and 
Langloan, r~ gel ton (all shipped at Glasgow); Eglin- 
ton, 80s., and Glengarnock, 86s. (both at Ardrossan) ; 
Dalmellington. 81s. (at Ayr); Shotts, 8ls., and Carron, 
86s. (both at Leith). . 

Canadian Munitions Workers.—Some interest attaches 
to the fact that among the passengers to reach Glasgow 
by the Allan liner Corsican on Monday were a party of 
mechanics from British Columbia who have come to 
this country to engage in munition work. Although 
this is the largest number to arrive at one time, 16 15 noo 
the first, as smaller J ey, have come from time to time, 
organised by Mr. James Coats, an engineer of consider- 
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able experience, who went to British Columbia a few 
years ago. Atone period a member of the Lanarkshire 
County Council, Mr. Coats has interested himself deeply 
in this scheme, which has been greatly furthered by the 
recruiting campaign undertaken in the Dominion by Mr. 
G. N, Barnes, M P. 

Scotch Shipbuilding.—The shipbuilding returns for the 
month of July were very s but no comparisons can 
be made with former years on account of the altered con- 
ditions, and the fact that Government work is not included 
in the returns. Another point of no little importance is 
the fact that so many of the yards are partially, if not 
wholly, working for the Government, and what is being 
done in that direction isa sealed chapter for the present, 
and perhaps for ever. The total mercantile output for 
the month of July was two vessels, totalling 300 tons, 
from the Dee, and three vessels, totalling 15,630 tons, 
from Clyde yards. The Clyde figures for the year to date 
amount to 53 vessels, of 154,603 tons. General work is 
scarce, but the various yards are all busily occupied. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Production in South 
Yorkshire was not so seriously interfered with as might 
have been expected. y pits were at work on Monday 
when other industries were idle, and the collieries that 
suspended operations for more than a day were excep- 
tions. Though the market lacks uniform strength, prices 
are firm, mostly at their pre-holiday level. There is no 

ressure of business in the house-coal section. Collieries 
fave plenty of work, but trade at the dépdts is dull, and 
merchants forecast that householders will find deliveries 
reduced unlees they age parte yoy stocking orders at 
once, A good tonnage of gas-fuel is going away on con- 
tract account. Works are scoumulating stocks for the 
winter. Shipping business is easy. The steam-coal 
section is quiet. On local industrial account the demand 
is brisk, but exports are reduced, and the tendency of 
prices is downward. Conditions in the slack market are 
unchanged, and prices steady. The consumption of 
coke has been reduced owing to the blowing out of 
several pig-iron furnaces, and prices are easier. Quota- 
tions:—Best branch hand-picked, 20s. to 21s.; Barnsley 
best Silkstone, 17s. 6d. to 18s. 6d.; Derbyshire best 
brights, 17s. 6d. to 18s. 6d.; Derbyshire house, 15s. to 
16s. ; best larg» nuts, 14s. 6d. to 15s. 6d.; small nuts, 
14s. to 15s.; Yorkshire hards, 16s. to 17s. ; Derbyshire 
hards, 16s. to 17s.; best slacks, 11s. to 12s.; seconds, 
93. 6d. to 10s. ; smalls, 8s. to 9s. 


Iron and Steel—The raw-material market opened 
uietly after the holiday, but, probably in consequence of 
the reduced output of both foundry and forge sorts, the 
undertone is firmer. There has been little opportunity 
to transact business, but a number of orders of moderate 
magnitude have been booked for prompt delivery at 
previous rates. Reports to hand from the districts are 
rather more encouraging, though a somewhat extra- 
ordinary slump exists in forge and foundry pig, which 
are steadily receding from a level which was decl 
unremunerative more than a month ago. Lincolnshire 
masters are not quoting on the prompt market, and 
Derbyshire sorts have been marked down ls. to Is. 6d. 
Hematites are firmer. The anticipation of higher 
rices is inducing rather more business in Bessemer 
pends The current quotations are :— West Coast 
hematites, 1183. 6d. ; East Ooast hematites, 106s. 3d. ; 
Derbyshire No. 3 foundry, 70s.; Derbyshire forge, 
68s. 6d. There is no change to report in the posi- 
tion of the finished-iron trades. So far as scrap is 
concerned, the demand seems to increase rai than 
to diminish, and merchants with stuff of guaranteed 
quality to offer are assured of prompt sales at profitable 
prices. Particularly does this apply to best steel scrap. 
A heavy run is also experien on best wrought-iron 
scrap. The engineering trades have hardly cast off the 
holiday influence. Every concern, and with- 
out exception, was closed down on Monday. At least 
50.000 men engaged directly or indirectly on munition 
work were idle. Wherever possible the or was 
confined to one day, but the wear and tear which plant 
and machinery have suffered during the last twelve months 
necessitated more extensive repairs in many cases than 
could be carried out in one or two days. Thus it happens 
that some of the de ts have not yet resumed 
Operations, though it is safe to say that work will be in 
full swing by to-morrow. The pressure of war work is 
as great as ever, and the limited number of commercial 
orders received during the past week disclose the main- 
tenance of a healthy tone in all the engineering branches, 
particularly as regards industrial machinery, special 
steels, and tools. The demand for the last-named is 
altogether in excess of the current output. Steel billets 
are firm at unchanged rates. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Bank holiday has inter- 
rupted business this week, and the critical situation in 
Poland has not been without its detrimental influence 
upon the market. Very little business in Cleveland pig 
has been put through. Makers still hold aloof, declaring 
tha’ they can not manufacture at the prices quoted by 
merchants. Sales of No. 3 g.m.b. Cleveland pig have 
Occurred at 66s. 9d., and second are quite prepared 
to sell at that figure, which is regarded as the general 
market quotation. No. 1 is not quite so scarce as it has 
been, bus there is still very littls to be had, and sellers 
asc sich comparatively i 





fared | the highest was the present return of 7/. 19s. 7d., and the 





igh rates that some regular ' und 


buyers are taking supplies of No. 3 in place of the supe- ; 
rior quality. Up to Tas. is demanded for No. 1, whereas 

uader normal conditions the price is half a crown above 
No. 3. Foundry No. 4 is in fairly good request at round 
about 66s. 3d.; No. 4 forge is quoted at 65s. 9d. ; and 
mottled and white iron are each offered at 65s. 3d. 
Consumers of Oleveland ironstone report very ample 
supplies coming to hand. 

Stocks of Cleveland Pig-lron.—Official returns show 
that at the end of July the stock of Cleveland pig-iron 
in the public warrant stores stood at 144,420 tons, all of | 
which was No. 8 quality. During the month the stock | 
was reduced by 7861 tons. There are warrants in circu- 
lation for 137,100 tons of No. 3 Cleveland pig-iron. 
Slight withdrawals from makers’ stocks of Cleveland pig- 
iron are reported. 


East Coast Hematite.—The hematite branch of the 
staple industry is firm, and the position is further 
strengthened by the cornpine down of a furnace at the 
Tudhoe works of the Weardale Company. Good in- 
guicies both on home and foreign account are reported. 

egotiations with Sheffield customers are proceeding, 
and further sales to Italy and to France are looked for. 
Some second hands are still — to accept 98s. to 
98s. 6d. for small lots of Nos. 1, 2, and 3 b Coast 
hematite, but makers do not name below 100s., and that 
is regarded as the general market quotation. 


_ Manufactured Iron and Steel.—A + deal of finished 
iron and steel is being turned out, but the energies of 
producers are in ingly concentrated upon war work, to 
the exclusion of execution of ordinary commercial orders. 
Quotations all round are very strong. Common iron bars 
are 11/.; best bars, 11/. 7s. 6d.; best best bars, 11/. 15s.; 
ing iron, 8/.; iron ship-plates, 10/. ; iron ship-angles, 
1l.; iron ship-rivets, 132. 10s.; steel bars (basic), 102. 15s. ; 
steel bars (Siemens), 11/. 15s. ; steel ship-plates, 10/.; steel 
ship-angles, 9/. 15s.; steel boiler-plates, 11/.; steel joists, 
91. 178. 6d.; strip, 10/. 5s.; and steel hoops, 10/. 10s. 
—all less the customary , Eg. cent. discount. Heavy 
steel rails are putat 8/. 15s. to 9/.; and steel railwa 
sleepers are fully 10/.—both net. Iron and steel gal- 
vanised corrugated sheets, 24 gauge, in bundles, are 
222. 10s. f.0.b.—less the usual 4 per cent. 


Manufactured-Iron Workers’ Wages.—The accountants 
to the of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trades of the North of 
England have certified the average net selling price of 
iron rails, plates, bars, and angles for the two months ended 
June 30 last at 7/. 19s. 7.49d., as against 7/. lls. 10.41d. 
for the previous two months, and, according to sliding- 
scale arrangements, for the months of A t and 
September are adv: by 6d. per ton on puddling, and 
5 per cent. on all other forge and mill work. The return 
completes the first half of the year. During the first six 
months of 1915 the total production of manufactured 
iron amounted to 26,080 tons, as compared with an output 
of 26,573 tons for the corresponding period of 1914. A year 
ago the highest selling price recorded in the first half was 
61. 18s. 9d., and the lowest 6/. 13s. 1d., whereas this year 





lowest was for January-February, when the price was 
71. 1s. 11d. 


Shipments of Iron and Steel —Shipments of iron and 
steel from the Tees during July hardly come up to ex- 
pectations, but they were on a satisfactory scale. Those 
of pig-iron amoun to 55,933 tons, as compared with 
36, tons for the previous month, and 82,412 tons for 
July Jast year. Of last month’s clearances no less than 
52 241 tons went to foreign ports, and only 3692 tons to 
coastwise customers. Sweden was the largest buyer, 
receiving 20,046 tons; whilst Italy took tons ; the 
United States, 6380 tons; Denmark, 6035 tons; Japan, 
3529 tons; France, 3371 tons; and Norway, 2755 tons. 
Loadings of manufactured iron last month reached 21,046 
tons, 15,093 tons going abroad, and 5953 tons coastwise. 
The Argentine with a total of 9170 tons was the 
largest customer, India being second with 3279 tons, 
and Denmark third with 2452 tons. The shipments of 
steel last month were returned at 35,715 tons, of which 
32,249 tons went foreign, and 3466 tons coastwise, the 
principal customers being France, 11,307 tons; West 
Australia, 6895 tons ; India, 5568 tons ; Japan, 2277 tons; 
Natal, 1851 tons; and Victoria, 1249 tons. The grand 
total shipments of pig-iron, manufactured iron, and steel 
from the Tees during July reached 112,694 tons. 





German Mininc RecuLaATIONsS IN Russian PoLanD. 
—The Commander-in-Chief of the German East Army 
has issued several regulations concerning the mini 
industry in the part of Russian Poland on the left side o 
the Weichsel, now occupied by the Germans. The exist- 
ing mining laws are maintained, provided they do not 
clash with the present or other special regulations. 
Foreign persons can, after the new regulations, carry on 
mining without the ground-owners’ sanction, as far as 
iron ore, copper ore, zinc ore, lead ore, coal, salt, 

ies, and petroleum are concerned, but not in alluvial 
ores, &c. Only the following persons are allowed to 
carry on mining industry :—German subjects, irrespective 
of their religion; as German subjects are also considered 
the Imperial German Crown mining departments and 
that of any other German State in the Union. Further, 
the subjects of other States, unless this right is with- 
drawn by the head of the civil German Government, 
which can be done at any time, arbitrarily and without 
ineurring any obligation to pay compensation. Russian 
subjects of Russian nationality cannot carry out mining 
industry in the districts in question. A su uent 





decree, in the meantime, puts a stop to new mining 
ertakings in the above detrict. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown no great 
change, although business has, of course, been affected 
to some extent by the August holiday. The re 
which has existed has shown no relaxation, and colliery- 
owners are looking forward to strong values, as there is 
no abatement in the official demand. tations for all 
descriptions of large and small coal have shown no material 
change. Superior Admiralty qualities are out of the 
market ; the best secondary descriptions have made 32s. 
per ton. House coal has exhibited hardly any change, 
and patent fuel has remained scarce and dear. With 
reference to tenders invited for 360,000 tons of Mon- 
mouthshire coal for the ptian State Railways, Messrs. 
Watts, Watts and Oo. have received information that 
their tender has been accepted; further details have 
not transpired. British firms had to compete with 
American in the adjudication, and it is understood 
that some American tenders were accepted. The best 
Admiralty large steam-coal has been, to some extent, 
nominal ; secondary qualities have made 3ls. to 32s.; 
best bunker smalls, 22s. 6d. to 23s. 6d.; and cargo smalls, 


per 
The latest quotation for patent fuel is 35s. to per 
Special foundry coke has been quoted at 42s. 6d. to 4s. ; 
good foundry coke, at 38s. to 42s.; and furnace coke, at 
30s. to 35s. per ton. As regards iron ore, Rubio has realired 
24s. to 25s. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Oardiff 
or Newport. 

Bristol Docks.—The james ship which has ever come 
up the Avon has been docked at the Cumberland Basin 
in the Newburn. She is 340 ft. 6 in. long by 47 ft. beam, 
and she has a displacement of 2325 tons. She is laden 
with grain from Rosario, Argentine Republi 


von. 
ton. 


ic. 


Rivers Pollution.—At a meeting of the Oardiganshire 
County Council Mr. Percy Wilkinson, submitting a 
report of a committee segues to consider the alleged 
poliation of rivers by 1 mines, proposed that powers 
should be granted to the committee to take proceedings. 
He said there was great ground for complaint, but the 
cause could be almost entirely removed by the exercise 
of care on the part of mine managers. Mr. H. Bonsall, 
in seconding, ssid it was absolutely necessary for the wel- 
pect ee that the rivers — be — oe 

uti it was important that action sho 
chen. the report was adopted, but no powers were 
delegated to the committee to take proceedings. , 


Welsh Trade Matters.—The Bristol and South Wales 
Railway Wagon Company, Limited, has declared an 
interim dividend at the rate of 10 per cent. per annum, 
or 3s. per share. The directors of the Oard: ilway 
Company have declared interim dividends at the rate of 
4 per cent. per annum upon the preference shares, 4 per 
cent. per annum upon the preferred ordinary shares, and 
3 per cent. per annum upon the second ferred ordinary 
shares. The directors of the Mumbles Railway and Pier 
Company announce a dividend at the rate of 74 per cent. 
4 annum on ye per share) upon the ordi shares 

‘or the past -year. The Gloucester Railway Oarriage 
and Wagon Company, Limited, has done a good deal of 
work during the past year for the War Office, and 
recently the company was asked to participate in the 
construction of shell-cases and copper Fy ay tee, for 
shells. The directors of the Mountstuart Dry Com- 
pany, Limited, recommend dividends at the rate of 6 per 
per annum upon the preferred — shares and 8 per 
cent. per annum upon the def ordinary shares, 
making total distributions for the past financial year of 
6 per Baad a annum upon both the preferred ordinary 
and d ordinary shares, a balance of 27,2411. being 
carried forward. The directors of the Alexandra (New- 
_ and South Wales) Docks and Railway Company 

ve decided to pay dividends at the rate of 144 per cent. 
per annum upon the A and B stocks. At annual 
meeting of Hille’ Dry Docks and i i y, 
Limited, the chairman (Mr. G. Lewis) ta 
balance of 17,4101. was available for distribution. Out of 
this balance the directors recommend a dividend of 5 per 
placing forward 


cent., ing 53371. to reserve and carrying 








SourH WaLEs AND MONMOUTHSHIRE ScHOOL OF MINEs. 
—This institution, of which the above is the full title, is 
a technical school established at Treforest (with a branch 
at Orumlin) by the principal coal-owners of South Wales 
and mou ire, and its first term will commence on 
October ~ next. The school is specially pow a ob wa 
training of mine-managers, mine-foremen, o es 
of colliery officials, and is, in the main, financed by a lev 
on the annual output of the subscribing companies. Well- 
equipped laboratories and convenient class-rooms have 
Sy ae tape ye —m facilities will, ‘Yr: be accorded for 

e stud colli practice at neighbouring pits. 
In all five pfhcmmny Fm have been arranged for. The 
principal mining course extends over three yeas, one of 
which will be passed at University College, iff. In 
addition there is a part-time course extending over four 
years for mine managers, mechanics, tricians, and 
chemists, who will be required to attend the school one 
day per week. In the case of surveyors this part-time 
course can be completed in three years. Provision has 
aleo been male Sra Sey tying le 
liery engineering, or special courses for other 
colliery officials, and for surface foremen. ies of the 
prospectus of the school can be obtained from the Secre- 
tary at 4, Mount Stuart-square, Cardiff. 
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AUSTRALIAN TRADE WITH THE UNrrep States oF 
AmERIcA.—A report has been received by the Acting 
Premier = New South Wales ag the Trade Commis- 
sioner to America respecting the increasing value of 
trade with San Francisco. From January 1 to March 1, 
1915, the figures are as follow :--Exports from Australia 
to San Francisco, 1,785,725 dols. ; imports to Australia from 
San Francisco, 2,011,474 dols. ‘There was never a time 
in the trade between Western America and Australia 
= the imports and exports so nearly balanced one 
another. 





Tue Royat Sanrrary Instrrvre.—A sessional meeting 
will be held on Friday and Saturday. September 3 and 4, 
in the'Permanent Art Gallery, Brighton, at 10.30 a.m.. 
when discussions will take place on ‘‘ Indian Sanitation,” 
“Camp Sanitation.” ‘‘ Maternity and Child Welfare,” 
and “The Final Revort of the Royal Commission on 
Sewage Disposal.” The fifty-ninth course of lectures and 








Fie. 4. Generat View Snowrne Brice Oren. 


demonstrations for sanitary officers will commence on 
Monday, September 20. A course of practical training 
for meat pe will commence on Friday, October 1. 
A course of lectures for women health visitors and school 
nurses, and on school hygiene, including elementary 
physiology, will commence on Monday, October 4. 





Tue tate Masor A. M. Downre.—We regret to have 
to announce the decease. on July 23, of Major A. M. 
Downie, 5th Highland Light Infantry, of wounds re- 
ceived during the operations in Gallipoli. The deceased 
officer, at the age of thirty-three, became managing 
director of the firm of Messrs. Duncan Stewart and 
Co., Limited, of Bridgeton. Glasgow. He was the son 
of the late Mr. James Downie. Bertro-hill House, 
Lanarkshire, and was born in 1875 A pupil of Allan 
Glen’s School and a graduate of Glasgow University, 
where he took the degree of B.Sc. in Engineering, 
fitted himself thoroughly in the intellectual department 





| of his calling before applying himself technically to the 
|branch that finally aimed his attention. The late 
| Major Downie developed great activitv in the foreign 
business of Messrs. Duncan Stewart. He was a Whit- 
worth Scholar and an Associate Member of the Insti- 
tution of Civil Engineers, and a member of the Insti- 
tution of Engineers and Shipbuilders in Scotland; he 
was a devotee of music and an admirer of the fine 
arts, and, generally speaking. had tastes thet marked 
him as a man of culture and refinement. Keen and 
capable in i he was likewise in his soldiering. 
He joined the 5th Volunteer Battalion of the High- 
land Light Infantry early in life, and rose through the 
posts of lieutenant and captain to field officer, a rank 
which he held when death found him. Major Downie’s lose 
will be felt not onlv in the wide business cirele to which 
he was attached. Of a well-known Glasgow family. he 


he | had many personal friends, who extend to his family 





all sympathy with them in their bereavement. 
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CAREERS BROKEN BY THE WAR. 


How much of a man’s success is due to himself 
and how much ought to be credited to good for- 
tune is always a difficult problem. Doubtless 
there are some men who are entirely self-made, but 
they are not numerous. That most are the crea- 
tures of circumstances is shown by the way that 
families remain in the same social plane generation 
after generation. Occasionally a member goes 
under and disap: , and sometimes one rises to 
become a source of pride and envy to his relatives; 
bus generally speaking, they all maintain about the 
same position, allowing for the variations in the 
standard of living which affect the whole country. 
Every parent shows his belief in the immense 
influence which circumstances have upon a career 
by the sacrifices he makes to give his children a 
good education. The man who has been to a public 
school will pinch himself to send his son to the 
same school or a better, while an acquaintance with 
undergraduates at the older universities shows that 
many of them came from rectories and vicarages of 
which the stipends seem quite inadequate to sup- 
“na the necessary expense. Evidently the father 
as saved for years that his son may have a fair 
chance of taking his place among people of educa- 
tion and culture. All experience shows that the 
‘start in life” largely determines what the career 
shall be to a very great proportion of humanity, 
and that a bad start may easily be disastrous. 
These considerations are of special interest just 
now, when so many young men have abandoned their 
civil pursuits and have joined the Army. If con- 
scription had previously obtained in this country, 
such a course would have been provided for, and 
the customs of trade and the curricula of colleges 


the military course being interpolated between two 
series of civil experiences with the minimum of dis- 
turbance. But it is entirely new to us for middle- 
class youths to join the Army for the course of a 
war. In the past, those who entered it did so with 
the idea of making it a profession for life, the only 
exception heing during the South African War, 


venturous spirits for a time. The aumbers, how- 
ever, were comparatively small, and when they 
returned they made their way back into civil 
life without very much difficulty. The conditions 
are very different now. There are very few young 
men of education, between the ages of 19 and 26, 


pressure grows stronger on those who have hitherto 
resisted the country’s call. Now it is just the period 


and stamp to a man’s career. The school age is 


egiate, or practical training. 

t is at this period of life that a young man may 
freely acknowledge his ignorance and seek infor- 
mation without proclaiming himself an ignoramus. 
Youth is pre-eminently the time for the ~—_ 
tion of learning of a certain kind, particularly 
that kind of learning which can be tested by 
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examination. It does not represent the best or 


-|only reveal the 


would have developed in such a way as to allow of | i 


are so arranged that they demand certain moral 
and mental qualities on the of those who 
attempt them. They can only be passed by really 
persevering effort, and in that way they act as 
admirable tests of character. Further, they not 
ion of certain desirable 
mental aptitudes, but at the same time they stimu- 
late those who have them only in a moderate 
degree to cultivate their talents as far as possible. 
Incidentally they oblige the candidate to uire 
@ very considerable amcunt of knowledge which he 
would scarcely attain without them. Few le 
are so conscientious as to roam over the entire 
width of the domain of the science, or art, or 
industry to which they propose to devote their 
lives. They are naturally attracted to some por- 
tions of it rather than to others, and they give only 
a perfunctory attention to those matters which do 
not appeal tothem. But with the examiner lying 
in wait for them, this procedure becomes too risky to 
follow. They are obliged to cover the entire field in 
some fashion at least, and thus acquire a breadth of 
outlook which may stand them in good stead at some 
future time. This, however, is very difficult to do 
unless the whole attention can be devoted to study. 
The academic and the practical life do not readily 
—. A busy man can pursue a study 
which is full of immediate interest, but it is seldom 
that he can give his full attention to one which 
appears remote from the matters which concern 
him. Once immersed in practical life, his possi- 
bilities of passing examinations grow rapidly less 
until they finally disappear. 

Great numbers of the young men now holding 
commissions in the Army were last year prepar- 
ing for examinations of various kinds, but very 
few of them will be able to take up the threads 
of their studies when peace is proclaimed. Many 
causes will stand in the way of such a course. To 
begin with, the kind of knowledge that counts in 
examinations is very volatile. It depends largely 
on memory, and when the mind is directed towards 
other subjects it is .~ to slip away. After an 
interval much of the former ground must be re- 
traced, so that a three-years’ course broken at the 
end of the second year can scarcely be completed in 
another year. But the most serious difficulty in a 
return to studious pursuits will be that the men will 
be a couple of years older than when they broke them 
off. They will have been face to face with actualities 
of most serious import, and will never again be able 
to resume the docile and attentive attitude which 
befits the student. The desk and the midnight oil 
will be irksome, while the tricks and pitfalls of the 
examination will seem paltry and mean to them 
after the stirring and often ghastly scenes they have 

through. After a man has played his part 
in the greatest tragedy the world has ever seen in ite 
thousands of years of toil and tumult, he will find 
it very hard to engross his mind in academic 
ror 
evertheless, the possession of a de or a 
are may be absolutely essential to a sal man 
if he is to remain on the same social plane on which 
he was born. In many professions it is the hall- 
mark for which everyone looks, and the lack of it 
stamps a man as a spurious or, at least, an inferior 
article. It is true that the highly capable man will 
often live through this period, and eventually attain 
the position in which diplomas count for little, and 
in which he is judged by his actions. But even he 
will feel the drawbacks of his early loss for years, 
while the average man will almost certainly suffer 
both in purse and reputation all his life. There are 
some professions, such as the medical and legal, 
which can only be entered through the door of 
examination. There are others, such as the clerical 
and the teaching | mapa which erect barriers 
midway, practically reserving the more lucrative 
= for those who can show the best credentials. 
the profession of engineering examinations are 
of very recent introduction. ey began at the 
colleges, the diplomas being the sign of a well-spent 
academical career. Then the institutions, one by 
one, adopted them as one of the conditions of 
entrance to the lower grades, and as of recent 
years there has been an agitation to confine all 
official engineering appointments to members of 
the leading institutions, we are faced with the 
probability that in the near future some sections 
of our work will be closed to those who have not 
passed successfully through an academic curriculum 





the most important kind of knowledge, but it has 








in early youth. Fortunately, entrance to full mem- 
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bership of the institutions is not hampered by the 
same restrictions; but experience shows that the 
man who is refused as an associate-member, or who 
does not make an application for that status, is not 
very likely to come in later in life. It is the capable, 
ambitious young engineer who desires to attach 
himself to one or more of the institutions, and it is 
just this class of man who will suffer most if he is 
kept out by the ponent condition of affairs, for he 
is always on the look out for new opportunities and 
fresh jobs, and to get them he must advance every 
credential he can obtain. Without such evidence 
he is at a serious disadvantage. 

It is most earnestly to be hoped that before peace 
is declared the academic and professional bodies of 
this country will come to some definite decision as 
to what is to be their attitude to the young men 
who have interrupted their careers at the call of the 
country, and are faced with the possibility of them 
being irretrievably broken. The matter is by no 
means simple, for the claims both of the public and 
of the young men have to be regarded. e former 
will expect that diplomas shall not be scattered 
broadcast to men lacking in the necessary attain- 
ments. The latter will naturally resent being put 
in an inferior position to the men who have turned 
a deaf ear to the call of duty, or who have been 
kept at home by physical disability. It would 
be an outrageous thing if in the future the prizes 
of life were allotted to those who have stayed 
at home, while the men who have risked their 
lives were made to suffer from a permanent handi- 
cap from which they could never or. Some 
compromise will have to be found, and in doing 
so the authorities must keep definitely in mind in 
what way an examination is a test of merit. This 
should be easy for the councils of the engineering 
societies, for the leading engineers of this country 
have never been submitted to the test, and it is 
the common opinion that none of them could 
the usual examination, except those who have been 
professors. It is evident that a man may attain 
the highest positions in the profession and yet be 
ignorant of much of what is expected of beginners. 

here is also a very shrewd suspicion in many 
minds that a may «> the examination 
with credit and yet be of little or no use as 
an engineer. Further, it is well known that the 
successful candidate of last year has by this time 
forgotten a good deal of what he learned, and 
could not now sit — successfully without rub- 
bing up his knowledge. Yet it is clear that his 
studies have a great value, or otherwise the in- 
stitutions would not insist upon them so strongly. 

As we have already stated, examinations are far 
more a test of character or training than they are 
of knowledge, and therefore if evidence could be 
produced that adequate vee had been under- 
gone in some other way than emically, it would 
be a reasonable thing to relax the examination 
in a corresponding degree. All educationalists 
insist that the value of a university career lies far 
more in its associations and its atmosphere than 
in the facilities it affords for acquiring knowledge. 
A resolute student can generally learn all he needs 
by himself, if he can gain occasional assistance 
when he finds himself opposite an insuperable diffi- 
culty, and often he obtains a better grip of his 
knowledge than the more favoured youth who 
attends lectures and has a coach. But he misses 
the most valuable part of a university career, the 
intimate association with men of his own age and 
standing, and the subtle influences which permeate 
a society devoted to knowledge. So potent are 
these influences that it is generally ible to pick 
out the university-bred youth from lis Adicen, and 
even to decide whether he hails from Oxford or 
Cambridge The newer, and non - residential, 
universities are less efficient in this respect, 
although they generally secure a more serious 
and industrious class of student. But even in 
them the formation of character is quite as impor- 
tant as the dissemination of knowledge. It may, 
however, well be asked whether a year spent 
under mili discipline in camp and on the 
battlefield is not more productive of intellectual 
and moral “?~ than twice the time passed on 
the Isis or the Cam, or even in the severer atmo- 
sphere of a Scotch university. It must be remem- 
bered that the tented field is a very different 
place from the barrack square, and breeds men, 
while the latter in the past has had a tendency to 
produce automata. e boys who trooped so 


enthusiastically in immediate response to Lord 
Kitchener's demand are already different beings. 


Those who have gone abroad have had vast respon- 
sibilities thrust upon them, and have borne them 
well. The officers of the new army must needs 
have all the qualities which have characterised the 
officers of the past and also many others. The 
men they lead are of all ages from 19 to 36, and 
many of them are trade-unionists who have been 
accustomed to question every regulation, and if 
they disapproved of it to ‘‘ down tools.” Six months 
in camp under military discipline may modify this 
attitude, but will not eradicate it. Hence to attain 
success an officer has first to gain the esteem and 
confidence of his men ; he has to show them that 
he understands warfare better than they, and 
that he considers their comfort and safety far more 
than he does "his own. This is no easy task ; 
indeed, no competitive examination can compare 
with it. Further, it involves continuous effort, 
with no intermissions, for the men in the ranks are 
keen critics, and are always on the look-out for 
inconsistencies. No university can compete with 
the camp in the formation of character. 

Since one of the great aims of the examination 
system is fully secured for the young men in the 
Army, the councils of our engineering institutions 
have now to consider how far their examinations 
can be temporarily relaxed ro as to do justice both 
to the candidates and the public. It seems to us 
that the kind of knowledge that can be fairly 
expected is that which the ordinary candidate 
retains three years after obtaining his diploma. In 
that period all the information which depends on 
memory, and everything that has been learned in 
order to defeat the tricks and catches of the ex- 
aminer, have disappeared, leaving only such know- 
ledge as the candidate really felt was necessary to 
him in his profession. He is fairly well acquainted 
with the main principles of engineering science ; he 
knows how far research has found a solution of 
the various problems, and how much remains to 
be done, and he is familiar with the books and 
papers in which there are to be found data and 
methods of calculation to which he can turn on 
emergency. This is really not a bad equipment ; 
and if to this be added self-reliance and a capacity 
for getting the best work out of subordinates, a 
— need have no fear in passing such a candi- 

te. 

We merely put this scheme forward tentatively. 
Every professional and academic body must. con- 
sider the matter from its own standpoint, but it 
must, at an early date, be considered by them all, 
from the dignified body which controls the examina- 
tions of Oxford down to the youngest institution 
which has undertaken to hall-mark its members. 
The search for a compromise should err—if err it 
must—on the side of leniency ; for if we were to be 
worsted in the present conflict, our academic and 
professional status would receive a set-back from 
which they would not recover during the lifetime 
of the present generation. The men at the Front 
are not fighting merely for our trade and commerce. 
The results of hundreds of years of quiet study and 
active political effort are at stake, and those who 
vote their lives to maintain them can justly claim 
to be acknowledged as the fellows of their pre- 
decessors who have advanced similar aims by fol- 
lowing the peaceful paths of learning or the more 
arduous pursuits of science and industry. 





NOZZLE EXPERIMENTS. 

A stupy of the researches made during the past 
few years on the efflux of steam through nozzles 
demonstrates once again that the aphorism applic- 
able to experimental work is rather Browning's 
** The little more and how much it is,” than its 
perhaps better known antithesis Ce n’est que le 
premier qui coute. On the face of it nothing 
should apparently be more easy than to measure 
the efficiency of a nozzle passing steam, and the 
attempt has accordingly proved quite a popular 
adventure in more than one technical school, both 
at home and abroad. 

is easily condensed and weighed, accurate 

pressure - gauges and standardised thermometers 
can be purchased quite cheaply in the open 
market, and it is not difficult to devise methods for 
measuring the reaction of a jet or its impulse on a 
pressure-plate with a considerable degree of accu- 
Nevertheless, most engineers engaged in 
turbine work are very far from satisfied as to the 
reliability of the data recorded in even the most 
elaborate of these researches, and would hesitate 





to affirm that any very substantial advance in 





accuracy had been made since the earlier experi- 
ments of Napier, Rateau, Rosenhain, and other 
pioneers. In fact, it is quite impossible in many 
cases to reconcile the published experimental figures 
with the turbine efficiencies actually recorded. 
Christlein, for example, obtained curves accord- 
ing to which the losses in ordinary guide-blades 
discharging steam at a velocity of 1000 ft. a 
second were nearly 30 per cent., a value which 
would make quite impossible the —_ high efii- 
ciency ratio actually realised with the reaction 
steam-turbine. This, in one experimental plant, has 
for example been pushed up to 88 per cent., and 
according to recent claims, has in actual practical 
operation attained the figure of 84 per cent, 
reckoned on the horse-power developed at the 
shaft. When allowance is made for shaft friction, 
gland and dummy leakag®, the indicated ‘‘hydraulic 
efficiency” cannot be materially less. As Parsons 
turbines are always run substantially below their 
theoretically best speed, it is obvious that the 
guide-blade efficiency cannot well be below 90 per 
cent., and, in fact, it is probable that this figure 
is attained even with non-superheated steam. 
Of course, the s s of flow in reaction turbines 
are lower than the lowest observed in Christlein’s 
experiments ; but certain impulse turbines which 
operate with quite comparable — to those 
investigated by Christlein also show efficiencies 
quite incompatible with some of his laboratory 
results. 

There is, moreover, an indirect method of 
arriving at nozzle efficiencies, which, so far as it 
goes, tends to eonfirm the higher values deduced 
from practical experience. For all moderate 
ranges of expansion the relation between the 
volume and pressure of steam can be expressed in 


the form p V* = constant. If there be no fric- 
tional losses, A = 1.3; whilst if the actual friction 
loss be k times the heat available along the actual 
1.3 
14+0.3k 
The maximum discharge W in pounds per second 
is, however, given by the relation 
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where © denotes the area of the thioat in square 
feet, P, the original pressure in pounds per square 
foot, and V, the original oposite volume of the 
steam. From this equation it -is ible to deter- 
mine A when W is known. Now W, the maximum 
weight discharged, can be measured with consider- 
able accuracy, and we have thus a method of deter- 
mining the efficiency of the convergent portion of 
a convergent-divergent nozzle. The more reliable 
of the experimental data available yield a value of \ 
corresponding to a value of k, equal to some 4 or 5 
per cent., so that the efficiency of the converging 
part of a straight nozzle is of the order of 95 to 96 
percent. With a 5 per cent. loss, the velocity at 
the throat would, it may be noted, be 98 per cent. 
of that of sound. The earlier experiments of 
Rateau led to the opinion that the converging part 
of such a nozzle operated with practically unit effi- 
ciency, but it is now known that some untenable 
assumptions were made in deducing this result. 
With unit efficiency the velocity at the throat 
would be that of sound. The fact that frictional 
losses cause the throat velocity to be less than that 
of sound makes it probable that in the case of a 
purely convergent nozzle the discharge may not be 
absolutely constant once the critical expansion 
ratio is passed, but experiment certainly indicates 
that the departure is at any rate extremely small. 

With such wide discrepancies between experi- 
ment and experience, as exemplified by the figures 
already quoted, it is natural to seek for possible 
sources of error in the one or the other. It 
is difficult to admit that the observations made 
in actual turbine trials can be very seriously in 
error, as they are confirmed by too many inde- 
pendent tests, and these have been conducted on 
so large a scale as to reduce to insignificance 
accidental errors of observation. 

If, on the other hand, we consider the case of 
the laboratory work, there would appear to be a 
number of, at any rate possible, sources of error. 
In most of such work it may, we think, be taken 
as probable that the weight discharged per second 
has been measured with adequate accuracy, at 
least when the fluid experimented with was steam. 
With the permanent gases, such as air, even this 


expansion line, A = 





quantity is in doubt, since it has had to be inferred 
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indirectly by measurements of pressure and tem- 
perature. Even at the best, pressure measure- 
ments cannot be made to anything like the same 
accuracy as weights can be determined. Thus a 
platform weighing-machine, in new condition, of 
1 ton capacity will turn with a weight of } lb. when 
carrying its full load. Nothing like this order of 
accuracy is possible in the measurement of pres- 
sures. Since thermometers may be read to 7, deg.. 
a high order of accuracy in the determination of 
absolute temperature is theoretically possible ; but 
in practice temperatures are commonly quite as 
uncertain as pressures. It is not therefore possible, 
even under the best conditions, to measure the 
mass flow of air with the same accuracy as that 
of steam, and no doubt many of the anomalies 
apparent in certain experiments made with air 
take their origin here. 

Though, as stated, the mass-flow of steam can be 
determined to a high degree of precision by the 
plan of condensing it and weighing it, all deter- 
minations of the efficiency of nozzles operating 
with steam are as dependent on the accuracy of 
the temperature and pressure measurements as if 
made with air. It is in this direction that we think 
many elaborate experiments made here and abroad 
may conceivably in error. Instances are on 
record of thermometer readings taken in the 
steam - pipe of a turbine differing by 10 deg., 
according as the thermometer was or was not in 
the centre of the pipe. Again, cases have been 
known of two pressure-gauges applied to one and 
the same steam-chest differing in their readings by 
as much as 10lb. That the reading was not due 
to gauge errors was proved by interchanging the 
gauges. The difference must therefore be attri- 
buted to the presence of eddies. 

The form of the nozzle-box adopted by many 
experimenters seems open to serious criticism on 
this head. The steam has been introduced by a 
pipe entering the box at right angles to the nozzle 
axis, and no provision has m made for damping 
out the eddies thus produced. In the case of 
water, Professor Gibson has observed that the 
efficiency of a Doble nozzle was increased 10 per 
cent. when provision was made for damping out 
the whirl produced when the water to the nozzle- 
box was led in at right angles to the nozzle axis. 
In fact, to secure reliable pressure and temperature 
readings it seems essential to damp out all possible 
eddies in the nozzle-box, and to reduce the motion 
there to a low and very steady velocity. In few, if 
any, experiments have precautions of this kind 
been taken. and it seems quite possible that some of 
the outstanding discrepancies between laboratory 
experiments and turbine tests have originated here. 
In certain cases suspicion attaches also to the 
exhaust pressures recorded. The exhaust-box has 
often been of somewhat limited dimensions, and 
where such a box is traversed by arapidly moving 
stream of fluid, pressures differing by 2 lb. or 3 Ib. 
may easily be recorded in different regions of the 
same box. In refined tests, therefore, it appears 
very desirable that measures should be taken to 
eliminate possible ‘‘ eddy” errors both in the 
nozzle-box and in the discharge-chamber. 

Experimenters on nozzles have also, in certain 
cases, attempted to ‘‘ correct” their observed 
results, so as to bring the discharge into accord 
with the usual theory. As is now well known, 
when saturated steam is used, the maximum dis- 
charge, in the case of careful experiments, invari- 
ably exceeds that computed by the usual theory. 
If, as some experimenters have done, it be assumed 
that the excess is due to moisture in the steam, 
very large errors may be made in deducing the 
nozzle efficiency from the measured reaction. This 
efficiency is given by the relation 
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where R denotes the observed reaction, w the 
weight discharged per second, and u the available 
heat. If the weight discharged be taken as correct, 
and the dryness fraction computed to correspond 
with this weight on the usual theory, the true value 
of u will be much greater than the ‘‘ corrected ” 
value, and the efficiency found will be much too 
high. It has, however, been usual to make the 
correction in another way—viz., by reducing the 
value of w to the “‘ theoretical,” and in this case 
the error in the computed reaction will be double 
the error thus made in w Some of the ve: high 
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efficiencies recorded in nozzle tests haveundou tedly 
n due to misconceived corrections of this kind. 





There are, it may be added, considerable diffi- 
culties in the accurate determination of nozzle 
reactions. If these be measured directly, it is in 
practice necessary to lead in the steam at right 
angles to the nozzle axis; and unless provision 
be made for damping out the eddies thus caused 
in the nozzle-box, there is considerable uncertainty 
as to the accuracy of the temperature and pressure 
measurements made. 

If, on the other hand, the attempt be made to 
deduce the reaction from the ‘‘ impulse” communi- 
cated to a pressure-plate placed in front of the jet, 
errors of another kind are likely to arise. The 
theory of measuring the reaction of a jet by means 
of a pressure-plate requires that ‘all the fluid 
striking the plate shall leave it without any 
sensible axial velocity. If it ‘* bounces,” the 
measured impulse will be too high. A simple ex- 
periment made many years ago by Mr. rald 
Stoney demonstrates the fundamental importance 
of the point at issue. Directing a stewn-jet 
on to the flat-scale pan of a spring-balance, he 
found that the ‘‘impulse” communicated varied 
with the distance between the jet and the plate, 
attaining a maximum for one particular value. A 
simple pressure-plate cannot, therefore, be used 
for measuring the reaction of a high-velocity jet, 
but the impulse must be taken on some more com- 
plicated form of receiver, which shall catch any 
rebounding fluid and redirect it at right angles to 
the nozzle axis. 





EFFICIENCY OF GAS-FIRE 
RADIATORS. 

THouGH everybody acknowledges the great con- 
venience of a -fire, which throws out heat as 
soon as it is lighted, is much cleaner than a coal- 
fire, anti practically does not require any attend- 
ance, there is a general impression that the gas-fire 
is deceptive and wasteful, and that most of the 
heat goes up the flue. The objection, in so far as 
as it is founded on fact, really applies to the coal- 
fire as well. The efficiency of a gas-fire and of any 
open fire is difficult to determine. A joint committee 
of the University of Leeds and the Institution of 
Gas Engineers adopted, in 1907, a method which is 
known as the Leeds method. It involves several 
separate determinations, one of which requires a 
large group of observations. In the first instance, by 
means of Rubens’ thermopile readings, the distribu- 
tion factor is determined—that is to say, the relation 
between the intensity of the radiation at a central 
equatorial area on a hemisphere in front of the 
fire and the total radiation received over the whole 
hemisphere. The actual number of calories radiated 
by the fire per hour on to the equatorial area 
mentioned is then measured by means of a radio- 
meter of the water-calorimeter type, the actual 
instrument used being that of Professor R. H 
Smith. The number of these calories multiplied 
by the distribution factor gives the total energy 
radiated by the fire per hour. The ratio of the 
resulting energy to the total heat energy developed 
by the combustion of the gas in the fire per hour 
finally yields the radiant efficiency of the fire. 

This method is admittedly open to several 
objections. The blackened surface of the radio- 
meter does not perfectly absorb the radiation 
falling upon it; the radiometer is subject to a lag, 
and the allowance to be made for heat gained 
by the instrument from the surrounding atmos- 
phere during the observations is difficult to deter- 
mine, so that a satisfactory blank experiment can 
hardly be carried out. These factors would not 
weigh heavily if the whole determination could be 
effected rapidly ; but the radiometer observation 
and the many (81) thermopile readings required for 
the calculation of the distribution factor demand a 
good deal of time, during which conditions should 
remain constant. The standardisation of the 
radiometer, moreover, is difficult, owing to its 
large absorbing area. The Rubens thermopile, 
though a remarkable instrument, is not exactly 
suitable for the determination of the distribution 
factor either. Some of these objections have been 
met by substituting a bolometer for the radiometer 
and thermopile. A difficulty which is hardly to be 
overcome lies in the fact that the seat of the radia- 
tion—i.e., the fire-front—is not a plane radiating 
surface, but a mass of glowing hollow balls or 
columns of fire-clay; the seat of the radiation 
thus has a certain depth, and it is not easy to fix 
the actual distance of the instrument from the 
fire-front, which is, moreover, not plane, 








The modification of the method which Professors 
W. A. Bone and H. L. Callendar, together with Mr. 
H. James Yates, brought before the Royal Society 
this spring, was worked out in Professor Bone’s 
new fuel laboratories of the Imperial College of 
Science and Technology at South Kensington, 
which we described in our issue of May 14 last. 
The method makes use of a bolometer, as we men- 
tioned already, and greatly simplifies the operation. 
A bolometer is a differential radiation thermo- 
meter; one surface (really a grid or coil) is 
blackened and exposed to the source of heat; 
another equal surface is screened ; the difference in 
temperature between the two surfaces is deter- 
mined electrically. The bolometer can be stan- 
dardised in absolute measure by sending a current 
through the screened coil until the temperature 
difference is balanced. In the original bolometer 
of Langley a grid of metal foil was used, blackened 
with soot or platinum; the foil is delicate, and 
the blackening deteriorates. In the new bolometer 
two foils of mica, 1.7 in. square, are mounted back 
to back in a small cylindrical box of gun-metal. 
Each foil is closely wound with platinum wire ; 
the two coils, of 20 ohms, are exactly alike, but 
one front surface is permanently blackened by 
coating it with hard black enamel, which may be 
cleaned. Water circulating through the box keeps 
the two coils of the closed box at equal tempera- 
ture, so that the galvanometer in circuit with the 
coils remains steady ; when the black surface is ex- 
posed to the radiation. a deflection is observed. The 
standardisation was effected, not in the manner just 
indicated, because there is always some uncertainty 
about the absorption factor, but by the aid of the 
radio-balance of Professor Callendar (Proceedings 
of the Physical Society, vol. xxiii., 1, 1910) ; 
the radiation is received in a blackened cup of 
ears perfect absorber), and the heat 
received from the radiation is balanced by absorp- 
tion of the heat due to the Peltier effect in a thermo- 
junction, through which a measured electric current 
is passing. The radio-balance is not a workshop 
instrument. The standardisation was, in the case 
under consideration, effected with the aid of two 
radio-balances, one compared with a 10-in. gas-fire 
at a distance of 1 metre, the other with a focus- 
lamp of 100 candle-power, having » small radiant 
surface, 1 in. square, at a distance of 30cm. The 
bolometer constant found in this way was 27.8, 
which means that a radiation of 27.8 kilocalories 

r square foot per hour is required to produce an 
increase of 1 ohm in the resistance of the exposed 
bolometer coil. The different determinations were 
in very good accord ; but even this method is liable 
to errors, because the blackened surface receives 
radiations (at different intensities) from different 
objects in the room, which will be at different 
temperatures, and because there is a difference of 
tem ture between the bolometer and the air. 

e distribution factor which we defined above 
is theoretically the factor m (D* + R*), when the 
source is a plane disc of radius R at the dis- 
tance D. Thus for a source of 1 ft. in diameter 


at D = te. = 34.38 in., the factor would be 


26.58, which is approximately the value found by 
taking a large number of readings over the surface 
of a hemisphere at that distance D in the case 
of a 10-in. gas-fire. We have already pointed 
out that the source is not plane; the canopy 
also radiates and introduces further complica- 
tions, and an error of 1 in. in the estimate of 
D would make a difference of 6 per cent. in the 
result. The uncertainty about D becomes the 
less significant the greater the distance is 
taken. At t distance, however, a large number 
of observations over a very large hemisphere are 
required. Fortunately, the experimenters found 
that the sum of four readings taken at 60 deg. 
along the equator and meridian, together with the 


central reading, multiplied by - —which is 8.6 


when D = 2 ft.—gave as good an approximation to 


7 

the total radiation as could be obtained by taking 
eighty-one readings. The distribution factor 
then is represented by the sum of the five 
readings, divided by the central reading, and 
multiplied by 7 - 

In the first experiments by the old Leeds method 
a Rubens thermopile and a Paul unipivot galvano- 
meter were used. It was noticed that a galvano- 
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meter deflection of, say, 25 mm. would be produced 
in 20 seconds ; the csireunaiaahes would then cree 
up slowly to 27.5 mm. in three or four minutes, an 
would go back to 25 mm., while the whole box 
temperature would go up by 5 deg. to 10 deg. Cont. 
When the thermopile was afterwards screened or 
turned towards the wall, the galvanometer needle 
would go back to zero and beyond zero, acquiring a 
negative deflection of 3 mm. or 4 mm. us the 
rise of temperature caused the instrument to assume 
a false zero. The troubles were not so serious in 
the ordinary series of determinations of the distri- 
bution factor; but such observations taken east 
and west of the meridian differed sometimes by 
20 per cent., apparently because the one set of 
observations been made while the needle was 
still creeping up, whilst the false zero came into 
the others. These errors balanced one another to 
a certain extent, so that the thermopile gave a mean 
distribution factor of 27.44, e.g., against 28.36 with 
the bolometer. But the bolometer proved free 
from the west-east defect, and therefore preferable. 
In carrying out the tests the bolometer is mounted 
on a revolving sector of a fixed radius of 34.4 in., 
the centre being the centre of the fire. Automatic 
records in ink are obtained on a scale which can 
be varied from 10 cm. to 40 cm. per ohm ; the in- 
crease in the bolometer resistance during a test is 
of the order of 2 ohms, and for ordinary pu 
the smaller scale is sufficient. In their Royal 
Society paper the experimenters gave particulars 
of a series of tests on a 10-in. gas-fire burning 
London gas at normal pressure and temperature, 
the gas being supplied at a water-head of 1.9 in. 
The experiments were made on seven December 
davs on which the barometer varied between 
733 mm. and 763 mm.; the testing-room was a 


laboratory, 38 ft. by 32 ft. 6in., 15 ft. high, the| be 


temperature of which did not fluctuate beyond 
the limits of 14 deg. and 17 deg. Cent. The 
consumption of dry gas per hour was 24 cub. ft., 
varying between 23.78 and 24.77 cub. ft., and the 
resulting mean radiant efficiency was 45 per cent., 
the extremes being 44 and 46.6 per cent. This 
efficiency of 45 per cent. is greater than might 
have been expected, and will help further to 
popularise the gas-fire, which is already to be 
found in nearly every house. The simplified 
method of determining radiation efficiencies will 
certainly be solemnel ; the subject has not re- 
ceived the attention it deserves. 





PETROLEUM CRACKING. 

Tue term ‘“ oil-cracking” is applied to any pro- 
cess in which heavy hydrocarbons are submitted to 
heat and pressure for the purpose of producing the 
lighter and more highly volatile and more valuable 
hydrocarbons, known as gasoline, naphtha, and 
petrol. A great deal of experimenting has been done, 
mostly with very moderate success, but very little 
has been published. In the Journal of Industrial and 
Engineering Chemistry of July, 1915, A. P. Bjerre- 
gaard describes some experiments made 7 himself 
and his son, J. A. Bjerregaard, on behalf of the 
Canfield Oil Company, Cleveland, Ohio. The main 
results were hardly satisfactory, and the account is 
probably incomplete ; otherwise there might have 
been no publication. Yet the information offered 
is instructive. 

The apparatus used was similar to the apparatus 
patented by G. L. Benton in 1886, when an in- 
crease in the kerosene (illuminating oils) percentage 
of an oil was more profitable than an increase 
in gasoline—that is, light hydrocarbons boiling 
at between 70 deg. and 90 deg. Cent. The 
apparatus of Bjerregaard consisted of a coil built 
up of five sections of 12-ft. lengths, of strong 
iron piping, 0.6 in. internal diameter, 0 36 in. 
wall thickness, and so joined to a zig-zag by 
cross-pieces, 9 in. in length, with extra strong 
unions, that the whole coil, 63 ft. long, could easily 
be taken to pieces. As this nominal 1-in. pipe 
became clogged with coke deposits in the course of 
a run, it was partly rep sometimes by 12 ft. 
of 2{-in. pipe, 1.77 in. internal diameter, 0.55 in. 
wall thickness. This coil was placed in a brick 
furnace, and heated by fourteen large Bunsen 
burners. Oil was forced through the pipe under a 
pressure of about 2000 lb. per sq. in. At the end 
of the coil the products, after passing a thermo- 
meter, escaped, by forcing up a release-valve, into a 
separating-chamber, in which a pressure of from 
20 Ib. to 40 lb. per sq. in. was maintained, and in 
which the gas and liquid separated. The gas passed 


through a condenser-coil (a 1-in. pipe in water), the 
uncondensed portion escaping through a valve. The 
liquid portion flowed into a receptacle fitted with 
a steam-trap of the floating-bucket pattern, to force 
the tarry mass into the cooling-coil. 

The oils experimented with were of six different 
kinds ; the flash tests ranged up from 65 deg. to 
155 deg. Cent., the density from 0.788 to 0.88; 
the oils began to boil at temperatures from 155 deg. 
up to 300 deg. Cent. Three rates of oil-feed were 
used :—3.7, 11.5, and 12.25 gallons per hour ; the 
gas pressure ranged up to 1400 lb. per sq. in.; the 
average temperature from 350 deg. to 440 deg. 
Cent. The resulting distillates (cracked product) 
were all yellow in colour ; on redistillation the por- 
tion boiling below 150 deg. Cent. was colourless ; the 
tars produced were deep brownish red, and showed 
the } se green fluorescence of Pennsylvania crude 
oil ; the oils came from that State or from Illinois. 
The tabulated results of twenty-one experiments 
do not admit of a detailed study. But it is pointed 
out that the yields of low-boiling point hydro- 
carbons (as found both in the distillate and on 
treating the tar) were much greater at the lowest 
feed-rate than at the quicker rates; the losses of 
gas were also ter, however. At the slow feed, 
the kind of oil and the gas-pressure had no pro- 
nounced influence on the yield of low-boiling point 
hydrocarbons ; at the quicker rate, higher pres- 
sure seemed to increase that yield. The time 
factor was certainly important ; that is to say, 
the yield was roughly proportional to the time 
the oil was subjected to the cracking. The 
yield was always best at the beginning of a 
run, and this was partly due apparently to the 
gradual clogging up of the pipe Sth esbe. When 
working at the faster rate, the temperature had to 
raised to secure cracking; yet the large-size 
pipe required high temperature, although the rate 
of flow was relatively slower in that case. The 
coke-like deposit was quite hard, showing a con- 
choidal fracture like anthracite ; carbon disulphide 
extracted only a small portion of a deep brownish- 
red solution; the residue was heavier than the 
liquid, almost insoluble in aqua regia and almost 
incombustible on platinum foil ; the acid solution 
contained very little iron. These facts seem to 
indicate that the deposited carbon had entered 
into combination with the iron of the pipes. 
That iron became very brittle ; one junction 
cracked when a fitting was unscrewed, though 
small force was applied, and one pipe broke during 


The iron thus seems to undergo a kind of case- 
hardening ; processes of case-hardening by means 
of light petroleum hydrocarbons have been patented 
by A. W. Machlet. 

The yellow colour of the distillate, which we 
mentioned, could not be removed by treating the 
product with concentrated sulphuric acid, which is 
the usual practice in petroleum refineries. Con- 
siderable heat was generated by this treatment ; 
this and other reactions, also the ready absorption 
of iodine and bromine by the distillate, indicated 
the presence of considerable proportions of olefines 
(unsaturated hydrocarbons). Acetylene was ab- 
sent; aromatic compounds (of the benzene series) 
were likewise absent ; at any rate, no xylene was 
found. Nor did the tar yield any viscous lubricat- 
ing oils, so that the viscous hydrocarbons originally 
present seemed to have been broken up by the high 
pressure and temperature, and products of similar 
composition did not appear to have been formed by 
the treatment. As the yields of products 
boiling below 150 deg. and 220 deg. Cent., the 
kerosenes gave decidedly the best results ; but they 
were richer than the other oils in these products to 
start with, and though the figures given in the 
account will teach the expert something, they 
are not sufficiently detailed, nor the experiment 
— extended, to justify any broad con- 

usion. 
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The World’s Cotton Crop. By Joun A. Topp, B.L., 


Professor of Economics, University Coll Notting- 
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and O. Black, Limited. [Price 10s, net. ]} 
One of the burning questions of the hour is the 
action of the Government in refusing to regard 
cotton as contraband. The policy has been gene- 
rally condemned, but the loudest complaints have 





come from those who, having but a shallow know- 


a run when the pressure was only 400 1b. per sq. in. 


ledge of the cotton trade as a whole, allow their 
judgment to be warped by the immediate issues of 
the great struggle now pending. The cotton trade 
is so wide, its interests touch all nations, and its 
future is so important, that not only is it difficult, 
perhaps impossible, to have a comprehensive grasp 
of its mauy divisions and their mutual interactions, 
but any rash decision might have a pernicious 
effect. At this juncture, then, it is fortunate that 
Professor Todd, an eminent authority, who has 
studied the growth and supply of cotton in many 
parts of the world, should discuss one main branch, 
that of the production of the raw material, with 
thoroughness and discrimination. His book was 
written in ‘‘the old days before the war ;” but that 
is not altogether a disadvantage, though some of 
his conclusions may be affected by the violent cata- 
clysm. The survey is more deliberate and more 
applicable to normal conditions than to these times 
of feverish excitement that must prove temporary. 
It deals entirely with supply, and however European 
markets and manufactures may disorganised, 
the production and the output of the raw material 
will remain practically unchanged. 

Even from the limited point of view of produc- 
tion the situation before the war was not altogether 
satisfactory, and now may become critical. Hence 
the necessity of proceeding with caution, notwith- 
standing impatient censure. The world has to face 
a demand that is growing more rapidly than the 
supply, and though the consequent rise in price 
tends to stimulate production by bringing a larger 
area under cotton, inducing more intense cultiva- 
tion, and by other means, difficulties have to be 
faced which will become more acute with the lapse 
of time. New lands with suitable climate and easy 
of access to trading centres are not unlimited. 
The requirement of plentiful and trained labour 
is not easily met, when there are many competitors 
in the field, and the price of service is rising. 
Following the author, the world’s annual supply 
of cotton may be put at 26 million bales of 500 |b. 
Since the United States produce about 60 per cent. 
of this total from an estimated area of 700,000 
square miles, we may suppose that the total 
area devoted to cotton cultivation probably ex- 
ceeds 1} million square miles. The quinquennial 
increase in consumption is put at 20 per cent. 
This implies that some 250,600 > miles, an area 
about equal to twice that of the United Kingdom, 
has to be added to the total every five years. This 
increase is likely to advance rather by a geometri- 
cal, than an arithmetical, progression, not only 
because cotton is being put daily to new uses, but 
mainly because with increased wealth comes the 
demand for more and better clothing. The con- 
sumption of cotton in recent years has been limited 
only by the supply, and the future possibilities of 
increase in demand are practically immeasurable. 
With a diminished purchasing power, due to the 
war, there may be a temporary check on the 
demand, with lowered prices, but this condition 
must soon pass, and we should ask ourselves what 
are the possibilities of extension of acreage, or of 
increasing the yield from the existing sources. 
Professor Todd’s book helps us to estimate the 
causes that make for or against an increased supply, 
shows us what efforts are being made by scientific 
treatment to improve the crop, and what success 
has attended these efforts. 

To begin with America, the largest producer 
of cotton, the prospects of bringing a greatly 
enlarged area under cultivation are slight. 
Doubtless there are millions of acres available, 
but with increasing population, more land is re- 
quired for purely agricultural purposes, promising 
a er, or at least a more certain, revenue. 
Taking the yield at 200 lb. per acre, Professor 
Todd calculates that if a farmer is to get any profit 
he must sell his cotton at 12 cents per pound. 
Since under normal conditions a fairly high price 
for American Middling in Liverpool is about 74., 
the margin is drawn very fine. But before he can 
touch this margin the grower has not only to 
encounter the uncertainties that ever attend a rain- 
grown crop, but he has very great hazards to nego- 
tiate successfully. The boll-weevil is spreading 
very rapidly and with disastrous results. That 
pest claims a large percentage of the profits, and no 
satisfactory remedy has yet been found. Already 
two-fifths of the entire area are seriously aifected. 
In the southern districts, that have suffered 
longest from its ravages, many fertile spots have 
been denuded and are left derelict. Inthe Centra! 





States the long staple crop has suffered severely, 
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and it is not improbable that in a few years the 
famous ‘* Sea Island” crop will be extinct. But 
if the boll-weevil were to disappear to-morrow, 
the evil arising from the lack of sufficient and chea 
labour remains. Cotton is essentially a ‘‘ blac 
man’s crop,” and since the abolition of slavery the 
‘* nigger” has gee a most unsatisfactory farm 
hand. He will neither work strenuously in 
the busy season of harvest, nor methodically 
at other times. Even on his own holding, ambi- 
tion will not stir him to exertion. He is in- 
corrigibly indolent, ——— and inefficient. 
When employed as a labourer, his demands are 
extortionate, and by the use of strikes at critical 
moments he has raised wages out of all proportion 
to the increase in price. paid for the raw material. 
Neither can the white planter be absolved from 
many and grievous faults. Waste and extrava- 
gance, the legacy of more prosperous times, charac- 
terise his management, and in the processes of 
ginning, baling, and carriage, many improvements 
should be introduced. As one grower put the case 
to Professor Todd, ‘‘ we grow a crop of 20 million 
bales, but only harvest 15 million, and half of 
that in bad condition.” He nurses a grievance, 
probably with justice, against the middleman and 
the speculator, but does not take any drastic 
measures to free himself from their greed and 
voracity. The author explains very clearly the 
ameliorating measures contemplated by such Acts 
as that of the Clarke and the Lever Bill, as also 
the machinery of the ‘‘ future” market, but the 
history of these schemes as well as of some feeble 
and mistaken attempts at co-operation on the part 
of the planters, reveals a state of dissatisfaction 
rather than any well-devised efforts to break down 
the causes of a paralysing sense of injustice. 

The outlook for increased production through 
extension of area is not very hopeful, but relief 
may come from more intensive cultivation. More 
carefully selected seed may bring a crop to maturity 
sufficiently early to escape the ravages of the boll- 
weevil; more judicious use of manures may increase 
the crop per acre, while the introduction of mecha- 
nical means for picking and more care in ginning, 
sampling, and baling would succeed in reducing the 
waste. Experiments, too, have succeeded more or 
less completely in producing a plant that will give 
a long staple when grown in selected districts, and 
which might be more generally cultivated ; but an 
impression prevails among growers that long staple is 
ocala with early maturity. If this were true, 
the loss from the boll-weevil and from early frosts 
would do more harm than would be remedied by 
growing a superior cotton, and, as a fact, after a 
trial, some of the farms have reverted to growing 
the ‘‘ upland” varieties with comparatively short 
staple. This opinion, however, is not shared by the 
Agricultural Bureau at Washington, and attempts 
are still being made to produce a heavy yield with 
early maturity and long staple. Certainly the cotton 
industry of the Southern States is in a parlous con- 
dition, and though the action of the English 
Government and the Orders in Council are held 
responsible by the sufferers, many causes are con- 
tributing, and the remedy cannot be found in a 
single expedient. 

To turn to Egypt, another great cotton-producing 
country that feeds the home market, we find that 
the crop is grown under quite different conditions. 
In Egypt proper the area is strictly limited by the 
extent of irrigation, since it is physically impossible 
to cultivate cotton beyond a strip about a mile wide 
on either side of the Nile. The uncertainty that 
attends a rain-grown crop is unknown, and damage 
from frost need not be feared. Also, the labour is 
sufficient, cheap, and untiring. The fellaheen may 
be illiterate, but they constitute as fine a-class of 
agricultural labourer as the world knows. Pro- 
fessor Todd is loud in their praise, and he asserts 
deliberately his firm conviction that Egypt stands 
out above all other countries as the one in which 
the conditions, methods, and results are, on the 
whole, the best and the most creditable. This is 
high praise. It supports what is elsewhere stated : 
that irrigation is likely to become the ruling 
method of growing cotton. An average yield of 
450 1b. of cotton lint per acre, and of a ad that 
is inferior to none except ‘‘ Sea Island,” goes far to 
substantiate his claim. 

_Irrigated crops have their special troubles, and 
Egypt is not freefrom them. Theoretically, it has 
always been admitted that drainage must proceed 
part passu with irrigation, but this is a counsel of 
perfection, It has always been easier to get money 

























































for schemes to bring water on the land than for 
those to carry it away, and since this has happened in 
Egypt, the absence of adequate drainage has caused 
the fields to become water-logged, and disastrous 
consequences have followed. It is now known, 
thanks to Mr. Lawrence Balls, that the root system 
may be drawn 6 ft. below the surface in search 
of moisture, and if in this ition there should 
be a rapid rise of water, the lower part of the root 
is asphyxiated, causing boll-shedding and cessation 
of growth in the fruit eendion When the outcry 
was for water, and always for more water, in order 
to bring the arid lands under cultivation, it never 
occurred to the grower that the plant might suffer 
from excess of moisture ; but the smaller yield per 
acre forced the truth upon the authorities, and now 
the demand for drainage is as urgent as was the 
original prayer for water. 

‘his demand for water, which has led to the 
adoption of successive steps for its accumulation 
and measured distribution throughout the cotton- 
— districts, has had other inconveniences. 
t has had the effect of bringing more land under 
cultivation than could be permanently maintained. 
As soon as an enlarged water supply has been pro- 
vided, the claims upon it have increased at a still 
more rapid rate, and though in years of abundant 
flow there might be enough for all, in the lean 
years the supply ran short. In other words, the 
limits of the extension of cultivation in Egypt are 
set by the amount of water available in the years 
of minimum rise. Immense schemes have been 
suggested, and are, perhaps, under construction, 
for bringing and manipulating a still greater volume ; 
but we are only concerned to point out that the 
quantity of Egyptian cotton is not likely to be 
greatly increased in the next few years. The 

tian Soudan, it is true, holds immense possi- 
bilities in the future, but the labour necessary for 
successful working has yet to be born. 

The irrigated crop under perfect climatic condi- 
tions is as liable to insect pests as the rain-fed 
crops. Egyptsuffers from a cotton worm, of which 
there may be as many as seven distinct broods in a 
season, and those who make their appearance in 
the summer make the cotton their principal food. 
There is, too, a boll-worm, that in a single year 
destroyed cotton to the value of 1,400,000. This 
worm, or moth, is particularly difficult to exter- 
minate, or even to diminish, for it remains in the 
seed after the cotton has been picked, and may 
pass uninjured through the ginning process. It 
has been a late comer into the field, but it has 
evidently found a suitable habitat, for it spreads 


— 
hile the Egyptian grower has his anxieties, the 
rospects of the crop, as a whole, are satisfactory. 
ft is a small crop of high-priced cotton, well 
handled, and worth some 30,000,000/. to a coun- 
try that possesses a soil so fertile, if limited, 
that other crops can be raised in the year 
sufficient to cover the whole cost of produc- 
tion. Of India, the statistics are less certain, 
and as little of the crop comes on our markets, 
its character and varieties are not well known here. 
About five million bales is an average crop, the 
greater part of which is exported to Japan. India 
also exports a considerable quantity of yarn, and 
doubtless would use any moderate increase of the 
raw material in the same manufacture. With exten- 
sive irrigation and able supervision, India could 
rapidly increase her harvest, and it has been esti- 
mated that it could be doubled within five years. 
The staple is short, but is capable of being made as 
good as ordinary American ; and in any case, if 
used in coarse counts, would release the demand on 
the American crop. The possibility of increase 
raises, however, important economic problems in 
a country where the food supply often proves in- 
sufficient for the people, causing more or less 
calamitous famines. It would be an injudicious 
policy to devote to cotton-growing land urgently 
needed for agricultural purposes. China, not- 
withstanding her immense population, appears to 
be able to devote derelict land, hitherto devoted to 
the opium poppy, to growing cotton, but really 
very little is known about the quantity produced 
or the ibility of increase. A crop of about 
four million bales is believed to be the outturn, of 
which by far the greater is used at home. 
Korea cultivates a little cotton ; but, however much 
may be grown in this district, it will be absorbed 
by Japan, whose hungry mills demand a larger 
supply. We may be sure that Japan will develop 


doing she will eee 4 increase the Ameri- 
can surplus, and at the same time diminish 
the amount of imported manufactured m 
Russia, though we are apt to ovorlook the fact, is 
a cotton-producing country, and though her mills 
and spindles are rapidly increasing, the native- 
grown supply keeps pace with the demand. No 
accurate statistics are available. 

The area devoted to ‘‘ Kin is far 
greater than is generally believ Its importance 
in the world of trade and commerce is enormous. 
At the present juncture the trade is in a critical 
position, but its extension is to be looked upon as 
certain, though the direction cannot as yet be 
indicated. All those who are interested in its 
development and anxiously watching its fluctua- 
tions will be grateful to Professor Todd for his 
recon. «Meet survey of a world-wide product, 
touching many interests. 


Cotton ” 
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Tue Pyrrene Fire-Extinevisuer.—On Thursday and 
Friday, July 29 and 30, tests were made on the island 
site, Aldwych, with the Pyrene fire-extinguisher. We 
wi the tests on the second day, which were highly 
successful. The ex isher is a small double-acting 
hand-pump, weighing 54 lb. when fully charged with the 
ym mee Be t can di the liquid at a 
distance of between 20 ft. and 30 ft. When the liquid 
comes into contact with the fire, it is converted into a 


heavy, harmless gas, paving @ specific gravity five times 
iquid come in contact with 


that of air. Should the 
silks, paintings, furniture, or delicate machinery in the 
process of extinguishing a fire, it causes no dai 

to these articles, as was pointed out in the course 
of the teste. It being, moreover, a non-conductor of 
electricity, it can be used on electrical fires without 
danger to the operator or damage to the machines. 
Frequently fires occur in very inaccessible places, but 
with the Pyrene apparatus it is a simple matter to 
direct a stream of extinguishing liquid to the seat of 
the = when this occurs within intricate machi- 
nery © liquid, although a spirit, does not burn and 
cannot freeze. The tests included over a dozen items, 
among which we may mention the following :—The fire 
of two quarts of petrol placed in an ordinary bucket and 
allowed to burn ten seconds was put out in one second ; 
a burning tank of petrol, provided with a tap, which was 
opened and the fired also, after being allowed to burn 
for thirty 8, was extinguished in four seconds; 
half a gallon of bisulphide of carbon placed in a bucket 
and allowed to burn for ten seconds was extinguished 
almost instantaneously. Other satisfactory tests were 
carried out with saturated wood-wool and cotton. waste, 
separately and mixed, the highly inflammable liquids 
weed beieg petrol, paraffin, tar, and turpentine. In each 

re 





this cotton-field most energetically, and by s0| case 


was put out in a few 
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NOTES. 
Prisms witH Curved Faces. 

In 1910 OC. Féry described in the Société de 
Physique a prism with curved faces for spectro- 
scopic purposes, di ing with the addition of 
lenses. The two faces had not the same curvature, 
the back face being curved to the larger radius. 
The position of the prism with regard to the slit 
was found by a simple calculation. Rays entering 
the prism through the slit were refracted in such a 
way that they struck the back face at right angles ; 
this face was silvered, and reflected the rays back 
by the same path, and, as the system was astig- 
matic, like a concave grating, a spectrum was 
formed at the slit from a point of light such 
as a star. Theoretically, the curvature of the 
front face should be a logarithmic spiral ; but 
a spherical curvature would answer, and the focus 
circle, on which both the centres of curvature were 
situated, had a diameter equal to that of the radius 
of curvature of the front tace. This arrangement 
was criticised by André Callier in the Zeitschrift 
fiir Instrwmentenkunde, The objections were that 
the reflection from the silvered face was imperfect, 
and not the same for light of different wave-lengths, 
and that, with the coincidence of the slit and the 
spectrum, a magnification of the spectrum would 
not be secured by the prism. Callier hence sug- 
gested a modification of the arrangement with the 
aid of a constant deviation prism of Abbe. Last year 
Féry himself modified his spectroscope with curved 
prisms, and described it in another paper, also pre- 
sented to the Société de Physique. The rays did not 
strike the back at right angles, and were thus sent 
back, not to the slit from which they came, but to 
the side of it, so that a magnification was possible. 
Féry also showed how the prism could generally be 
employed to give a pure spectrum in cases when 
the incident beam is not parallel. When the beam 
is divergent, it is made to meet a concave face ; 
when convergent, the front face is convex. The 
latter case is that of a star image, as furnished by 
an astronomical objective. A large portion of the 
communication was taken up by a description of 
apparatus which Féry had designed, in conjunction 
with Ch. Beaudouin, for the purpose of ——s 
the apparatus, with — of a fluorspar an 
quartz, to the study of infra-red and ultra-violet 
spectra. The photographic plate itself need not 
be curved. 


New Meruop or Unper-River TuNNELLING. 


In connection with the extension of the electric 
railway in Berlin, a new system has been adopted 
for constructing a tunnel under the Spree River, 
near the Jannowitz Bridge. The conditions were 
not suitable for compressed-air shield construction, 
while dredging to tne full depths required would 
have interfered with the traffic too much. Advan- 
tage was hence taken of the peculiar condition 
of the river-bed. The Spree is supposed to have 
originally flowed through fine sand; the river- 
bottom is, however, so much silted up with 
mud that an impervious bed has been formed, 
which permits of the ground water-level being 


lowered below that of the river-bed. This was} _ 


recognised by the firm of Siemens and Halske during 
former operations, and the cuntract for the new 
tunnel has been entrusted to this firm. The 
project includes a double tunnel, about 30 ft. 
in width, which is to cross under the Spree 
vbliquely, in a slightly curved line, 200 metres 
in length ; the approaches on both sides are to be 
fairly level. The work is now being carried out. 
The average depth of the river is about 10 ft. 
Though fairly impervious, the river-bed is not 
strong enough, of course, to serve as a roof for 
the tunnel, and an artificial roof had to be con- 
structed. For this purpose a trench was first 
dredged across the river-bed; the width of this 
trench exceeds the width of the tunnel—10 metres 
—by about 6 metres, and the trench was made 
with a batter of lin 3. To xeep the trench from 
silting up, the bed on both sides of the trench was 
packed by divers with sand-bags. This done, two 
walls of sheet-steel piling, 10.28 metres apart, were 
driven into the ground, and wells were driven 
just inside this piling and joined to the pumps. 
A system of steel girders, connected together by 
troughing, was then lowered into the trench ; 
the girders rest on the tops of the piles, and 
the spaces between them were filled with a con- 


crete of trass and lime. Over this concrete, 1.1 
metre in thickness, a layer of rubble, 0.25 metre 
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in thickness, was spread, and finally a sheet of water- 
proof fabric was placed over the rubble to form the 
surface layer of the new river-bed. This surface 
finished, the ground underneath the new bed 
between the two rows of sheet piling was exca- 
vated from both sides of the river. A top head- 
ing was first driven, and the lower surface of the 
roof was strengthened by putting in steel plates 
to form the ceiling of the tunnel, which was tem- 
peety supported by pillars, 2 metres apart. 

he excavation has finally a depth of about 
5 metres ; the clear height of the tunnel above the 
rails is 3.8 metres, and the clear width of each of 
the two tunnels, which are separated by a wall, 
is 3.6 metres. The whole construction is explained 
by diagrams published in the Zeitschrift des Vereines 
Deutscher Ingenieure of April 17,1915. The tunnel 
construction will tinally be completed in the usual 
way, each being enclosed in ferro-concrete. 
The tunnels are of square section, and are as high 
as possible. 


Coprer In THE GeRmaN Exectric DistrRIBUTION 
Systems. 


We read in Le Génie Civil that on April 1, 1913, 








there were in Germany 4100 electric Ea 
stations for a total power of about 2,100,000 kw., 


, 





supplying apparatus of an te power of 
3,800,000 kw. Lighting took 37 per cent. of the total 
power ; stationary motors, heating, &c., took 52 per 
cent.; the remainder, or 11 per cent., being taken by 
traction motors. At the commencement of the war 
the power developed by electric current was higher 
than the above total for 1913. Since from 1909 to 
1913 the increase had been 2,600,000 kw., it may 
be taken that from April, 1913, to the commence- 
ment of hostilities, the power had increased by 
700,000 kw. The power for 1914 may therefore 
be put down at 4,500,000 kw., and on the above 
proportions, lighting took 1,700,000 kw., and 
stationary motors, hostien, &c., 2,300,000 kw. 
The weight of copper in the leads being, according 
to our contemporary, 20 kg. per kilowatt for light- 
ing and traction, and 7 kg. for stationary motors, 
the total weight of copper works out at 34,000 tons 
for lighting, and 16,000 t tons for stationary motors, 
heating, &c. In to traction, there were, in 
1911, 210 secondary railways electrically operated, 
and the power of the machinery operating them, 
including accumulators, was 201,704 kw. Since, 
in 1908, the power under this heading was 
183,084, it may be admitted, taking the same 
proportion of increase, that in 1914 the power 
was On this latter figure the 
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Norr.—In the diagrams on this and the opposite page the figures plotted for tin and cop: 
closing quotations of the London Metal Exchange for cash transactions in *‘fine foreign’ 
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per are the official 
and ‘‘ standard ” 


metal respectively. The prices plotted for antimony and lead are for English metal in both cases, while those 


for spelter are for American metal—the only kind at present available. 


Steel ship-plates and heavy steel rails 


are plotted to Middlesbrough quotations; the usual discounts are allowed in the case of ship-plates, but rails 
are net, free on board, at Middlesbrough. The figures plotted for hematite, Scotch and Cleveland irons are 
Glasgow settlement prices, and these prices are per ton, as are also those for all other metals previously 


mentioned. The 
the price of tin plates is 


rice of quicksilver is, however, per bottle, the contents of which weigh about 80 lb., and 
r box of L.C. cokes free on board at Welsh porte. Each vertical line in the 


diagram represents a market day, and the horizontal lines represent 1/. each in all cases, except those of 


hematite, Scotch and Cleveland irons and tin plates, where they represent Is. each. 








weight of copper in the leads may be estimated at 
4400 tons. The total weight of copper in the 
public service electric systems in Germany in 1914 
may therefore be taken to be 34,000 + 16,000 
+ 4400, or 54,400 tons. The question of deter- 
mining the quantity of copper which could be re- 
placed by iron is a very delicate matter, especially 
in the case of alternating-current distribution. In 
the matter of aerial lines, having copper leads of 
large section, the weight of iron and the surface 
exposed to wind action would be so large that it 
would be almost impossible adequately to strengthen 
the masts and insulators for taking iron leads. In 
the matter of underground distribution, it is ques- 
tionable whether it would be possible to place in 
the conduits iron cables having a much larger total 
section than that of the present — cables ; the 
iron cables would also be in much larger number 
than the copper cables. For these reasons, and 
others which would be too long to enumerate, the 
above total of 54,400 tons, considered as a copper 
store, is a much too high figure. The French 
journal has made the above calculations owing to a 
current rumour to the effect that the Municipality 
of Berlin was going to place a loan of 288 million 
marks (1,400,0001.) for the purchase of electricity 
works, and one natural conclusion to be derived 








not contemplate the possibility of using aluminium 
in the place of copper, since, we believe, alumi- 
niom is quite as scarce in Germany as copper, if 
not more so. 





New Zxgatanp Coaut.—The number of persons en- 
gaged in coal-mining in New Zealand increased from 1899 
in 1894 to 4250 in 1913. The annual output of coal per 
man ——— increased from 516 tons in 1894 to 590 tons 
in 1913. © maximum annual output per man was 
attained in 1906, when it stood at 687 tons. The number 
of lives lost per 1000 persons employed was 3.16 in 1894, 
and 1.38 in 1913. In 1898 the ratio was 0.49 = 1000. 
The output of coal in New Zealand in 1913 was 1,888,005 
tons. In this aggregate the Waikato figured for 243,316 
tons; Buller, for 679,283 tons; Grey, for 349,856 tons; 
Otago, for 306,647 tuns; and Southland, for 159,778 tons. 





Unttep States Sree, Corporation.—There has been 
a very appreciable improvement in the position of the 
United States Steel Corporation during the last eight 
months. At the close of November, 1914, the unexecuted 
orders in band amounted to only 3,324,592 tons. Since 
then the unfilled orders have stood as follows at the close 


of each month :—December, 1914, 3,836,643 tons; Januv- | hal 


ary, 1915, 4,248,571 tons ; February, 1915, 4,345,371 tons ; 
March, 1915, 4,255,749 tons; April, 1915, 4,162,244 tons ; 
May, 1915, 4,264,598 tons ; and June, 1915, 4,678,196 tons. 
The improvement established in the course of the seven 
months ended June, 1915, was, accordingly, 1,353,604 


from this rumour was the eventuality of an attempt no = pote Ay ne yg ay 
on the = of the German authorities at replacing | of 1916, is expected to begin turning out steel in Novem- 
copper leads by-iron ones. Our contemporary does | ber or December. 








CANAL BRIDGES. 
By E. A. Cross, B.Sc., Assoc. M. Inst. C.E. 
(Concluded from page 125.) 

Reconstruction of Bridges in Mining Districts.—In 
replacing brick or stone arches in mining districts, girders 
which can be easily lifted are always used. For spans up 
to 25 ft. plain rolled-steel joists, p from 3-ft. 6-in. to 
ag 2 ey my. are sufficient. For s: up to a 

oists can be used, strengthened wi pte ee th 
and Razend 06-60. cpane 30 is visable to use 
plate-girders. For small spans plate-girders are avoided 
as far as possible, owing to the increased cost of con- 
struction. The arrangement of the girders depends u 
the width and span of the bridge, the object ai ab 
being the use of a large number of small spans in prefer- 
ence to a small number of large spans. 

The question of head-room also governs the arrange- 
ment of the girders to a large extent, since with limited 
head-room deep girders can only be used as parapet, and 
Satoh, 9 epeaiih Gilgen to sequised far cate neon mas 
imi a esign is requi: or case, 
every inch possible in qunstractional depth must be saved. 


ri 
The section, Fig. 15, 


ers are of assistance. 
48, shows this clearly. In this case, with a straight 
girder, the jient of the a would have 
1 in 7.3, by giving the girders a suitable camber the 


same head-room is obtained in the centre and the 
gradients are improved to 1 in 13 (the covering over the 
girders being constant in each case). Cambered girders 
are frequently used in mining districts with this object. 
Figs. 15 to 18 afford a good example of what can be 
done with limited head-room by asuitable nt of 
ane In this case the old bridge consisted of wooden 
ulks, with timber planking, there being a reduced head- 
room of & ft. above canal water-level, the construction 
occupied 16 in., the road level being 9 ft. 4 in. above weir- 
level. The timber bri requi renewal, and it was 
decided to replace it with a steel structure. The bridge 
is 21 ft. span and 15 ft. wide, the method adopted for its 
reconstruction being as follows:—Two parapet girders 
(see Figs. 16 to 18) were used in the form of rolled-steel 
joists, 20 in. by 74 in., cambered 6 in. in the centre. Two 
——— of suitable length and 13 in. deep were then 
riveted to these, being 5 ft. from the centre in each case 
—4t.¢., 10 ft. centre to centre. These girders are not 
cambered. Three longitudinal joists, 9 in. by 7 in , were 
then cambered and riveted to these two cross-girders, and 
the end bays spanned by joists, 8 in. by 6 in., one end 
of which was riveted to the cross-girder, the other end 
resting on the abutment. The depth of steel-work in 
the centre was thus about 10 in. instead of 18 in., which 
would have been required had simple longitudinal joists 
been used. In addition to the constructional depth 
the advantage of the cambered girders was obtai: ; 
as a result a very much —y = structure was provided 
the head-room was restored from 8 ft. to 8 ft. 6 in., and 
no alteration was made in the gradients of the approaches. 
Another method of obtaining similar results was used in 
the reconstruction of the bridge shown in Figs. 20 
to 23, which was of 21 ft. span and 23 ft. wide, the 
old_ construction consisting of straight longitudinal 
ee. The bridge had subsided considerably, the 
ead -room yun 7 ft. 2im., and it was necessary 
to lift it to = —— to omg att. Had the 
existing straight ers been lifted, the gradients of 
the approaches would have been very steep unless they 
had been extended for a considerable distance. It was 
eventually decided to reconstruct it as follows: the head- 
room restored to ite original height of 8 ft. 6 in. 
above water-level at the same time. 
Two parapet joists were used, 20 in. by 74 in., cam- 
in the centre, and a cross-joist with a span of 
23 ft. riveted to them. Owing to the large span, this 
cro‘s-girder consisted of a 15-in. by 6-in. rolled-steel joist, 
strengthened with four plates, 10 in. by 4 in., giving a 
total depth of 17 in. is girder was placed vertical] 
over the edge of the towing-path, and bent sharply at each 
end, so that 6 in. ap below the bottom of the 
parapet girder, and only 11 in. above it. The effect was 
to reduce the head-room underneath to the extent of 
6 in. over the edge of the — th; but this is im- 
material, as nothing is obstruc p wet Longitudinal 
girders, 10 in. deep, were then riveted to this cross- 
girder, the other end resting on the abutment in each 
case; these were cambered according to the camber on 


ig) ayy girder. 
© net result of this method was to restore the head- 
room in the centre from 7 ft. 2 in. to 8 ft. 6 in., while the 
roadway in the centre was raised 5 in. only, necessitating 
very slight alterations to the ap; 
aving dealt with the a of the girders, the 
flooring must next be considered. At the outset about 
four methods are available :— 


3. Ferro-concrete floor laid in situ. 

4. Ferro-concrete slabs. 

_Any of these methods would be suitable 
districts ; but in the case of (2) and (3) the jack arches, or 
ferro-co floor, have to be broken up and 
relaid in the centre bay of the bridge, if lifted in two 


for mining 


ves. 
Steel plates are not often used owing to their 
while ferro-concrete slabs are usually preferred to 
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in diameter, reinforced with ? in. diameter steel rods 
placed at 3-in. centres. They are usually made several 
weeks before being used, on oe ay are well set before 
being placed in position in 

In some cases the slabs rest on a 4-in. by 3-in. steel 
angle riveted on to the web of the joist (Fig. 19); in 
other cases they rest on the flanges of the joist. 
In this latter instance more filling is required, and a 
heavier joist must be used owing to the increased dead- 
weight. There is, however, the saving of the slab angles, 
which more than compensates for the extra weight ot the 
joist. The joists are usually placed from 3-ft. 6-in. to 
4-ft. 6-in. cen and the section, Fig. 19, shows the 
method of fixing the slabs. Theseslabs appear to be very 
durable, and, as far as can be ascertained ab present, are 
in every way satisfactory. One great advantage which 
they possess over jack arches is the facility with which 
the bridge floor can be completed. It is only necessary 
to slide the slabs into position, cover them with a thin 
layer of concrete, and the road can be formed over almost 
immediately. With jack arches or ferro-concrete laid 
in situ it is necessary to allow time for them to set ; con- 
sequently several days must be allowed before the road 
can be completed. The ferro-concrete slabs are slightly 
cheaper than 4}-in. brick jack arches and appear to be 
more durable. In all cases where jack arches or concrete 
slabs are used the girders are tied together with either 
1}-in. tie-bolts or 8-in. by 4-in. diaphragm-plates, to pre- 
vent lateral movement. aS a 

For parapets it is inadvisable to use brick in mining 
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MODERN BRIDGE IN MINING DISTRICTS. 
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struction of the bridge-fioor being similar to that already 
described (Fig. 19). Brick parapets 14 in. thick are, 
however, in place of the T irons and oak boards 
used in mining localities. 

(b) Brick Arches.—Under ordinary circumstances little 
maintenance is required on these, but in some of them 
repairs have been necessary to the arch ring owing to 
decay. Ifthe decay is merely local, the bad part can be 
cut out and a new part substituted ; this has been done 
with success in many cases. Sometimes entire reconstruc- 


Fig. 15. 





shape of the arch, and fixed at 5-ft. centres. They caused 
very little obstruction to the traffic below, and were quite 
satisfactory. Brick backing was used for the haunches, 
and a layer of fine concrete formed over the completed 
ays At — of _ —_ — was formed in 

concrete, falling to the sides, inating in 
weep-holes through the wing walls. The diane wing walls 
were left in up to road-level, the new parapet, 14 in. 
thick, being built on top of them. The other half of the 
bridge was dealt with in a similar manner. 


SECTION SHOWING EFFECT OF 


CAMBERED GIRDERS ON GRADIENTS. 
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districts, and as a substitute the section shown in Fig. 19 
has been found to answer very well. Steel tees are riveted 
to the parapet joist at about 4-ft. centres, to which are 

1 oak or pine boards, 11 in. by 1} in., an 
angle-iron, 3 in. by § in., being riveted to the top of the 
tees. They are useful when the bridge has to be con- 
tinually lifted, since they can remain riveted to the 
girder and are raised with it. 

Maintenance of Bridges in Districts Free from Mining 
Operations.— Under this heading the repairs necessitated 
to the canal bridges sink almost into insignificance when 
compared by the side of those caused by mining sub- 
sidence. The bridges to be dealt with can be roughly 
divided into three c — 

(a) Bridges constructed with brick abutments and a 
timber su tructure. 

(b) Brick arches. 

(c) Cast-iron structures. 

(a) In this class it is the superstructure which requires 
attention ; provided ordinary care was exercised in the 
building of the abutments, little maintenance is required 
on them. The timber superstructure necessitates 
periodical attention ; the life of the floor-boards depends 
upon the amount and nature of the traffic, and if the 
traffic is very heavy, they may have to be renewed every 
five years; on the other hand, they may last for ten 
years without requiring renewal. The wooden beams 
are a source of trouble, and necessitate a careful watch 
being kept on them ; their life varies from ten to twenty 
years. Unless special precautions are taken the ends 
decay, while the central portion remains quite sound, and 
from outside appearances the baulk ap) safe. When 
this occurs the baulks have then to be taken out, and 
the ends sawn off. The central portion can be some- 
times used on smaller spans. Several cases occur 
the canal where timber superstructures have been 
placed by steel joists and ferro-concrete slabs, the con- 


on 
re-. 





tion is advisable. In considering the type of bridge for re- 
construction, the deciding factor is dn the head-room. 
Provided there is plenty of head-room, the brick arch, 
both as regards cheapness and durability, still holds ite 
own. If there is little head-room, a girder structure 
somewhat similar to those already described must be 


Watling-street Bridge, Fazeley, affords a good example 
of the reconstruction of one of these bridges. At this 
enone was carried over the canal by a brick arch 


ft. wide, 17 ft. 9in. span; arch tal, rise one- 
quarter span. The latter had cracked rather badly, and 
io was decided to reconstruct it. The work was carried 


out in halves, the road being diverted over each half 
in turn, 80 that no stoppage of the traffic was necessary. 
The 7 on one side was first taken down to road 
level ; the arch was then broken up, the bricks bei 
loaded up into canal boats below. new skew 

was = a? and the a arch we This latter 
was t. 9 in. segmental arch (rise one-quarter 
span) built with iow 4}-in. brick rings bonded at in- 
tervals. For centres 3-in. laggings were used, supported 
by double-headed rails these latter being bent to the 
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It is sometimes necessary to reconstruct brick arches 
for the purpose of road widening, independent of any 
uestion of necessity from a maintenance point of view. 
e old arch can sometimes be used (the widened portion 
being built on either one or both sides), but in many cases 
entire reconstruction is advisable and is frequently 
adopted. An example of this occurred at Butler’s Bridge, 
ington. This was eed a brick arch, after the 
type of Fig. 1, 123 ante. The skew span was 
20 ft. 9 in., the over it being 30 ft. wide, and it 
was decided to widen to 42 ft., the gradients also being 
improved. Entire reconstruction was carried out, the old 
abutments being taken down to below canal water-level, 
and new abutments built. The superstructure was formed 
with broad flanged beams, 12 in. by 12in., at 4-ft. 3-in. 
centres. Cross-joists, 6 in. by 3 in., were placed between 
these at 3-ft. 10-in. centres, and the intervening space 
filled with 5 : 1 concrete. ; q 
(c) Cast-Iron Structures.—Under ordinary circum- 
stances these require little attention except occasional 
painting. Thestructures themselvesare perfectly sound, 
and show every prospect of remaining so for a consider- 
able time. In some cases, however, they have to be 
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strengthened to enable them to carry safely modern roll- | to widening, it being eventually decided to reconstruct 
ing loads. A good example of this occu at Brookvale- | the bridge 50 ft. wide instead of 20 ft. The head-room 
road Bridge, and the author proposes to conclude this | being limited, a steel-girder structure was decided u 

article by giving a short description of its reconstruction. | The rity span of the bridge is 42 ft., and the s 

Theold was 47 ft. 8 in. chew apan, and 20 ft. wide, | span 47 ft. 8 in. It was therefore decided to use two 
the angle of skew being 61 deg. 38 min. It was « cast- | parapet girders and place the intermediate girders square 
iron structure, consisting of two main parapet girders| with the abutments, and not el to the parapets. 
with cross-girders at 4-ft. centres bolted to them. Cast-| The views, Figs. 24 to 26, clearly show the arrangement. 
iron floor-plates were bolted to the cross-girders, the |The two parapet girders are 3 ft. 6 in. deep, and are 
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section through which was somewhat similar to Fig. 5, | cambered 7 in. at the centre; the main cross-girders H 





e128 ante. A heavy cast-iron girder top flange, 9 in. | are 2 ft. 3 in. deep and are cambered 4 in. at the centre. | arches b 


y 5in., web 11 in. deep, was bolted to the top flange of | These are pl: 4 ft. 8 in. centre to centre, and dia- 
the cross-girders, and was made in three parts, each _ | phragms 12 in. by 4 in. riveted to them securely fasten 
clipping four cross-girders. The idea was to distribute | the whole structure together. 
any live load between these four cross-girdersand prevent The girders were designed as follow :—The dead-weight 
1ts concentration ab one particular point. due to road material, jack-arches, weight of girders, &c., 

Some time it was noticed that the parapets had de- | was calculated and the correct proportion allotted to each 
veloped several cracks. The parapets were then strength- | girder; this load is uniformly distributed. Bending- 
ened temporarily by fish- ing the cracks, and the | moment and shearing-force diagrams were then — 
reconstruction of the bridge was at once decided upon. | for this loading. For live load, a vehicle o tons 
At this juncture the Corporation stepped in with a view | carried on four wheels (axles 14 ft. apart) was assumed to 
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girder than the 40 ton vehicle. For the flooring jack- 
wilt to the radii, shown on the seotion Fig. 27, 
with two 4}-in. rings, were decided u 
The old abutments were i and found to be 
perfectly secure; it was therefore decided to use 
extending on each side to get the necessary width for the 
new bridge. Drawings were the canal 
company, and the steel work contract, comprising 70 tons of 
irders, Snowe Soe ou Keay, Limited, 
laston, it ng arranged that com) 
should do all the brickwork and conessting. 
| A commencement on the foundations for the extension 
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of the abutments was made in June, 1913, the water 
being taken out of the canal. At this place there is but 
6 ft. 6 in. between the face uf the abutments and the face 
of the waterway-wall ; 7B ams — 3 ft. of the 
intervening space. Had the water been left in the canal, 
heavy timbering would have been required to support 
the waterway - walls; consequently little would 
have been available for getting in the foundations. With 
the water out of the canal the danger was lessened and 
the work could more rapidly. Excavations were 
then made, and the concrete foundations (mixed in the 
proportion of 1 : 2 : 5), varying in depth from 2 ft. 6 in. 
to 5 ft., duly laid. Brickwork was then commenced and 
the new abutments brought up to towing-path level. The 
water was then let into this section of the canal and traffic 
restored once more, the water having been out about 
seven days. The new abutments were then raised to the 
required heights, the wing walls built, and the padstones 
fixed at the correct levels. The bricks used were specified 
to be good, sound brindled bricke of uniform size and 
shape, laid in mortar composed of one of best lime and 
two parts of sand and ashes, the mortar being thoroughly 
ground in a mortar mill. Everything was now ready for 
the steel-work to be erected, and this was commenced on 
December 9, 1913. 

In erecting the new steel-work arrangements had to 
be made for a temporary bridge. The road is an im- 
portant one, and it was very necesary to avoid closing 
it for any length of time. A temporary bridge, formed 
partly with the new structure, was therefore erected on 
the west side of the existing bridge the traffic being 
turned over this while the old bridge was removed 
and the east side of the new bridge completed (see 
Fig. 31). 

The girders were erected as follow :—Parapet girder 
A, was brought to Witton Railway sidings by rail and 
thence to the site by , the wagon being drawn up 
close to the old cast-iron pet; the girder was then 
lifted up by pulley-blocks fastened to the derricks fixed 
on each abutment; by means of these, the girder 
was lifted right over the old parapet and lowered on to 
the new abutment. It was then rolled out to the 
required position, the cast-iron bed-plates fixed (see 
Figs. 28 to 30), and the girder lowered on to them. 
Parapet girder A, was then lifted and fixed in a similar 
manner at the east side. Cross-girders G,, F,, E,, D,, and 
C, were then fixed in position and rivated to the parapet 
girder; the diaph - plates fixed and riveted up. 
Cross-girder B, was then placed in a temporary p*sition 
and bolted to the parapet-girder. Two temporary girders, 
each 14 in. by 6 in., were then: fastened to girder B,, the 
other ends resting on the abutments; these carried the 
timber flooring for part of the temporary bridge. For 
this latter structure, pitch-pine joists, 9 in. by 6 in. at 
4-ft. centres, were fixed on top of the 14-in. by 6-in. 
girders; runners, 11 in. by 3 in., were placed on top of 
these, with floor-planks, 11 in. by 4 in., Jaid on top; the 
whole being thoroughly fastened ther and secured 
with tie-rods (see Figs. 32 and 33); the loading would then 
be well distributed over the whole structure. A tem- 
porary timber parapet was then formed on the east side, 
the brick parapet being built on top of the parapet- 
girder on the west side. Meanwhile, the jack arches Pad 
been built between girders F, and C, ; the section, Fig. 27, 
shows the general arrangement of these and also the 
method of centring used, the jack arches being built 
with radial bricks laid in cement mortar 2:1. The jack 
arches were then concreted over and road metal laid on 
the top; 3 in. of ashes were then laid over the planks, 
and a temporary road, 12 ft. wide, was thus formed. 
The traffic was then turned over this part, leaving the 
old bridge free for being taken down. 

Three H girders were then laid in a temporary position 
across the old bridge and packed up over the abutments ; 
these remained after the old bridge had been removed, 
and thus formed the medium for taking the other girders 
across. The road-metal and filling was then removed 
from the old bridge, and the floor-plates attacked ; the 
bolts were cut off, and the plates d and loaded 
into canal-boats below. This was by no means an easy 
matter, as the joints were very well caulked, and in most 
places the plate had to be broken before it could be 
removed. The parapets were then taken down and 
loaded up; the cross-girders followed, and, lastly, the 
parapet-girders were lifted up and lowered into the boats 
Altogether, the dismantling of the old bridge occupird 
14 days. Theold abutments were then taken down to the 
level of the new padstones, the latter fixed, and every- 
thing was then ready for the erection of the remaining 
girders. The remaining girders were then brought to 
the site (by read from railway sidings), taken across the 
three H girders (already fixed across the abutments), 
and placed in position, the short cross-girders fixed, and 
the Seghsogms riveted up. The jack arches were then 
built (Fig. 34) and concreted over, and a temporary road 
formed over the eastern side of the bridge. 

The traffic was then diverted to this side, leaving 
the temporary bridge on the west side free for being 
taken down. When this had been done the remaini 
girders H,, Hy, and Hs were fixed, girder B, fix 
mm its permanent position, aad the remainder of the 
bridge completed. The actua! formation of the road- 
way has been carried out by the Birmingham Cor- 
poration. 

It is interesting to compare the relative weight of 
metal in the old cast-iron bridge and the modern steel- 
girder structure. In the old bri 20 ft. wide, the 
total weight of metal was 62 tons ; if the floor-plates are 
excluded, the weight would be 47 tons, which is equivalent 
to 110 Ib, of metal per square foot of area covered. In 
the new bridge, which is 50 ft. wide, the gross weight of 


of area co Moreover, this structure will catry very 
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much heavier loads than the old bridge. For smaller 
structures taking the average weight of a large number of 
new steel-girder bridges built on the canal, it is found 
that the weights per square foot of area covered are as 


— Weight of Steel-Work 
s " eight of -Work. 
age per Square Foot. 
Fe. sae 
16 to 20 23 
20 ,, 2 29 
25 ,, 30 35 


In conclusion the author wishes to thank Mr. A. W. 
Willet. M. Inst. C.E., Chief Engineer to the Birmingham 
Canal Company, under whom most of the recent work 
described has been carried out, for permission to publish, 


and for facilities afforded in the tion of, the article | The 
steel-work is only 70 tons, equivalent to 65 Ib. per sq. ft. | and di preparation e e 





He aleo wishes to thank Mr, H. E. Stilgoe, M. Inst. 


C.E., Chief Engineer and Surveyor to the Birmingham 
Corporation, for permission to publish information re- 
lating to the B: vale Road Bridge. 





SuBMARINE CONSTRUCTION IN THE UNITED SraTEs.— 
Tt is annoup says the Jron Age, that the Shipbuild- 
ing and Dry Dock Company, Newport News, Va., 
and the New York Shipbuilding Company, Cambridge. 
N..J., are about to undertake the building of submarines. 
‘Lhe entrance of these two companies into the field will 
double the submarine capacity of the United States. 
Spain is reported to have ordered from the Fore River 
Shipbuilding Corporation, Quincy, Mass., a 150-ton sub- 
marineof the latest ty penow building for the United States. 





Tue Scarcity or High-Spgep Sreei.—According to 
the Iron Age, tool-steel manufacturers find conditions 
almost without parallel. Under the increasing scarcity 
of ferro-tungsten, prices of the alloy, and of the steel in 
which it is used, have largely increased. Ferro-tungsten, 
which before the war cost 60 cents per pound, was quoted 
1 dol. in April, 1.50 dol. in May, and about three weeks 
ago 2.50 dols. is reported to have been paid for a 10.ton 
transaction. Some sellérs have continued to supply the 
metal to their customers at 2 dols. per pound, although 
their ability to make deliveries has definite limits. 
Manufacturers of high-speed steel and all tool-steels have 
advanced prices rapidly. 





Tue Crty anp Guiitps or Lonpon Inérrrute.--The 
een for the session 1915-16, just issued by the 
partment of Technology of the City and Guilds of 
London Institute, shows material revisions in the elec- 
trical engineering syllabus, candidates in Grade II. being 
permitted to take either the Continuous-Current Section 
or the Alternate-Ourrent Section alone, or both sections 
in the same year. There are also some changes in the 
mechanical engi: ing syllabus. In all, instruction is 
now provided in seventy-nine departments of technology. 
me is published by Mr. John Murray, and 

J h any bookseller at the price of 9d. 


can 
| net. Itcannot be obtained from the offices of the Institute. 
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MODERN BULLETS IN WAR AND 
SPORT. 
By Fleet-Surgeon C. Marsh Beapnewt, F.C.S. 
(Continued from page 130.) 

The Flight of the Bullet through the Air.—Neg- 
lecting the slight effect of the earth’s rotation, a 
bullet fired vertically upwards or downwards would 
maintain its long axis in the trajectory throughout 
the whole of its flight, and would therefore strike 
a horizontal plane with its long axis at right angles 
to the plane. Fired in any other direction than the 
vertical, the long axis of the bullet bears, with every 
increment of distance, an increasing angle of incli- 
nation to the trajectory. In the absence of an 
atmosphere the bullet would strike a horizontal 
plane with its long axis parallel to the long axis of 
the bore at the instant of firing ; for a spinning 
bullet behaves as a gyroscope, and tends always to 
maintain its long axis at a constant inclination.* 
Thus a bullet fired at an angle of elevation of 
45 deg. would strike a horizontal plane with its 
base, its nose pointing upwards still at the same 
angle of 45 deg. In practice, however, it is found 
that the elongated projectile does, to a certain 
extent, travel through the air like an arrow ; that 
isto say, its point gradually dips as though striving 
always to be in front. Fig. 3 shows the relation 
the projectile’s long axis bears to the trajectory 
T T!, at the beginning, middle, and end of a long 
flight when the angle of elevation is, say, 45 deg. 
At the commencement of flight the projectile’s long 
axis coincides with the trajectory, as ata. About 
the middle of flight the axis is tilted as at b, and at 
the end of flight this tilting is yet more marked, as 
atc. The positions b and c are those the projectile 
would have if fired in a vacuum. An arrow, on the 
other hand, would, in virtue of atmospheric resist- 
ance, maintain its long axis constantly in the trajec- 
tory, as shown by the arrow ata, b, and d. The pro- 
jectile also tends to behave, in consequence of air 
resistance being relatively greater on its posterior 
portion, like an arrow, and to assume the position 
as shown at d. In actual practice, however, the 
projectile maintains a position that is approximately 
the mean of c—that is, the position it would occupy 
in virtue of its rotation, and d the position it would 
occupy if acted on solely by atmospheric resist- 
ance. Let us see how this is brought about. It 
will be noticed that the bullet is a cylinder with a 
conoid at its anterior end only, and that, though 
bilaterally symmetrical, it is not symmetrical from 
a fore-and-aft point of view. From this it follows 
that the bullet’s centre of gravity and centre of 
form do not coincide, as would be the case were 
it a true cylinder or were it pointed at both ends ; 
but the former centre lies behind the latter. 
Directly gyroscopic action has brought about any 
considerable angle between the bullet’s long axis 
and the line of the trajectory passing through 
the centre of gravity—in other words, directly 
the bullet’s nose gets tilted above the trajectory 
and the base below it—air-pressure, which at the 
beginning of flight was concentrated principally 
on the nose of the bullet, extends along the 
whole length of the cylindrical portion as well. 
Dividing the bullet transversely through its 
centre of gravity, it is obvious that the anterior 
portion containing the cut-away ogive offers less 
resistance than the posterior portion, and there- 
fore the pressure on the latter exceeds that on the 
former, so that the basal part of the bullet is forced 
back into the trajectory. In practice, at any point 
of its flight, the inclination of the bullet to the 
trajectory at that point is a mean between what 
what would have been the bullet’s inclination had 
it been fired in a vacuum and its inclination had it 
behaved as an arrow (see Fig. 3). Three personal 
observations may be given bearing out these 
points :—(1) The writer was once lucky enough to 
see a large elongated projectile that had been fired 
from several miles away strike the water scarcely 
200 yards distant from his position. The shell 
did not at once sink, neither, on the other hand, 


* Before firing the long axis of the rifle is not a per- 
fectly straight line, but, as a result of the drooping of the 
unsupported muzzle, is slightly curved with the convexity 
upwards. During the discharge of the piece the bore 
becomes curved in yet other directions, in consequence of 
the asymmetrical shape of the weapon, and the move- 
ments giving rise to these additional curves are termed 


Vertical and horizontal “‘flip” and “jump” tively. 
Hence, strictly speaking, we should say that the projec- | - 
tile tends to maintain its long axis gusitel to the tangent 


to the trajectory at the m 





did it ricochet. What happened was, it skimmed 
— surface of the waves for about 100 yards, 
as though thrown by some gigantic schoolboy 
playing ‘*ducks and drakes,” the whole time 

eeping its nose uptilted at about 20 deg. to the 
horizontal, until finally, still at this same inclina- 
tion, it sank. (2) On another occasion he wit- 
nessed the digging out of a large shell which had 
been fired from a monitor some miles away, and 
which had embedded itself in the soft muddy banks 
of a tidal river. It was obvious from the appear- 
ance of the hole in the mud that the shell had 
struck more or less ‘‘ side on,” and, indeed, it was 
found with its nose pointing well upwards. (3) After 
careful examination of some hundreds of bullets 
collected from battlefields, it was noticed that a 
fairly high percentage of those known to have been 
fired at a long range showed indentations (caused 
by impact with the ground) at the base of the 
cylindrical portion only, whereas the greater per- 
centage of bullets known to have been fired at 
short range showed deformations of the front end. 

This tendency of the bullet to get its nose tilted 
above, and its base below, the trajectory results in 
a curious phenomenon known as “drift.” This 
is the lateral deviation which projectiles undergo 
in virtue of the friction reaction between their 
rotating surface and the air, and it is jally 
mat wor ¢ at the end of long flights, peuity Goeeune 
the projectile’s long axis has then undergone con- 
siderable tilting relative to the trajectory, and 
therefore exposes more of its cylindrical body to 
the direct rush of the wind, and partly because 
the velocity of rotation relative to that of trans- 
lation increases with the distance covered. So 
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long as the bullet advances through the air with 
its long axis in the line of flight there is no reaction 
between the rotating missile and the air, for the 
resistance of the latter is applied equally at all 
points of the surface of revolution. Directly, how- 
ever, the long axis tilts so that the nose of the 
bullet gets above, and the base below, the trajectory, 
then air pressure becomes increased on the fore- 
most or antero-inferior, as compared with the hind- 
most or postero-superior, aspect of the cylinder, 
and consequently the reaction between the 
rotating surface of friction and the air is greater 
on this antero-inferior than on the opposite 
surface of the projectile. In this way, a por- 
tion of the rotary motion becomes arrested, or, 
rather, converted into one of translation, the 
bullet rolling bodily to one side on the condensed 
cushion of air which lies in front of its antero- 
inferior surface. In the Lee-Metford bullet this 
surface is rotating towards the right through the 
condensed air, hence the bullet is ‘‘ pushed off” 
to the left ; in the Mauser this surface is rotating 
towards the left, hence ‘‘ drift” is to the right. 
When the cushion of condensed fluid is more re- 
sistant than air, and when, therefore, the surface 
of friction can obtain a better ‘‘ purchase,” the 
lateral deviation is so marked that it becomes 
visible to the eye. Standing behind a large gun 
firing out to sea, one can easily follow the projec- 
tile’s flight up to the point of first impact with the 
water ; after this, however, it is not so readily 
icked up by the eye, as it is moving somewhat 
Ctenally to the observer, and in a different vertical 
plane to that of its first flight; but its path is at 
once shown by the second splash, which occurs, 
not behind, but well to the right of, the first.* 
The Rotation of the Bullet Contrasted with the 
‘* Break,” ‘* Side,” and ‘‘Spin”’ of a Oricket-Ball, 
Billiard-Ball, and Golf-Ball Respectively.—‘‘ Drift” 
is brought about in a very similar manner to that 
in which a cricket-ball is made to ‘‘ break.” As 
the ball leaves the bowler’s hand it is given a 
sudden turn, which causes it to rotate about an 
antero-posterior axis. Directly the rotating ball 
touches the ground—which is to the ball as the 
condensed air is to the bullet—its rotation is 


. The twist of large pieces of ordnance is usually right- 
banded, 











converted into a translation at right angles to its 
line of flight—that is, towards the wicket from the 
‘* off” when the rotation is clockwise (as viewed by 
the bowler), and towards the wicket from the ‘‘ on ” 
when the rotation is anti-clockwise. A perfectly 
smooth projectile would not drift, because its sur- 
face rent get no “‘ grip” of the air; but the ordi- 
nary projectile is rough and grooved, and, since 
the grooving of the sheath is deeper when made by 
a new rifle than when made by an old one whose 
‘**lands” are worn, it follows that a projectile’s 
drift is more marked when the former is used. 
Billiards players are familiar with the phenomenon 
of the conversion of rotation into translation, and 
the converse, and are aware that a ball with ‘* side” 
is reflected off a cushion in such manner that the 
angle of reflection is no longer equal to the angle 
of incidence—as it practically is when the ball 
impinges without ‘‘ side’”’—but is greater or less 
than that angle according to the nature of the im- 
parted ‘‘side.” A ball, for instance, hit from the 
spot in baulk against the centre of the right-hand 
cushion rebounds at an equal angle to the perpen- 
dicular as the angle of incidence when there is no 
** side,” at a smaller angle when there is right 
** side,” and at a larger angle when there is left 
‘** side.” The ball with right *‘ side” has had a 
portion of its rotation converted into a backward 
translation, that with left ‘‘side” into a forward 
translation. But there is yet another force that 
aids in producing ‘‘ drift” of the projectile. As 
the rotating grooved surface traverses the con- 
densed air bathing it antero-inferiorly, it carries a 
part of this condensed air round to its flank. In 
the Lee-Metford bullet we saw that the antero- 
inferior surface was spinning to the right ; hence 
the air would be carried round to the right flank 
and would exert a pressure on this region tending to 
thrust the projectile bodily to the left, and so assist 
the already existing lateral translation in this direc- 
tion. 

This air-cushion reaction ey only applies 
to elongated projectiles with high speeds of rota- 
tion and translation. The general behaviour of a 
spherical projectile, where these speeds are com- 
paratively low, is paradoxical, and upsets all one’s 
preconceived notions based on a consideration of 
the behaviour of the elongated type ; nevertheless, 
we cannot afford to ignore the spherical ones, and 
as their study should be of interest not only to the 
fighting man, but to the vast army of golfers, the 
writer proposes to touch on it here in this general 
survey of projectiles. Every one knows that the 
surface of that much anathematised projectile, the 
golf-ball, is roughened or ‘‘ nicked” in order, first, 
that it may be given rotation by the face of the 
club ; secondly, that the rotation so imparted may, 
by reaction with the air or ground, become con- 
verted into a translation of benefit to the player. 
Such conversion of rotation into translation occurs 
on impact with the ground, when, for instance, 
in playing on to the green the ball is given back- 
ward rotation to check any forward travel it may 
possess after its fall to the ground, or it may 
occur in the air when, for instance, the ball is 
** sliced,” and so given about a vertical axis a 
clockwise rotation that causes it to swerve to the 
right. Let usconsider a specific case in the shape 
of the ‘‘ topped ” ball ; this has been hit high up 
with the lower edge of the face of the club, with the 
result that a forward rotation about the horizontal 
axis at right angles to the line of flight has been 
engendered (see Fig. 4). Such a ball, as every tyro 
knows ‘“‘to his great discontent,” immediately 
ducks and comes to the ground, whereas, on the 
air-cushion principle, it should soar up in the air. 
Take, again, the ‘‘ undercut” ball; this has been 
given a backward rotation about the same axis, and 
should, on the air-cushion principle, ‘‘duck,” but it 
rises; in fact, a modicum of undercut is the great 
secret of along drive. The ‘‘sliced” ball is one that 
has clockwise rotation about a vertical axis, and it 
drifts, as we have seen, to the right, while the 
‘* pulled” ball with anti-clockwise rotation drifts to 
the left, both of which deviations should, on the air- 
cushion principle, be in the opposite direction. Now 
how are these deviations at right angles to the line 
of flight to be accounted for? We must imagine the 
air as flowing round the driven golf-ball in stream- 
lines much like those flowing round a fish gliding 
through water, and as exerting pressure on the front 
faces of all the little knobs, just as a moving fish 
would sustain a relatively greater pressure on the 


front faees of his pectoral fins if these were stuck 
out rigidly at right angles to his body. This rush 
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of air past the ball is greatest at what we might call 
its shoulder—that is, the particular circumterence 
which is in a plane at right angles to the trajectory. 

In Fig. 4 T T' shows the trajectory, and the 
feathered arrows show the direction of flight. B is 
the ball as seen by an observer stationed to the 
right of the trajectory ; C shows the ball’s centre of 
gravity and centre of form, which, of course, coin- 
cide. XII., IIL., VI., and IX. conveniently repre- 
sent the four cardinal points of the rotating circum- 
ference, because they are in the positions they 
would occupy on the face of a clock, and we shall 
be talking presently of ‘‘ clock” and ‘‘ anti-clock ” 
rotations. In the pes example these points 
respectively stand for the superior, anterior, in- 
ferior, and terior points of the ball. The lines 
XII. OC. vi and IX. C. ITI. respectively repre- 
sent a vertical and a horizontal axis. The rush of 
air past the ball is greatest at the points XII. 


and VI. It is obvious that the pressure of 
air at IIL. is much greater than the pressure 
at IX., in consequence of which the ball re- 


ceives a direct thrust backwards along the line 
Ill. C. IX. Again, the pressures at XII. and VI. 
may be resolved into vertical and horizontal com- 
ponents. The former are equal, against each other, 
and therefore cancel; the latter are equal, parallel 
to, and in the same direction as the backward 
thrust along III., C., [X.; the resultant of all the 
pressures, therefore, is a backward thrust, which 
checks the ball’s onward motion and ultimately 
brings it to rest. We have now to take the case 
of the ball which is both translating in the direc- 
tion TT! and rotating clockwise about an axis 
through C at right angles tothe plane of the paper, 
as shown by the curved arrows. The tangential 
motion of the points III. and IX., being at right 
angles to their translatory motion, does not affect 
the total velocity of these points in a direction 
parallel to TT'. We need therefore only con- 
sider the points XII. and VI. Now it is clear 
that the uppermost point XII. has a total velocity 
in the direction parallel to TT! very much greater 
than the lowermost point VI., for to the former's 
speed of translation must be added its tangential 
velocity of rotation in the same direction and 
parallel to TT', and from the latter’s speed of 
translation must be deducted its tangential velocity 
of rotation in the opposite direction, and parallel 
to TT’. The net result is that the downward 
vertical component of the pressure on the knobs 
at XII. is greater than the upward vertical com- 
ponent of that on the knobs at VI. The ball is 
therefore forced vertically downwards along the 
line y y', and in the direction XII.C. VI. Suchis 
the state of affairs in the ‘‘ topped” ball. 

If, now, in the diagram we imagine ourselves 
looking down at the ball from above the plane of the 

per in such position that XIT. is on our left, and 
a on our right, hand, we can see what goes on in 
the case of the ‘‘sliced” ball. Here, owing to 
a ‘‘ dragging ”’ action of the face of the club, the 
ball has been made to rotate clockwise, the tan- 
gential motion of the point XII. is forward with 
its translation, that of VI. is backward against its 
translation ; hence the total forward velocity of XII. 
exceeds that of VI , and therefore the pressure at 
XII. in the direction XII. C. VI. is greater than 
that at VI. in the opposite direction, and the ball 
as a whole consequently ‘‘drifts” in a direction 
parallel to yy', or XIIL.C. VI. If, again, we 
imagine ourselves as standing on the player’s right 
front—that is, to the right of the trajectory, and 
as looking at the ball sing from left to right 
along TT', so that XII. is the top and VI. the 
bottom—then, if we reverse the direction of the 
curved arrows so as to indicate an anti-clock rota- 
tion, we are in a position to see the state of affairs 
in the under-cut ball with backward spin. The 
tangential speed of VI. is now with the translation, 

hile that of XII. is against it; the pressure at 
VI., in the direction VI.C. XII., is therefore 
reater than that at XII. in the direction 

II. C. VI., and consequently the ball soars up into 
the air. Similarly, by imagining ourselves as look- 
ing down on such a bail so that XII. and VI. are 
on our left and right respectively, we get an ex- 
planation of the movements of the “‘ pulled” ball, 
which, in consequence of a greater pressure at VI., 
now ‘‘ drifts” im a direction parallel to y'y, or 
VL. C, XIT.—that is, to the player's left. 

Why a rotating projectile is apparently so incon- 
sistent in its reaction to the air, now ‘“‘ drifting” in 
one and now in an opposite direction, it is difficult 
to understand. A horse-tail growing up from the 





bottom of a stream constantly oscillates from side 
to side, a walking-stick forced through the water at 
right angles to its length adopts a zig-zag course ; 
a marble falling through water, or a bubble rising 
through it, does so in a spiral fashion. The writer 
believes it to be a fact that matter under great pres- 
sure tends to assume forms which ensure greatest 
resistance to that pressure, and it may that 
matter when moving against considerable resistance 
tends to take a line of lesser resistance ; it is at any 
rate conceivable that what we have hitherto imagined 
to be the trajectory of a projectile—to wit, the para- 
boloid curve—is in reality but the theoretical mean 
of the true curve, which may be a sinusoidal one 
circumscribed about the paraboloid mean. If the 
writer may be pardoned the expression, the projec- 
tile ‘‘endeavours” to shirk the penalty of its speed 
in the shape of accumulating pressure by slipping 
to one side, and it is possible that such slip partly 
explains that very curious relationship existing 
between speed and resistance. Thus, up to speeds 
of 790 ft. per second resistance varies as the square 
of the speed, between 790 ft. and 990 ft. per second 
as the cube, between 990 ft. and 1120 ft. per second 
as the sixth power, between 1120 ft. and 1330 ft. 
per second again as the cube, and above 1330 ft. 
per second again as the square of the speed ; above 
1500 ft. per second the relationship is not known. 
How, When, and Where the ‘*‘ Work” of the 
Bullet is Made Manifest.—When a projectile im- 
pinges upon a solid object it immediately begins to 
do work, and this work may manifest itself in two 
distinct ways—viz., on the objective and on the 
projectile ; in practice it often happens that both 
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methods occur simultaneously, Everyone knows 
the ever-waging contest between the manufacturers 
of armour-plate and projectiles respectively ; one 
year a plate is put on the market that no pro- 
jectile can pierce, the next year introduces a projec- 
tile that no armour can smash, and so the struggle 
for supremacy goes on, now one, now the other 
gaining the ascendant. The one manufacturer 
endeavours so to construct his plate that the pro- 
jectile’s energy is expended in self-destruction, 
the other manufacturer improves his projectile so 
that it withstands the shock of impact and per- 
forates the plate. A lead bullet which would just 

rforate a man without itself undergoing de- 
ormation would flatten out against the hide of a 
pachyderm ; in the former case the whole of the 
work is done on the objective—the man—crushing 
and lacerating tissues ; in the latter case the objec- 
tive—the rhinoceros—compels the projectile to do 
work on itself, as evidenced by deformation and 
heat. Were it possible to make projectile and 
objective of perfect hardness and elasticity, the 
former, on impact, would rebound with un- 
diminished velocity. Thus, supposing an egg, a 
tennis-ball, and a stone to be thrown against a 
plate-glass window with the same energy, and 
therefore with the same potentiality for perform- 
ing work; what happens? The egg is smashed 
on, and the ball rebounds from, the glass, which 
remains intact, but the stone is found lying at the 
foot of the window-frame amid a heap of broken 
glass. In the first instance all the work was 
expended on the projectile; in the last, on the 
objective. In the case of the rubber ball, no work 
was done on either projectile or objective, for the 
ball rebounded with undiminished speed, with 
undiminished energy, and therefore with un- 
diminished capacity for performing work. When 
an undeformed bullet is found inside an animal, we 
may be confident that the whole of its striking 
kinetic energy has been spent in work on the 
animal’s tissues. The following experiment will 
exemplify this fact :—Two skulls were filled with a 
substance of a consistency as near as possible to that 





of the brain. Against the one was fired a normal 
bullet at high velocity, against the other a similar 
bullet at low velocity, this being effected by using a 
— charge ; the range in each case was 10 ft. 

he first skull was neatly perforated, and the 
bullet, unaltered in shape, was found embedded 
26 in. in the wood backing ; the second skull was 
partly disarticulated, and was fractured posteriorly 
the bullet lying inside against its posterior wall. [np 
the case of the first skull the missile parted with but 
little of its energy, and that only at the actual 
points of entrance and emergence. In the case of 
the second skull more of the bullet’s energy, both 
absolutely and relatively, was expended on it and 
its contents. To ascertain the amount of work done 
by a bullet on any organism it has perforated, we 
should have to deduct its energy on emergence 
from that which it had on striking, the remainder 
assuming an absence of deformation and heat, 
would represent the work done in tearing and 
breaking up internal parts. In traversing such a 
structure as bone, the work performed by the 
bullet, assuming the incident path to be 90 deg. to 
the tangent to the surface, is proportional to the 
product of its circumference into the depth of its 
perforation. Should the incident path be less than 
a right angle to the surface, then the work is pro- 
portional to the direct perforation into the sine 
of the angle of incidence. In war, especially 
when troops are in close formation, one bullet 
will perforate several men ; the destructive work 
done on each increases with each individual 
struck. This is partly owing to decrease in 
the bullet’s velocity, and therefore to increase 
of its time of contact, partly to the inevitable 
development of abnormal rotations, and possibly 
of deformation also, during perforation. The 
Mossine bullet of the Russians has a penetrative 
energy of 3304 ft.-lb. per in. of circumference, and 
experiments on the cadaver have proved that it can 
pass through seven men at 650 yards range. The 
Lebel bullet of the French, with a penetrative 
energy of 2068 ft.-lb. per in. of circumference, 
perforates five men at 320 yards, four men at 550 
yards, three men at 1100 yards, and two men at 
1860 yards. 

We must now examine more closely the action of 
the projectile in its passage through solid and liquid 
substances. When a hard substance is hit, the tirst 
act of the bullet is to compress a zone of particles 
that lies directly in its path. Assuming the bullet 
is tough enough to retain its shape, it will act in 
one of two ways, according to the resistance of the 
objective. If thisis not very great, the compressed 
particles are carried bodily forward on the head of 
the bullet in much the same way as is a cow on the 
cow-catcher of a train. In such case a zone of 
stretched particles—that is, particles under tension 
—appear outside the periphery of the compressed 
zone. The stresses set up by the bullet subse- 
quently overcome the cohesion of the particles in 
this stretched zone, with the result that a punched- 
out tunnel is left representing the ton of the 
bullet. Suppose, however, that resistance is too 
great to allow of the bullet punching out a hole 
by pushing a layer of particles along in front of 
it, there comes into play the principle of the 
wedge. The particles immediately in front of 
the bullet’s apex, after a brief period of compres- 
sion, are thrown into a condition of tension by 
becoming thinned out and stretched like the stall 
of an undersized glove when a finger is forced into 
it. Then, when the limit of their elasticity is 
exceeded, they rupture, and into the breach the 
projectile thrusts its nose ; the lateral forces of the 
wedge now take effect and the particles are thrust 
outwards, and, at any rate at the commencement 
of penetration, backwards as well, so that a raised 
everted rim is formed around the entrance aper- 
ture in such a substance as lead or steel. In the 
living organism the resistance of the tissues varies 
greatly in the different parts, and both the wedge 
and punch action are to be seen. In the perfora- 
tion of bone, for instance, it appears that the 
bullet first acts as a wedge, then, as the missile 
approaches the distal surface, which, unlike the 
proximal, is unsupported, it behaves as a punch, 
and instead of splitting the condensed bone, _— 
it ahead. When a bullet perforates a flexible 
structure, such as a piece of tin or the tough skin 
of man and animals, the strained zone of particles 
referred to above ruptures at equidistant points, 
forming little radiating fractures which are the 
margins of sectors. These sectors bend in the 
bullet’s line of direction ; in the case of the metal 
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they remain permanentiy turned outwards, but in 
the case of the more “‘ elastic” skin they return to 
their original position and thus effectively close 
the wound against the entrance of any noxious 
microbes. With small bullets, like the 0.303, the 
number of these sectors and fractures is usually 
four, but with larger bullets it may be five or more 

The quantity of energy absorbed by the objective 
depends upon the bullet’s time of contact and its 
surface of contact, the latter consisting of its sur- 
face of impact and surface of friction. Owing to 
the high velocity and small calibre of modern 
bullets the time of contact and surface of impact 
are small; the former being, in the case of a limb, 


but the oath of asecond. The higher the velocity 


the more localised are the stresses set up by the 
projectile, and the more likelihood there is of a 
hard structure, such as bone, being neatly tunnelled 
instead of clumsily splintered. Stress is laid on 
this point, as there is a general idea that a high- 
velocity bullet necessarily inflicts greater damage 
than a low-velocity one, whereas the reverse is 
often, if not usually, thecace. The shattering effect 
sometimes witnessed with high-velocity builets is 
almost certainly due either to deformation in con- 
sequence of some flaw in their structure or to some 
rotation about a shorter axis than the axis of mag- 


when present, is caused by spent or ricocheted 
bullets, or by secondary projectiles, such as a knife, 
coins, &c, to which the bullet has imparted 
energy. The writer remembers seeing in the 
Philippine War an American soldier who had sus- 
tained a bullet contusion in a most curious manner. 
He had gone into action with a piece of steel sewn 
into his blue shirt to protect his heart. By one 
of those coincidences that are not surprising when 
the enormous scope for chance is taken into con- 
sideration, this piece of steel, which was 3 in. square 
and } in. thick, arrested a Mauser bullet, with the 
result that, instead of the bullet boring a holethrough 
the man and travelling on far into the country behind 
him, it expended its energy on the steel plate, 
which, in its turn, transmitted a portion of that 
energy to a wide area of the man’s skin, so that he 
became the proud possessor of an enormous black 
bruise covering his chest and abdomen. 

‘* Stopping” Power of a Bullet; ‘* Explosive,” 
** Kapansive,” and ** Deformative” Bullets Gene- 
rally.—If the bullet be so constructed that on 
impact with or during perforation of the tissues it 
readily alters in shape, it is called an ‘* expansive ” 
bullet. The term is unfortunate, since there is no 
expansion, but simply an enlargement of a minor 
diameter (usually that at right angles to the long 





diameter in the line of flight) at the expense of a 
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nitude set up by ricochet or other causes. A bullet 
thrown by the hand at a window-pane will shiver 
it to fragments, but a shot from a rifle will leave a 
round hole. A simple experiment will illustrate 
the principle. Let two chairs be put a few feet 
_ and on each an egg, on which is balanced 
e end of a lath of wood. Now if the lath be 
struck a smart blow with a stick, it will break, 
leaving the eggs intact. If the experiment be 
repeated while striking more slowly, the eggs will 
be broken. In the first case the stresses were 
localised to the neighbourhood of the site of impact ; 
in the second case sufficient time was allowed for 
their dissemination to the ends.of the lath. 
Occasionally the bullet, instead of penetrating, 
undergoes deflection, and courses along the surface 
of the objective or glances off it. This often 
happened when the more bulky and less energetic 
bullets struck hard substances at acute angles to 
the surface of contact. When the Snider, Martini, 
and Springfield bullets strike a long bone at a small 
angle to the surface of contact, they often alter 
course and run along the bone ; such bullets, too, 
may undergo reflection from the tough skull- 
bones of such animals as the elephant, rhinoceros, 
hyena, &c. These old bullets turn aside at 30 deg. 
to the surface of contact in circumstances where 
modern ones would perforate at 15 deg. The 
critical angle that decides whether penetration or 
deflection is to take place depends on the haid- 
hess and curvature of the bullet’s ogive and of the 
patt struck. The writer has fired 0.303 bullets at 
skull at progressively smaller angles to the sur- 
face of contact, and has found them to perforate 
at 20 deg., at 15 deg., and at 10 deg., and it was 
not until the incident path made an angle of but 
5 deg. or 6 deg. to the tangent to the surface at 
the point of impact that any marked deflection 
of the bullet became observable. Bruising, so 
frequently witnessed with the older, low-velocity 
ullets, is in these days of rare occurrence, and, 
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major diameter (usually the long diameter in the 
line of flight), and it would be more appropriate, 
seeing that the characteristic of such bullets is 
their ready deformation, to apply to them the term 
“ deformative ” (Fig. 5). All unsheathed lead bullets 
fall within this category, but sheathed bullets 
themselves may be rendered deformative by various 
devices, principal among which are the following : 
—The ogival end of the bullet is weakened by 
making longitudinal slits into the corresponding 
part of the sheath (split-nosed), or by hollowing 
it out (hollow-nosed), or by discontinuing it so 
that the lead nucleus is exposed (soft-nosed). Such 
bullets have sometimes, and quite erroneously, 
been called ‘‘ Dum-Dum ” bullets, and the mis- 
pomer has given rise to serious misunderstand- 
ings. The original deformative bullets were 
manufactured at Dum-Dum, and in some way or 
other the town became associated in the public 
mind with soft-nosed missiles only, and the fact that 
rincipally hard-nosed bullets were turned out at 
=~ was overlooked. During the Boer War 
much nonsense was written and talked about the 


alleged ‘‘ explosive” bullets used by our then, 


enemy. ‘‘The whole veldt,” wrote one corres- 
pondent, ‘‘ crackled with the noise of exploding 
bullets.” Such mis-statements arose, and indeed 
still arise, though ignorance of what constitutes 
such a bullet. An expansive bullet, as we have 
seen, is one that readily deforms, but the ex- 
plosive bullet—which is, of course, only used in 
big-game shooting—contains a receptacle filled with 
an explosive. Penetration of the animal ignites a 
percussion-fuse which detonates the charge, and 
this, bursting inside the animal, produces huge, 
cavernous wounds that are instantly fatal (F, 
Fig. 6). The occasional pseudo explosive effects of 
the hard-nosed bullet (E, Fig. 6) is almost certainly 
due to some eccentiicity of flight or faulty struc- 
ture. Now it will be noted that sheathed bullets 
are rendered deformative by weakening the mantle 


of the ogival end only, and the reason for this is 
twofold. In the first place, the ogive receives the 
maximum shock of impact and penetration, and it 
is, therefore, the region most likely to “give” to 
any undue stresses ; in the second place, while the 
bullet is being acted on by the expanding gases, it 
is the sheath of the cylindrical part that is sub- 
jected to the friction of the *‘ lands,” and has to 
withstand the twisting force, or torque, as it is 
termed ; hence this region must be kept as strong 
as possible. When a sheathed bullet deforms on 
impact, the posterior and more rigid part tele- 
scopes into the partially-checked weak anterior 

first bulging it out laterally, and then burst- 
ing and fraying out the mantle into little sharp- 
edged knives, which stand out from the body of 
the bullet, and plough and twist their way through 
the tissues like the blades of a propeller, causing 
the most terrible lacerations. _ this way, the 
normal short diameter of a small-calibre bullet, 
such as the 0.303, may readily be converted into 
one of an inch or more (Fig. 6). With one or other 
of these types of deformative bullets the writer has 
killed large animals, such as the rhinoceros, hippo- 
potamus, zebra, water-buck, reed-buck, and bush- 
buck, medium-sized animals, such as the hyzena, lynx, 
and gazelle, and small animals, like the dik-dik 
and jackal, and so has had ample opportunity for 
noting the wounds they inflict. The one charac- 
teristic which all have in common is the widespread 
tissue destruction. It will suffice to describe the 
injuries witnessed in two animals, in one of which 
the bullet expended most of its energy on hard, 
and in the other on soft, tissues ; in each case the 
bullet was a split-nozed 0.303, the animal was 
about the size of a full-grown sheep, the range in 
(1) was 10 ft. and in (2) about 60 ft. (1) The 
bullet entered and broke up inside the head, the 
fragments passing on through the posterior wall of 
the skull into the neck. The skin over the head 
was intact, save for the small entrance-hole ; the 
skull was extensively fractured, and through the 
skin felt just like broken egg-shell ; after macera- 
tion, it was found to be broken into more than 
twenty pieces. (2) The bullet entered the lower 
and front part of the neck, leaving an aperture 
Lin.in diameter. It passed on through the entire 
length of the chest and abdomen without touching 
bone and passed out in the right lumbar region, 
dragging with it, through a large jagged wound, 
4 in. or 5 in. across, torn coils of gut. The heart, 
liver, and other internal organs were damaged, and 
the bullet, as far as could be ascertained, broke 
up inside the chest. Horrible and cruel asa bullet 
that can inflict such injuries appears to be, it is in 
reality far more humane—the writer alludes, of 
course, to the chase, and not to war—than the 
hard-nosed variety. These deformative bullets, as 
4 rule, kill outright, death is instantaneous and 
painless. On the other hand, an animal hit with 
a hard-nosed bullet, even though this has perfo- 
rated a vital region, only too frequently escapes at 
the time, and then, owing to internal hemorrhage, 
gets exhausted, crawls into some out-of-the-way 
hole and corner and dies by inches. 

While on the subject of deformative bullets, it 
may be mentioned they all possess one serious dis- 
advantage : the weakening of the mantle over the 
ogival end occasionally results, especially in new 
rifles, where the ‘‘lands” have not been worn down, 
in what is known as ‘‘stripping.” As the bullet 
passes down the bore the ‘‘lands”’ grip it so tightly 
that the sheath may get held back, in which case the 
heavier lead nucleus is blown out through the weak- 
ened anterior end. The firer may be quite unaware 
of what has happened until his next shot, when his 
rifle bursts owing to the second bullet jamming in 
the impacted hollow cylinder of the previous one. 
In a case of this sort, which the writer witnessed, 
the breech of the rifle burst, and one of the man’s 
hands was severely damaged; on subsequently 
examining the mfle a hollow-nosed bullet firmly 
fixed in the empty sheath of another bullet was 
found inside the barrel. 


(To be continued.) 





TasMANIAN Inon.—Some quantity of iron cre has been 
raised by the Tasmanian Iron Company at its mines near 
Penguin, «n the Tasmanian North-West Coast. The ore 
is # pure hemstite and has been sbi to smelting 
companies in New South Wales. Tasmania possesses 
other large depesits of iron ore at Blythe, on the North- 
West Coast, and at Anderson’s Creek, near Beaconsfield. 


The deposits will probably be worked when the island has 





become miore fully occupied. 
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THE THEORY OF LUBRICATION. 
(Continued from page 103.) 
In our last article we established the four equa- 
tions with which Osborne Reynolds commenced his 


investigation into the theory of lubrication. For 
convenience of reference we reprint them here :— 


Pony (31) tPapye (32) 
dz dy 

dP _ ctw (33 du dv dwiyo (x 
dz Pee: ee dz dy ds (3) 


In these equations P denotes the pressure at any 
point of the fluid, and u, v, and w the component 
velocities at this point ; ~ denotes the coefficient of 
viscosity, and vy’, as usual, is merely shorthand for 

da? d? a? 
da dp daze 

If the escape of the lubricant at the sides of the 
brass can be prevented, there is no flow parallel to 
the axis of the shaft, so that w in the above ex- 
pressions is equal to zero. In that case, moreover, 
the conditions will be constant from end to end of 
the brass, so that neither wu nor »v is a function of z. 
In other words, 

du _dv _ 0. 

dz dz 
This condition was assumed by Osborne Reynolds 
in his discussion of bearings, but Michell has solved 
the problem for certain cases in which, as is usual 
in practice, lubricant does escape from the sides. 

In the cases considered by Reynolds, equations 
(31), (32), (33), and (34) reduce to :— 

dP 


d2u d2u 
= - 35 
daz “(ae a) (35) 
dP d?y =*) 
= + 36 
dy (a d y* (38) 
oe 4 o* ae (37) 
dx dy 


Further simplifying assumptions were made by 
Osborne Reynolds. In the first place, the film 
of lubricant is always very thin, compared with the 
radius of any journal. Hence the curvature of the 
latter may be neglected, and the surface of 
the actual brass and its journal treated as if both 
were rolled out, the latter into a plane surface, and 
the former into such a shape that at every point its 
distance from the developed surface of the journal 
is the same as in the actual. bearing. In effect 
this amounts to replacing the bearing by a com- 
bination of a flat surface A B, Fig. 8, and a block 
(representing the brass) having convex curvature, 
as indicated at C D. 

Another assumption made by Osborne Reynolds 
was that along any radius the pressure was the 
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same at the surface of the brass as at the surface of 
the journal. As the film is always very thin, this 
must be sensibly true. Hence, if y be taken 
perpendicular to A B in Fig 8, we have :— 
dP 
dy 
Further, if « be the tangential velocity of the 
lubricant, this is zero along C D, the surface of the 
brass, whilst along A B, the surface of. the journal, 
it is equal to the surface speed of the latter, which 
may be called U. It thus varies very rapidly with 
changes in y. On the other hand, both along C D 
and A B, u is independent of «, being zere in the one 


= 0 (38) 


along these boundaries cH = 0. From Fig. 2, 
a“ 

page 101 ante, it is, however, obvious that « does 

vary with x at levels intermediate between C D and 

AB, but this variation is small in comparison with 

: “ which, as just pointed out,isverylarge. Reynolds 
y 

au 


therefore assumed that dat could be neglected in 
x 


2 
comparison with -, so that equation (35) re- 
y? 


duces to 
aP _ 
dz 


eu 


. 39 
May (39) 


Since, as pointed out above, ‘ P 

y 
be a function of y, and hence (39) can be integrated 
in the form :— 
-14P 

2udz 
where h denotes the thickness of the film at any 
point between C and D. This is obviously correct, 
since on differentiation with respect to y it gives 
(39), and it also satisfies the condition that u = 0 
when y = h, and is equal to U, the surface speed of 
the journal, when y = 0. If, now, we substitute 
this value of u in (37), we get :— 

Pe 
(-%)] 


dv_du 1 @ dP 
-— ss = ‘a ona -h)+U 
dy a0 Sn de lae"?™ 
Integrating with respect to y we get :— 
h rh 


dy=v |=n—n=0, 


0 


since v, which is the velocity perpendicular to the 
rubbing surfaces, is necessarily zero at both boun- 


= 0, P cannot 


u (y- my +U*—*, (40) 


daries. But 
ne Se a. y-h) |+ U <(*3") 
dy 2u dz da dx h 
Therefore 
h h 
Rs d aP ‘ y(h-y)dy+U a. h-¥ay=0 
Qu dx dz 0 dx Jo h 
Whence 
1, 4. 2P(-¥) sud due 
2u dz az 6 dx 2 
or 
d ns tP Lg, y ah 
dx dz dx 
we OP Guu (aa) (41) 
dz 


where h' is a constant of integration, being the 


value of h at which . = 0—i.e., at which the 
x 


pressure P is a maximum or minimum. 

In order to proceed further it is necessary to 
express h in terms of x. Obviously this is simplest 
when the line C D is straight, which is the case 
corresponding to a Michell thrust-block, if leakage 
from the sides of the block is prevented in some 
way or other. In that case we may write :— 


x 
h = hy (1 +m *) 
where h, denotes the thickness of the film at the 
point where the lubricant leaves, and a the width 
CD of the brass,whilst (1 + m) =. Substi- 
tuting this value in equation (41) and integrating, 
gives us :— 


_6uUa 
% m 


1 
fess 
h) 1 

ae +C 
Zhe, * m x\? | 
0 (1 += ) 
where C is a constant of integration. The values of 
C and of h' must be chosen so that P = 0 when 
a2 = 0, and also when x = a; that is to say, at the 


leading and trailing edges of the block. 
Hence, putting « = 0 we get :— 





Pp 


(42) 


iy ~~ 
1-3. +t C=90, 
whilst with x = a we have :— 
: ” Lo +C=0., 


l+m  2ho(l + mp 
so that 


ee oo | 





ease and equal to U in the other ; or, iv other words, 





whilst 
Ow « 22. 
l-m 
Hence 
p= §#Ua >. ee 1 
ho? m = aee*(1+S8) 
a “ 


er 
2+m 


Suppose, for example, h, = 0.0005 in., that a is 
2.5 in., and thatm = 1. Assume U = 100 in. per 
second, and » = 10- in inch-pound units. From 
these data we can plot P, as shown in the curve of 
pressure plotted above the brass in Fig. 8. With 
m = 1 the point of maximum pressure is at one- 
third the width of the block from the trailing edge, 
and the film of lubricant is twice as thick at the 
leading edge as at the trailing edge. 

To get the total load carried by a section of a 
block a in. wide, measured parallel to the motion 
and of unit length, equation (41) can be integrated, 
This gives 

64U a 2m \ 


Pdz= =e | 
[ _. ho? m2 2+m J 


Calling this total load W, the value of m, which 
makes this load a maximum, can be found by 
differentiating (43) with respect to m, and equating 
to zero. This gives m= 1.175. With this value 
of m the point of maximum pressure is at + 
from the trailing edge of the block, and the open- 
ing at the leading edge h, is 2.175 times the thick- 
ness of the film at the trailing edge. With this 
value of m the total load carried on unit length is 
approximately 


W =016.U %_. 
ho 


{0 (1+m)- - (48) 


- (44) 


This shows that the total load carried is directly 
proportional to the viscosity of the oil and to the 
rubbing speed, whilst it varies inversely as the 
square of h,. It must, however, be borne in mind 
that with a high rubbing speed the temperature of 
the oil will rise, and proportionately more surface 
must be provided in the oil-cooler. 

Water may be taken, roughly, as having ,}, the 
viscosity of light lubricating oil, so that a bearing 
which carries safely a load of p lb. per eq. in. with 


such an oil will carry safely a load equal to ” if 


100 
lubricated with water. 

From (43) it is, moreover, obvious that the ratio 
of the thickness of the film at the leading and trail- 
ing edges is also an important factor. With m =0 
—that is to say, when the surfaces are parallel—no 
load can be carried according to the theory. This 
is obviously not wholly correct, since ordinary 
thrust-blocks with parallel surfaces do carry light 
loads quite successfully. Probably this is to be 
attributed to the fact that the surfaces are not 
absolutely parallel in the sense assumed in 
the theory. In fact, there is always some 
rounding at the edges of the oil-grooves, the con- 
dition being then as represented, on a greatly 
magnified scale, in Fig. 9. The opening at D is 
greater than at C, and the conditions premised in 
the theory are to some small extent satisfied. In 
this connection it may be noted that, in the dis- 
cussion on Mr. H. T. Newbigin’s paper on ‘The 
Problem of the Thrust-Bearing” (Minutes of the 
Proceedings of the Institution of Civil Engineers, 
vol. excvi.), Mr. J. H. Gibson wrote that difficulty 
having arisen with the thrust-blocks of the King 
Orry, as originally designed, the trouble was cured 
by well rounding the edges of the oil-grooves. In 
the same discussion, Mr. S. Z. de Ferranti stated 
that by cutting up the surface of a thrust-collar 
into numerous narrow sectors, and bevelling off the 
edges to the extent of about 1 mil, he had been 
able to carry very high thrust loads, the essential 
point being the rounding of the leading edges and 
to shortening of the length in the direction of 
motion. Mr. Ferranti further observed that mm 
practice he had found that the inclination of the 
rubbing surfaces might vary through a wide range. 
This is obviously in full agreement with theory, 
since two factors are involved, h, and m, and 4 
variation in m which changes the slope can be com- 
pensated for by a suitable change in hy, the least 
thickness of the film. ; 

Suppose, for example, that the width of the 
block is 1 in., the speed 100 in. per second, the 
viscosity 10-°, and a load of 500 Ib. per sq. in. 1 
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to be carried. Then, with different values of ™ 
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the thickness of the film varies as shown below :— 





1.0 
2.0 


m as os ae --| 6 0.8 | 
Greatest thickness of film | 16 L8 | 
Least thickness of film Vines > 
Least thickness of film under | | 
load of 500 Ib. per sq. in. .. |.00053 | 00055! .00056] .00057/ .00056 
Distance of centre of ure 


from trailing edge in inches. .| 0.453 0.442 | 0.432 





0.422 | 0 414 








If the viscosity be four times as great as as- 
sumed above, the thickness of the film will be 
doubled. A similar result will follow on quad- 
rupling the speed, or reducing the load to one- 
fourth its original value. The least thickness of 
the oil film is, it will be seen, very small, and the 
load carried varies as the square of this thickness. 
Hence the truer the two rubbing surfaces the 
thinner can this oil film be, without the risk of 
being pierced by high parts of the brass, and the 
higher accordingly is the load which can be carried 
with safety. A pit or depression in. deep in 
either of the surfaces may be counted as destroying 
the effectiveness, as a load-carrier, of the parti- 
cular portion involved. Here, no doubt, is to be 
found an explanation of the value of the prac- 
tice of scraping bearings to fit. This practice is, 
however, now being abandoned in some cases 
where the running speed is high, and the load 
carried relatively low. The high speed increases, 
of course, the thickness of oil film corresponding 
to a given load, and hence diminishes the relative 
importance of shallow depressions. Scraped sur- 
faces, as exemplified by surface plates, are sup- 
posed to be true to within about half a wave-length 
of sodium light, or, say, to _' in. The advan- 


100,000 
tage of planishing locomotive journals may perhaps 
also be attributed to the accompanying levelling of 
surface inequalities rather than to the increased 
hardness simultaneously secured. 

The values calculated above are those which can 
be carried where the length of the bloek along the 
line of motion is lin. According to equation (44), 
however, it appears that the permissible load varies 
with the square of this length ; and this is more or 
less in conflict with Mr. Ferranti’s experiment. 

1t has, however, to be borne in mind that an 
increase of length in such a block as is represented 
in Fig. 9 would be made wholly in the parallel 
portion. This parallel portion is not to con- 
sidered wholly ineffective, since the pressure estab- 
lished in the convergent entrance gradually falls 
between the points C and F. From the results of 
the theory as applied to ordinary brasses, however, 
there is reason to believe that if the length of the 
parallel portion C F exceeds a certain limit, which 
will be less the higher the load, a vacuum tends to 
form between the two surfaces in the neighbour- 
hood of the point C. Finally, in considering the 
greater practical efficiency of the narrow strips 
used by Mr. Ferranti, it has also to be remembered 
that the theory above given presupposes that side 
leakage of the lubricant is suppressed. Where 
this condition is not satisfied, the carrying power 
of a long block is very greatly reduced. 

In a paper published in the Zeitschrift fiir 
Mathematik und Physik, in 1905, Mr. A. G. M. 
Michell, of Melbourne, hae worked out the effect 
of this side leakage on the permissible mean load. 
With a square block having side leakage, the per- 
missible mean pressure is, he finds, 0.422 as much as 
when end leakage of the lubricant is suppressed. 

The contour lines showing the distribution of 
the pressure in the case of a square block have 
been worked out by Mr. Michell for the value 
m =1, and these are reproduced in Fig. 10. 

Mr. Michell has also worked out the case in 
which the length in the direction of the motion is 
three times the transverse width. In this case the 
mean pressure carried is only 0.0307 times as much 
as when side leakage is prevented. The contour 
lines for this case are given in Fig. 11. A block in 
which side leakage is suppressed is equivalent to 
one infinitely wide, transverse to the direction of 


motion—i.e., to a block in which the ratio length 

0. If, theref. be th can 
= 0. If, therefore, p e pressure per square 
inch which a block of Safiutte teundth “eam ‘am, 
as calculated from equation (43), then, for the 
case in which m = 1, we have the following rela- 
tive bearing powers :— 





Length in direction of motion 
Transverse width ° . ° 
Bearing pressure per square inch... p 0.422 p 0.081 p 








Intermediate values can be obtained roughly by 
plotting the above figures. The notable feature is 
the great reduction in bearing power when the 
block is long compared with its transverse width. 

The resultant pressure in the case of a square 
block falls at 0.420 of the length from the trailing 
edge of the block, whilst in the case of a block 
three times as long as wide the fraction is 0.39. 
These figures apply strictly only to the case in which 
the thickness of the oil film is twice as great at the 
leading as at the trailing edge. When the greatest 
thickness of the oil film is 14 times the least, the 
centre of pressure of a square block is about 0.43 of 
its length from the trailing edge, so that the shift 
of the centre of pressure is small, but the reduction 
in carrying power is very considerable. It is, how- 
ever, the fact that Sir Charles Parsons has found 
that in practice centrally - pivoted blocks work 
quite satisfactorily. A possible explanation of 
this lies in the fact that at the trailing edge the 
viscosity of the oil is less than at the leadin 
edge, owing to its rise in temperature. Thus, i 
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the temperature of the oil entering the bearing 
were 125 deg. Fahr., and the temperature at dis- 
charge 140 deg. Fahr., the viscosity of the oil 
might easily be 15 per cent. less at the trailing 
edge of the block than at the leading edge. For 
a given velocity of the rubbing surface the pressure 
developed is directly le ore to the viscosity. 
Hence the trailing end of the block would support 
less than ite share of the load, as calculated by the 
theory above set forth, and this would tend to shift 
the centre of pressure towards the centre of the 
block. It should be noted in this connection that 
experiments quoted by Mr. H. T. Newbigin (Pro- 
ceedings of the North-East Coast Institution of 
Engineers and Shipbuilders, vol. xxx.) showed 
that with centrally-pivoted blocks the temperature 
rise of the oil was considerably increased. 
(To be continued.) 
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THE PANAMA CANAL.—No. XV. 

THERE will be important coaling-stations at each 
end of the Panama Canal. While, however, the 
more important docking and repairing facilities are 
concentrated at Balboa, on the Pacific side, the 
larger of the two coaling-stations is to be at 
Cristobal, the Atlantic terminal. At these two 
points it is proposed to store about 700,000 (short) 
tons of coal. Of this, 485,000 tons will be at 
Cristobal and 215,000 tons at Balboa. These 
amounts have been decided upon in anticipation 
of naval and commercial requirements. The storage 
has been fixed with a view to meeting naval require- 
ments without interfering with the needs of com- 
mercial vessels passing through the Canal or 
trading to the ports, while the plants will also have 
to handle the coal required by the Panama Railroad 
and the Canal works equipment. It is expected that 


_| the sales of coal at the Isthmus will very soon rise 





to 1,000,000 tons.per annum, when the watcrway 
is in proper working order. In designing the 
coaling plants the naval requirements were kept 
most prominently in view. ‘fo comply with these, 
very high rates of unloading from collier and re- 
loading on to vessels have been ado . The 
demands of the United States Navy Department 
have further complicated the plants by requirin 
the permanent storage of | quantities of coa 
under water, to prevent deterioration, and ible 
loss and damage by spontaneous poe er nag 
Further, sto will be provided for a number of 
individuals wishing to engage in the supply of coal 
to vessels, and the dry storage s will therefore 
be subdivided for this purpose. The larger amount 
will, as stated above, be stored at Cristobal, since the 
coal supply may be expected to come from Atlantic 
rts. e underwater storage there has been 
xed at 100,000 tons ; at Balboa it has been fixed 
at 50,000 tons. As the satisfactory operation of these 
plants will depend to a considerable extent on the 
ability of the Canal Authorities to regulate the trans- 
portation of coal from the United States, it has been 
thought desirable for them to own and operate two 
12,000-ton colliers. It was at first proposed that 
the necessary colliers should be owned and worked 
by the Navy Department, but this was not favoured 
by Con . The vessels will have four holds 
with eight hatches, seo that at Cristobal, where 
there will be four unloaders, there will only be one 
shift during unloading, and at Balboa, where there 
are two unloaders, there will be four shifts. Their 
speed will be 14 knots. In time of emergency the 
vessels may be required to serve as colliers to the 
fleet. The contract for these two vessels, to be 
named the Achilles and Ulysses, was placed with 
the Maryland Steel Company, the price being 
987,000 dols. each. They are not to be fitted with 
coaling-gear. 
Barsoa Coatine Pant. 


Having already dealt with the port facilities at 
Balboa, it will be the more convenient to describe 
the coaling plant at that station first, although it is 
less important than the plant at Cristobal. At 
Balboa the total storage will amount to 215,000 
tons, made up of wet storage, 50,000 tons ; normal 
dry storage, 103,000 tons; and emergency dry 
storage, 62,000 tons. A reference to Fig. 211, in 
Article XIII. of this series,* will show the situa- 
tion of the plant, which consists of an unloading 
wharf and storage area, and a re-loading wharf. 
The general scheme will be realised from Figs, 261 
and 262, on page 156. There are two wharves, 
approximately at 135 deg. one to the other, one 
serving for the. unloading wharf, and the other for 
re-loading. The former is about 850 ft. long, and 
the latter 750 ft. The depth at these wharves is 
45 ft. at mean sea-level. e unloading wharf has 
three railroad tracks, two being for unloading 
towers, the third, between the other two, being 
the standard 5-ft. gauge of the Panama Railroad. 
The unloading towers are designated A, A in 
Figs. 261 and 262. Behind these tracks is the 
storage space, 800 ft. long and 346 ft. 6 in. wide, 
divided longitudinally into two areas, respectively 
148 ft. and 131 ft. wide, by a roadway laid with 
two tracks, on which run four large distributing 
transporters B, B. Around the two areas on the 
sides nearest the wharf, and along the ends, runs 
an elevated track connecting the storage area with 
the re-loader wharf, where two re-loaders O, C of 
the conveyor type discharge coal into vessels along- 
side the wharf. 

There is a rise of tide of about 12 ft. at Balboa. 
The depth allowed at the wharves will therefore be 
about 34 ft. at extreme low tide. The unloading 
wharf is carried for the greater part on rectangular 
concrete piers founded on rock and placed at right 
angles to the direction of the wall. They will be 
8 25 ft. centre to centre, and will be 6 ft. 
thick. The deck, which will be at an elevation of 
+ 16.5, will be constructed of reinforced-concrete 
slabs on steel girders encased in concrete. The 
main girders will be below the six rails of the 
three tracks above mentioned. The unloading- 
tower tracks are 34 ft. 6 in. centre to centre, and 
the centre of the outside one is 6 ft. from the edge 
of the wharf. 

The re-loader wharf will have a deck of reinforced- 
concrete slabs, supported on steel frames encased 
in concrete, carried by piers formed of concrete- 
filled steel cylinders, sunk to rock, as in some of 
the wharves described in our last article. A view 





* See Enoineerine, vol. xcix., page 502. 
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of this wharf during construction is given in 
Fig. 269, on page 164. The wharf will carry two 
re-loaders, for which two pairs of tracks are neces- 
sary, together with a third wide-gauge track for 
the conveyor and hopper, which is attached as a 
trailer to each re-loader. A standard-gauge rail- 
road track is laid down the wharf, passing under 
the re-loading machines. 

The main storage area has a floor-level of + 10. 
The subaqueous storage spaces have a floor-level 
of — 18. The underwater storage will be taken 
as from that level to + 6 ft., on account of the 
tides. The underwater storage space has a length 
of about 310 ft. and is in th» middle of the area, 
being 185 ft. from one end and 305 ft. from the 
other. It is bounded by concrete retaining-walls, 
while the whole storage area is surrounded by 
walls, which, on the sides nearest the water, are 
raised to an elevation of + 27. Between the two 
storage areas the Jarge stocking transporters move 
on tracks laid on concrete foundations, the track 
being carried across the subaqueous storage area 
on piers and girders. The top of the rail-level in 
this case is at elevation + 12.5, The conveying 
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system with which the plant is equipped consists 
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Panama Railroad 


of a single-track elevated narrow-gauge railway, 
which runs, as aforementioned, along the sides and 
ends of the two portions of the storage area and out 
to the re-loading wharf, where a return loop and other 
arrangements are provided. This elevated road is 
at a level of + 34. It is carried partly on concrete 
piers integral with the substructure of the wharf, 
&c., and partly on a steel viaduct. 

The method of operation is as follows :—Coal is 
taken from barges or colliers by the unloaders, 
which have a capacity each of 250 tons per hour. 
It is dumped by these into cars on the elevated 
road, or it can be dumped into railroad-cars on the 
track under the unloaders. The elevated road is 
of 3-ft. gauge and the cars are of 10 tons capacity. 
There will be thirty-four of them, electrically 
driven, with a speed of 200 ft. per minute, each 
being driven by two 3-horse-power constant-speed 
motors. They are controlled by trackmen, no 
attendance being required on the cars them- 
selves. The control has been designed with a 
view to enabling the cars to be dumped by the 
trackmen at any point along the storage areas, the 
cars dumping direct on to the piles. Or the cars 
may be run direct to the re-loading wharf, where 





they will be dumped either into the hopper of one 
of the re-loaders, or into a wharf bunker of 1500 
tons capacity, from which tugs and small craft will 
be coaled, in order to obviate starting up the 
whole plant in such cases. If the coal is dumped 
on to the piles, it will be distributed properly by 
the large stocking transporters. Normally these 
will also reclaim from the piles, and will supply 
coal to the electric trucks in order to feed the re- 
loaders. The re-loaders have each a capacity of 
500 tons per hour, so that this plant has altogether 
an unloading capacity of 500 tons per hour, and a 
re-loading capacity of 1000 tons per hour. 

The unloading towers are worked by steam ; the 
rest of the plant is operated electrically. Current 
is brought to a sub-station situated at the angle 
formed by the two wharves. The 44,000-volt 
supply of the trans-isthmian line is reduced to 
2300 volts at the sub-station adjacent to the dry 
dock, described in Article XIII. of this series.* At 
the coaling-plant tub-station the current, which 
is 3-phase 25 cycle, will be stepped down to 440 
volts for power and 110 volts for lighting. The 








* See ENGINEERING, vol. xcix., page 592. 
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four stocking transporters are worked with direct 
current which will be furnished by rotary con- 
verters in the sub-station. 

The unloading towers are being constructed by 
the Hunt Construction Company, of New York. 
Each is provided with a 2}-ton King grab-bucket. 
worked by an 18-in. by 24-in. hoisting-engine and 
traversed on the boom by a 12-in. by 14-in. trolley 
engine. The tower is of the steeple type and is 
carried on four legs and runs on 16 wheels. Each 
leg is mounted on a 4-wheeled truck of 3-ft. gauge, 
the tracks being 34 ft. 6 in. centre to centre. The 
buckets discharge coal into hoppers provided with 
gates, whence it is fed as required to the cars. 
The outboard portion of the boom is hinged so that 
it can be raised to clear shipping. The hopper is 
provided with a chute to the elevated railroad cars. 
Another chute is provided for supplying trains 
standing on the standard-gauge railroad below. 
One of the unloading towers is shown at A, in 
Fig. 261 ; we hope, however, to illustrate them 
more fully when we describe the Cristobal coaling 
plant, as they will be more conveniently dealt 
with in connection with the stocking arrangements 
at Cristobal. 

The four stocking transporters at Balboa, one of 
which is shown at B, in Fig. 261, have had a some- 
what interesting history. They were first used in 
the form of double cantilever cranes, spanning and 
serving the large stock piles used in connection 
with the construction of the locks at Pedro Miguel.* 
Subsequently they were dismantled and re-erected 
at the lock sites at Miraflores, in which process they 
underwent considerable alteration. At Miraflores 
they were stationed on the lock sides. One rigid 
arm of the original cantilever was retained ; the 
other was replaced by a swinging boom stretching 
over the lock-side walls.t They have now been 
adapted to the coaling-stations at Balboa. They 
will provide a continuous runway for a 5-ton grab- 
bucket trolley across both sections of the storage 
area. These stocking transporters run on two 5-ft. 
tracks 50 ft. apart centre to centre. The weight 
of the structure is transmitted to each track 
through sixteen axles. The transporters take their 


ENGINEERING, vol. Ixxxix., page 327, Figs. 55 
to 


+ See ENGINEEBING, vol. lxxxix.. page 329, Figs. 65, 66, 
and 69; and in vol. xcv., Plate XX XVL., Fig. 9. 


operating current from the contact lines carried on 
standards, which also carry the supply lines for 
the electric hopper cars. The four stocking trans- 
porters can be seen in Fig. 268, above, and 
Fig. 270, on page 164, which are general views of 
the Balboa coaling-station during construction. 
They show the state of the work in April last. 

The two re-loaders are being constructed by the 
Bergen Point Iron Works, of Bayonne, N.J., 
U.S.A., which firm has also the contract for the 
conveyor plant, sub-station, the wharf-Lunker, &c. 
The arrangement of the re-loaders will be seen 
from Figs. 263 to 267, on Plate XIII., which illus- 
trate one of the machines in some detail. The 
re-loaders are electrically driven, and each has a 
capacity of 500 tons of coal an hour. Each con- 
sists of steel lattice towers carried on four 
4-wheel trucks running on the tracks we have 
already mentioned. Each tower trails a belt- 
conveyor, to the outer end of which a hopper 
mounted on a truck is attached. The arrangement 
is clearly shown in Fig. 266. This hopper runs 
underneath the elevated track, which is carried 
along the inner side of the wharf, and the cars, 
coming up loaded from the coal-storage, discharge 
into the hopper. The relation between the hopper 
and the elevated track with its cars can be seen at 
the left-hand side of Fig. 267. After being dis- 
charged into the hopper, the coal travels up the 
trailing conveyor, and is discharged through a 
chute, which can be seen in the centre of the tower 
framework in Fig. 266. This chute leads the coal 
to a second belt-conveyor, which projects over the 
side of the wharf, and which is clearly shown in 
Fig. 267. The coal travels along this conveyor, and 
is discharged to an open-topped inclined chute, 
which, in turn, leads it to a vertical telescopic 
chute, through which it is discharged to the ship. 

The details of the machine can be followed from 
the illustrations on Plate XIII. It will be seen that 
the second conveyor is carried by a pivoted girder 
boom, the outer end of which can be raised or 
lowered to suit the ship being coaled. The boom 
is controlled by a tackle led to a block at the top 
of the tower, and then to an electric winch in the 
machinery house on the upper platform. The open- 
topped chute is hinged to the outer end of the 
boom, and when the unloader is not in use the boom 
may be raised inboard to the upper ition 





indicated by broken lines in Fig. 267. en it 





is in this position the chute hangs vertically 
alongside the tower and out of the way of passing 
ships. The outer end of the open chute and the 
telescopic chute are controlled by tackles, secured 
to the outer ends of two upper lattice booms, which 
are clearly shown in the figures. The lifting — 
are led to the electric winch, as before. e 
lattice booms are also controlled by the winch, 
each having two tackles so arranged that they 
may either be swung or luffed. The paths of the 
various controlling ropes may be traced through in 
Figs. 266 and 267. 

A plan of the upper platform, showing the 
operating winch, is given in Fig. 265. The winch 
is controlled from a small house, built at the front 
of the machine and giving an outlook over the 
work being done. The winch has seven drums, 
one for the conveyor, and three each for the 
lattice booms. The purpose of each is indicated in 
Fig. 265. As will be seen, the seven drums are 
driven by a single motor, which can be thrown in 
and out of gear with the drums by means of fric- 
tion-clutches. The same motor also drives the 
boom conveyor through a chain, which can be seen 
in Fig. 267. The levers for the friction-clutches 
and the motor-controller are situated in the 
control-house. The controller allows of the con- 
veyor being run at either one of six s . The 
house also contains a controller for the travelling 
motor, which is mounted on the lower platform 
and connected to gearing on two of the tower 
trucks by horizontal and vertical shafting, as 
shown in Figs. 265 and 266. Fig. 266 also shows 
the rail-clamp which locks the tower in position 
when coaling is being carried out. The trailing 
conveyor is driven by an independent motor 
mounted on the hopper-truck, as shown in Fig. 266. 
This motor, as will be seen from the figures, also 
drives the short conveyor which forms a travelling 
bottom to the hopper and loads the coal on to the 
lower end of the trailing conveyor. The motor is 
controlled from the hopper-truck, and arrange- 
ments are made to get various speeds to allow of 
different rates of coaling. Sections through the 
two main conveyors are given in Figs. 263 and 
264. The belts are 42 in. wide. 

The re-loader motors obtain current from a bank 
of trolley wires, which can be seen at the left-hand 
side of Fig. 267. A semaphore will also be noticed 
on the re-loader (Fig. ). This forms part of 
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a very complete system of signalling, both visible 
and audible. There will also be efficient means of 
checking the weight of coal handled. On the 
elevated railroad there will be semi-automatic scales 
at several points, so that a car must pass over one 
before discharging. The weight-tickets will be 
printed automatically. On the standard-gauge rail- 
road track scales will be installed. 

At the present time work on the re-loaders has 
not yet commenced at Balboa, as the wharf is not 
completed. This has been held back by the dry 
dock construction, since the cofferdam cutting off 
the dry dock will have to be excavated through for 
the completion both of the unloader and re-loader 
wharves. Two of the unloader towers are now 
erected as well as the four berm cranes which are 
to be used for stocking. The present commercial 
demand for coaling facilities at Balboa is slight. 





Swepisa Destroyers.—The Swedish Government has 
res an order for two torpedo-boat destroyers with the 

indholmen yard, and given the contract for the turbines 
to the De Laval Turbine Company. The price for the 
onan is 1,107,000 kr. (62,000/.) each ; for the turbines, 
491,700 kr. (22,200/.) for both destroyers. The destroyers 
have to be delivered within, respectively, twenty-four and 
twenty-eight months. 





German Capita IN Russian Limirep ComPANIES.— 
pose = Ae an official Russian statement the German 
capital in Russian limited companies at a normal exchange 
amounts to about 800,000,000 roubles. The electro- 
technical, the electrical, much of the chemical, and the 
medicinal industries of Russia are in German hands; and 
in these branches, Russia, which has uced such 
eminent chemical scientists, is industrially under Ger- 
man guardianship. The electrical tramways of Odessa, 
Tiflis, Moscow, Bialystok, Riga, Simteropol, and Ekater- 
imoslav are almost entirely under an control, 
and the above-mentioned investigation is, says a leading 
Russian paper, an earnest appeal to Russia to liberate 
herself from the chains of German ——e. To this, says 
a German paper, there can generally be no objection ; 
it is only natural that a State should endeavour to free 
itself industrially from foreign influence, providing this 
process of liberation doss no harm to the honorably 
acquired industrial and financial interests of the foreign 
country in question. The Germans claim that German 
capital and German enterprise have rendered very 
material services to Russia’s industrial development. 
There were even times when the industrial enterprise of 
the Germans, as of the English, the French, and the 
Belgians, was not only tolerated, but encouraged, and 
the Russian Government would generally destroy the 
confidence of foreign capital, as regards investment in 
Russian industries, were the German undertakings now 
to be put outside the law. This would also do harm to 
the home industry, which, especially in many of the fields 
where German influence has hitherto been to the fore, 
would be unable to stand alone. 





Tue LATE Proressor K. 8, O.rszewsk1.—The death 
of Karol Stanislav Olszewski, which took place in Cracow 
on March 25, recalls the days of forty years ago, when 
the so-called ‘‘ permanent” gases succumbed, one after 
the other, to the combined action of high pressure and 
low temperature. Professor Kamerlingh OUnnes, of 
Leiden, the most distinguished investigator of this 
domain, devotes several columns of the Chemiker Zeitung 
of July 10 to this period and to the work of Olszewski. 
Though it had been shown by Andrews, in 1861, that a 
gas must be cooled below its critical temperature to be 
condensed into a liquid, high pressure was chiefly relied 
upon at first; and it took some time to construct suit- 
able ow and to find suitable cooling agents, them- 
selves liquefied gases, like carbon dioxide, nitrous oxide, 
sulphur dioxide, and ethylene. Cailletet first saw liquid 
Foy in 1877, when he suddenly released the pressure 
in his compression-pump ; Pictet also liquefied oxygen in 
the same year. A race shen set in among scientists, and 
Olszewski was one of the first to study liquid oxygen pro- 
duced in his apparatus. Olszewski was born of Pa ish 
parents in Galicia,in January, 1846. His father was killed 
during the insurrection of the peasants of that year; the 
child himself was picked u Palf dead. He studied at 
Cracow, took his degree at Heidelberg under Bypnsen, in 
1872, and became Professor of Chemistry in Cracow. The 
boy and student had a hard struggle; the man was 
not much more favoured by fortune. The means at 
his disposal were very scanty, and if he had not been a 
born mechanis of remarkable perseverance, he would 
have achieved little. Most of his very simple ap; tus 
he made himself. He wasa recluse, and almost lived in 
his laboratory ; it is said that he sometimes did not leave 
his rooms for months, in spite o* his delicate health. In 
his low-temperature research Le had a collaborator in 
8S. Wroblewski, Professor of Physics at the same univer- 
sity, a Pole from the Grodno district, in Russia, who had 
taken part in the Polish insurrection against Russia in 
1863, and spent some years in exile afterwards. When 
Rameay discovered helium and argon, he sent Olszewski 
samples of the new gases for study. One of Olszewski’s 
latest communications to the Cracow Academy (December, 
1911) described an improved apparatus for liquefying 
hydrogen, in which heat losses were mae Hae and a 
thermostat for low-temperature research, in which liquid 
hydrogen circulates through a double-walled siphon ; the 
spheroidal state of liquid air was also dealt with in this 
memoir, 





THE LATE MR. EDWIN CHARLES CARNT. 


Ir is barely three months since we announced the 
death of Mr. John Samuel White, the founder of 
the shipbuilding and engineering firm at Cowes, in the 
Isle of Wight, which bears his name, and which has 
layed no inconsiderable part in the development of 
Hiobepest torpedo craft. Now, with equal regret, 
we place on record the death of Mr. Edwin Charles 
Carnt, who, in 1898, took up active work in the 
establishment, as Mr. White’s advancing years com- 
pelled him to place in younger hands the control of the 
quickly-growing concern. Sur. Carnt’s assumption of 
management was contemporaneous with the almost 
world-wide recognition of the immense potentialities 
of to o craft. It is true that many torpedo- 
boats had been built—a goodly number of them at 
White’s works at Cowes—but these vessels were of 
limited sea-going quality, restricted radius of action, 
and of comparatively low speed, the rate rarely 
exceeding 24 knots. A new type of torpedo-boat 
destroyer had been evolved in 1892, and the demand 
for high speed, associated with wide radius of action, 
involved engineering problems of considerable diffi- 
culty. Weights had to be minimised, steam pressures 
greatly increased, and the rate of revolution of the 
reciprocating engines enormously advanced, all of 
them involving high stresses in metals, the most 
accurate workmanship, and the greatest vigilance in 
supervision. Mr. Carnt’s experience as an officer in the 
Navy, as a member of the engineering staff of the dock- 
yards, and as an overseer in private works, together 
with his personal qualifications, marked him out as an 
appropriate engineering manager of such works as 
White’s, of Cowes, where these problems had to be faced. 
From 1898 onwards, the firm, in large measure owing 
to his dominating energy, initiative in engineering 
practice, and wide practical experience, quickly 
stepped into and retained a high place among the 
constructors of high-speed light craft of all types. 

Mr. Carnt was born on May 24, 1858, the son of an 
officer in the Royal Navy, and was, therefore, in his 
fifty-eighth year. His course of education in pre- 
paratory echools in Plymouth and London had as its 
aim his entry into the Service, and in due course, at 
the age of fifteen, he became an engineering student at 
Portsmouth Dockyard in 1873. He also attended 
the Royal Naval College at Greenwich in 1879-80. 
He was appointed active assistant-engineer in 1880, 
and a year later had the good fortune to be appointed 
to the Alexandra, which, it will be remembered, took 
part in the bombardment of Alexandria. His work 
in connection with a landing party secured him 
the Khedive’s medal and star, and brought into 
prominent notice those qualities of vigour and courage 
which characterised him to the end. He served in 
succession in a variety of ships—Dragon, Warrior, 
and Shannon. Between 1883 and 1885, he was assistant 
engineer during the construction and completion of 
the notably fast cruisers Leander, Arethusa, and 
Phieton, at Napier’s works, Glasgow, and at Ports- 
mouth and Chatham. He subsequently served as 
senior engineer in the Leander from 1885 to 1889, on 
the China Station. On his return he was, for a time, 
on board the armoured cruiser Undaunted. - The 
ee experience he thus gained resulted in his 

ing appointed an overseer, a large increase of 
such officials being necessitated at this time owing 
to the number of vessels ordered from private 
firms under the Naval Defence Act. For three 
years he was at the Naval Construction Works 
at Barrow-in-Furness inspecting the machinery of 
some of the cruisers then building. The excellence 
of his work in this connection earned for him the 
appointment in March, 1892, of assistant to the 
Chief Engineer at Portsmouth Dockyard, where 
he was in charge of the drawing-office, and in this 
capacity was associated with the design and construc- 
tion in the dockyard of the machinery of the cruisers 
tclipse and Fox. Here he had the opportunity of 
demonstrating his qualifications in connection with 
manufacturing work. It was no surprise to his friends, 
therefore, when, in January, 1896, he was appointed 
to assist the Director of Dockyards at the ‘Adrairalty, 
with particular reference, of course, to the construction 
of machinery for dockyard-built ships. By this time he 
had reached the rank of staff engineer, and had won for 
himself high approval in every appointment which he 
had held. He remained, however, at the Admiralty only 
two years, as in February, 1898, Mr. J. Samuel White 
invited him to a responsible position at Cowes, and 
the Board of Admiralty, as a consequence, permitted 
him to resign his position in the Navy. 

To all who have taken any interest in the develop- 
ment of naval construction in recent years, the wor 
of the Cowes firm under the control of Mr. Carnt 
must be well known. On Mr. Carnt’s appointment 
Mr. White decided, owing to advancing, years, to 
relinquish the immediate control of the works, and 
the firm was converted into a private limited liability 
company, of which Mr. White continued chairman 
until his death this year, while Mr. Carnt had full con- 





trol of the engineering department, and became sole 


managing director in 1911. The engine works had been 
built nine years prior to his appointment, but even 
then it was a relatively small establishment, and the 
vessels built in one or two cases only attained speeds of 
26 or 27 knots. The machinery of the great majority 
of such boats was, however, constructed by sub- 
contract until Mr. Carnt’s appointment. Mr. Carnt 
was personally responsible for the great developments 
since made, but it is scarcely necessary to review these 
in detail. The works have been enormously extended, 
to the great advantage of the district. New shops 
have been built, and on a ferro-concrete. fitting-out 
wharf 300 ft. long, an 80-ton hammer-head electrically - 
operated crane was erected. Improvements have from 
time to time been made in the design of machinery 
adopted, and it was only last year that the firm turned 
out the largest torpedo-boat destroyers built up to 
that time.* Vessels attaining a epeed of 35 knots have 
been fairly frequent. In all, about forty torpedo-boat 
destroyers and torpedo-boats had been built for the 
British Admiralty alone before the outbreak of war, 
and since then Mr. Carnt has done splendid service for 
the Fleet in this particular respect. He early recog- 
nised the potentialities of the Diesel engine, and 
developed a department for the construction of such 
prime movers of the high-speed two-cycle type. Mr. 
Carnt evolved a satisfactory crude-oil engine suitable 
for warships’ boats. Diesel engines with cylinders up 
to 1000 horse-power have been built, and his design 
of paraffin-engine has the advantage that the usual 
forms of ignition and vaporisation of fuel are dis- 
pensed with, the engine starting from cold on com- 
mercial paraffin. The aeroplane and seaplane found in 
him a ready votary, and of these, also, many have 
been constructed at the Cowes works, an. entirely 
new aviation works having been completed before the 
outbreak of war. The uniform success of the vessels 
built has gained the firm a reputation for reliability 
which is certainly not excelled by that of any other 
Admiralty contractor. A measure of the develop- 
ment work is found in the fact that the number of 
workers has increased fivefold since his appointment, 
being now 3100, and that the horse-power of machi- 
nery manufactured has increased more than thirty- 
fold, being now over 100,000 horse-power per annum. 

Mr. Carnt’s interest was so centred in his work ard 
the prosperity of the town of Cowes that he took little 
part in the proceedings of the technical institutions, 
although on several occasions he, in discussions, con- 
tributed of his experience with a fulness and direct- 
ness which were characteristic of him. He became a 
member of the Institution of Mechanical Engineers in 
1899, of the Institution of Naval Architects in 1900, 
apd of the Institution of Civil Engineers in 1912. 
This year he was elected a member of the Council of 
the Institution of Naval Architects. He was of a 
breezy temperament, energetic in every sense of the 
word, and always genial. He won the confidence 
of his workers, and his forcefulness inepired them. 
To the apprentice he was a guiding and stimulating 
influence. He had ever enjoyed good health ; only 
his intimate friends knew that he was for some 
months the subject of an internal complaint. He 
continued at work, however, until within a few 
days of the end, which came somewhat suddenly on 
the afternoon of the 5th inst., at his residence, West- 
wood, Wootton, Isle of Wight. He was interred at 
Whittingham Church on Monday last, when a large 
number of friends from London and other parts, 
and more than a thoueand of the workers, showed, by 
attending his funeral, their great sympathy with his 
widow in her bereavement. 








Execrric Iron-OrE SMELTING IN SWEDEN: ADDEN- 
puM.—In connection with the article on the above sub- 
ject, which cpqeeee’ on page 131 of our last issue, we 
are informed by Electro-Metals, Limited, of Union- 
court, Old Broad-street, London, E C., that the patents, 
for all foreign countries, of the furnaces dealt with are 
controlled by them. 





Tue SovurH-WesteRn Potytecunic InstitvTe.—The 
South-Western Polytechnic Institute, Manresa-road, 
Chelsea, London, 8.W., will reopen on September 27 for 
day and evening classes. The engineering courses include 
lectures in electrical and mechanical engineering, physics, 
chemistry, mathematics, and practical instruction in the 
fully-equipped laboratories of the institute. Students 
are prepared by recognised teachers of the University of 
London for the B.Sc. degree in engineering of the uni- 
versity, for the examinations fcr admission to the various 
engineering societies, and the examinations of the City 
ro Guilds of London Institute. The evening courses 
include, besides the engineering courses as above, also 


| Classes in electrical wiring, building construction, and 


other trade subjects. Arrangements have been made 
for placing students who have passed satisfactorily 
through the three years’ day course in positions with large 
engineering firms, and hitherto such firms have offered 
more vacancies than the institute has been able to fill 
with its students. The prospectus may be obtained on 
application to the engineering department. 





* See ENGINEERING, vol. xevi., pages 352 and 392, 
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INDUSTRIAL NOTES. 


Tue following is the award issued last Friday b 
the Committee on Production—a Committee whic 
consists of Sir George R. Askwith, Sir Francis J. 8. 
Hopwood, and Sir George S. Gibb—in regard to the 
application made by the Clyde engineers for an ad- 
vance in wages :— 

‘‘ The following finding is in respect of an applica- 
tion made to the North. West Engineering Employers’ 
Association by the Amalgamated Society of Engineers, 
the Steam- Engine Makers’ Society, the United Machine- 
Workers’ Association, and the Society of Amalga- 
mated Tool-Makers for an advance of wages of ld. per 
hour, or 4s. per week on time-rates, and 10 per cent. 
on piece-rates. The advance claimed is similar to 
the advance granted in accordance with the finding 
of the Committee on Production of March 23 last (see 
ENGINEERING, vol. xcix., page 361). 

“The matter was considered by the parties at a local 
conference on June 22 and at a central conference on 
July 9, but no settlement was arrived at, and it was 
agreed to refer the question to the Committee on Pro- 
duction for decision. Representatives of the parties 
were accordingly heard on July 30. 

‘‘ The Committee have given careful consideration 
to the arguments and statements of the respective 
representatives and to all the circumstances of the 
case, and their finding is that the workpeople’s repre- 
sentatives have failed to establish a claim for a further 
advance of wages over and above the advance given 
under the Committee’s finding of March 23 last.” 

The conference referred to, held in Glasgow on 
June 22 between local representatives of the Amalga- 
mated Society of Engineers and members of the North- 
West Engineering Trades Employers’ Association, 
failed to arrive atan agreement on a claim put forward 
by the Amalgamated Society of Engineers for an in- 
crease in wages. A central conference was then held 
at York, on July 9, to consider the claim for increased 
wages, and for an extra ld. per hour for work in con- 
fined places. This conference failed to arrive at an 
agreement, and the points in dispute were therefore 
left to be dealt with in accordance with the provisions 
of the Munitions of War Act. The final result is the 
above award. 

The Clyde engineers demanded an increase of 1d. per 
hour on their present majority rate of 94d., and also 
an all-round additional advance of 1d. per hour for 
men working in confined places. An increase of 1d. 
per hour had been conceded already to men working in 
certain enclosed spaces, but the engineers claimed that 
this advance should be general to all who were working 
in the places to which the demand applied. 

The strike which occurred at the beginning of the 
year in the Clyde area was the result of an application 
by the men (see ENGINEERING, vol. xcix., page 216) 
for a general advance of 2d. per hour on the rate exist- 
ing at the time, of 84d. per hour. The Committee on 
Production then granted the ‘‘ war advance” of 1d. 
per hour. 





Twenty-eight men, employed by Messrs. Lobnitz 
and Co., Renfrew, were charged on Monday before 
the Scottish Munitions Tribunal with taking part in 
a strike on July 31 and August 2. Professor Gloag, 
K.C., presided, and the assessors were Messrs. Robert 
Baird and John Brown, of the Coal-Masters’ Associa- 
tion and the Ironmoulders’ Society respectively. 

Mr. John Finlay, manager of the firm, stated that 
the men made a request to the foreman for an advance 
in wages of ls. perday. The foreman was not in a 
position to decide the men’s claim, the manager being 
abeent. Asa result, the men struck work. Accused 
were all doing Government work. 

Frank Gillon, assistant foreman, said he told the 
men the country imperatively needed the ships they 
were working at; they could not get this special 
type of vessel too soon, and that it would be better 
for the men to resume. 

The accused were found guilty, and a fine of 5s., 
with the alternative of five days’ imprisonment, was 
imposed on each. 





The following extract, which has been issued through 
the Press Assuciation, contains an appeal to miners 
and others :—Senator Herriot, Mayor of Lyons, writing 
in the Figaro, thanks the British Government for its 
efforts to ensure the normal output and transport of 
coal. In a fervent appeal for the solidarity of the 
British miners, Senator Herriot says: ‘‘Atthe prerent 
moment, when all the women of France are working 
making fuses and shells, I ask you British workmen 
to consent, in the common cause, to endure sacrifices 
lers great than those to which French workers have 
resigned themselves without a murmur.” 





On Monday Yast the Yorkshire Miners’ Association 
had before them an application made by the manage- 
ment of the Sharlston Colliery to be allowed to 
employ female Isbour at the screens. The Association 
disapproved of any further extension of female labour 





in mines, in accordanve with the report of the Coal 
Organisation Committee. 

t was reported, further, that nine or ten Belgian 
refugees were being employed at Barnsley Main 
Colliery. The Association endorsed the resolution 
of the Miners’ Federation that no Belgian should 
work underground, on account of the danger to them- 
selves and mine-workers generally. No objection was 
taken to Belgians working on the surface, providing 
they were paid trade-union wages. 





A meeting of the executive of the Miners’ Federa- 
tion of Great Britain was held last Tuesday at Black- 
oe to compile the agenda for the annual meeting at 

ottingham. 

The Northumberland resolutions ask for an increased 
number of sub-inepectors, taken from the ranks of the 
miners ; they also ask that royalties and wayleaves be 
transferred to the State ; that it be made compulsory 
on mine-owners to provide heating and ventilation 
for buildings at the surface; and that an eight-hour 
day for surface workers be pressed for. 





We are informed that the executive committee of 
the Amalgamated Union of Co-operative Employees 
announced last Monday their decision to withdraw the 
union’s affiliation to the Trade Unions Congress. The 
leading points in dispute relate to the admission of 
members of craft unions, and it is also felt that to 
continue to remain affiliated with the Congress would 
now jeopardise the status of the union. The execu- 
tive have refused to meet in joint conference, as pro- 
posed by the Parliamentary Committee of the Congress, 
on the ground that no useful purpose could be served 
by arranging such a meeting. 





The prospects of the British flint-glass industry is 
reviewed in the Liverpool Courier, which states that 
there is now a probability that this industry, which 
had practically become moribund, will be thoroughly 
resuscitated as one consequence of the war. The 
history of flint-glass making in Great Britain is a 
remarkable one, as showing how trades-unionism may 
kill an industry, and give foreign countries an oppor- 
tunity of securing e. Flint glass, as is well known, 
is chiefly associated with the manufacture of tumblers, 
lamp-glasses, lamp-shades, and the like, of which an 
enormous number are dis of in Great Britain, 
and this trade has for years been in the hands of the 
Germans and Austrians. Originally it was a Con- 
tinental trade, but the war of 1870 resulted in Great 
Britain acquiring a start in it on an extensive scale. 
The British were, however, unable to maintain their 
hold on account of the narrow-minded and short- 
sighted policy, it is alleged, of the Flint-Glass Blowers’ 
Society, which had established itself. When the 
trade was being developed the society did everthing 
it could to hamper and thwart progress. One of the 
principal grievances of employers against the men 
engaged in the industry was that by limitin 
the number of apprentices unduly, they suetanl 
a condition of things which caused skilled knowledge 
of the industry to die out. Another important matter 
was that as a consequence of the union preventing 
the introduction of machinery the Germans and 
Austrians, by using moulds for the production of the 
glass, so cheapened the output that they were en- 
abled to capture the British market. 

The Flint Glass-Workers’ Society has now decided 
to adopt a less inconsiderate policy ; to apply, at any 
rate, so long as the war lasts. It allows the use of 
moulds in the manufacture of flint-glass articles, and 
as @ consequence the few a British manufac- 
turers are beginning to see a silver lining to the heavy 
industrial clouds which have long darkened their view 
of things. In addition, through the Austrian and 
German trade being kept out because of the war, the 
home-made articles are not only monopolising the home 
market, which is a very great one, but are being suld 
at present at greatly enhanced prices. For instance, 
globes for incandescent mantles which before the war 
were sold to the trade at 9s. per dozen are now, as the 
Britiech product, fetching from 12s. to 15s. per dc zen. 
To what extent the British manufacturers are tem- 
porarily really profiting it is not possible to say ; still 
prices seem to indicate that they may, with the usual 
astuteness which characterises the British commercial 
man, place themselves in a sufficiently good position 
for meeting a renews! of Austrian and German com- 
petition on the conclusion of the war. 





We read in the American Machinist that a new 
organisation, known as ‘‘ Associated Industries,” an 
unincorporated body, has recently been formed by the 
manufacturers of New York State, principally in the 
vicinity of Buffalo. It is stated that ‘‘ Associated 
Industries ” is to have nothing whatever to do with 
the ordinary relations between employer and em- 

loyees. It is to go about its work, not in a high- 
meee but in a high-minded, way, seeking to obtain 
only that to which it is entitled, but expecting to have 
all that willingly conceded and granted. It is pro- 
posed first to learn what the laws and rules mean and 





require ; if there be doubt, to learn what construction 
the authorities place upon them. It is intended to 
keep members informed as to laws and rules 
and as to decisions. It is planned to furnish every pos- 
sible assistance to all those whose duty it is to make 
and enforce the laws and rules, also to work with 
them to the utmost, and to furnish such advice as 
— suggests. 

he programme of ‘‘Associated Industries ” adds the 
following :—‘‘The officials to whom we have referred 
are human. They will want to do right. They will 
want our perry. and it behoves the industries to 
give of it gladly and in a large measure. The laws to 
which we have referred as Labour Laws are laws passed 
in the interest of our employees; and while differences 
of opinion may come as to what is reasonable and fair, 
we should be able to agree with them on what is right 
and proper, and when this is accomplished, the in- 
terest of the public is secured. 

**To accomplish all this means the employment of 
men who are suited to the work by temperament, 
experience, and training. In addition to employing a 
secretary, there will be needed a man experienced in 
factory inspection, also technical and legal advice, and 
this ad vice will be available tothe general membership.” 

Our contemporary states in regard to the above that 
an association of broad-minded men who can realise 
that they are citizens as well as employers should be 
able to accomplish considerable good along the line 
= There has been in the past too much 

estructive criticism of so-called labour laws, and not 
enough suggestion as to how they might be improved. 





The month of June has not brought any material 
changes in the German labour market, and the degree 
of employment is pronounced to be satisfactory. In 
most industries the amount of the share they have 
in army contracts regulates the de of their em- 
oe pone Both the coal-mining onl the iron industry 
had plenty to do, as during the preceding month, 
and were, in spite of all exertions, unable fully to 
satisfy the demand. Also several branches of the 
machine industry, such as machine-tools and harvest- 
ing-machines, had many orders to execute, and 
only few branches within the machine industry, who 
have not been able to adapt their business to army 
requirements, were short of employment, or suffered 
from this cause. The textile tateetsion were less busy 
owing to a falling off in army contracts, All industries 
concerned in the making or packing of articles of food 
were very busy, whilst industries depending upon 
export, as the alkali and other chemical branches, 
naturally suffered. The degree of unemployment had 
steadily decreased since August, 1914, and this move 
was continued during the month of June. Of 998,563 
members of German trade unions, with regaid to 
whom reports had been received, 25,561, or 2.6 per 
cent., were out of employment, against 2 9 per ct nt. 
in May, and 2.5 per cent. in June, 1914. The position 
of lsbour, both male and female, varies not imma- 
terially in the different districts of the Empire. 





**Janr’s Ficutine Surps, 1915.”—It is a high compli- 
ment, but one well merited, that the British section 
been eliminated, at the request of the Admiralty, from 
this year’s edition of Mr. Fred T. Jane’s well-known 
book on fighting-ships, although the section has been 

rinted separately for the exclusive use of His Majesty’s 

vernment. The subscribers to the Annual can have a 
copy gratuitously of this British section when the war is 
over, so that their library of vol may conti Le) 
complete for the purpose of reference. As is well known, 
a great feature of Jane’s publication is that there are 
given silhouettes of each ship in each navy, distinctive 
identification differences being shown boldly, so that an 
officer on the bridge, or the submarine commander looking 
through his periscope, can at once determine with exact- 
ness which ship has come within his view. He may then 
turn up the detailed information regarding each shi 
which 1s set out and illustrated by elevations showing the 
armour, and by plans showing the disposition and calibres 
of the guns. The tabular information accompanying such 
plans and the photographs of each ship gives the dimer- 
sions and the qualities of offence and defence, as well as 
particulars of the machinery, speed, &. The information 
thus given is of great value to combatants, and it is for 
this reason that the Admiralty have, very wisely, vetoed 
the — of the silhouettes, plans, and —— of 
all British ships. Mr. Jane has obviously 





levoted great 
care to making the parsiculars of the ships of other navics 
as complete as possible, particularly those of Germany 
and Austria-Hungary, but it is inevitable that these are 
incomplete so far as applies to ships finished since the 
outbreak of war. Appended to the records of the respec- 
tive navies is an article on ‘‘ Historical Analogies and tha 
Naval War,” written by Mr. L. Cecil Jane, M.A., a well- 
known historian of Oxford. The editor points out in the 
preface that the article ‘‘is not merely an index tothe frame 
of mind behind German naval strategy and tactics as they 
exist to-day, but also a clue to possible developments on 
exactly the eame lines as the principles now being em- 
ployed with a certain definite ideal in view. It is the more 
valuable because it expresses no opinions, but merely 
records facts as they apply.” The work is published at 
2is. net by Messrs. Sampson Low, Marston and Oo., 
Ltd., Overy House, 100, Southwark-street, London, 8.E, 
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DISC-GRINDING MACHINE WITH MAGNETIC CHUCK. 
CONSTRUCTED BY THE NARRAGANSETT MACHINE COMPANY, PROVIDENCE, R.I., U.S.A. 





GRINDING MACHINES.—No. X. 
By Josern Horner. 

Tue illustrations, Figs. 138 to 141, on this page 
are those of a rather unusual design of machine, for 
grinding discs, piston-rings, collars, &c., employin, 
a magnetic chuck. Itis an adaptation of a universa 
machine so far as its essential mechanism is con- 
cerned, but the head is permanently set at right 
angles to the wheel instead of being adjustable from 
its normal position of an axis parallel with that of 
the wheel as in the piain and universal machines. 
The machine is shown by the photograph, Fig. 138, 
with which the detail drawings, Figs. 139 to 141, 
may be compared. It is manufactured by the 
Narragansett Machine Company, of Providence, 
Rhode Island, U.S.A. 

The work-head, Fig. 139, has a swivel movement 
to 30 deg. each sice of its centre to permit of 
grinding concave articles, as saws or milling-cutters, 
and also convex pieces. It is set at the zero posi- 
tion for flat work by a taper pin. The wheel-head, 
Figs. 140 and 141, is traversed with the sliding- 
table on which it is mounted. The traverse feed is 
automatic, with reverse, and the cross feed of the 
wheel is either by hand or automatic, with an ad- 
justable stop for sizing duplicate pieces. The 
machine is fitted for dry or wet grinding, and is 
mounted on a cabinet base resting on three feet, 
and fitted with shelves for small tools. 

The magnetic chuck is threaded to the spindle, 
Fig. 139, the head of which is carried on the cross- 
slide. The spindle, hardened, runs in phosphor- 
bronze bearings, which are tapered cones with ad- 
justments for wear. Its pulley is driven from a 
countershaft constantly running, the spindle being 
started and stopped by the hand-lever A, seen also 
at the left of the photograph in Fig. 138 A clutch 
B, keyed on the spindle, makes or breaks the con- 
nection, the expanding ring being pushed outwards 
by the movement of the sliding-collar C which 
carries the push-pin projecting into the body of the 
clutch. 

In the wheel-spindle, seen in Figs. 140 and 141, 
the same general design is adopted as in the work- 
spindle, there being cone bearings of phosphor- 
bronze with provision for taking up wear. The 
bearings are protected everywhere. The massive 
character of the head will be observed. The fitting 
of the wheel-head to the bed along which it 
traverses is seen in Fig. 140; there is a flat and 
a V, with roller lubrication, and protection is 
afforded to the ways by the overhanging of the slide 
(compare also with the phctograph, Fig. 138). 

The mechanism for the traverse of the wheel- 
head and the cross feed of the work-head are 
operated from the front (see Fig. 138); the large 


hand-wheel below to the left being for traverse, | 


the smaller one to the right for the cross feed. The 
automatic traverse is reversed by the adjustable 


dogs, seen in the photograph, striking the reversing- | 


lever. Three changes of travel are provided with 
gears, giving 0.093 in., 0.154 in., and 0.225 in. per 
revolution of the wheel-spindle. These are avail- 
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able for any 
work speed. The 
cross feed of the 
work-head by the 
hand - wheel is 
graduated to read 
in thousandths of 
an inch. The 
automatic feed is 
set in motion by 
turning a knob. 
It indicates quar- 
ter - thousandths 
on the work. 
Although the 
machines of high 
precision ap- 
peared a few 
years ago to be 
destined to 
eclipse the 
rougher classes | 
of non-precision 
grinders, that | 
anticipation has 
not been fulfilled. 
The original ty 
of this class is the 
bench - grinders, 
which typeoccurs 
in various de- 
signs, both single 
and double- 
headed. Later 
came the disc- 
grinders, the 
growth of which 
has been pheno- 
menal. In these, 
sheets of abrasive 
cloth or paper 
are cemented on 
metal face-plates 
and renewed as 
they wear. These 
machines now ap- 
propriate an im- 
mense volume of 
surface work, for 
which noneof the 
older machines 
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7/7/7777 | machines, and from the milling-machines; and 
' Z, ly i | there are also many articles which are not included 

, mn fet: iu KAS | in the regular engineering trades. The disc grind- 
made any provi- \db: ae WT | ing-machines are now as highly specialised as are 
sion. In alimited  j44g3.2) O)S : | those of any other group. The surfacing grinders, 
degree many of y F ‘already described, using magnetic chucks, have 
these are precision machines—that is, the work-| now entered largely into the field, but the work 
tables can be set at definite angles, and fixtures | done in these is mostly of a higher grade in regard 
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can be bolted to them to hold work, and often) both to finish and precision. One of the advan- 
provision is made for duplicating by micrometric | tages of the disc machines is that work is easily 


|measurements. All the high-class mechanical details | ground with faces at right, or at any, angle by the 


of wheel-spindles which are now expected in the| use of tilting-tables, and fences fitted with pro- 
best machines are embodied in the best of these. | tractors. The oscillation of the tables around their 
The result is that there goes to these machines a| shafts provides the equivalent of traverse between 
| constantly ey ! volume of work which is taken | the table and wheel. The counterbalancing of the 
laway from the lathes, from the reciprocating-' tables renders their movements easy. Different 
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DISC-GRINDING MACHINES. 
CONSTRUCTED BY MESSRS. ROBERTS BROTHERS, ENGINEERS, DUKINFIELD, MANCHESTER. 









































































































































Fig. 143. 





grades of grinding material are used on discs. The 
tendency now is to divide work between coarse and 
fine grades, or, if finish is of little importance, to 
use the coarsest grade consistent with the finish 
desired, The coarser es require more pressure 
on the work than the finer do, so that hand-feeding 
is inefficient and the lever-feed is better. Opposite 
sides of a disc may be covered with different grades. 
The spindles of the disc grinders are long, and are 
subjected to end-thrust in both directions—two 
facts which are reflected in the numerous designs. 
The bearings are of great length, and the end- 
thrust is taken against the ends of one bearing 
only, leaving the other end of the spindle free to 
expand. he truth of the discs is secured by 
screwing them to large disc-collars. 

A very massive machine by Messrs. Roberts 
Brothers, of Dukinfield, Manchester, is shown by 
Figs. 142 and 143, on this page. Its discs are 
40 in. in diameter, and make 800 revolutions per 
minute ; its tables measure 24 in. by 16 in., and its 
weight is 55 cwt. The tables A are carried on cast- 
ings B, sliding on two horizontal spindles O, C 
which pass through the base, and along which they 
are adjustable and clamped with set-screws a, a. 
The tables are fed inwards with hand-wheels D 
and sérews. They have a cross feed of 6 in., with 
a rack and pinion by the lever E, and are provided 
with T slots for holding work. 

This drawing, Fig. 142, shows very well the con- 
struction of the spindle-bearings which is adopted 
in all these machines. The bearings are of gun- 
metal, protected from ingress of dust at the ends 
by the fitting of the bosses of the discs and the 
pulley. The oil is carried up from the well by a 
dise to a distributor b, above which it flows on to 
and along a convex surface, and down to oil-holes 
along the bearing, and so back to the well. 

A 20-in. machine by the same firm, Figs. 144 and 
145, annexed, includes provision for feeding in the 
tables by micrometric measurements, with a screw 
and a disc graduated into thousandths, seen at 
A, A. The cross feed of 3 in. is by the movement 
of a lever B. Both tables have vertical adjustment 
by the lever C and worm and wheel-feed, to 4 in. 
below and 6 in. above the centre of the disc. The 
right-hand table is set square on its estal, the 
left-hand one swivels in a vertical plane, with a 
stop a, for setting it square, and an adjustable 
work-gauge, Figs. 146 and 147. 

Disc-grinding generates much heat. Yet it must 
be done dry, because the abrasive discs cemented 
on will not withstand water. A ring-wheel chuck 
is therefore often used to supplement the disc 
form, because it heats less than the latter. Water 
can be used with this. 

Figs. 148 and 149, annexed, represent a machine 
which carries a 24-in, disc at one end and a ring- 
wheel at the other. The latter is interchangeable 
with steel discs. Water supply is not fitted to the 
ring, because it is most generally used for removing 
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the hard scale on forgings, and also sometimes 
when a rather large amount of material has to be 
removed. The table at the right is always fixed 
squarely in relation to the face of the disc; the 
other tilts for angular work, with an adjustable 
stop a for setting it dead square when desired. 
The table on the right has vertical adjustment by 
worm and wheel at A, operated by a hand-lever, 


giving a range of 4 in. below and 6 in. above the |}, 


centre of the disc. It has a feed-motion towards 
the wheel by the hand-wheel B, and a cross- 
traverse movement by the lever C and a rack and 
pinion. In the lighter machines the cross-traverse 
is by a lever and link. 

The double-spindle type of disc-grinder is now 
employed extensively. tte advantages lie in the 
simultaneous grinding of parallel faces with ready 
adjustment to suit different thicknesses and the 
micrometric accuracy of results. It is suitable for 
nuts, washers, wrenches, thrust-collars, parts of 
machine elements, &. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 28. 

Tue stream of war orders continues to grow in 
volume, and at an average of 1 dol. to 2 dols. per ton 
over domestic prices. Inquiries from abroad are 
also increasing for shells, shrapnel, crude steel, and 
railway material. It is reported that the German 
Government is offering 30 dols. each for 2,000,000 
rifles to the Carbon and to the Crucible Steel Com- 

nies, Pittsburg. An inquiry is under consideration 
or 400,000 tons uf steel bars for war purposes. Several 
orders of minor tonnage were placed this week. Wire- 
mills are working double time, and are not taking 
all the business offered. In consequence of the heavy 
demand, billets and bars have advanced 2.50 dols. per 
ton ; the Steel Corporation is operating over 90 per 
cent. ingot capacity, and many additional furnaces will 
soon put in blast in various parts of the country. 
Large tonnages of basic have been placed this week. 

Foundries and engineering plants have just pre- 
sented inguiries for considerable quantities of pig- 
iron ; specifications against orders placed earlier in the 
year are coming in. Galvanised iron is high, but 
spelter is cautiously purchased, fearing a slump. 
Sheet-mills are now crowded to capacity. Rail-mills 
are running on other war inaterial. The Steel Cor- 
poration is likely to have a competitor in the shape of 
a combination made up of all independent concerns 
that may form a merger, and have a round aggregate 
capital stock of 540 million dollars outside of the 
Jones and Laughlin’s plant. Its capacity would repre- 
sent 10 million tons of steel annually, as compared 
to 12 million tons in the Trust. This proposed merger 
announcement is made on the strength of undenied 
rumours. Legal entanglements are cleared up as 
regards the position of such a merger before the law. 
The present trade outlook has improved in a week. 
Mill capacity will soon be absorbed ; how future war 
orders can be filled as fast as material may be wanted 
is a problem. Railroads do not buy much, but car- 
builders report marked activity from domestic and 
European sources. Latest crop reports grow in inm- 
portance as to volume of products. Harvesting is 
sweeping northward from Texas to Canada; in that 
country crops are very large. 








IMPURITIES IN PLatTinum Uvensits.—The chemist 
considers platinum as the most noble metal which 
will stand heat and most acids though it is attacked 
by fused alkalies and salts. Some tests carried out at 
the Bureau of Standards by Messrs. G. R. Burgess and 
P. D. Sale show, however, that the common impurities 
in platinum, consisting of other metals of the platinum 
group, may cause significant losses when platinum 
utensils are heated for long periods. These impurities 
are chiefly iridium and rhodium. Both stiffen the 
platinum, which in its pure state is rather soft. Platinum 
crucibles may contain 2 per cent, and even more, of 
iridium ; in dishes and miscellaneous utensils the iridium 
contents may rise to 25 per cent. The iridium slowly 
volatilises from the hot metal. Rhodium is less objec- 
tionable; 3 or 5 per cent. of rhodium in platinum 
crucibles are, indeed, considered an advantageous addi- 
tion to the platinum ; when more rhodium is present the 
platinum is apt to crack. The presence of iron dimi- 
nishes the heat losses, but is objectionable, because the 
iron oxides remain soluble in acids. The heat loss from 
164 various iron-free crucibles tested amounted to from 
07 to 2.7 milligrammes per 100 sq. om. of platinum 
surface per hour at 1200 deg. Cent. The tests were partly 
made by the thermo-electric method, which consists in 
making the platinum crucible, &c., one of the elements 
of the thermo-couple. The electromotive force of the 
impure platinum against pure —— should lie be- 
tween 5 and 8 millivolts at 1100 . Cent. Microscopic 
and magnetic tests also gave some clue as to the probable 
behaviour of the platinum. The loss of weight from 
heated platinum utensils is not confined to the first ooca- 
sions when the metal is heated and washed in acids, but 
continues for long periods of use. 





MUNITIONS INVENTIONS COMMITTEE. 


Tue Minister of Munitions has constituted a Munitions 
Inventions Branch of the Ministry, and has ——— 
as Comptroller Mr. E. W. Moir, Inst. C.E., M. Am 
Soc. C. The branch, which for the present is located 
in Armament Buildings, Whitehall-place, will have the 
duty of considering projects for inventions relating to 
munitions for warfare on land, or matters —T 
thereto. The Comptroller and staff of the branch wi 
assisted in their work of examination, and, if thought 
necessary, in the investigation and development of any 
—-* that may be considered worthy of being deve- 
oped, by a panel of honorary scientific and other —— 

The following gentlemen have accepted Mr. Lloyd 
George’s invitation to act on this panel :— 


Colonel Goold Adams. 

Mr. Horace Darwin, F.R.S. 

Mr. Macdougal Duckham. 

Mr. W. Duddell, F.R.S. 

Mr. Sebastian Z. de Ferranti, D.Sc. 
Professor Glazebrook, F.R.S. 

Sir Robert Hadfield, F.R.S. 
Professor J. S. Haldane, F R.S. 
Colonel N. B. Heffernan. 

Sir Alexander Kennedy, F.R.S. 
Mr. F. W. Lanchester. 

Professor A. P. Laurie, M.A., D.Sc. 
Professor Vivian Lewes, M.A. 

Mr. Michael Longridge. 

Mr. W. H. Maw, M. ‘inst. C.E. 

Sir Hiram Maxim. 

Captain Moore, R.N. 

Sir Henry Norman, M.P. 

Mr. F. G. Ogilvie, C.B. 
Major-General G. K. Scott-Moncrieff. 
Mr. Wilfrid Stokes. 

Mr. James Swinburne, F.RS. 

Sir Joseph John Thomson, F.R.S. 
Mr. A. J. Walter, K.C. 

Mr. ©. J. Wilson. 


All communications should be addressed to the Comp- 
troller at the above address. 





Tuk Batkan RatLways.—According to the report 
for 1914 of the working company of the Oriental rail- 
ways the great war hus had a serious effect upon the 
affairs of the company. The settlement of important 
industrial and financial questions, arising from the 
Balkan wars, and which were to have been solved by the 
Paris finance conference, has, first and foremost, been 
postponed sine die. The negotiations which had been 
started with the Servian Government and carried toa 
certain point could not be completed, and the company 
is still being kept out of the working of the 370 km. 
section within Servian territory. After the conclusion of 
the several Balkan peace treaties the length of line worked 
was reduced to 583 km., to which must be added the 
45 km. branch line Aljmllu-Kirkilisse. The aggregate gross 
receipts of this branch line amounted to 12,910.00 francs, 
against 13,310,000 francs the previous year. On account 
of the Balkan wars the districts through which the com- 
pany’s lines passed had suffered much, and the popula- 
tion had materially decreased, which conditions affected 
the receipts. On the other hand, the receipts improved 
on the eastern section, when the Dardanelles were closed 
for shipping on September 27, and competition thereby 
ceased. The company refrains from giving certain traffic 

rticulars on account of the abnormal conditions, 

ut a few — have been published, with refer- 
ence to which it should be borne in mind that 
during more than half of the year 1913 only 112 km. 
were being worked, against 583 km. in 1914. The 
passenger traffic, exclusive of troop transports, amounted 
to 6,505,972 persons, against 5,495,976 persons; the cattle 
transport to 2178 wagons, against 311 wagons ; the goods 
transport to 325,114 tons, against 134,915 tons, exclusive 
of military transports. The receipts, inclusive of military 
service, amounted to 6,310,000 francs on the passenger 
traffic, and 6,370,000 francs on the goods traffic. The 
closing of the Dardanelles caused material alterations in 
the harbour traffic. As far as Constantinople was con- 
cerned, there was a decrease im the outgoing traffic from 
235,882 tons to 141,488 tons, or 40.01 per cent., whilst the 
ingoing traffic increase was from 24,718 tons to 68,712 tons, 
or 177 per cent. The barbour of Dedeagatch showed a 
qmtecet | increase in traffic in both directions, outgoin 
from 8186 tons to 38,684 tons, or 372.5 per cent., an 
ingoing from 8131 tons to 39,520 tons, or 386 per cent. 
The ordinary expenses amounted to 6,500,000 francs, 
against 5,060,000 francs. Extraordinary expenses receded 
from 1,090,000 francs to 1,030,000 francs. The two 
large railway bridges over the Maritza at Kuleliburgas, 
which were commenced in the year 1911, were put 
into use in December. The dividend was fixed at 5 per 
cent., no reserves whatever being added, and not in 
francs, but in Turkish pounds. The Salonika-Monastir 
railway, through Greek and Servian territory, was worked 
regularly, but the receipts receded from 4,330,000 francs 
to 2,610,000 francs. he net revenue per kilometre 
was francs, and as the same did not reach the 
guaranteed 14,300 francs per km., the company has to 
claim a balance of 498,051 francs. The preference shares 
will get a dividend of 5 per cent., against 6 per cent. for 
the previous year, when the ordinary shareholders 
obtained a dividend of 24 per cent. The debentures have 
been reduced from 60,000,000 francs to 56,790,000 francs. 
The line Babneski-Kirkilisse was, for the first time, open 
for traffic throughout the year. To make up shortage of 
_ profits, the Government had to contribute 201,276 
rancs. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—On Thursday morning busi- 


| mess was slack in the pig-iron warrant market, the trans- 


actions amounting only to 2000 tons, which changed 
hands at 66s. 3d. cash, this being the closing sellers’ 
price, with one month at 66s. 74d. A better tone prevailed 
in the afternoon, but the dealings were restricted to a 
small lot of 500 tons, which realised 66s. 44d. cash. An 
advance of $d. per ton on this price was the closing 
sellers’ figure, and _- per ton was Fs ay on forward 
account, to 66s. 10d. one month. Prices Soages on 
Friday morning again, and cash iron was offered down 
to 66s. 04d. per ton, _—_ at the close of the session 
things s ied a little, and closing sellers were quoted 
66s. 24d. per ton cash and 663. 74d. one month. The 
transactions amounted to 1000 tons. In the afternoon 
a slight improvement took place, and 1000 tons were 
dealt in at 66s. 1d. per ton seven days and 66s. 2d. six 
days. Closing sellers were quoted 66s. 2d. per ton cash 
and 66s. 7d. one month. Monday morning’s transactions 
included 1500 tons of Cleveland warrants, which changed 
hands at former prices, and 67s. 6d. three months. At 
the close cash sellers were quoted 66s. 6d. and one month 
at 67s. 10d. A drop of 14d. per ton on these figures was 
recorded in the afternoon, when practically no business 
was done, prices otherwise remaining unchanged. Yester- 
day dulness still prevailed in the iron market, and one 
Cleveland warrant was dealt in at 66s. 3d. cash. The 
quotations for closing sellers were 66s. 4d. per ton cash 
and 66s. 9d. one month. Dead idleness characterised 
the afternoon session, and at the close prices had eased 
off $d. per ton. This unsatisfactory condition continued 
this morning and another 4d. ton was added to the 
closing sellers’ prices. The afternoon session was still 
worse, no business being done, while prices went back 
1d. to 2d. per ton, with sellers at the close 2d. down from 
the morning. 


Scotch Steel Trade.—It is alike interesting and satis- 
factory to know that the works engaged in the production 
of munitions of war are as busy as it is possible for them 
to be, and so far as can be seen there is not the least 
likelihood of any falling-off in the output so long as the 
urgent necessity exists. This activity has been arrived 
at, and will be maintained, mainly through the exertions 
of the committees charged with the organisation and 
concentration of the available sources of supply, and 
every effort is being put forward to keep things running 
as smoothly and as expeditiously as possible. It is not 
advisable that details should be given meantime; but 
when the story of the West of Scotland’s share in 
the work required by the War Office and the Ad- 
miralty, as well as by the Governments of the Allies, 
comes to be told, there will be considerable surprise 
at the variety and the magnitude of the orders placed. 
Steel plates and sections for submarines and de- 
stroyers are much in demand, and so also are steel bars 
for shell-making. Heavy plates are not much wanted at 
the moment, but thin sheets are in constant requisition. 
Although the export trade is still a very minor quantity, 
some good orders have been booked within the past week 
or so, but the greatest uncertainty as to delivery still 
prevails, the consequence being that it is almost impos- 
sible for the manufacturers to fulfil their promises. 
Although unchanged, prices keep firm, and a further rise 
is expected in the very near future; but even as it is 
there is no difficulty in getting whatever is asked. Every- 
thing possible is being done to meet the requirements of 
private customers, but, fortunately, none of these have 
stood in the way when Government orders were in ques- 
tion. The current quotations for boiler-plates for Glas- 
gow or equal delivery still run from 10J. 5s. to 10/. 10s. 
per ton; ship-plates for similar delivery, 9/. 10s. to 
91. 15s. ; and angles, for which there is excellent de- 
mand, are round about 9/. 15s. per ton—all less the usual 
5 per cent. discount. 


Malleable-Iron Trade.—Although the makers of malle- 
able iron have not so many Government orders on hand 
as the steel-makers, there is still a great demand for this 
class of work, and the mills are continuously employed, 
the output being alike large and incessant. At the 
moment the supplies of raw material are coming to hand 
better and more regularly than was the case some little 
time ago; nevertheless, it is with the utmost difficulty 
that the manufacturers are being enabled to meet the 
demands both of public and private consumers. ‘‘ Crown 
birs for prompt delivery, Glasgow or equal, run to about 
11/. per ton, less the usual 5 per cent. discount, while for 
net export 10/. 10s. per ton is quoted. 


Glasgow Pig-Iron Trade.—In consequence of the heavy 
demand for finished iron and steel, the local pig-iron 
trade continues on a most satisfactory basis, with good 
prices ruling. No improvement has yet taken place in 
connection with the export trade, nor is there the 
slightest chance of any alteration so long as hostilities last. 
Steady prices still prevail for makers’ (No. 1) iron, the 
current quotations being :—Clyde, Calder, Gartsherrie, 
Summerlee, and Langloan, 85s. per ton (all shipped at 
Glasgow); Eglinton, 80s., and Glengarnock, 86s. (both 
at Ardrossan); Dalmellington, 81s. (at Ayr); Shotts, 55s., 
and Carron, 86s. (both at Leith). 

Week-End Munition Workers.—At the end of last week 
an intimation was issued by the Glasgow District of the 
Amalgamated Society of Engineers calli for 1000 
members of the society to volunteer to take the place at 
the week-end of the men who have been engaged on 
munitions work for many months, in most cases without 
a break. It was pointed out that all classes of skilled 
workers were required to relieve those upon whom the 
strain has fallen very severely. The committee have 
aimed at regulating the available labour in such manner 
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that the men suffering from overstrain might have an 
opportunity of obtaining a necessary rest. So far the 
response has been most satisfactory, somewhere about 
400 men having offered their services. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—Compared with July, 1914, the 
coal traffic through Hull last nonth decreased by 294,096 
tons to 467,917 tons. The total imports for the seven 
months were 2,843,863 tons, against 3,885,596 tons in 1914. 
Exports during the month totalled 283,733 tons, against 
454,736 tons in July, 1914, while the total sent overseas 
during the seven months engregated 1,391,498 tons, com- 
pared with 2,056,430 tons for the corresponding period 
of last year.. France was by far the largest customer, 
Daring the month her imports reached the record 
total of 224,929 tons, as com with 32,246 tons 
in July, 1914, or nearly seven times that quantity, while 
for the six months her takings totalled 871,274 tons, 
against 242,501 tons for the corresponding period last 
year. Trade was down with every country except 

rance. The export figures in each case are exclusive of 
coal shipped for Admiralty purposes. 


South Yorkshire Coal Trade.—The house-coal demand 
has improved. The position at the dépéts is more satis- 
factory, and as gas companies are calling for larger sup- 
plies, the collieries are kept fairly busy. The hard-steam 
market is not 60 8 Recent legislation has been 
responsible for further weakness in the export section, 
but the home demand continues good. Works and rail- 
way companies are taking full supplies. a supplies 
of slacks are available, but prices are very firm. There 
has been some little set- in the coke position, which, 
for the moment, is not so strong. A contributory cause 
was that the coke-producing plants were at work right 
through the August holiday, whereas many of the works 
were idle. Quotations:—Best branch hand-picked, 20s. 
to 21s.; Barnsley best Silkstone, 17s. 6d. to 18s. 6d.; 
Derbyshire best brights, 17s. 6d. to 18s. 6d.; Derbyshire 
house, 15s. to 16s. ; best large nuts, 14s. 6d. to 15s. 6d.; 
small nuts, 14s. to 15s.; Yorkshire hards, 16s. to 17s. ; 
Derbyshire bards, 16s. to 17s. ; best slacks, 11s. to 12s.; 
seconds, 9s. 6d. to 10s.; smalls, 8s. to 9s. 


Iron and Steel.—By way of a change it is pleasing to 
report an improvement in the South Yorkshire pig-iron 
position. The demand is by no means strong, but current 
requirements are sufficient to absorb practically the whole 
of the production. Makers have taken full advantage of the 
easing of the coke market. So far as hematite is concerned, 
the positionis pretty much the same. Consumption is lar, 
and tends to increase with the extension of facilities for 
output in the manufacturing trades. West Coast prices 
are firm at unchanged rates. East Coast prices are not 
so steady. Producers appear willing to concede several 
shillings on market values to tempt buyers, and 106s. 3d. 
delivered at Sheffield is considered a good price for mixed 
numbers. Since the holiday there has been a large influx 
of commercial business. arming and mining tools, 
machinery parts, twist-drills, and all kinds of steel are 
asked for on export account, but many customers have 
been referred elsewhere for supplies. ore than ever is 
output mortgaged for war purposes. It is doubtful 
whether 10 per cent. (some authorities put it at as low as 
5 percent.) of the total production is available for ordinary 
business, and while manufacturers are anxious to assist 
the Allies’ cause to the best of their ability, they are natu- 
rally wondering how many of their old customers will be 
permanently lost to them. Plant extensions are being 

ushed in order that the c o- ure on output may 

more widely distributed. ny more houses have 
been demolished. One of the extensions to a munitions 
establishment will form one of the largest shops in the 
district), A more serious view is being taken of works 
absenteeism. Several cases have transpired of mills 
ep on Government work being set down for whole 
days owing to the absence of one or two men, and 
slackers are now being systematically prosecuted. Steel- 
billet prices are again in the ascendant, there being a 
smaller quantity of American material available for local 
use. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBroucH, W. 
The Cleveland Iron Trade.—The Cleveland 
trade shows very little movement. Buyers and are 
agreeing rather more readily as to values, with the result 
that operations are expanding. On the North-East Coast, 
of the 65 blast-furnaces in operation, only 30 are manu- 
facturing Cleveland pig, and the total output falls rather 
short of meeting current requirements. erchants are 
selling No. 3 g.m.b. at 66s. 9d., at which figure to 67s. a 
fair amount of tecdnaes has been put through this week. 
Some of the makers are inclined to entertain offers at a 
little above 67s., but most producers ask at least 68s., and 
declare that even that price does not cover cost of output. 
No. 1, which is still exceedingly scarce, has sold at as much 
as 72s. 6d., but some regular users intimate that rather 
than pay so high a rate they were purchasing No. 3 to 
take the place of the superior quality. No. 4 foundry is 
steady and firm at 66s. 3d., No. 4 forge is 65s. 9d., and 
mottled and white iron are each put at 65s. 3d.; but next 
_ to no mottled and white iron is being turned out just now. 


Hematite Pig-Iron.—Good inquiries both on home and 
foreign account are re for East Coast hematite pig. 
More business with ffield is confidently looked for, 
and further sales to Italy are assured. The overdue de- 
liveries to Italy are receiving attention and considerable 


aay. 
ig-iron 





have already been despatched amongst general ' 


cargo on ships for Japan to be delivered en route. Such 
despatches are not included in the official pig-iron ship- 
ment returns until the end of the month. Purchases of 
Nos. 1, 2 and 3 are still possible from second hands at 
97s. 6d., but most makers ask round about 100s. The 
damping down of a furnace at the Tudhoe works of the 
Ww i@ Company has reduced the number making 
hematite on the North-East Coast to 24. 


Foreign Ore.—The foreign-ore trade is featureless. 
Consumers have large stocks, and will not oe | except 
for delivery over the back end of the year, and sellers, 
in view of freight difficulties in the autumn and winter, 
will not commit themselves ahead to any extent. Market 
rates remain nominally on the basis of 26s. wae Tees 
for Rubio of 50 per cent. quality. ae of foreign 
ore to the Tees to date this month are officially returned 
at 60,414 tons. 


Stocks and Shipments of Pig-Iron.—The statistical 
state of the pig-iron trade, already satisfactory. is being 
steadily strengthened by reduction of stocks, withdrawals 
being recorded both from makers’ yards and from the 

ublic warrant stores. To what extent makers’ stocks are 
— is not ascertainable, but recent withdrawals are 
stated to have been fairly heavy. The quantity of iron 
held in the public warrant stores now stands at 141,836 
tons, all of which is No. 3 quality, the withdrawals to 
date this month totalling 2584 tons. August shipments of 
pig-iron from the Tees are not up to expectation, but 
improvement is confidently looked for. To date the 
clearances average 1243 tons per working day, the total 
despatches amounting to 11,183 tons. To the same date 
last month the loadings reached 17,811 tons, or a daily 
average of 2967 tons, and for the corresponding part of 
August last year the shipments were officially returned at 
=v 8234 tons, or an average of 1030 

y: 

Manufactured Iron and Steel.—In nearly all branches 
of the finished iron and steel industries manufacturers 
are increasingly busy on Government work, and quota- 
tions are very firm. A fall of 2/. 10s., however, has 
occurred in the price of galvanised sheets, a drop in 
spelter having enabled sheet producers to make the 
reduction. Common iron bars are 11l.; best bars, 
111. 7s. 6d. ; best best bars, 11/. 15s. ; packing iron, 8/. ; 
iron ship-plates, 10/.; iron ship-angles, 11/.; iron ship- 
rivets, 13/. 10s.; steel bars (basic), 107. 15s.; steel bars 
(Siemens), 11/. 15s. ; steel ship-plates, 10/.; steel ship- 
angles, 9/. 15s.; steel “> 10. 5s.; steel hoops, 10/7. 10s. ; 
and steel joists, 9/. 17s. 6d.—all less the customary 24 per 
cent. discount. Steel railway sleepersare 107. ; and heavy 
steel rails, 91.—both net. Iron and steel galvanised corru- 
gated sheets, 24 gauge, in bundles, are 20/. f.o.b.—less 
the usual 4 per cent. Ordinary commercial orders are 
practically unplaceable, but any odd lots that can be 
offered command above fixed market quotations. 


Furnace Coke.—Rather large contracts for furnace 
coke for local consumption are understood to have been 
arranged recently, but it is very difficult definitely to 
ascertain values. There are sellers of Durham blast- 
furnace coke of average quality at 27s. 6d. to 28s. 
delivered at Tees-side works. 


tons per working 





Go.p in AvusTrRALIA.—In a recent despatch, Mr. Ash- 
mead Bartlett, describing the work of the Australian 
forces in the Dardanelles, referred to an incident in which 
one of the soldiers who had been a gold-miner in Western 
Australia, had continued digging because he thought 
the country ‘‘ looked like Western Australia, and was 
sure to contain gold.” Heactually found traces of gold. 





Russian NaPpHTHA.—The aggregate production of the 
four old Baku concerns amounted in June of the present 
year to 34,259,000 poods, against 35,524,000 poods for the 
preceding month, and 7,900,000 poods in June, 1914. 
The small production during June, last year, was the 
result of a large strike on the part of the men. The out- 
put, apart from this temporary decrease, has not varied 
much for the first six months of the last four years, as 
will appear from the —— figures :—1912, 204,400,000 
poods ; 1913, 203,600, poods ; 1914, 182,600,000 poods ; 
1915, 207,900,000 poods. 





EXTENSION OF IRRIGATION IN AUSTRALIA.—The success 
which has already attended the irrigation schemes in 
Australia has encouraged the various Governments to 
extend the areas under irrigation. In South Australia 
there is considerable activity since the work of locking 
the River Murray began. he Minister controlling this 
work recently inspected some of the irrigation settle- 
ments. § Ling of Renmark, where the annual produc- 
tion from 5200 acres is estimated at 135,000/., the Com- 
missioner said that he was pleased to note the continued 
progress of this famous settlement, the orange crops 
particularly impressing him as a striking object-lesson 
of the bilities of intense cultivation under irrigation. 
At a few miles above Renmark, a scheme for 
the creation of an extensive settlement is now bein 
carried out, and ae to 25,000 acres wi 
be capable of irrigation. splendid land in this 
vicinity, and the low lift required, certainly mark it as 
one of the areas that will be settled as soon as the locki 
of the river makes it a safe proposition. Berri an 
Cobdogla, which are destined to play an important réle 
in the plan of settlement, were also visited. The former 
has an irrigable area of about 9000 acres, of which 3043 
have y been allotted, and Cobdogla, which is the 
largest area the Government has up to the present 
° ted upon, has a total acreage of 141,000 acres, of 
which surveys to date have revealed 30,000 acres as first- 
class irrigable land. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has been affected by the 
uncertainty of the situation created by recent Govern- 
ment export prohibitions together with increasing out- 
puts; this has enabled Admiralty and other requirements 
to be met more readily, and more coal has been left for 
disposal upon the open market. Buyers have urged that 
there will be a decline in prices both for and small 
coal, and they have, accordingly, cove only their 
immediate requirements. Upon the whole there has 
been little change in prices. The best Admiralty large 
steam-coal has been, to some extent, nominal ; secondary 
qualities have ranged from 30s. to 3ls.; 
smalls, from 21s. 6d. to 22s, 6d.; and 

18s. to 19s. per ton. The best household coal has been 
nominal ; No. 2 Rhondda large has brought 26s. to 27s.; 
and No. 2 smalls have realised 18s. 6d. to 19s. per von. 
The latest quotation for patent fuel has been 35s. to 36s. 
per ton. ial foundry coke has brought 42s. 6d. to 
4hs.; good foundry coke, 38s. to 42s.; and furnace coke, 
30s. to 35s. per ton. As regards iron ore, Rubio has been 
quoted at 24s. to 25s. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


_ Future Ccal Supplies.—A meeting ab Swansea of col- 
liery owners and their sales agents has formed a com- 
mittee to deal with the general question of coal supply. 
Some sixty owners were represented, and every desire 
was chown that an adequate supply of coal for industries 
and home consumers should be maintained. There has 
been a good deal of discussion at Cardiff with respect to 
the new Government order prohibiting exports of coal 
to allied countries except under licences. The new order 
will entail extra trouble, as exporters will have to obtain 
licences before shipment. This will prevent advantage 
being taken of special opportunities, and it is considered 
probable that stocks will accumulate. 


Ccal-Tips for Barry.—The first of the new tips which 
have been under construction for some time at Bar 
Dock have been opened for traffic, the steamship Shef- 
field being loaded there by Messrs. Cory Brothers and 
Uo. The tips are of two kinds—viz., fixed and movable, 
and they are so arranged that it is possible to have at 
least two tips working into a ship at the same time. 
They have been designed to deal with wagons of 20 tons 
capacity, giving a load on the cradle of 30 tons, 
and with this load they will lift at the rate of 180 ft. per 
minute to a height of 60 ft., so that the largest ships can 
be easily loaded or bunkered. The cylinders are so 
arraD that if it is not necessary to lift a 20-ton wagon, 
ordinary 10 and 12-ton wagons may be dealt with at the 
same speeds. Each tip has a 5-ton anti-breakage crane 
fitted with the company’s special design of anti-breakage 
box. The tips were designed and constructed by ‘Se 
W. G. Armstrong, Whitworth and Co., Limited. 


Welsh Trade Matters.—The damage sustained at a 
recent fire at the works of the Ebbw Vale Steel, Coal, 
and Iron Company, Limited, is stated to be not so serious 
as was first supposed. The supply of electric light to 
shops and houses in the town has resumed, and 
No. 5 colliery is to be restarted. The works will also 
reopen shortly. The owners of the Swansea Vale 
Spelter Works, Liansamlet, are purchasing 12 addi- 
tional acres on Morriston Marshes, on which it is pro- 
posed to erect twenty-four more furnaces. The directors 
of the International Coal Company, Limited, state that 
the balance available for distribution, including the 
amount brought forward, is 21,113/., out of which they 
recommend a dividend at the rate of 10 per cent. per 
annum, with « bonus of 24 per cent. per annum. 
It is further proposed to add 6500/. to the general 
reserve, and to carry 3988/. forward. The directors of 
the Mountstuart ty Docks, Limited, recommend 
dividends for the past year at the rate of 6 per cent. per 
annum upon both the preferred and deferred ordinary 
shares, carrying forward 27,241. The directors of Messrs. 
Guest, Keen and Nettlefold, Limited, recommend a divi- 
dend at the rate of 10 per cent. per annum upon the 
ordinary shares for the past year, together with a bonus 
of 1s. per share. The dividends upon the ordinary shares 
for each of the past five yeare have been at the rate of 
15 per cent. per annum. The directors of the South 
Wales Collieries Company, Limited, recommend divi- 
dends for the past half year at the rate of 14 per cent. per 
annum upon the B shares and 4 per cent. per annum 
- the A and deferred A shares. The directors 
of the Newport (Mon.) Gas Company have made an 
increase of 20 per cent. in the price of the sompner’ 
gas. A new contract for coal has been concluded by the 
company at an advance of 10s. 6d. per ton. A dividend 
of 5 per cent. has been declared. 





TasMANIAN Coat.—There are abundant seams of 
marketable coal in Tasmania. They belong to the permo- 
carboniferous and mesozoic measures, and range from 
20 in. to 12 ft. in thickness. In the basin of the Mersey 
the seams belong to the older measures. In the eastern 
part of the island those of younger age prevail. Eleven 
collieries are now engaged in producing coal in Tasmania. 
The output in 1910 was 82,445 tons, valued at 48,609/. 





Swiss Rattways.—The Swiss railways, as Switzerland 
Guay. are suffering severely from the effects of the 
war, and conditions are apparently getting worse instead 
of improving. In June the State railways’ receipts for 

r traffic amounted to 4,506,000 francs, inst 
P372,044 francs for the corresponding month of 1914, and 
the revenue from the goods traffic receded from 9,906,986 
francs to 8,441,000 francs, 
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THE PANAMA CANAL; COALING-STATION AT BALBOA. 
(For Description, see Page 155.) 
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POWER PRODUCTION. 


Tue days when the prophet was without honour 
in his own country and amongst his own kindred 
are now no more than a memory. Eminent 
novelists and popular politicians are daily instruct- 
ing us as to what the effects of the war will be on 
the future social and economic conditions of the 
country, and the fact that in most cases there are 
on record prior predictions, from the same sources, 
which have been completely falsified by the 
events of last year appears to have not the slightest 
effect in disturbing the faith of their devoted 
followers. That the possibility of importing muni- 
tions from American armament firms has gone far 
to save civilisation has not diminished one whit 
the belief of the faithful that armament firms must, 
and will, be abolished, a creed which they still 
maintain, even in face of the effective service on 
the Flanders coast of the monitors which were 
available only because British armament firms at 
the outbreak of hostilities were building such craft 
to the order of a foreign Government. However 
matters may have been in the distant past, it cannot 
be denied that our present-day prophets continue 
to be both popular and prosperous, in spite of the 
continuous falsification of their earlier vaticinations 
by the progress of events. 

Engineering is far less complex than life, yet 
even in this restricted field it is noteworthy how 
predictions made on apparently the surest grounds 
may prove inerror. It was in 1881 that the late 
Sir Frederick Bramwell prophesied that by 1931 
the steam-engine would only be seen as an interest- 
ing relic of a past age, having been —— by 
the internal-combustion engine. ery ample 
warrant for this view was apparent at the 
time this prophesy was published. The steam- 
engine, as the result of over a century's im- 
provement, was still so inefficient that it was 
an exceptionally good mill- engine which re- 
quired a supply of less than 15,000 B.Th.U. per 
indicated horse-power hour. The gas-engine, 
hardly older in years than the steam-engine in 
decades, was even in small sizes capable of develop- 
ing 1 indicated horse-power from a heat supply of 
12,000 B.Th.U. per hour, a figure which was mate- 
rially bettered in the case of larger units. That 
steam, thus beaten by the veriest upstart, was on 
the eve of obsolescence was a very natural conclu- 
sion, and even fifteen or twenty years later few 
engineers were disposed to believe that Sir 
Frederick had been over-hasty in his forecast. 

The second year following Sir Frederick’s prophecy 
saw, however, in the birth of the Parsons steam- 
turbine, an innovation in the use of steam which 
promises to postpone for many years, possibly in- 
definitely, its fulfilment. In fact, during the inter- 
vening period the efficiency of the steam-operated 
prime mover has increased more rapidly than that of 
the internal-combustion engine, and unless some 
revolution at present unforeseen is made in gas- 
engine construction, the time appears not far distant 
when the thermodynamic efliciency of steam plant 
will compare not disadvantageously with that of gas. 
The best internal-combustion engine at present 
known does not in practical operation convert into 
useful work at the shaft more than some 30 per cent. 
of the heat in the fuel it consumes, and requires, 
accordingly, about 8600 B.Th.U. per shaft horse- 
The more adequate knowledge 
now available as to thé importance of the different 
sources of loss in a gas-engine gives reason to believe 
that any substantial improvement in this figure will 
be very difficult. Nothing apparently is to be hoped 
for by the adoption of higher compressions, since 
radiation losses increase rapidly as the temperature 
rises, and the large increase in the specific heat of 
the gases with increasing temperatures also tends 
to bar progress in this direction. In fact, the 
modern gas-engine converts into indicated work 
nearly the wide of what is theoretically possible. 
A Crossley engine, tested by Mr. Atkinson in 1905, 
is claimed to have shown a thermal efficiency of 
36.9 per cent. The compression was 200 lb. per 
sq. in., corresponding to a clearance ratio of rather 
less than }. With a clearance ratio of 4, which 
corresponds better with practice, the British 





Association Committee give the highest efficiency 


theoretically possible as 38.4 per cent., so that the 
margin available for further advances is obviously 
very narrow. 

On the other hand, the margin for possible 
me tg in the utilisation of steam is still 
substantial, as is instanced by Mr. F. Samuelson’s 
suggestion, at the British Association meeting at 
Dundee, for a large increase in present pressures 
and superheats. The extraordinary improvement 
which has already been effected is well illustrated 
by some figures compiled by Mr. Emil Garcke, 
showing the steam required per kilowatt-hour by 
successive instalments of plant at the St. Pancras 
Power Station. In 1891 the 80-kw. reciprocating 
units had a steam consumption at full load of 25 Ib. 
per kilowatt-hour. The last of these reci ting 
units, rated at 450 kw., was installed in 1903, and 
on trial a water rate of 19.5 lb. per kilowatt-hour 
was recorded. The first turbo-generator was erected 
in the station in 1906. This was a continuous- 
current machine, and took 17 lb. per kilowatt-hour. 
In 1909 a turbo-alternator was erected having a 
steam consumption of 164 lb. per kilowatt-hour, 
whilst the 5000-kw. Ljungstrém machine to be 
installed this year is guaranteed to develop 1 kilo- 
watt-hour for 11.8 lb. of steam. 

Even the best of these figures does not constitute 
arecord. For the 25,000-kw. turbine at Chicago a 
steam consumption of 11.25 lb. per kilowatt-hour, 
as measured at the switchboard, was guaranteed, 
and this figure has, we understand, been materially 
bettered on trial. Indeed, Mr. Ferranti, in his James 
Watt lecture, claimed to have obtained results with 
a unit of 5000 kw. equivalent to a steam consump- 
tion of under 6 lb. per shaft-horse power hour. 
Such a water rate implies an expenditure of cer- 
tainly less than 8000 B.Th.U. supplied to the 
engine per shaft horse-power. Probably the figure 
quoted does not include the work of driving feed 
and circulating-pumps and other accessories, and 
is undoubtedly dependent upon a very high vacuum 
in the condenser, which it is not possible to 
realise at all seasons of the year. Making, how- 
ever, all allowance for these, it is evident that the 
thermodynamic advantage of gas over steam is 
steadily being reduced, and it is easy to under- 
stand accordingly why the Cockerill Company just 
prior to the outbreak of war were inclined in 
the projected extension of their power-station to 
use the furnace gases under boilers supplying 
steam-turbines rather than in internal-combustion 
engines. 

he great advance of steam has, of course, been 
effected by taking advantage of the turbine’s ability 
to utilise the ‘‘ toe of the diagram,” which in recipro- 
cating-engine practice is almost wholly wasted. The 
gas-engine diagram has also a toe, which is generally 
wasted, and as Mr. James Atkinson showed many 
years ago, considerable economies can be effected 
by making the working stroke of the engine longer 
than the compression stroke, so as to utilise a 

rtion of this toe. The drawback to this procedure 
ies in the corresponding reduction of the output 
of the engine per ton of weight. This drawback is 
the greater because the high cost and weight of the 
gas-engine, even as ordinarily built, constitutes one 
of its heaviest handicaps. In fact, even were the 
advance in steam economy less than it actually is, 
the large output per ton of weight of the steam- 
turbine would still make it preferred to the gas- 
engine in all large installations. 

n the case of small plants, on the other hand, 
the internal-combustion engine is very much 
superior to its steam-driven rival. A gas-engine 
of 60 horse-power gives about as good an efliciency 
as one twenty times as large, whilst a 60-horse- 

wer steam-turbine is invariably 4 steam-eater. 

t is only when the output is large that steam 
begins to hold its own, and the debatable ground 
at present probably lies somewhere between 700 
and 1400 horse-power. Much depends, however, 
on the character of the load. Stand-by losses are 
much less with producers than with boilers, and 
hence where the working is intermittent the 
internal-combustion engine gains accordingly. 

For long in this country we have benefited by 
cheap fuel ; but much of the recent rise in the cost 
of coal is probably to be considered pormanent. 
Something, no doubt, can be done by putting an 
end to the more obvious forms of present waste. 
Professor Louis, for example, states that in cer- 
tain mining districts coal is loaded into the tubs 
with forks in place of shovels. The reason is that 





the miners insist on being paid a fixed price for all 
coal raised to the surface, and this price is in 
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excess of the value of the small dust and slack. 
It is more profitable, accordingly, to leave this 
below, although it would be of considerable value 
for certain purposes. The waste of fuel thus 
occasioned is said to amount to 15 cent. The 
stoppage of leakages of this kind may effect some- 
thing in the reduction of fuel costs, but more is to 
be ho from the adoption of different methods 
of utilising the fuel when raised. There are, for 
example, some obvious advantages in replacing 
solid fuel with gaseous, since, although the gas from 
a producer has a calorific value of only some 76 per 
cent. of that of the fuel from which it is derived, 
the ease and efficiency with which it can be utilised, 
and the value of the by-products, more than offsets 
the producer losses. Some instructive figures on 
this latter head were given some years ago by 
Mr. H. A. Humphrey in connection with the Mond 
producer. With coal at 6s. a ton he estimated that, 
making allowance for the value of the by-products 
recovered, 1 indicated horse-power could be supplied 
for a year (working continuously) at a net cost for 
fuel of 9s. 8.3d. With coal at 8s., the correspond- 
ing figure is 193. 1.8d. These estimates were, of 
course, based on the use of the gas in internal- 
combustion engines; but from what has been 
pointed out above, the use of steam-turbines 
instead of gas-engines would, as matters stand, pro- 
bably not increase the cost very materially. In 
this direction only does there seem any prospect of 
this country entering into effective competition in 
certain industries with others more favoured by 
Nature with la howille blanche. No doubt the capital 
cost of developing water power is, in certain cases, 
so high that steam competition is possible even 
now, but in others, such as Norway, the natural 
conditions are so favourable that current can be 
delivered alongside deep water at a cost of but 30s. 
per kilowatt year. 

Using coal in the form of solid fuel, competition 
in power production would appear to be impossible ; 
but it would seem that if coal prices do not increase 
much beyond normal figures, gas-fired power- 
stations might ibly be successful even in the 
electro-chemical industries. 





PORT OF LONDON DOCKS AND 
TRAFFIC. 

Ir is gratifying to note that the Port of London 
maintains its foremost position amongst the har- 
bours of the United Kingdom, as for the year 
ended December last the foreign trade dealt with 
represented nearly one-third of the total value of 
imports and exports of the United Kingdom. The 
actual percentage was 32.4, whereas in the case of 
Liverpool the percentage was 27.6. No other port 
approximated to this proportion. The next har- 
bour on the list is Hull, which dealt with 5.5 per 
cent. of the total value of the Kingdom’s foreign 
trade. It must be gratifying to the people of 
Manchester that their port comes next, the 
ratio in this case being 4.32 per cent., Glasgow 
follows with about 4 per cent., and Southamp- 
ton with 3.1 per cent. Another pleasing feature 
is that London, of all the important harbours 
and ports, has suffered least owing to the 
war. The year dealt with, of course, is only 
affected by the first five months of the war, the 
consequence being a decrease of only 3.78 per cent. 
in the value of foreign trade. It is true that there 
has been a decrease in the tonnage of foreign ships 
entering and leaving the port of 24 million tons 
net, but this is not due in any measure to the 
menace of the enemy ; it is rather a result of the 
diminution of shipping consequent upon war trans- 
port. It is stated in the Annual Report of the Port 
of London Authority that the Government De- 
partments requisitioned for transport service, 
shortly after the declaration of war, vessels for- 
merly using the London Docks representing 670,000 
tons net. This, of course, excludes vessels similar] 
employed which did not ordinarily trade with 
the Thames. On the other hand, as the Port of 
Southampton was taken over by the Government 
and devoted exclusively for war service, the com- 
mercial traffic there was suspended, and a large 
part of it was diverted to London ; but, withal, the 
situation, so far as London is concerned, must be 
pronounced satisfactory. The war further involved 
an enormous increase in warehousing, in order that 
stores of sugar and other necessities might be 
accumulated. The Report shows that at the end 
of March there were thus stocked 550,132 tons of 


merchandise, an increase of 2.44 per cent. on the 








previous year, grain and seed, sugar, meat, and 
wool showing increases, while decreases were 
recorded in the case of dried fruit, paper, and 
wood. 

The progress of new works at the Port of 
London is reflected in the fact that during the 
year ended March, 1915, the capital expenditure 
was close upon a million sterling—to be precise, 
966,3841., of which 703,2351. were for new works 
in connection with the scheme for dock improve- 
ment and extension. Taking, first, the upper 
harbour, the rebuilding of the eastern and western 

ges of the Tobacco Dock, to give a width of 
60 ft. and a depth of 26} ft., has been completed. 
In the western dock there has been brought into 
service during the year a new ferro-concrete jetty, 
782 ft. long and 192 ft. wide, which has greatly 
diminished the congestion in this basin. Further 
seaward, at the East India Docks, the work on the 
entrance passage between the basin and the import 
dock is practically completed ; the width has been 
incr to 80 ft. and the depth to 31 ft. The 
lock-gates and swing-bridge have been erected, 
and the operating machinery is now being installed. 
Three transit-sheds, each 400 ft. by 110 ft., have 
been built on the north quay of the import dock, 
while on the east quay a double-storey shed, 420 ft. 
long by 50 ft. wide, has also been completed. At 
the West India Docks the work of widening the 
north quay is nearing completion. The total 
length of quay is 2451 ft., and of this 2146 ft. have 
been constructed, while two double-storey transit 
sheds, each 800 ft. long and 65 ft. wide, are finished; 
a third is well in hand. 

Important work is being done for the extension 
of the Royal Albert Dock southwards. In the 
case of the new work plans have been altered. 
The dry dock is now to be made 750 ft. long, while 
the main dock is to be increased in depth from 
35 ft. to 38 ft. The entrance-lock, 800 ft. long 
by 100 ft. wide by 45 ft. depth below Trinity 
high water, is making very good progress; the 
wall on the north side is completed, and 650 ft. 
of the south wall is built almost to coping 
level. In connection with the construction of 
the main basin, which is to have an area of 
65 acres and a depth of 38 ft., enclosed by quay- 
walls, extending in all to 9885 ft., more than two- 
thirds of the excavations have been made. The 
south quay has been practically finished, and 670 ft. 
of the north quay is nearing completion. The 
trench excavations for the north wall of the dry 
dock have been made for a length of 580 ft., and 
a length of 230 ft.of concrete walling is in pro ’ 
The passage connecting the new and the old docks 
is progressing. The lock-gates, caisson, and bas- 
cule and swing-bridges are being constructed by 
Sir William Arrol and Co., Limited, of Glasgow. 

With regard to the work at Tilbury Docks, the 
south quay is to be 1612 ft., and of this 400 ft. 
have been constructed almost to the full height. 
The system of construction here is by monolith. 
In all there will be 1,100,000 cubic yards of exca- 
vation, and of this one-third has been removed. 
At these docks there are three new transit-sheds 
being built, respectively 550 ft., 600 ft., and 650 ft. 
long by 120 ft. wide. A length of 450 ft. of one 
of these sheds has already been brought into use. 
The new river-side jetty at Tilbury is progressing. 
The system of construction is by reinforced-concrete 
piles and cylinders. Of the latter, 194 will be 
required in all, of which 57 have already been 
sunk to the full depth, and the framework at the 
—— end has been completed for a length of 

t. 


Perhaps the most interesting addition to the 
storage accommodation of the port was the com- 
letion of the cold store at Charterhouse-street, 
.C., in August last, capable of holding 78,000 
carcases of mutton. Progress has been made with 
the cold store at the Royal Albert Dock, which is 
entirely of reinforced-concrete framework ; in this 
there will be accommodation for 250,000 carcases 
of sheep. The same use will be made of the upper 
floor of a two-storey shed on the quay front, having 
a length of 1100 ft. and a width of 120 ft. Already 
325 ft. have been completed. Ultimately there 
will be room in this building for a further 250,000 
carcases of sheep. 

In addition to these works, embraced in the 
general scheme for the improvement of the port, 
a large amount of current work has been under- 
taken, on which 180,000). have already been 
spent. These embrace new stores, improvements 
in steam-raising plant, pumps, elevators, mecha- 





nical conveyors, ‘cranes, &c., and various new 
sheds. Dredging is, of necessity, almost con- 
tinuously in pr The dredging for the per- 
manent deepening and widening of the channel 
involved an expenditure of 30,7491. capital. In 
expansion of the authorities’ dredging scheme of a 
navigation channel 30 ft. deep from the Nore, and 
1000 ft. wide, to Crayfordness, and 600 ft. thence 
to the Royal Albert Dock, it has been decided to 
dredge this channel to the full width of 1000 ft., to 
a point a mile above Crayfordness, in order to 
facilitate navigation at this bend of the river. The 
year’s work in dredging, however, has been inter- 
fered with, as the Government required the use of 
some of the bucket dredgers, hoppers, and their 
crews; but there has been taken during the year 
from the docks 835,144 cubic yards, and from the 
river 2,698,837 cubic yards of dredgings. 








TRADE AFTER THE WAR. 

Tue. war has been in progress more than twelve 
months, but it is only during the last few weeks that 
the British nation has really begun to organise itself 
for its prosecution. Even now there are thousands 
of men who do not appreciate that their. whole 
future depends on a speedy and successful issue 
being attained, and they pay more regard to the 
chance of securing a few additional shillings per 
week than to the laying of the foundations of years 
of future prosperity. 

Last autumn the papers spoke of capturing 
German trade as an easy task, assuming that Ger- 
many’s defeat in the field was a certainty. Now 
that phase of the subject has receded into the back- 
ground, and attention is focussed on the supply of 
munitions to enable us and our Allies to hold our 
own and wear down our antagonists by attrition. 
In course of time the war will come to an end and 
will be succeeded by a commercial struggle in all 
the markets of the world. How far that struggle 
will be a reproduction of the military events of the 
last year remains to be seen, but it is quite certain 
that peace will find Germany with fally prepared 
plans for utilising her resources, whatever they 
may be, to the fullest extent. Already her news- 
~—— are making forecasts of the industrial future, 
and both the Teknik wnd Wirtschaft and the 
Deutscher Aussenhandel have recently published 
articles on the subject. As the matter is one of 
immense importance to us, it is worth while to 
study it from the point of view of the enemy, even 
if we decline to admit the truth of all his premises 
and conclusions. 

There is every reason, says the Teknik Wirt- 
schaft, to bring fresh enterprise and initiative to 
bear — the altered state of affairs, based upon 
a sound optimism. All must exert themselves to 
retain their old markets and gain new ones, for 
the German tenacity of purpose is the best guaran- 
tee for a favourable result, having always carried 
Germany to the front, both politically and com- 
mercially. Germany must always remember that 
England, in the first instance, brought about the 
war from economic envy. 

The situation in Germany’s industrial and finan- 
cial life, considering the disturbances caused by the 
war, is, on the whole, says the journal in question, 
very sound. There is increasing employment, not 
alone as far as the industrial Gandies which are 
busy with war contracts ; and in spite of high wages, 
the available labour is very scanty. Rumours 
are at times circulated that trade and industry 
have come to a complete standstill in the neutral 
countries. If this really were so, the reason 
would not be difficult to find : the German nation’s 
buying capacity of 10,000,000,000 marks means 
a very material deficit also for the neutrals. But, 
as a matter of fact, export to neutral countries 
continues to take place during the war, and neutral 
Powers cannot do without German productions. 
America requires potash products and dye-stuffs ; 
Italy, as a matter of fact, has never imported so 
much coal from Germany as quite recently. Holland 
has already ordered a number of vessels in Ger- 
many, Scandinavia daily places large orders for 
iron goods, and Austria, as usual, is an extensive 
buyer of German products, in spite of the high 
tariff. 

Some industries in the neutral countries are 
already preparing for peace, and are extending 
their works so as to be ready in time. Norway, 
for instance, has placed large orders for transport 
requisites for cement and carbide works. Con- 
sidering all the favourable signs and occurrences— 
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the active employment through war contracts at 
home, the increase in the sale of iron and coal, the 
revival in the articles of luxury, the extensive 
orders given by some of the large towns for gas 
works, &c.—there is no reason whatever for Ger- 
many to delay the realisation of plans for the exten- 
sion of factories or the placing of new orders. 

The German industry must reckon that, after 
the peace, it will find a very great demand. Arti- 
ficial manure, iron and steel, timber and bricks, 
&c., will be needed in the districts where the war 
has raged. New railways, new fortifications, new 
harbours will be the outcome of the struggle. 
Every one must therefore prepare in time to be 
ready, if not before, in any case at the conclusion 
of peace, so as to be able to effect deliveries then. 
It may be some time eet gy is established, 
and a stock of manufactured goods, of course, 
has to carry interest. But what will be the posi- 
tion of a manufacturer who will not begin to 
manufacture until is established? Others 
will have forestalled him. The fact of being able, 
immediately on the conclusion of peace, to export 
to all parts of the world, and deliver from stock, 
will prove of such value that it will no doubt 
make up for any loss on interest. 

Germany, to make up for a possible deficit in 
her exports in some quarters, has already made a 
brilliant conquest: Austria-Hungary, Turkey, 
Asia-Minor, Belgium, and, ere long, also Poland, 
will cease to be buyers of hostile goods. We are 
still quoting the view of the German paper. For 
the future, Germany may reckon upon the fact 
that all her present Allies, and probably also the 
dependent Mohammedan States and China, will 
show their hatred to England by giving the pre- 
ference to German goods. But also the neutral 
European countries and the South American 
States must come to the German market; for 
the great war has wrought such revolutions in 
military and naval matters that Germany’s enemies 
will be fully employed for the future with making 
alterations in their armaments, based upon the 
experiences of the present war, and also the neutral 
Powers will of a necessity find themselves in the 
same position. 

Germany, according to the German journals, also 
has the advantage of her sons always having been 
able to adapt themselves, of always having shown 
initiative, tenacity and energy. Germany, through 
her commercial travellers, has always looked up 
buyers abroad, accommodated their wishes, and 
supplied them with what they wanted. The organ- 
isation, education, enterprise, knowledge of lan- 
guages, tenacity, and affability of manner in per- 
sonal intercourse of the German merchant will also— 
according to the German view—in the future ensure 
him the premier position in the neutral States. 

The driving out of the home market of English and 
French trade wherever ible, and the reacquire- 
ment of the foreign market, must even now, before 
the peace, be the principal aim of German industry 
and commerce. It is therefore necessary in time 
to get everything ready, not only develop the sell- 
ing organisations, but also have the propaganda 
material ready, trade literature of all kinds. pre- 
ferably in the language of the expected customer. 
As the printing establishments are not very busy 
now, it is a favourable time for seeing to this. 

Timid reticence has never yet gained any results 
for the German industry. All those who went out 
into the world to sell German goods did so as 
optimists in the best sense of the word, and in the 
firm conviction that the business could be done. 
This optimism, which made the German engineer, 
the German mining expert, the German merchant 
travel to and examine y pndn of the world, must 
be maintained for the whole of Germany’s industry 
and commerce. Germans must be determined to 
restore Germany’s commerce after the war to its 
former dimensions and to further extend it. For 
this aim Germany must arm herself and get ready. 

The above extracts show that our enemies intend 
to fight as vigorously for their trade as they have 
done in the field. 

In the matter of heeding or studying her com- 
petitors’ methods and manners, the means used 
for extending and expanding industry and com- 
merce, England has not hitherto displayed anything 
like the amount of watchful attention as has Ger- 
many. It is, of course, much pleasanter, and much 
more in accordance with British tastes and tradi- 
tions, to go one’s own way and mind one’s own busi- 
ness. But Germany already is evidently getting 
ready for the industrial and commercial struggle 


which will follow in the wake of the real war. In 
regard to this the Deutscher Aussenhandel, whose 
opinion carries considerable weight in this matter, 
has recently dealt with the general position likely 
to be found after the war, and this survey is 
of material interest. It states that as a first 
result of the war an essential reduction in the 
possibilities of production for most, if not all, 
countries, belligerent or neutral, must be reckoned 
upon. This decreased capacity of production will, 
however, in many cases more or less counter- 
balanced by a reduced consumption. The production 
of war materials will probably only slowly decrease, 
as the belligerent powers, as far as their finances will 
allow, must make good what the war has destroyed, 
andithe experiences of the war will also necessitate 
fresh manufactures in a number of branches more 
or less directly associated with fighting. 

A rcduction in the requirements of general con- 
sumption will be caused by the enormous number 
of lives lost ; further reduction will result from so 
many families having lost their provider, through 
the decrease of marriages and births for the first 
year or two, which latter fact makes its conse- 
quences felt through a number of years and through 
the decreased ability of the many wounded. The 
financial ition will be unfavourable in all 
States. Russia may have to face great difficulties ; 
and who is to lend Russia money after the war? 
But, above all, such countries as the South 
American States, the African and Asiatic colonial 
territories, and China, too, will require an enor- 
mous amount of capital. 

Cannot England then, instead of Germany, take 
upon herself this work? asks the journal. Will 
not France, Belgium and Russia prefer to use 
English materials? England, of course, will not 
leave this business with empty hands, but the 
demand from the home country, the colonies, and 
the usual markets will, one would imagine, 
swallow up the entire iron production, especially 
as the shipbuilding industry will absorb immense 
quantities. England imported in 1913 500,000 tons 
of plate, &c., 400,000 tons of rolled and hammered 
iron, and a large quantity of cable. At the best it 
can only make up for this after some years by 
means of an increased home production. Without 
German materials England will only, to a very 
limited extent, be able to devote herself to 
making good what the war has destroyed. 

The greatest difficulty after the war will be the 
financial problem, and the work of restoration. The 
war has caused immense loss of capital to different 
countries—Russia, France, Servia, Belgium, as well 
as Austria. These countries will not have the 
means, or be able to raise the means, for such work. 
This means a great opening for the German bankers’ 
power of organisation. In Germany, perhaps also 
in Belgium, this work will be done by the State ; 
whether other countries will be able to do the same 
is questionable. So as to help in this matter, 
amortising loans will probably have to be resorted 
to, as they have a legal preferential position before 
other obligations. In the end the holders would 
be better served by such an arrangement than if 
sites, factories, and residences were left idle for 
a lengthy period through the absence of means for 
restoring them. 

Germany’s financial strength will, of course, 
receive a severe set-back through the war. What 
will be required for interest and repayment of war 
loans, compensation to invalids, and the relatives 
of those killed, for works of restoration, &c., may, 
even if the war is brought to an end early next 
year, amount to an increased taxation of 
2,500,000,000 marks annually. Part of Germany’s 
financial requirements will be covered through 
monopolies, the greater part through taxation. It 
is naturally to Germany’s advantage that she has 
been able to raise State and municipal loans within 
the country, whereby the interest and repayments 
again benefit the country, and the possession of 
such stocks offers a good guarantee for credit. It 
will be for the Reichs Bank and the larger banks 
to see that no unsound speculation sets in, as was 
the case after the conclusion of peace in 1871. 

It is clear from the writings in the two journals 
above quoted that our antagonists regard the war 
as a disagreeable episode that may well be worth 
more than it will cost, and that they look forward 
to more than regaining their position in the markets 
of the world. They have doubtless heard of our 
schemes of capturing their trade, but on reviewin 
the position they see no difficulties ahead whieh 


There is very much to be said for their point of 
view, for it is quite certain that very difficult times 
lie before us, and that it will need much thought and 
patient organisation to carry us through them with- 
out ultimate loss. 





THE LATE MR. ROBERT HAMMOND. 

WE regret to announce the death, which occurred 
at his residence at Hampstead, on the 5th inst., of 
Mr. Robert Hammond. His loss will be widely 
felt and deplored, for he had hosts of friends in all 
parts of the country. By reason of his kindly 
disposition and of his genial manner he established 
the most friendly relations with all with whom he 
came in contact. He could even be on good terms 
with the opposition party of an Irish municipal 
council when acting for the majority, in spite of 
the intemperate charges which were flung at him 
across the Council table. 

Mr. Hammond was born in January, 1850, at 
Waltham Cross, Herts, and received his early 
education at the Nunhead Grammar School. For 
a time he was engaged in business in Germany, 
and later he was interested in the importation of 
iron ore into Middlesbrough. He was also one of 
the pioneers of electric lighting in this country, 
and the first concessionaire of the Anglo-American 
Brush Electric Light Corporation, Limited ; he dis- 
played great activity in his work on behalf of that 


company. At that time the Brush gee | was 
established in Belvedere-road, Lambeth, and had 
secured the contract for lighting a ~— of the 
streets of the City of London in face of keen com- 
petition. It appointed agents and floated subsidiary 
companies in many provincial districts, and was for 
a time highly successful. Mr. Hammond was also 
associated with Messrs. Greenwood and Batley in 
the manufacture of electric machines, and put 
down the first works in this country in which 
current was distributed from a centre for lighting 
at high tension by incandescent lamps. Among 
other electric supply undertakings we may men- 
tion those at Brighton, Eastbourne, and Hastings, 
which were ultimately acquired by the corpora- 
tions of those towns. In 1883, and again in 1888, 
Mr. Hammond travelled over the United States, 
where he visited all the principal electric-light 
stations. He visited the States also later—in 1901 
and 1903—with the object of inquiring into the 
progress made with regard to electric traction. 

Mr. Hammond’s activity in the sphere which 
he had made his own from the very early days 
of the application of the electric current, is illus- 
trated by the fact that he put down the current 
supply works in a large number of towns in this 
country and abroad, among which we may men- 
tion, stating them alphabetically, those of Ayr, 
Blackpool, Burton-on-Trent, Canterbury, Coven- 
try, Dublin, Eastbourne, Gloucester, Hackney 


(London, N.E.), Hastings, Hornsey (London, 
N.), Leeds, Madrid, Malaga, Mansfield, Middles- 
brough, Morley, Newport (Mon.), Pembroke, 


Rathmines, St. Helens, Tonbridge, Wakefield, 
West Brompton (London, 8.W.). For a few of 
these electric supply works he acted as contractor, 
and for the greater part as consulting engineer, 
in which capacity he also acted for the extension of 
numerous other municipal current-supply works, 
combined with the installation of refuse-destructors. 
In this connection we may state that Mr. Hammond 
was an ardent exponent of municipal trading. He 
also displayed great activity in the development of 
electric tramways, and was at various times the 
consulting engineer of a number of municipalities 
for the laying down of new lines and the conver- 
sion of horse traction to electric. 

Mr. Hammond’s services were also frequently in 
request on the House of Lords ond Mouse of 
Commons Committees. He acted as an expert 
witness in the case of inquiries connected with 
practically the whole of the current distribution 
Bills which were put before Parliament. He also 
acted for the London County Council in the 
matter of the Council’s bulk supply Bills of 1906 
and 1907. In the latter year, = in conjunction 
with Mr. H. F. Parshall, he proposed a scheme for 
the supply of current in bulk for Greater London. 
A Bill was introduced in Parliament in 1908 dealing 
with this scheme ; it the House of Lords, 
but was rejected by the Committee in the House of 
Commons. Mr. Hammond also acied as an ad- 
viser to the Postmaster-General in tle matter of 
the acquisition of the telephones. 








cannot be overcome with courage and patience. 


The deceased was also well known in the capacity 








168 


ENGINEERING. 


[Ausc. 13, 1915. 








of awriter. He published in 1883 the first book 
issued in this country on electric lighting in private 
dwellings, entitled ‘* Electric Light in our Homes.” 
He also wrote a large number ot papers for tech- 
nical societies and articles for the technical Press. 
Among other papers, he read one before the Engi- 
neering Section of the British Association at 
Johannesburg, in 1906, on ‘‘ Electric Power Dis- 
tribution for the Rand,” in which he outlined a 
supply of current to the Rand at 0.7d. per unit, 
on the basis of a total consumption of 300,000,000 
units per annum, with a load-factor of 40. He also 
advocated the putting down of a central station 
at Vereeniging, and his recommendation in this 
respect was ultimately followed. 

Mr. Hammond acted early in his career as a 
benefactor to the electrical industries, in that he 
founded, in the year 1884, the Hammond Electrical 
Engineering College. This was followed, six years 
later, by the Electrical Standardising, Testing, and 
Training Institution. 

In 1902 he succeeded the late Professor Ayrton 
in the capacity of honorary treasurer of the Institu- 
tion of Electrical Engineers, a position which he 
held until the time of his death. He was also a 
member of the Institution of Civil Engineers, of 
the Institution of Mechanical Engineers, and of the 
South African Institute of Engineers. 





NOTES. 
Tue TELEPHONE IN THE WAR. 

Some few particulars of how the telephone is 
worked by one of the German armies (that of the 
Crown Prince of Bavaria) may be of interest. The 
main exchange is installed in a private house, which, 
besides several large rooms, contains a number of 
smaller ones, which are used as telephone-boxes. 
The exchange was completed in the course of three 
weeks by 300 engineers (soldiers), and has ninety- 
five direct lines, of an aggregate length of 1200 km. 
It was no easy task, as most of the material 
used was French, and had to be brought together 
from different towns and adjusted to German 
requirements. From the exchange five direct lines 
p to each army corps, and from the exchange 
of each army corps at least two lines go to eac 
division, and from bere again lines proceed to the 
brigades and the regiments. The final lines lead 
to the trenches, where each battalion, and, in many 
cases, each company, has its own telephone. In 
addition, there are special lines between the 
artillery positions, and from these to the posts of 
observation. From the main exchange these further 
proceed in direct lines to the armies, positioned on 
the sides, and two lines to the head-quarters, apart 
from direct telephone connection from the one 
army corps to the other. Other lines at the back 
are connected with the national telephone system. 
The main exchange alone has to get through 
several thousand conversations per day. The work- 
ing of this telephone system is often impeded by 
hostile artillery fire and other causes, and for safety’s 
sake the sub-stations are generally located in deep 
cellars. The discovery and repair of interruptions 
often have to be undertaken under hostile fire. In 
addition to the telephone, there is also a fairly 
comprehensive telegraph service, but the telephone 
is of much more importance. 


A Noraste American Bripee Prosect. 

The new bridge which is shortly to be erected 
over the Ohio River at Sciotoville, on the Chesa- 
ke and Ohio Northern Railway, is of very great 
interest, not merely on account of its magnitude, 
but also as showing the present trend of bridge 
design in America. For many years the continuous 
girder was anathema to the American bridge engi- 
neer. It was idle to point out that bridges of this 
type had given very satisfactory service in many 
places, and particularly in France. To the older 
class of American bridge engineer, however, whose 
theoretical notions were ofter derived from Teu- 
tonic sources, this consideration had little signifi- 
cance in comparison with what was considered the 
fatal drawback, that the structure was statically 
indeterminate. Nevertheless, statically indeter- 
minate arches constructed by the Romans are still 
standing after nearly a score of centuries. No 
doubt this mental attitude was not wholly without 
its advantages, and American bridge engineers, by 
devoting their attention nearly exclusively to struc- 
tures of a kind for which stress computations were 
easy, were able to experiment on a great variety of 
different forms of truss, and determine very 





thoroughly their relative merits. In short, they may 
be said to have practically exhausted the possibili- 
ties of edifices of this class, and they succeeded in 
diminishing very materially the weight of metal at 
one time deemed necessary in railway bridge-work. 
Unfortunately, however, structures easy to compute 
are not always the easiest to maintain, and so far 
back as the ‘eighties some American bridge engi- 
neers were for this reason adopting plate-girders 
for spans which even in this country would have 
been freed by trusses. This tendency to value 
more and more highly the advantages of riyidity 
received additional impetus after the Quebec Bridge 
disaster. Indeed, it was at one time intended 
that the new (Juebec Bridge should be a riveted 
structure throughout, although the ease of 
erection characteristic of the pin-connected truss 
had special attractions, in view of the fact that 
work in the open is impossible during a large 
fraction of the year. The new Ohio River Bridge 
is, no doubt, a product of the same tendency. 
According to the Engineering Jiecord, it is to 
have two main spans, each 775 ft. long, and con- 
tinuous over the central pier, where the depth 
of the truss is 129 ft. 2 in. These trusses are, 
moreover, to be riveted throughout. It is stated 
that by the adoption of the continuous-girder 
principle the total weight of 26 million pounds is 
at least 3 million pounds less than that of two 
simple independent spans. The escondary stresses, 
due to the riveting, have been investigated, and 
turn out to be little more than would result from 
the friction of the large pins required in a pin: 
connected structure.. The material is to be ordi- 
op be mtg steel, having a tensile strength 
of between 62,000 lb. and 70,000 lb. per sq. in. 
The heaviest chord member measures 4 ft. by 
ae by 774 ft. long, with a sectional area of 
596 sq. in., and a total weight of 228,000 lb. Of 
the two spans, one will be erected entirely on 
falsework, whilst of the other, one-third of the 
total length will be erected on falsework, and the 
remainder by building out on the cantilever system. 
A noteworthy feature of the bridge, which contrasts 
strongly with some other examples of American 
practice in large spans, is that no expansion jvints 


h | are provided for in the floor system, which is con- 


tinuous from end toend. It will be remembered 
that M. Rabut’s measurements have shown that 
with a continuous floor the strength of a bridge may 
be greatly in excess of what would be expected on 
the basis of the usual calculations. Owing to this 
fact M. Rabut was able, without strengthening 
the girders, to increase the span of the old Rue 
Legendre Bridge at Paris from 40 to 48 metres. 
He measured the strains in the steel work of the 
bridge in its original condition, and found that 
owing to the unregarded stiffening effect of the 
continuous floor these stresses were actually very 
much less than the calculated values. The margin 
thus available made it possible to increase the span 
by the extent stated without exceeding the safe 
limits of stress on the material. 





ANTIPODEAN SuHipPinc.—The entrances and clearances 
at the ports of New South Wales have shown very great 
progress during the last fifty years. In the last forty-five 
years ended with 1912 inclusive, the tonnage mov t 


ateach quinquennial period was as below :— 





Year. Entrances. Clearances. 
Tons. ‘ons. 
1865. 635,888 690,294 
1870.. 689,820 771,942 
1875.. 1,109,086 1,059,101 
1880. . 1,242,458 1,190,321 
1885. . 2,088 307 2,044,770 
1890. . 2,340,47! 2,294,911 
1895... 2,851,546 2,854,705 
1900.. 4,014,735 3,056,748 
1905... 4,695,511 ,684,108 
1910... 6,290,119 6,471,855 


In 1911 the entrances were 6,822,135 tons, while the 
clearances were 6,834,182 tons. In 1912 the corresponding 
totals were :—Entrances, 7,490,046 tons; clearances, 
7,453,005 tons. In 1912 the movements of shipping in 
the various Australian States were as follow :—New 
South Wales—entrances, 7,490,046 tons; clearan 
7,453,095 tons; Victoria—entrances, 5,426,146 tons; clear- 
ances, 5,410,801 tons; Queensland—entrances, 2,024,328 
tons: clearances, 2,033,803 tons; South Australia—en- 
trances, 3,652,060 tons; clearances, 3,660,533 tons; 
Western Australia—entrances, 2,621,787 tons; clear- 
ances, 2,614,127 tons; Tasmania—entrances, 1,321,800 
tons; clearances, 1,322,496 tons; Northern Territory— 
entrances, 138,052 tons; clearances, 138,052 tons. C) 

entrances were accordingly 22,684,219 tons, 
wile the aggregate clearances were 22,632,817 tons. 
Sydney is the great shipping centre of the Antipodes, 
the entrances at that in 1912 being 5,732, tons, 
while the clearances from the port for the year were 
4,822,889 tons. 
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Miss Bacon, knowing her powers and her limita- 
tions, wisely navigates her little craft in shallow 
waters. Also she knows the class for whom she is 
writing, a class eager to get information if it is 
made palatable, but disinclined to take much 
trouble to get it. This class is admirably catered 
for, and though not told ‘‘all about fiying,” may 
be enabled to exhibit an intelligent interest when 
conversation turns on aeroplanes, their achieve- 
ments, and their disasters. Some may grasp the 
reasons that enable a heavier-than-air machine to 
fly, and many more may think they understand 
and be quite as well satisfied. All may improve 
their vocabulary, gain clearer notions of the several 
parts of the machine, that are too often described 
in a mixed jargon of French and English terms, 
and read the newspaper accounts of what our men 

have accomplished with keener appreciation. 
Miss Bacon is not writing for engineers and 
experts. She knows that at this moment many 
are endeavouring to picture the details of a battle- 
field, to apprehend the elaborate machinery that 
forms the ‘‘ eyes of the army,” and supplies the 
ready and exact information that perfects or defeats 
tactical movements, and to follow the devices by 
which science and ingenuity have revolutionised 
military strategy. For whatever may be the part 
that aviation is destined to play in the piping times 
of peace, so ardently desired und apparently so far 
off, it is by reason of its usefulness in war that so 
much care has been lavished on the construction 
of the aeroplane and the dirigible, and so much 
thought has been devoted to the principles and 
possibilities of flight. Not as a vehicle for com- 
munication, not to promote the interests of industry 
and commerce, has ingenuity been taxed to its 
utmost and competing rivals struggled for prizes. 
Warfare has guided design; the hope of baffling 
the plans of the enemy, of wreaking destruction 
on insufficiently protected foes, have caused the 
promising artifice of to-day to be recklessly sup- 
lanted by the contrivance of to-morrow, till the 
ayman is lost in bewilderment and perplexity. Miss 
Bacon’s little book has a soothing effect ; the feverish 
haste of preparation is not suggested here; we are not 
permitted to see the struggle, only the achievement, 
though each day might tell of some fresh triumph, 
some fresh victory over obstacles. The rapidity with 
which the science of aeronautics has advanced, the 
improvements in construction and power of control 
that have given efficiency and increased safety to 
mechanical flight, the skill and dexterity of pilots, 
are all themes that excite our admiration, and the 
author urges them all, though it is not possible to 
do them all justice. One statement, however, is 
made which can scarcely be accepted without 
qualifications ; that is, the assertion that it is _ 
sible to see, from the elevated position offered by a 
balloon or an aeroplane, the bottom of the sea 
over which the machine passes. The author states 
that she has a photograph taken from a balloon 
showing the stones and pebbles at the bottom of 
the sea, and that should settle the matter. But one 
would like to know what was the height of the 
balloon and the depth of the water. An aeroplane 
certainly affords an opportunity of detecting the 
presence of a submarine under favourable condi- 
tions, but these conditions are not always found. 
In the second book we have nothing to do with 
the construction of the machine or the principles 
of flight. We are invited to consider the finished 
product at work, and while correcting some popular 
errors due to the novelty of the scheme and its 
rapid development, to note in how many ways the 
aerial fleets have been applied in actual warfare. 
Each type has some feature that adapts it to 
some particular operation, and some weakness 


<&® | that limits its possibilities. Although the feats 


that have been accomplished prove that a new and 
vast power has been placed at our command, yet 
the captive balloon still finds a field of usefulness. 
The present dire conflict has established the value 
of this well-tried expedient, and so fully sub- 
stantiated its value as a military unit that there 
is not the slightest sign that this old and tested 
contrivance will be utterly superseded. The Ger- 
mans would fain persuade themselves that the 
Zeppelin, the solitary survivor of the rigid system 
of construction in the lighter-than-air machines, 
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is without defect ; but this much-boasted creation 
is not without patent drawbacks. Its field of 
operation, as the designer himself admits, is limited 
to an elevation of 5000 ft., and at this moderate 
altitude it is liable to be attacked by the nimble 
aeroplane. On the other hand, the Zeppelin can 
rise about 3500 ft. in three minutes, a rate far 
in excess of the ascensional speed of its anta- 
gonist, that climbs by a succession of spirals. 
Since the weight of equipment is a minor 
consideration, its engines can be heavier and 
made practically noiseless, an improvement that 
should give the huge monster a great advan- 
tage in night operations. The Zeppelin can hover 
almost stationary over a given spot for the pur- 
pose of reconnaissance, and make more exact 
determination of the disposition of an enemy’s 
force than can the observer in the aeroplane. At 
the same time, its bulk offers a magnificent and 
steady target for the average gunner, who, equipped 
with the ingenious devices that experience has sug- 
gested, can hardly fail to hit. Against this risk 
must be placed the advantage that the Zeppelin, 
in common with all dirigibles of large size, can 
throw heavier bombs, and charged with greater 
quantities of high explosives and shrapnel, than 
those which can be hurled from the heavier-than- 
air machines. Possibly the statement that a 
Zeppelin can throw or drop a bomb a ton in weight 
is an exaggeration, since the detachment of such 
a weight would disturb the equilibrium, and give 
to the dirigible such an upward thrust that it is 
doubtful if the nicely-adjusted arrangement for 
controlling the movement in the vertical plane 
would be able to counteract the vertical accelera- 
tion. We are the more disposed to discount this 
su advantage of heavy bombs, since up to 
the present the damage wrought by Zeppelin air- 
craft has, from a military point of view, been com- 
paratively insignificant. 

The Parseval may not appeal so powerfully to 
the popular mind, but the Teuton expert regards it 
very favourably. Practically it is a power-driven 
balloon, and it is the direct outcome of the study 
of the captive type. Technically it should be de- 
scribed as non-rigid, but it possesses and conveys 
the impression of great solidity. Its construction 
is thoroughly scientific, and many ingenious de- 
vices are employed to ensure the maximum of 
strength with a minimum of weight. An ignorant 
but enthusiastic public will probably continue to 
see a Zeppelin in evéry mammoth dirigible, and 
the blind adoration paid to the originator of these 
unwieldy monsters will tend to perpetuate a 
generic name, but future developments will prob- 
ably follow the lines of the Parseval, for which a 
great future may be predicted. The characteristic 
features are two propellers, either collapsible or 
semi-rigid, and two motors, each nominally driving 
one propeller ; but under stress of circumstances 
the two propellers can be driven by either motor. 
The propeller pitch can be adjusted so as to 
ensure the most economical use of the engine, a 
device that contributes not a little to the effi- 
ciency and trustworthiness of this type of diri- 
gible. The method of vertical steering is in- 
genious and avoids the inconvenience of additional 
planes, liable to injury or to increase the air 
resistance. The whole airship can be tilted by 
driving the gas from one end of the balloon to the 
other, air-ballonets, placed respectively at the prow 
and stern of the gas-bag, serving to increase or 
diminish the buoyancy at either end. These air- 
ballonets also operate safety-valves, automatically 
relieving the gas pressure in the envelope should 
this pressure reach a dangerous point—a pre- 
cautionary measure of great value. Jt this general 
type there are known to be several classes, each 
class being carefully standardised to permit of 
rapid change of parts ; but what may be the result 
of recent experiments has naturally been concealed. 
The largest Parsevals, equipped with motors of 360 
to 400 horse-power, are capable of a speed of fifty 
miles per hour; but how many there are in com- 
mission is unknown. The wastage is very e, 
but all the belligerents suffer similarly from this 
cause. The much vaunted Schiitte-Lanz airship has 
not fulfilled its early promise, but a factor of un- 
known possibility exists in the Gross airship, con- 
cerning whose performance at its test trials great 
secrecy is observed. “But from the fact that this 
type is included in the active air-fleet, it must be 
inferred that the authorities are, as they have 
distinctly asserted, satisfied with its achievements. 


aerial craft as a military weapon, appears, according 
to the author’s analysis, to have been left behind 
in the race for supremacy. The Lebaudy is the 
type of the semi-rigid dirigible that has retained 
favour, but the aerial navy also contains — 
of the Bayard-Clément, the Zodiac, and the Astra 
machines ; a variety of the latter class—the Astra 
Torres—has been approved by our Government, 
and a specimen of this class is doing useful service 
with our Expeditionary Force. Increased experi- 
ence has convinced the French authorities of the 
superiority of this type over its many rivals, and 
huge specimens are being built that will surpass the 
giant Zeppelin. Though details are wanting, it is 
admitted that the speed of the experimental vessel 
exceeded 60 miles per hour, giving France the 
speediest dirigible in the world. Outwardly its 
lines are not graceful, consisting as it does of three 
cylindrically-shaped balloons, two lying side by 
side, with one superposed, but cut away internally 
to allow of a triangular space between the three 
cylinders, to admit of the suspension system, carry- 
ing crew and machinery, being placed within the 
outline of the gas-bag, thus reducing the air resist- 
ance offered by ropes, car, &c. Great hopes are 
entertained of this latest expression in airship 
design, which will carry engines of 1000 horse-power. 
The details furnished by the author are scarcely 
sufficient to allow a reliable judgment to be formed. 
The Russians, whose air fleet is by no means to be 
despised, have adopted as a standard the Astra- 
Torres, and the Grand Duke Nicholas has expressed 
his appreciation of its services. Italy, which had 
had some experience of the usefulness and capacity 
of air-craft in the Italo-Ottoman Campaign, had not 
participated actively in the European conflict when 
Mr. Talbot’s book appeared, and her resources and 
ambitions in this direction are not analysed ; but we 
may be quite sure the months that have intervened 
since the outbreak of hostilities have been turned 
to profitable account. 

e amount of information collected about the 
aerial fleets of the several belligerents is consider- 
able, and will no doubt be welcomed by the public 


of offence and defence. We have no doubt the 
author has taken every pains to secure accuracy, 
but must have been seriously hindered by the 
secrecy so jealously observed. He has a less 
restricted field in making apparent the purpose of 
these machines and their methods of use, whether 
for reconnaissance or for attack. The services of 
the aeroplanes are contrasted with the limitations 
of the dirigibles. Of the latter much was expected, 
and the disappointment of their advocates has been 
grievous. On the other hand, the heavier-than-air 
craft have, asarule, accomplished the work demanded 
of them. The extent to which these have been 
used, and the wastage under war conditions, have 
probably been greater than was anticipated. 
Mr. Talbot computes that at the outbreak of war 
the belligerents could, in the aggregate, command 
a fleet of 5000 aircraft of all sizes. The number 
has been enormously increased since. One German 
firm admitted an output of twenty a week, but 
this is known to be an understatement. This 
feverish production is necessary, in consequence of 
the number of small accidents that put an aero- 
plane out of commission temporarily. The author 
mentions that in the Vosges district alone ‘‘a daily 
loss of ten German machines was a fair average, 
while high-water mark was reached . . . by the 
loss of nineteen machines during a single day.”’ 
This does not mean a total loss, but such damage 
to a machine as to compel its removal for repair. 
On the other hand, the operations of anti-aircraft 
guns do not seem to have been very effective. 
The author describes this defensive weapon and 
its mode of use with the clearness that is a 
distinguishing feature of his book, but the plan 
seems more elaborate than effective. For its 
success it depends upon a system of triangu- 
lation, and, however satisfactory the process 
may appear on paper, and however rapidly it 
may be worked out in practice, the plan can 
hardly prove effective against an object that is 
travelling with a velocity of a mile a minute. The 
new arm, though yet in its infancy, has apparently 

ot the start of the measures intended for its 
Testoustion ; but the personal element must not be 
left out of account, and doubtless other means 
depending on the intrepidity of the aeronaut will 
have to be taken into account in estimating the 





France, which early perceived the importance of 


military value of aircraft. Fortunately, in enter- 


eager for details connected with this new weapon. 


with the limited experience already gained, we 
may perhaps congratulate ourselves that, whether 
delayed from supineness or guided by knowledge, 
our responsible authorities have not emulated the 
activity of Continental nations in the construction 
of huge dirigibles. 
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VANADIUM. 


Since vanadium has been introduced as a purifying 
agent in the manufacture of steel, great interest has 
been evidenced in prospecting for, and in the location 
of, deposits of vanadiferous ores of commercial value. 
The main uses of vanadium are for the making of 
alloys of ferro, cupro, and aluminium vanadium, &c., 
as well as for the preparation of dyes and a number of 
chemical products. Vanadium oxides are used to a 
limited extent for colouring pottery and glass, whilst 
the pentoxide provides a useful substitute for gold 
bronze as an ornamental surface-covering. Numerous 
applications of the metal depend upon the ease with 
which its less-oxidised compounds take up oxygen and 
the higher oxides, and their salts are reduced. 

There are few substances which are so widely dis- 
tributed as vanadium ores, though they are not often 
found in such quantity as to be of economic import- 
ance, and capable of being profitably worked. Im- 
portant deposits occur in which the metal is present 
as a sulphide. It is occasionally found as silicates, but 
the ores most commonly met with are the vanadates. 
The more important ores are carnotite, patronite, 
roseoclite, vanadinite, magnetite, and certain iron 
ores. The best-known mineral is vanadinite, contain- 
ing theoretically about 19 per cent. of vanadium 
pentoxide, equivalent to 10.9 per cent. of metallic 
vanadium. The most important producing districts 
are Spain, Peru, Colorado, and New Mexico. Of 
these, Spain produces vanadinite—that is, a vanadate 
of lead, with an inferior portion of lead chloride. In 
France and Italy it occurs in bauxite and clay, and 
may therefore be looked for where igneous rocks 
kaolise, or break up. In this country deposits occur 
in the Warlock Head Mine, in Dumfries, and at Harmer 
Hill, in Shropshire; also in Cheshire at Alderley Edge, 
14 miles south-east of Manchester, among the large 
copper-mines there, now closed down. e mineral 
found there has been given the local name of mottra- 
mite. Other vanadium-producing countries are Por- 
tugal, Baden, Bivaria, and Sweden. — 

o America the main output comes from Peru; the 
ore found there is patronite, a sulphide; also vana- 
diferous asphalite. In 1912 it was asserted that 
nearly 90 per cent. of the world’s supply came from 
Peru ; the ore carries 15 per cent. of vanadium. The 
Peruvian mines are at Minasragra, 23 miles north- 
west of Cerro de Pasco, also at Casapalca. The 
Colorado ore is a carnotite, a uranyl-potassium vana- 
date. The New Mexico product is mainly vanadinite. 

During 1914 there was a very large output of vana- 
dium ores in the United States, the total quantity of 
vanadium from carnotite and other ores being approxi- 
mately 430 tons. Vanadium-bearing ores have been 
found in Utah, Western Colorado and Michigan. 
South Australia produces a sulpho-vanadate of copper. 
In New South Wales vanadium occurs in bauxite and 
clay. Ores also occur in Rhodesia and South-West 
Africa. 

The developments which have taken place during 
the last two decades in connection with the making of 
ferro-vanadium alloys in s direct way, by the treat- 
ment of ferrous-vanadium ores, are the outcome of the 
knowledge acquired through experiments on the 
Taberg iron ores and products therefrom. 

It has been known that the iron produced from the 
treatment of the Taberg ores at the Eckersholm 
Works was possessed of an extraordinary degree of 
softness and tenacity. The analytical investigations 
made to ascertain the cause producing these pro- 
perties demonstrated the presence of vanadium in the 
iron ore, cast iron, wrought iron, as well as in the 
slags obtained at the second stages of the metallur- 

icaloperation. Whenthe important facts relating tothe 
high physical properties imparted to all the varieties of 
iron byalloying them with vanadium became known, the 
discovery did not impress iron-makers, or induce them 
to utilise vanadium. It is remarkable that industrially, 
and in relation to its metallurgical uses, this discovery 
should not have been productive of immediate results. 
More recently it became known that vanadium, as well 
as titanium, were frequently found in a number of 
iron ores, mainly in magnetites and in bogiron. During 
the reduction process these two metals passed into 
iron products, forming multiple alloys. At first a 
difficulty occurred in the direct treatment of vanadi- 
ferous iron ores, owing to the peculiar properties of 
vanadium, the greater portion ing into the slag, 
forming silicated compounds, whilst another portion 
was separated as carbon-nitrogen compounds, which 
also mixed with the slags or found their way to other 
parts of the reduction apparatus. These difficulties 
have been overcome, and both cast-iron and steel 
alloys with vanadium are produced in a direct way 
from the treatment of iron ores, in which that element 
is present, almost the whole of the vanadium occurring 
in the ore being recovered. The Norwegian magne- 
tites and iron ores with fairly high vanadium contents 
are almost inexhaustible. 

In the preparation of vanadium steel, the addition 
of only } per cent. of vanadium gives a high tensile 
strength and range of elasticity. Whereas the tensile 





strength of ordinary steel may be taken at 27 tons per 
inch, that of steel containing only 0.25 per cent. of 
vanadium is nearly 35 tons. The limit of elasticity 
is also increased by this small admixture, from 16 to 
28.5 tons per sq. in. The addition of vanadium also 
rids the steel of traces of oxygen, and promotes a 
homogeneous distribution of the carbon contents. B 
the addition of chromium as well as vanadium, still 
better results are obtained. The malleability of 
vanadium steel can be considerably iouuaeel 
annealing. A steel containing 12 per cent. of nickel 
and 0.5 per cent. of vanadium is stated to have a much 
higher breaking stress and limit of elasticity than 
good chromium steel. The addition of vanadium to 
aluminium bronze and brass also appears to promise 
well ; other alloys have been experimented on. The 
main difficulties are the limited supply and high 


price. 

In the United States, where vanadium is both pro- 
duced and imported, the consumption during 1911 was 
about 300,000 lb. As it was then estimated that 5 lb. of 
metallic vanadium were required to treat a ton of steel, 
it followed that 60,000 tons of finished vanadium steel 
was the output for that year. It has been steadily 
increasing. The output of vanadium during 1912 in 
the United States was just under 300tons. (There are 
no details at hand for comparison of the output of 
vanadium steel in this country.) During that year 
the United States industries produced about 100,000 
tons of vanadium steel, containing 7 lb. of metal 
vanadium per ton of steel, which is equivalent to 
350 tons of metallic vanadium, obtained by treating 
4000 tons, or more, of vanadium ores, with an 
average of 10 per cent. of vanadium metal. The 
main part of these ores came from Peru, and the 
remainder from Colorado and Utah. If the method 
of extracting the oxide and preparing the alloys were 
less wasteful and more economical, the price of vana- 
dium metal could be lowered and the output of vana- 
dium steel could be increased tenfold. The actual 
high cost of making ferro-vanadium alloys limits their 
employment to the manufacture of high-speed steel 
for many special uses. Through the employment of 
improved methods of dealing with low-grade ores, of 
a better roasting, lixiviating, and precipitation of the 
solutions, and of careful fluxing and reducing of the 
mixed oxides, a high rate of extraction ought to be 
secured and a large portion of the loss by volatilisation 
avoided. By an adequate adjustment of these opera- 
tions vanadium products should be made at a cost 
approximating to that of copper, but certainiy not 
higher than that of nickel. 

here vanadium is to be utilised in the manufacture 
of vanadium steel, an alloy of iron and vanadium, 
containing from 25 to 52 per cent. of the latter is the 
product which is usually placed on the market. One 
method of treating the vanadate ores is to fuse them 
with bisulphate of soda. A quantity of the latter equal 
to twice the weight of the ore to be treated is melted in 
a closed crucible, and the pulverised ore is added. The 
melt cools to a citron-yellow mass, which absorbs 
water, and becomes greenish in colour. It is broken 
up into fragments less than an inch in diameter, and 
dissolved in hot water. By means of sulphuretted 
hydrogen and ammonia other metals are precipitated, 
and a red solution of sulphovanadate of sodium is 
obtained, which slowly precipitates sulphide of vana- 
dium. Space will obviously not permit an exhaustive 
list of the uses to which vanadium can be put in 
connection with vanadium steel, but enough has been 
stated to indicate its value and importance. Some 
useful applications of vanadium steel may be added. 

In two new types of compressors problems as 
to the proper valve material have recently been 
solved by the adoption of heat-treated vanadium 
steel for these parts. One of the types in ques- 
tion is a compressor designed fr the extraction of 
gasoline from natural gas. Owing to the high tem- 
peratures resulting from the compression of gas, but 
also to the presence of gasoline in the gas entering the 
cylinder, the proper lalctiation of the cylinders and 
valves of this type of compressor presented a number of 
difficulties. Formerly the valves were made of steel, 
with bronze seats and guides; but these valves soon 
failed, because the material was not adapted to meet 
the requirements. Better results have been obtained 
from valves with seat and guides made of heat-treated 
vanadium steel, cut from the solid bar. Such valves 
have now been in service for fifteen months in con- 
tinuous operation at 200 revolutions per minute, 
compressing gas to 250 1b. per sq. in. As a result 
of endurance tests carried out in the United States 
on plate-valves for air-compressors, heat-treated vana- 
dium steel has been adopted for the suction and the 
discharge valves of high-speed air-compressors. Such 
valves are of the plate-valve type cut from a steel 
sheet, and consist of two concentric rings with a 
device for centring the valves on the seats. The 
selection of suitable steel for such valves is considered 
of the greatest importance ; to test the efficiency of 
vanadium-steel valves under the most unfavourable 
conditions, valves of this material have been installed 
in a small experimental machine running at 500 revo- 











lutions per minute. The lift to the valves was in- 
creased to 4 in., which is double that ordinarily 
used. The severe conditions under which these valves 
were tested are never met with in modern practice. 
This compressor, after registering 6,000,000 revolu- 
tions, had the valves still intact. Owing to its strength, 
toughness, high wearing qualities, and the fact that 
it withstands much higher temperatures than other 
steels without deterioration, heat-treated vanadium 
steel is particularly adapted for compressor valves. 

Public attention has been called recently to the 
more economical production of armour-plates. Tests 
made on armour-plates in which 0.24 per cent. of 
vanadium was present showed a resistance to perfora- 
tion by projectiles and to splintering not equalled by 
any other composition of the steel alloys used in 
armour-plate making. 

The high cost of vanadium contained in ferro-alloys 
has prevented its use in this important application. 
Cast iron treated with a vanadium addition of 0.1 per 
cent. has its tensile strength raised from 6 to 13 tons 
per sq. in., whilst the resistance to crushing is pro- 
portionately increased. The making of a high quality 
of cast iron will open a wide field to the use of vana- 
dium. Cast iron thus alloyed is an excellent metal 
for making crushing-rolls and many other cast-iron 
articles. This vanadium cast iron is very compact 
and free from blow-holes, and it has a very fine-grained 
texture. An enormous demand for vanadium will 
result as soon as the ferro-alloy can be placed on the 
market at a reasonable price. 





TASMANIAN TiMBER.—The principal Tasmanian timber 
trees from a commercial point of view are of the 
eucalyptus genera. The chief is the eucalyptus globulus, 
or blue gum, which is found in the southern half of 
Tasmania; another important variety is stringy bark, 
which is widely distributed all over the island, and is 
also found in Victoria, New South Wales, and South 
Australia. These trees are the giants of the Tasmanian 
forests, and reach a height of 350 ft., with a clean 
barrel of 250 ft. to the first limb. They have a circum- 
ference of upwards of 20 ft., measu 3 ft. from the 
ground, and contain as much as 25,000 superficial feet 
of marketable timber. The other eucalypti of import- 
ance as timber- producing trees are the peppermint, 
the iron bark, and the manna gum; they vary in 
height from 200 ft. to 300 ft., with long barrels free 
from limbs. Eucalyptus oil is distilled from the leaves 
of the blue gum, and large quantities are exported. A 
number of ornamental and decorative woods are also 
found in the forests of Tasmania; the most useful of 
these are the black wood and the Huon pine. 


Tue GrerMAN Cement INnpustTrY.— Whilst the prospects 
of a Zwangssyndikat have met with a very unsympathetic 
reception on the part of the rich and independent 
Rhenish- Westphalian Coal Syndicate, the Rhenish-West- 
phalian Cement Syndicate has, in a way which cannot 
very well be mistaken, directly invited the Government 
to adopt the same method with reference to the cement 
industry. Ata meeting of one of the cement works, the 
chairman of the Rhenish-Westphalian Cement Syndicate 
stated that the cement industry of the district had suffered 
severely from the erection of so many new cement works. 
The over-production, which already had existed for a long 
time, ought, one would have imagined, to stop the erection 
of new works, yet such were erected with undiminished 
zeal. The Rhenish-Westphalian was firmly resolved no 
longer to let matters take their own course, and would 
consider measures whereby this boundless promoting 
activity could be kept in band for the future. Also the 
Government would have seriously to consider the matter, 
for it could not tolerate a continual decrease in its revenue 
on account of the unstable condition of the cement in- 
dustry. It was possible that the Government, in the 
end, would have to resort to cnercive measures on the 
cement market, and form a Zwangssyndikat. They 
certainly did not call upon the Government to do this, but 
this course was probably the only one lett by which 
ordered conditions could again be created. 





QUEENSLAND Mrinerats.—The value of the mineral 
output of Queensland in 1913 was 3,857,8811., showing a 
decrease as compared with 1912 of 317,474. The decline 
in the gold yield was responsible for the falling off, and 
the increase in the production of industrial metals hardly 
realised anticipations. It was only in coal that any 
decided and satisfactory advance was apparent, the year’s 
output exceeding 1,000,000 tons, or 100,000 tons more 
than that of 1912. The value of the yield of gold in 1913 
was 1,128,768/., a decrease of 349,2101.. as compared 
with 1912. A decline in the gold yield seems to have 
been common to all the gold-producing countries of the 
world ; but so far as Queensland was concerned, the 
falling off was due to.a gradual exhaustion of the mines of 
the principal fields, and failure to discover fresh sources of 
auriferous wealth. The increase in the production of coal 
was spread over all the coal-mining districts except 
Rockhampton; but the largest proportionate increase 
occurred in the Clermont or Blair Athol collieries. The 
average value of the coal obtained at the pit’s mouth in 
the Ipswich district in 1913 was 7s. per ton; the cor- 
responding value in the Darling Downs district was 
8s. 6d. per ton; in the Burrum district, 10s. 11d. per 
ton ; and inthe Rockhampton district, 10s. 4d. per ton. 
A revival of inverest in the Bowen coal deposits, and 
assistance granted by a vote in aid of mining. stimulated 
attention to the coal possibilities of Northern Queensland, 
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SURPLUS SKILLED LABOUR IN BRITISH 
COLUMBIA. 
To THe Eprror oF ENGINEERING. 
Srr,—Enclosed please find cutting from Vancouver 
Daily News Advertiser, giving account of interview with 
Mr. G. N. Barnes, M.P., sent here to obtain mechanics 
for British munition factories and shipyards. After wait- 
ing patiently for several months for an opportunity of 
returning to Great Britain to work at their different 


trades, ® number of workers, including blacksmiths, | kindred 


boilermakers, drillers (machine and hand), riveters, 
ships’ carpenters, iron-moulders, and millwrights received 
notifications to appear on a certain date to undergo a 
trade test at certain specified shops where suitable machi- 
nery existed for the purpose. “ 

After waiting a considerable time these workers were 
as suddenly notified that owing to certain cables received 
these men were not in demand in Great Britain. There 
are many hundreds in Vancouver alone; in fact, the 
Vancouver Volunteer Mechanics’ Association claim that 
1500 have been refused a trade-test in Vancouver. We, 
as tradesmen, have been seriously misled in Vancouver by 
the British Commissioner of Labour, and I ask you to 
place the enclosed cutting in your valuable trade maga- 
zine with a view to putting before the British employer 
the fact that labour can be had in abundance in British 
Columbia, at any rate. I would respectfully refer you to 
your editorial of June 25, wherein you mentioned that 
seventy-five millwrights could not be obtained in Sheffield 
to instal some machinery, while in Vancouver they are 
actually on the verge of starvation, and have been refused 
by the Commission —— to secure labour. In con- 
clusion, I might add that in no part of the British 
Empire to-day will you find mechanics more anxious to 
serve their country. They are seeking interviews with 
Messrs. Barnes and Wyndham, clamouring to be given a 
test, but with no hope of any success. Trusting you will 
give this matter your attention, 

I remain, yours truly, 
Tuomas T. Heasuip. 

174, Pender-street E., Vancouver, B.C., 

July 20, 1915. 


The following is the extract from the Vancouver Daily 
News Advertiser enclosed in the above letter :— 


“I do not care to enter into a controversy over this matter 
of the selection of mechanics,” said Mr. George N. Barnes, M.P., 
member of the Commission which has been appointed to secure 
mechanics in different parte of Canada. ‘‘ Asa matter of fact, 
we have received instructions from the Ministry of Munitions that 
only certain trades are now required. This list does not include 
some of the trades which were accepted on the first scrutiny of 
the lists. But our orders were explicit, and were received between 
the time we made the first scru:iny of the lists and the time when 
the examinations were begun. I presume the Ministry of Muni- 
tions had sufficient in those trades which were dropped. 

“ According to the list supplied us, the only mechanics required 
are :—Platers for ship works, shipwrights, turners, fitters, angle- 
iron smiths, caulkers, brass-fitters and finishers, brass-moulders, 
copperemiths, setters up, highest skill gauge-makers and tool- 
makers, millers for high type of machine and for heavy work. 

“It will be found that boilermakers are not included. The 
caulkers, angle-iron workers, and platers are included in the 
general term of boilermakers. These are now on the list wanted. 
It therefore leaves sheet-iron workers, blacksmiths, drillers, ship 
carpenters, riveters, iron-moulders, and millwrights, which are 
not wanted. 

‘“* As to whether the British Columbia Manufacturers’ Associa- 
tion may have used some influence to have these classes 
stricken out I have nothing to say. We received our instruc- 
tions, and we are following them.” 

Mr. Barnes stated that over 400 men would be sent forward from 
Vancouver. The work of examination would be completed this 
week, and the men would all be on their way very shortly. 

Appeal for Transportation.—Mr. R. H. Young, President of 
the Vancouver Volunteer Mechanics’ Association, gives the men’s 
side of the story, and also makes an appeal for funds for their 
transportation to the Old Country in the following statement 
handed in for publication :— 

“In Britain to-day a campaign is being waged to secure all 

available skilled labour. So badly off is the Government for 
workers that women now are being employed in place of men in 
the munition factories ; and business men, after office hours, are 
doing three-hour shifts at work to which they are absolutely 
unaccustomed. 
_ “Men areeven being withdrawn from the fighting line to work 
in the shipyards and on shell production. et there are over 
1500 skilled British journeymen hanics at the present t 
worklees and penniless in the city, all of whom have volunteered 
their services on behalf of the Empire. For some unexplained 
reason these men have been turned down flatly, and a public 
appeal is now made to secure funds sufficient to furnish the 
hecessary transportation. 

“The generous response recently made to the appeal for 
machine-guns warrants the belief t a like nse may be 
made to furnish the men to make the guns, Dreadnoughts, sub- 
marines, and aircraft. We are at our Empire's call, and just as 
— and ready to answer that call as our brothers in the 

renches.” 








A COMPULSORY SYSTEM OF COMBINED 
CIVIL AND MILITARY TRAINING. 
; To THE Epitor oF ENGINEERING. 

Sir,—It is now apparent to everyone who does not 
wilfully shut his eyes to the fact, that the voluntary 
system (so-called) of recruiting and enlistment has failed 
to secure either the right men or the necessary numbers. 

here are too few men, and too many of them are married. 
It is admitted that the voluntary system is an injustice, 

cause it throws the burden of defence upon those who 
are good enough, or weak enough, to bear it. 

An overwhelming majority of the people is agreed that 
some form of national service is not ve desirable, but 
an urgent necessity, and it is as generally believed that 


such service would be accepted, not merely without pro- 
test (except by the few exceptions who are to be found 
in every community), but with alacrity, as the best means 


allowed to be correct, I venture to ask for space in your 
columns in which to outline a scheme, or system, of 
national service which, I believe, will produce, not merely 
good soldiers, but better citizens ; men not — fully 
trained for actual battle should they have to fight, but 
for the battle of life which they must fight. I crave the 
indulgence because a great part of the subject is so tech- 
nical as to find most appropriate place in a technical 
journal. Moreover, much I have to say bears especially 
on the training of those engaged in engineering work and 
pursuits. 

this war is over, the country will be burdened 
with an enormous National Debt; and as all money is 
made by labour of some kind, and all debt consequently 
paid out of the savings of labour, it is essential that any 
scheme of compulsory training should not merely increase 
the fighting power of the individual, which makes him of 
more value to the community, but should increase his 
economic value by making him a better citizen. We 
shall all be rer in future ; the struggle for existence, 
the competition to live, will be keener ; therefore we must 
be cheaply as well as thoroughly trained. 

Cheapness and efficiency can be combined in national 
service only by giving the pupil something of value to 
himself in return for the service he renders the com- 
munity by becoming an efficient fighting man. This value 
to himself can be given only by making him a better man 
to himself, a better unit, a better workman and wage- 
earner, and can be obtained only by combining purely 
military with technical training. 

The object to be kept in view is, as I have stated above, 
to make better citizens, whoshall also, if and when required, 
be soldiers, trained fighting men, fit and ready, fur- 
nished with all the knowledge and skill required to defend 
their country effectively ; not to create an imperial military 
machine such as Prussia has made of Germany. 

The necessity for fighting in defence of his home and 
country, as well as his own life, is a possibility which 
every man should be pre and trained to meet. But 
this attack, if it comes, is only an incident, although the 
most serious and rous one that can aaueee to any 
individual or nation, whereas the citizen’s whole life is a 
struggle for existence. For this reason purely military 
drill must not be allowed to monopolise the whole period 
of training, but must be combined with the more 
important technical equipment for the work of life ; both 
should go together, the existing educational institutions 
and facilities being as far as possible utilised. 

By combining military and technical training the young 
man gains in every way. First, he is taken from his wor 
at the time of his lowest value as a wage-earner and 
bread-winner, but when his capacity for both mental and 
physical development is greatest. Secondly, along with 
the twelve months’ military training, he acquires greatly 
increased skill and knowledge of his trade or business, as 
well as increase of health, strength, and length of life. 

The combined system overcomes all the objections to 
conscription, becauses it improves the individual, en- 
riches the community, and strengthens the State for 
defence. It implies or conveys no threat to neighbouring 
States, merely gives warning to intending oa. 

Before elaborating the details of the combined system, 
it is necessary to summarise the position of the British 
Empire in the world, and to consider the services re- 
quired of the citizens, so that the training given may be 
of the greatest use for the protection and preservation, 
not merely of the United Kingdom, but of the Empire, 
and also be of greatest value to the citizen in civil life. 
The United Kingdom is the parent trunk which bas 
thrown out the far-spreading roots represented by the 
Colonies and overseas possessions. Just as the roots 
nourish and support the tree, so do our Colonies and de- 
pendencies support and strengthen the United Kingdom, 
a fact which has never been so clearly shown as at pre- 
sent. Cut the roots, and you kill the tree. Deprive 
the United Kingdom of its Colonies and possessions, and 
at once it becomes another Belgium, a small industrial 
State, either “‘ protected ” by a bigger one, or neutralised 
by consent of several bigger ones. It would be per- 
ous only b rmission of its neighbours, and to the 
extent to which they decided not to handicap its trade. 
The ‘‘Little Englander,” the man who denounced 
Colonies and ions as a burden to be cast adrift, 
is silent and, let us hope, ashamed when the men of 
these Colonies and ions are doing his work of de- 
fending the little gland in which he stays at home 
atease. The United Kingdom, a mere dot on the map 
of the world, is the heart and nerve centre of the greatest 
Empire of all time. A blowstruck at the heart, if it got 
home, would shatter the whole body, and therefore the 
United Kingdom must be made, and maintained, in- 
violate. 

Because it is an Island Empire and widely scattered, 
it is incapable of sudden or wanton aggression on its 
neighbours. No concentration of the fleet or of trans- 

rts could be made suddenly; neither could any mobi- 
isation of home, colonial, or Indian troops be effected in 
secret. Neighbouring States could not fail to get timely 
notice of what might appear to bea hostile movement, 
and explanations would be demanded. . 

Because it is a widely scattered Empire, a profes- 
sional standing Army is required to maintain law and 
order, and ensure in all the Domirions, also to 
provide relief and furlough for troops in tropical or 
other countries unhealthy to Europeans. The standing 
Army in future will require to be not less than 500,000 
men, largely ——— of the special and more highly 
skilled and trained services, and exclusive of the “‘ native” 
armies. 

Becauce Great Britain is not a self-supporting country, 
but a small island carrying a larger population than the 
soil can feed, it must always have an overwhelmingly 





of ensuri and ity in future. 
In the ttian prosperity in future. 


lief that these assertions will be generally 





Stances, be allowed to fall below the ‘“‘ two Power” 
standard. rym less than this can afford security 
against loss of © and speedy starvation from inter- 
ference by the enemy with our overseas traffic. 

Already it has been demonstrated beyond any dispute 
that to preserve the integrity of the Empire and keep the 
United Kingdom inviolate, it is essential that both the 
Navy and standing Army should be ready for action at 
any time, and that they should both be supported by 
reserves of trained men. These reserves are useless with- 
out a full supply of arms and ammunitions, therefore 
there should always be in store not merely sufficient 
munitions for the Navy and the professional Army, but for 
reserves of two millions of men, who would then be able 
a trained) to mobilise on a few hours’ notice. It 
would then also be impossible for employer or employee. 
capital or labour, to make money out of the necessities of 
the community as they are doing just now. 

Another lesson taught by this war is the necessity for 
— training for each separate branch of the eervice. 

ormerly an army was comprehensively styled ‘‘ horse, 
foot, and artillery,” with more or less o: ised trans- 
port, commissariat, and medical services. The Navy was 
manned by sailor-men (seamen gunners) and marines. 
To-day there are many branches of service in both the 
Navy and Army, each uiring so much scientific, tech- 
nical, and mechanical skill and experience that men must 
“specialise” almost from the day they enlist. With the 
ea we of invention, the demarcation between these 

ranches becomes every year more sharply defined, and a 
higher standard of pro’ we and dexterity is demanded. 

An entirely new branch, the Flying Corps, has proved 
to be of inestimable value in scouting. In a short time 
it will be found the most terribly offensive weapon of war ; 
squadrons of aeroplanes, numbering many thousands, will 
be used to destroy ships, cities, and arsenals with greater 
immunity from loss than could be obtained by any force 
operating on land or on board aship. The fate of nations 
may in future be decided in the air. For this service very 
special training is required. The airman is a man apart, 
and his value as a fighting unit is increasing every day. 

Wireless telegraphy had established its value before 
the war. and for it specially trained operators are required. 
_ The Royal Engineers comprise many services requir- 

specially trained, skilled men—for instance, field 
egraphs and telephones can be laid or repaired only 
by experts, men with practical working knowledge of the 
construction and working of the delicate and complicated 
machines and appliances used. Bridge-building, repair- 
ing, and destruction, in the most expeditious manner, 
require both scientific knowledge and practice ; for with 
the increasing weight of motor transport and guns has 
come the necessity for stronger bridges and better roads. 
The difference between siege, field, and horse (or ‘‘gal- 
loping”) artillery, too, has become more marked. Heavy 
howitzers, and also long g gune, have increased enormously 
in weight, can be moved only by powerful motors, and 
handled by trained engineer- gunners. Field artillery 
now comprises guns up to 6-in. or even ter calibre, 
which are used against armies in the field. Horse artil- 
lery, or quick-firing guns, have become more mobile and 
of greater range. No artilleryman can expect to become 
“expert” in all these branches, even if he got the oppor- 
tunity. 

Motor transport (the Army Service Corps), a new 
feature, has greatly increased the mobility of troops, but 
its efficiency depends upon the skill of the mechanics and 
drivers, wn coe, are specialists. Cavalry was supposed 
to be of use only for scouting and patrol work, Am to be 
on the verge of supersession by aeroplanes, but bas 
proved that its value in defence or attack has in no way 
diminished when it is used at the right time and under 
the right conditions. 

Obsolete weapons, such as the hand-grenade, the shorbt- 
mage mortar, and even the catapult, have again been 

. The old cross-bow may be found in the trenches 
before long, throwing small bombs silently and accu- 
rately. The bayonet (the spear or pike of our forefathers) 
is still king of weapons, and its use by yr a fear- 
less men, trained to close fighting, has decided many of 
the important battles of the campaign. 

The Royal Army Medical Corps has been developed 
marvellously, and never has any campaign been fought 
under conditions more favourable to the wounded or to 
the health of the troops, thanks to the skill and science 
of the Army doctors. 

In the Navy, a similar subdivision of service is now 
established. The same class of men may be found in 
battleships, cruisers, destroyers, submarines, and hydre- 
planes, but although the titles which distinguieh duties 
or rank may be the same, the work required in each type 
of ship is so different that special knowledge is essential 
toevery man. The days of the “‘ captain” and “sailing 
master” with the same men to work and fight the shi 
under them are gone. It is an illustration of the sub- 
division of labour in the industries of production applied 
to the industry of defence or destruction, and with similar 
increase of efficiency, each man knows bis own 
work and knows it thoroughly. In every ship will now 
be found artilleriste, torpedo specialists, electricians, and 
engineers, all trained for, ard with special knowledge of, a 
particular duty. 

Although scarcely past its infancy, the submarine hss 
already established its reputation as one of the most de- 
structive weapons of naval warfare. It will increase in 
displacement and s . although the limit seems to be 
seb at present by the size and power of the explosicn 
engines and of the weight of the electric storage batteries. 
It will discharge oes from the broadside as well as 
fore and aft, and will be armed with guns sufficiently 
powerful to sink any merchant ship by a single well- 
placed shell. These vessels will be able to cross the 





powerful Navy, which should never, under any circum- 
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without renewing their fuel supply. It is not difficult to 
realise that a sufficient number of such vessels could main- 
tain a far more effective blockade of our coasts than an 
equal number of above-water cruisers, for the simple 
reason that they possess the power of making themselves 
invisible when desirable. 

The destructive power of these under-water vessels 
renders it necessary to reconsider our whole scheme of 
defence. The doctrine of ‘‘the blue-water school,” that 
the Navy is all-sufficient for defence, is a thing of the 
past. To be safe now we uire | i oe ortifica- 
tions on shore to keep enemy ships of the “‘above-water” 
type at a distance, and prevent raids or landings until 
our defending vessels can arrive. Also we must either 
grow much more of our own food-stuffs or keep twelve 
months’ stock in bond. 

Although the above-water ship will not be superseded 
by the submarine, because the s and power of the 
battle-cruiser can always be much greater than that of 
the totally-submerged vessel, the time may come when 
sea-power will be measured in terms of submarines, not 
Dreadnoughts. : 

When men are drafted into submarines, they have to 
be specially trained for their duties; and as the in- 
tricacy and complexity of these peculiar craft increase 
with their size and power, so must the skill, knowledge, 
and dexterity of the crew develop in proportion. 

To one branch of naval service the exécutive has per- 
sistently refused full recognition of its place and value on 
board ship, The engineer was lon, ed by the deck 
officer as a kind of glorified mechanic, a tradesman, a 
**smoke admiral,” or “‘king of grease,” as one well- 
known admiral called him. The engineer, knowing his 
value, refused to accept the assumption of the executive 
officer that he was inferior in brains, education, or 
responsibility, and rebelled against the inferior status 
assigned to him. In the opinion of the Admiralty it wa<« 
impossible to admit men to commissioned rank who had 
not been trained specially for the Navy practically from 
childhood. In no other way, it was alleged, could it be 
assured that they were tlemen, and fit to associate 
with executive officers. 
Selborne-Fisher scheme was devised. Under it all young- 
sters entering the Navy are put through the same course of 
preliminary training, and afterwards are allowed to select 
the de*k or engine-room as their future sphere. The 
executive officers, no doubt, get a thoroughly efficient 
training, the engineers do not ; they have a smattering of 
theory and only a modicum of practice. 

Under the new conditions the real work of the engine- 
room will be done by the artificers who are thoroughly 
trained mechanics, or were, for they also resent the 
subordinate position assigned to them, and, on account of 
the diffi ulty of getting fully-qualified men, stokers and 
greasers are being promoted to artificer rank. Over all 
the engine and boiler-room staff will be the imperfectly 
trained, and comparatively inexperienced, Lieutenant 
(E.). The scheme has not worked satisfactorily, and 
will have to be amended. No better proof of this can be 
adduced than the fact that at the beginning of this war 
it was found necessary to give to the old men still in the 
Service who had direct from Keyham or the 
merchant navy into the ee Navy the same status and 
titles as had m enjoyed by their intended successors, 
the engineer-lieutenants and captains of the naval engi- 
neering schools. 

The Selborne-Fisher scheme is alluded to by way of con- 
trasting the partly, with the properly, trained engineer. 
In the merchant navy there are no such hybrids. There 
the captain commands the ship and every man in it, but 
leaves engineering and the control of the engine and boiler- 
rooms to his engineers with entire confidence, because he 
knows the whole of the staff to be thoroughly practical as 
well as scientific men. In the Royal Navy the captain 
must have a genteel hermaphrodite to come between the 
oily wind of the artificer and his nobility. 

The specialisation, the sub-division of knowledge, skill, 
and training required of the different units in order to 
produce an efficient whole has been amplified at some 
length, because recognition not merely of its advantages, 
but of its absolute necessity, is the base on which the 
scheme of military or naval training which I advocate is 
construc With the complete details of that scheme I 
trust you will allow me to deal in a second letter. 

I am, yours truly, 
Perer Swan. 

Broughty Ferry, August 9, 1915. 








Personau.—Mesers. J. and A. Hillman, Limited, 
tanners and curriers, Dudley, inform us that they have 
appointed Mr. Percy C. Ayers, 25, Victoria-street, 8. W., 
their London representative.—Mr. James Halcrow, of 
18, Coleman-street, E.C., who bas teen so many years 
associated with the Hanover Locomotive Company, bas 
taken over the British representation of the Lima Loco- 
motive Corporation, Lima, Obio, U.S.A.—Mr. W. Stamm 
informs us that his address is now Ormond House, 
63, Queen Victoria-street, London, F.C. 


ComMPRtTITION wiTH GERMANY AND AusTRIA-HUNGARY. 
—The Bord of Trade continue still to receive a very large 
number of inquiries for the names of buyers or sellers of 
articles of which the sources of supply or markets have 
been interfered with by the war. Special arrangements 
have been made in the Commercial Intelligence Branch 
of the Board of Trade for dealing with these inquiries, 
and the latest weekly list of articles (No. 32) is ready, 
and may be obtained by United Kingdom manufacturers 
and exporters of British goods from the Commercial 
Intelligence Branch, the Board of Trade, 73, Basinghall- 
street, ion, E.C, 


nsupport of this contention the | ¢ 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data = —~~4 Peng wo ye! 
forei engineering jects, taken from the 0 
Trade Journal. Dasher information on these oom 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

Australia: H.M. Trade Commissioner for Australia 
reports that sealed tenders, on the proper forms, will 
be received by the Victorian Railway Commissioners, 


Spencer-street, Melbourne, as follow:—Up to 11 a.m. 
on September 1, for the supply and delivery of about 


33,570 tons of 80-lb. steel rails, and about 2111 tons of | Chi 


steel fish-plates. (Contract No. 28,342). Up to lla.m. 
on September 1, for the supply and delivery of 40 steel 
blooms for locomotive crank-pins. (Contract No. 29,010.) 
Up to 11 am. on September 8, for the Supply and 
p+ nak of 500,000 steel spring washers for 1 in. diameter 
fish-bolts. (Contract 28,863.) Up to 11 am on Sept- 
ember 15, for the supply and delivery of 10,203 cast- 
steel wheel centres for railway rolling-stock. (Contract 
No. 29,031). Copies of the specifications and forms of 
tender, ther with drawings, may be obtained at the 
offices of the Victorian Railway Commissioners. Tenders 
must be accompanied by a preliminary deposit equal to 
9d. for each ton of rails and fish-plates tendered for, and, 
in the case of the forty steel blooms, a deposit of 1V. is 
required. Local representation is n . Copies of 
the specifications and forms of tender, &c., may be con- 
sul by United Kingdom manufacturers at the Com- 
mercial Intelligence Branch. 


British India: The Secretary of State for India in 
Council invites tenders for the supply of (1) 5500 brass 
boiler tubes, and (2) 19,500 steel or wrought-iron boiler 
tubes. The condition of contract may be obtained on 
application to the Director-General of Stores, India 
Office, Whitehall, London, S.W., and tenders are to be 
delivered at that office by 2 p.m. on September 14.—The 
directors of the Madras and Southern ratta Railway 
ompany, Limited, are prepared to receive tenders for 
the supply of about 162 tons of steel sleepers and keys, in 
accordance with the specification, which may be consulted 
at the offices of the company, 91, York-street, West- 
minster, London, S.W. The charge for the specification 
will be 1/. 1s., which will not be returned. Tenders, 
marked ‘‘Tender for Sleepers,” must be sent to the 
Secretary, at the above address, not later than 2 p.m. on 
August 17. 


Spain : The Gaceta de Madrid notifies that tenders will 
he opened at the Direccién General de Obras Piblicas, 
Ministerio de Fomento, Madrid, on August 21, for the 
execution of port works at Moajia, Province of Ponte- 
vedra, at an estimated cost of 398,714 pesetas (about 
15,900/.). A period of four years will be allowed for the 
completion of the works. Tenders will also be opened 
on the same date for carrying out, within a period of 
four years, of port improvements at San Vicente de la 
Barquera, Province of Santander, at an estimated cost of 
389,315 pesetas (about 15,600/.), and for the construction, 
within a period of two years, of a quay at the port of 
Médano. Canary Islands, at a cost of 69,774 pesetas 
(about 2200/.). The Gaceta also notifies that tenders will 
be opened at the Direccién General de Obras Publicas 
on August 14 for the execution of dredging works at 
Puerto Real, Province of Cadiz, at an estimated cost of 
250,957 pesetas (about 10,000/.). A period of four years 
will be allowed for the completion of the works. The 
Gaceta of J | 24 further notifies that tenders will be 
received by the municipal authorities of Cullera, Pro- 
vince of Valencia, within a period of thirty days from 
that date, for the installation of an electric lighting 
system for that town. Finally the Gaceta notifies that 
tenders will be opened at the Direccién General de 
Obras —, ye de ae Madrid, at noon, 
on August 21, for the ing out of port improvements 
at Candas, Province of Oviede The ontiatel cost of the 
undertaking is 321,406 pesetas (about 12,850/.). Although 
these various contracts will probably be awarded to a 
Spanish firm, nevertheless the carrying out of the work 
may involve the purchase of some materials outside 
Spain. The Gaceta also publishes a Decree authorising 
the Direccién General de Obras Piiblicas, Ministerio de 
Fomento, Madrid, to call for tenders for the construction 
of quays in the east dock of the port of Tarragona at an 
estimated cost of 1,312,385 pesetas (about 52,500/.). A 
further Decree authorises the Direccién General to invite 
tenders for the construction of a + rae in the port of 
Bilbao at an estimated cost of 1,605,205 pesetas (about 
64,2007.) The Gaceta further publishes a notice author- 
ising the municipal authorities of San Lorenzo del Escorial 
to carry out works for the supply of water, both for 
domestic and industrial purposes. The works must be 
commenced within a year and completed within five 
years. 

Spanish Ports in North Africa : With reference to the 
proposed construction of wharves at the port of Melilla, 
the Gaceta de Madrid notifies that tenders for the carry- 
ing out of that work will be opened at noon, on Sept- 
ember 6, at the Direccién General de Obras Publicas, 
Ministerio de Fomento, Madrid. A period of two years, 
dating from three months after the award of the contract, 
will be allowed for the construction and equipment of the 
wharves, at an estimated cost of 1,462,774 pesetas (about 
58,500/.). Although this contract will probably also be 
awarded to a Spanish firm, nevertbeless the carrying out 
of the works may involve the purchase of some material 
outside Spain. 


Siam: With reference to a proposed scheme for the 


irrigation of the lower Menam Valley, H.M. Chargé | coast defence. 





d’ Affaires at Bangkok has forwarded a copy of a Report 
in connection therewith, made by Mr. T R. J. Ward, 
C.L.E., whose services as an irrigation expert were 
nom ype! placed at the dis: of the Siamese Govern. 
ment by the Government of India in 1913. Mr. Ward 
studied the ein with a view to the evolution of a 
scheme which should make the greatest possible use 
of the river ; but in consideration of the financial situa- 
tion he has formulated a wanes eee which will provide 
such improvements as are immediately required, and at 
the same time serve as foundation work for the greater 
scheme, should circumstances permit that to be attempted 
at some future date. This preliminary scheme is as 
follows :—(1) To control from a point a little above 

ainat the flow of water ng into the Supan 
or Tachin branch of the Menam, whereby d on 
each side of that branch will be assured of a con- 
stant water supply, at an estimated cost of 7,500,000 
ticals (about 578,000/.). (2) To erect on the Nam Sak 


ab buri a barrage for direction rather than for 
storage purposes, in order to bring water south to the 
Klong gsit area, at an estimated cost of 11,500,000 


ticals (about 886,000/.). (3) To erect a small barrage on 
the Petchaburi River, whereby much land which is now 
in danger of desertion will be saved to the cultivator, at 
a cost of 1,500,000 ticals (about 115,600/.). (4) To expend 
a sum of 1,000,000 ticals (about 77,0007.) on works in the 
valley of Menam Wang for the irrigation of the Lem- 
pang Plain, for making preliminary surveys in the other 
valleys, and for the establishment‘of suitable rain and 
river-gauging stations. (5) To expend 1,250,000 ticals 
(about 96,350/.) in improving the waterways of a district 
south-east of Bangkok, known as the Bang Hia area, and 
in providing some form of irrigation relief to the Northern 
Province of Lakon Lampang, wherein scarcity occurs 
almost annually. Altogether Mr. Ward’s scheme esti- 
mates for the expenditure of 22,750,000 ticals (about 
1,753,600/.). Twenty or thirty years hence the erection of 
a substantial barr: above Chainat, as provided in the 
greater design, might be decided upon, but the present 
scheme is one not so much of barrage and of storage as of 
canalisation, distribution, and conservation of water. 








Tue Roya Socrery or Arts: THe Perer Le Neve 
Foster Prize. — Mr. a Le Neve Foster has 
presented the Society with a donation of 140/. for the 
puspese of founding a prize in commemoration of his 
ather, Mr. Peter Le Neve Foster, who was Secretary of 
the Society from 1853 to 1879. The Council have deter- 
mined to offer the prize for a paper on “ Zinc ; Its Pro- 
duction and Industrial Applications.” The prize will 
consist of a sum of 10/. and the Society’s Silver Medal. The 
paper for which the prize is awarded will be read at one of 
the ordinary meetings of the Society. It is expected that 
some account will be given of the history of the metal, 
the sources of its supply, its metallurgy, and the various 
uses to which it has been, or may be, applied. Intending 
competitors should send in their papers not later than 
December 31, 1915, to the Secretary of the Royal Society 
of Arts, Adelphi, London, W.C. The paper must be 
type-written. It may be sent in under the author’s name, 
or under a motto, accompanied by a sealed; envelo 
enclosing the name, as preferred. The judges will 
appointed by theCouncil. The Council reserve the right 
of withholding the prize or of awarding a smaller prize or 
smaller prizes, if in the opinion of the judges nothing 
deserving the full award is sent in. 





Tue Unitep Srates Navat ProcRamME.—The Central 
News Washington correspondent bas obtained from a 
reliable source a general outline of the reports that Mr. 
Daniels, the Navy Secretary, and Mr. Garrison, Secretary 
of the War Department, will shortly present to Mr. 
Wilson regarding a definite programme for a larger navy 
and army. It is upon these réports, as finally approved 
by the President, that the two secretaries will base their 
estimates of expenditure, for which Congress will be 
asked to make provision. The main features of the navy 
pee are as follows :—(1) The construction of at 
east four super-]readnoughts and probably of two battle 
cruisers of the British Queen Elizabeth type. (The United 
States navy at the beginning of this year was ten first- 
class ships behind the number required by the policy laid 
down by the Navy General Board in 1913.) (2) The con- 
struction of a large number of destroyers. (On the basis 
of the present number of big ships, built or building, the 
navy is now 92 destroyers short of the complement Raee- 
mined upon by the General Board of four destroyers to 
each battleship.) (3) The construction of upwards of 100 
submarines, furnishing a complement of 50 for each 
coast. (4) The construction at the aeronautical bare at 
Pensacola, Florida, of a plant for the building of sea-going 
aeroplanes capable of turning out at least three machines » 
week. (5) Increase in enlistment authorisations to bring 
the enlisted personnel immediately up to full strength for 
all ships, an increase of about 18,000 men. (6) Enlarge- 
ment of the capacity of the Naval Academy at Annapolis 
with a view toovercoming at the earliest possible moment 
the existing shor of 900 officers on the basis of the 
ships built and building. (7) Authorisation for the ex- 
penditure of a large eum at the direction of the Secretary 
of the Navy with a view to taking advantage of im- 
provements and desirable innovations immediately upon 
their discovery. (8) Legislation giving the Board of 
Civilian Inventors, which Mr. Daniels recently. created, 
a status before the law. Mr. Garrison will ask in his 
report for an army of Regulars and Militia numbering 
at least 410,000, backed up by a large reserve force of 
trained citizens, equipment for a million men, a military 
academy on the Pacific Coast, and more big guns for 

le 
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RESEARCHES ON THE IRON, SILICON, 
AND CARBON ALLOYS.* 


By Grorces Cuarpy (Paris) and ANDRE CorRNv- 
THENARD (Ville). 


Tue properties of the iron-carbon-silicon alloys, and, 
in particular, the transformations they undergo under 
the influence of variations in temperature, present pecu- 
liarities which do not appear to have been fully eluci- | 
dated by the investigations hitherto carried out, and | 
amongst which may mentioned those of Sir Robert 


Fig.1. ORDINARY ALLOYS CONTAINING LESS THAN 
1°” 0-15 PER CENT. OF CARBON AND VARYING 
PERCENTAGES OF SILICON. COOLINGS 
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Hadfied, Guillet, Baker, and others. The authors have | 
therefore conceived it useful to reinvestigate these trans- 
formations by taking into consideration successive series 
of metals containing varying amounts of silicon and 
cirbon, and endeavouring both to co-ordinate and to 
confirm the results of thermal, chemical, and micro- 
Scopic analysis. Ona the other hand, this nvestigation 
&ppears to them to have shed some light on the iron- 
carbon system itself: by taking into consideration, 
80 to speak, the continuity of the perturbations intro- 
duced by the progressive variation of an element, it is 
Possible to arrive, by extrapolation, at an understanding 
of what would occur in the complete absence of that 
element. The work has been carried out on two main 
groups of alloys :— 

1. Steels which have been divided into dead-soft steels 
Containing 0.10 to 0.15 per ceat. of carbon (the silicon 
varying from 0.1 to 7 per cent.), and semi-hard steels con- 


: * Paper taken as read before the Iron and Steel 
stitute. 





taining 0.35 to 0.40 per cent. of carbon (the silicon varying 
from 0.1 to 4.5 per cent.). 
2. Cast iron with 2 cent. of carbon (silicon varying 
from 0.1 to 7 seremmat. 
Rt .. uence of ideas led the authors to let the 
es on these two groups of metals frequently over- 
lap. Still, in order te simplify the account, they will 
give, in succession, the facts observed in each instance, 
and confine themselves subsequently to showing how the 
different results may be harmonised with each other. 
I. Critical Points in Alloys only Slightly Carburised.— 
The first series of metals tested comprised five alloys, 


Fig.2. ORDINARY ALLOYS CONTAINING LESS THAN 
0-15 PER CENT. OF CARBON AND VARYING 
PERCENTAGES OF SILICON. DILATATIONS. 
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corresponding with definite commercial qualities, the 
chemical compositions being as follow :— 




















No. of 3: | Mangan-| Phos- 

Sumple. Carbon. Silicon. a phorus. Sulphur. 
percent. per cent.| percent. | percent. per cent. 

9-4094 | 0.05-0.08 0. 0.36 0.008 0.012 

11-1011 | 0.14-0.14 0.26 0.38 0.007 0.016 

12-6415  0.09-0.07 0,57 0.37 0.010 0.022 

10-34-2 9 06-0.07 2.50 0.28 0.011 0.010 

12-6414 | 0.05-0.04 3.91 | 0.40 0.041 0.026 





The investigation comprised, on the one hand, the 
cooling method with automatic recording, by means of a 
double Siladin-Le Chatelier galvanometer, and, on the 
other, the dilatation method. using the arrangement de- 
scribed in an earlier paper by Charpy and Grenet.* 

* Comptes Rendus des Seances del Académie des Sciences, 
1902, No. 1, page 540. 














The diagrams obtained on cooling are reproduced in 
Fig. 1. It will be seen that the first alloy clearly shows 
the three perturbations usually denominated A 1, A 2, and 
S wh —— a < ny bog ge oe occur 
a Og, jeg... 785 deg. t. respectively. 

An examination of the whole of the succeeding curves 
shows, in conformity with the results publi by 
Osmond, Arnold, Stead, Baker and others, that the point 
A383 diminishes in intensity (while rising a little in the 
temperature scale) as the percentage of silicon increases, 
and that it disap before that percentage reaches 2.5. 
The authors show later on, with greater accuracy, 
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what proportion of metalloid appears to lead to the dis- 
appearance of the A 3 point. 

e A2 point falls noticeably in proportion as the 
percentage of silicon increases, whereas, on the contrary, 
the Al point rises, until the two points which, to begin 
with, are separated by an interval of 65 deg., become 
conjoined in the alloy 12-6414. | 

The dilatation curves which are shown in Fig. 2 show 
that the addition of silicon to iron does not appreciably 
affect the dilatation coefficient between 0 and 700 deg. 
Cent. On the yy Py it or that pon. 
12-6414, containing 3.9 per cent. ilicon, no longer 
reveals any dilatational anomaly; this shows that it is 
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the A 2 point that shows itself most, on dilatation curves, 
in low car and at same time confirms the 
fact, already recorded by Charpy and Grenet*—namely, 
that the point A 2 does not with any peculi- 
arity in the dilatation diagram. It must not, however, 
be coneluded from this that this point possesses no indi- 
viduality of its own, and that it is only a residuum of the 
transformations corresponding with the points A 1 and 
A3. The authors will show that, on the contrary, it is 
possible to eliminate the A 1 and A 3 points, while at the 
same time preserving the A 2 point. 

Fig. 3 shows the dilatation and cooling curves of three 
fresh steels obtained by the melting of Swedish iron in a 
crucible, with the addition of suitable quantities of ferro- 
silicon. In these alloys, the sample numbers and chemical 
composition of which are given below, every effort was 
made to reduce the proportion of carbon to a minimum, 
and to keep the silicon between 0.10 and 2 per cent. 


Phos- | 


phorus. | Sulphur. 
| 


Sample | Carbon. Silicon. iw 














recent. per cent. 


pe per cent. per cent. | per cent. 
0.03-0.04 ; O 


4060-38-3 0.10 06 0.013 0.010 
4063-400 | 0.06-0.07 1.13 0.06 0.014 | 0.010 
4063-1800 | 0.04-0.05 2.13 0.05 0.017 0.006 





It will be seen that in the case of the sample 4063-800 





(silicon 1.13 per cent.) the point A3 is almost entirely 
Fig.7. 
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suppressed. From further dilatometric experiments, 
details of which are omitted in order to avoid unduly 
lengthening the present paper, it may be concluded that 
the point A 31s entirely suppressed as soon as the pro- 
portion of silicon in the alloy reaches 1.30 Rr cent. 

On a further inspection of Fig. 3 it will be seen that 
the A 1 point does not appear, on cooling, when the pro- 
— of carbon in the metal is 0.04 per cent. or less. 

he curve of the sample 4060-38-3 may therefore be 
regarded as approximating closely to the diagram of 
pure iron. 

Experiments carried out on a sample of electrolytic 
iron have enabled the authors to locate the point A2 of 
the metal, on cooling, at about 730 deg., and the point 
A 3 at about 875 deg. Finally, in order further to con- 
firm their conclusions, the authors have tested a third 
series of metais prepared with very special precautions 
for securing their purity, and with a further range of 
silicon percentages. This fresh series, which comprises 
seven alloys obtained by melting a Swedish iron with 
increasing increments of ferro-silicon in # crucible, has 
been examined only by the thermal method. The table 
below shows the separate sample numbers, and the average 
chemical composition of these metals :— 





1200 deg., lasted two hours, on an averag>; cooling from 
1200 deg. to 450 deg. occupied 34 hours. It is advisable 
to take into consideration this question of rates ; Y 
perturbations may, as a matter of faet, cause notable dis- 
placements on the temperature scale, according to whether 
the operation be carried out way or slowly. This fact 
is easily explained when it is that the different 
transformations do not involve the occurrence of the same 
periods of lag, or that, in other words, certain critical 
points are almost reversible, and others are decidedly 
irreversible. ; 

Take, first of all, Fig. 4. We find once again, on the 
curve relating to the first alloy, the three anomalies 
characteristic of dead soft steels, the peaks of the bends | 
corresponding to 660 deg. (Al), 740 deg. (A2), and 
820 deg. (A 3) respectively. On the other d, & com- | 
parative examination of the earliest curves confirms the 
previous observations to which the less pure metals had 
given rise; when the silicon percentage increases, the 
A2 point falls and the Al point rises, so that the two 

ints, originally 80 deg. apart (alloy No. 1), are mutually | 

lended in the alloy 4210-27 (silicon 3.16 per cent.). | 

In metal 4210-28 (silicon 4 per cent.) we find, once | 
again, two distinct points ; a > upper point | 
disappears in the richer alloys, and the latter present but 
a single anomaly, the temperature of occurrence of which 
steadily falls. 7 

The diagrams of Fig. 5 allow of the phenomena being 
more readily followed, for the points A 1 and A 2 have, 
on heating, a still more characteristic appearance than 
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they have on cooling. The normal A1 point occurs as a 
sharp and tapered point, whereas the A 2 point spreads 
out over a wider temperature zone, and presents a less 
sudden rise. If, therefore, only the heating curves be 
considered, it is found, as regards curve 4207-31 (silicon 
0.11 per cent.) that the point A 1 occurs at about 755 deg., 
and hardly has its climax been d than the A2 point 
shows itself, and becomes manifest at 780 deg. ; the A3 
point only shows as a slight wave in the curve. In 
sample 4209-25 (silicon 1.02 per cent.) the A 1 point begins 
to appear before the A 2 point has reached its culmina- 
tion ; the two anomalies thus ap to have been re- 
versed. When metal 4210 28 (silicon 4 per cent) is in 
question, the occurrences are clearly distinct; the A 2 
int located at about 750 deg., and the A 1 point, greatly 
iminished, located at about 890 deg. In the last sample 
the A 2 point alone occurs, at 730 deg. 

An attentive examination of the appearance of each of 
these perturbations has led the authors to the conclusion 
that the displacement of the Al and A 2 points takes 
place, in both instances, always in the same direetion ; 
that at a certain rate of cooling they became merged in 
the metal containing 3.16 per cent. of silicon, and that 
they became inverted in the alloy containing 4 per cent. 
of silicon. Finally, the solitary point encountered in 
alloys rich in silicon certainly seems to be the A 2 point, 
which persists after the gradual disappearance of the Al 
point. These results have been confirmed by more accu- 
rate and more direct experiments, to be described in the 
course of this paper. ~ have been based on the 
chemical and micrographical examination of the samples. 














l l T hee Aes ae be 
Sample , Mangan- | Phos- | I. Critical Points in the Alloys Containing 0.35 to 0.40 
Ne. | Carbon. | Silicon. | ese. phorus, S™!phur. | yer Cent. of Carbon.—An inrestigntion of these alloys was 
- carried out concurrently with the ing researches. 
eanr-ai | aS or ee | Percent. percent. percent. | The three metals experimented with and prepared in the 
4200.25 | 0.15 102) | crucible had the following chemical composition :— 
4223-26 | 0.12 1.80} | a aa $$ _________— 
4210-27 | 0.15 3.16 <0. - 0.010 0.010 
4210-28 | 0.15 4.00 be a a Sample. 
4211-29/ 0.15 5.87 
4211-30) 0.11 6.10 No. 4081-I. | No. 4081-II. | No. 4081-III. 
: ¥ see eS EE per cent. per cent. per cent. 
The diagrams obtained have been plotted in Figs. 4 and | Carbon 0.35-0.40 0.35-0.40 0.35-0.40 
5. The curvesin Fig. 4 comprise only the coolings carried | Silicon 0.36 2.27 4.21 
out from 900 deg. Cent., at a rate such that the tempera- a “ » 4 <a B..% 
ture fell from 950 deg. to 150 deg. in two hours. Th Sulphur |. ..|  < 0.020 = 0.020 = 0.020 


heating up to 900 deg. occu about 20 minutes. The 
curves of Fig. 5 comprise ting and cooling for four 
samples of the series chosen as being most representative. 
The heating, starting from the normal temperature to 


* Comptes Rendus, 1902. No. 1, page 598, 





The authors have confined themselves to reproducing 
the dilatation curves, Fig. 6, and the cooling curves, 
Fig. 7, pointing out that the predominating perturbation 





loses a good deal of its intensity in passing from the 


metal 4081-I. (0.36 per cent. of silicon) to metal 
4081-III. (with 4.21 per cent. of silicon), owing to the 


al | elimination of point A 3, to the separation of the A 1 and 


A2 points, and the gradual disappearance of the A 1 
point. On the cooling curve of the alloy 4081-IIL., in 
particular, the A 2 point, situated at about 670 deg., is 

ly distinguished from the A 1 point, which occurs at 


| 714 deg. It is apacmeen & pursue the investigation 


further to recognise that, percentages of silicon in 
the neighbourhood of 6 per cent. been attained to, the 
A 2 point alone would have persisted in the curves. 

II1l. The Precipitation of Graphite in Dead-Soft and 
Mediwm.-Hard Silicon Steels.—With what modification in 
the structure of the steel does the gradual diminution and 
ultimate disappearance of the A 1 point correspond ? 

The microscope yields direct information on this ques- 
tion by showing that with the very highly siliconised 
— and as long as the cooling is not effected too 
suddenly, the carbon is present in the state of graphite. 
The rbation corresponding with the formation of 
pearlite does not, therefore, intervene in this instance; 


| whence we have the ultimate disappearance of the A1 


point. 
The argument may, however, be carried further. Ex- 
periment has shown that the carbon may be wholly pre- 


| cipitated in the graphitic state in forged steels with low 


or medium carbon contents, provided that the silicon 
content exceeds 3 per cent., that the annealing be carried 
out at a temperature above 750 deg. Cent., but below a 
certain limit, which is a function of the percentage of 


Fig.9. CRITICAL POINTS OF SEVEN CRUCIBLE 
IRONS WITH 2 PER CENT. OF CARBON 
AND VARYING PERCENTAGES OF SILICON. 
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total carbon ; and, finally, that the rate of cooling after 
the annealing be very low. i 

w are given, as an example, the results obtained 
on a mild silicon steel of the type frequently employed at 
the present day for the manufacture of steels intended 
for the construction of electric dynamos and of trans- 
formers. The composition of that steel, which the authors 
have designated Mark 3871-2, was as follows :— 


Per Cent. 
Carbon 0.14 to 0.15 
Silicon 3.9 
ese 0.35 
Phosphorus 0.03 
Sulphur ... ie 0.018 


The table on the next page shows the proportions of 
phite in this metal after different sweating. he 
eterminations were made by ordinary methods of 
chemical analysis, by separating the graphite, by dis- 
pr pion Ly alloy . the yo ot drillings hs nitric acid 
of specific vity of 1.8 at boiling temperature. . 
Sie nations sn carried out several series of exper!- 
ments of the same description on various samples con- 
taining more or less carbon, and proportions of silicon 





|remained constant, but as soon as 


i Its have 
ranging between 3 and 4 per cent. Py —_ > Faye 
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Annealing | Duration of A | Proportion 
Temperatures. Annealing. Mode of Cooling. of Graphite. 
deg. Cent. hours | per cent. 
700 1 Slow (5 deg. per min.) 0.00 
760 1 99 9 0.08 
800 1 PP 7s 0.18 
800 3 te a 0.14 
800 10 : . 0.14 
800 1 Air-cooled 0.11 
850 1 Slow 0.01 
900 1 ” 0.00 


obtained at different lengths al the same rod. The 
composition of the steels was as follows :— 





Fig. IL. . I. 
Le 
(4081-IL. Cracible | (Steel 4081-ITT. 
(Gtel 271-10. Steel). 








silicon falls between 2 and 2.5, it is no longer possible 
to cause the precipitation of the graphite, no matter what 
the temperature or period of annealing may be. They 
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wish, nevertheless, to emphasise the point that the rate 
of the formation of the gcaphite is infinitely more rapid 
in the wrought steels in comparison with what ocours in 
the metals as cast. In the latter it appears to be exceed- 
ingly difficult to attain to the precipitation of the whole 
of the graphite. Micrographic examination distinctly 
corroborates the conclusions to which the chemical 
analysis has led, and enables the investigation to be 
pushed still farther. 

In order to follow the action of annealing at different 
temperatures in a well-defined portion of metal, rods 
1 sq. cm. in section and 2.4 cm. in length have been 
heated in a furnace of the same length, the temperatures 
in which varied progressively—from one end to the other 
—from 450 deg. to 1100 deg. Thermo-electric couples 
gave the temperatures at intervals of 3mm. After the 
heat treatment, which comprised the maintenance of the 
highest temperature over a period of two hours, and very 
slow cooling, the rod was scraped along one of its surfaces 
to remove the layer of decarbonised metal, polished, 
etched, and examined under the microscope. 

Groups I., II., and III. show » series of photographs 





T = 700° 
T = 850° 





| Crucible Steel). 
per cent. per cent. per cent. 
Carbon 0.14-0,15 0.35-0.40 0.35-0.40 
Silicon 89 2.2 4.2 
Manganese .. 0.35 0.8 0.8 
Phosphorus .. 0.0380 0.023 0,025 
Sulph - 0.018 0.014 0.014 


It was found that no matter what the temperature of 
annealing was, no graphite was formed in sample 4031-II., 
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the case of pig-irons be taken into account—namely, that 
the metal is capable of dissolving increasing proportions 
of carbon with increasing Smee eye The separation 
of the graphite cannot, ore, be observed so long as 
the temperature is sufficiently -— for the whole of the 
carbon to be held in solution. @ temperature range 
within which, for a given alloy, the formation of graphite 
can be observed, has then, as its lower limit, Se tem- 
ture T at which the transformation of the cementite 
into graphite begins to take place, and, as its upper limit, 
the tem ture T’ at which the solubility of graphite 
in vhe alloy corresponds with the total carbon percen 
of the alloy. The temperature T falls when the per- 
centage of silicon rises,“ whereas T’ rises when the per- 
centage of silicon rises, and also when the percentage of 
carbon rises. IfT’ is lower than T (which occurs in alloys 


T = 789° 
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the percentage of silicon in which is below 3 per cent.| with very little carbon or silicon) the formation of 


There is readily seen to be, at about 725 deg., the com- 
mencement of the disintegration of the pearlite ; but this 
disin tion does not continue, no matter how long the 
annealing be prolonged. 

In regard to the steels 3871-II. (carbon 0.10 to 0.15 per 
cent.) and 4081-III. (carbon 0.35 to 0.40 per cent.), the 
silicon content of which is in the neighbourhood of 4 per 
cent., the pearlite is seen to diminish ually, and to 
disappear = & about 800 deg. Cent. in the first 
instance, and at about 850 deg. Cent. in the second. e 
metal then shows nothing further, under the microscope, 
than an area of coarse grains of jointed ferrite. Subse- 
quently the pearlite is again formed at a oe tempera- 
ture, and, at about 1000 deg., appears in large masses, 
which are present in fur higher proportions than in non- 
silicon alloys containing the same amounts of carbon. 
This latter fact seems to indicate that the eutectoid mix- 
ture anaes in silicon steels, with a carbon per- 
centage of less than 0.8 per cent. These different results 
agree perfectly with the previous observations made on 
ferro-silicons, if a circumstance which does not exist in 








raphite cannot be discerned. If, on the contrary, T’ is 
igher than T, the ipitation of graphite is observed 
within a range which is wider the higher the percentag¢s 
of carbon and silicon present. : 

different results being obtained, it remains to 
find out how this formation of graphite in the steel acts 
on their critical points. 

IV. Critical Points in Steels Containing 4 per Cent. of 
Silicon which have Undcrgone Graphitic T'ransformation. 
—Ib is possible to fix very clearly the mod. fications under- 
gone by the critical points of a steel, according to whether 
we start with an alloy having a pearlitic structure or with 
one havingagraphiticstructure Fig. 8 shows the cooling- 
curves, a:certained by double galvanometer, of the 
metals 3871-II. and 4081-III. described above. 

No. 1 (the upper curve) is taken after heating an un- 








uilibrium of Iron- 


* Charpy and Grenet, ‘‘On the 
Carbon Systems,” Comptes Rendus, 1902, vol. exxxiv., 
page 103. 





176 


J 


ENGINEERING. 


{Avc. 13, 1915. 








annealed sample at 950 deg. Cent.—that is to say, having 
a litic structure. ‘ 

‘No. 2 (the lower curve) is taken after heating a sample 
which has undergone a previous annealing at 800 deg. 
(3871-IL ) or 850 deg. (4081-III.) for three hours, followed 
by very slow cooling, to 800 deg. or 850 deg.—that is to 
say, presenting a graphitic structure. hae 

In both instances the rate of cooling from the initial 
temperature was, of course, the same. It is found that 
in both alloys the A 1 and A 2 points co-exist in the upper 
curves. Only the A2 point persists, on the other hand, 
in the lower curves, which correspond with samples in 
which microscopic examination reveals the complete 
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Group III.—PxHoromicrocrapus 


with NitrRiFirp ALCOHOL. 


absence of pearlite. If, on the other hand, the graphitic 
fragments be taken, submitted to a heating at 950 deg., 
and their cooling be subjected to galvanometric observa- 
tion, starting from that temperature, the Al point is 
seen to reappear, and the resulting curves coincide afresh 
with the upper curves of Fig. 8. 

V. Independence of the Aland A2 Points—Charac- 
teristic Individuality of the Latter Point.—These results 
fully confirm the conclusions to which the previous con- 
siderations had led—namely, that of the particular 
appearance of the curve under each factor; the A 1 and 
A 2 points are therefore quite independent of each other, 
and may assume, in relation with one another, various 
positions on the temperature scale. Thus the Al point 
may become merged with the A2 point, or may change 
places with it. On the other hand, the gradual efface- 
ment of the Al point, and its complete disappearance 
in the highly siliconised alloys (silicon, 5 to 6 per 
cent.), corresponds with the progressive transformation 








Mapt Atonc Dirrerent Points or 
A Bar or Samete 4081-III Heaten Ungguatty ALop« Its Lenora. 
Maenirep 200 Diameters ; suT Repucep in Rrpropvucrion. 





of the a and the final disintegrational precipitation 


of graphite. i ; 

Can if the A 2 point can persist when the other two 
points A 1 and A 3 have disappeared, it must be acknow- 
ledged that it certainly has a real and distinct indivi- 
duality. This is a conclusion upon which the authors 
feel themselves entitled to lay emphasis, seeing the 
numerous controversies to which this question has within 
late years given rise. 

VI. Influence of Silicon on the Solubility of Carbon in 
Tron.—In order to complete the data given above, relative 
to the separation of graphite in the iron-silicon alloys, the 


per hour), which led to the complete transformation of 
the carbon into graphite. Sections, 15 mm. in thickness, 
were then taken to serve for the tests (which were 
carried out with the technical precautions previously 
described by one of the authors in an earlier paper*) on 
the. solubility of graphite in iron—that is to say, pro- 
longed heating at a given temperature, followed by sudden 
cooling ; the removal, by an emery-wheel, of the portions 
superficially oxidised, and the taking of drillings from the 
centre of the sample, which were analy for total 
carbon and for graphitic carbon, the difference giving 
the amount of carbon dissolved. The results obtained 


authors conceived it useful to investigate the solubility of | are summarised in the table below. 


T = 690 
at 875°) 


T = 882 
at 1100’) 


PERCENTAGES, 
ETCHED 
ALCOHOL, 


carbon in different ferro-alloys containing variable pro-| __ 


portions of silicon. 
Their experiments related to five metalr, obtained by 

melting very pure pig iron with ferro-silicon ina crucible. | 

The descriptions and chemical compositions of these 

samples are given in the following table :— 

| 

Mangan-| Phos- 




















| 
No. Carbon. Silicon. enn. phorus. Sulphur. 
percent. percent. percent. | percent. | percent. | 
4185-17 1.97 2.23 0.25 0.014 0.018 
4185-18 1.88 3.16 0.25 0.015 0.016 
4185-19 2.08 4.22 0.26 | 0.016 0.016 
4185-20 2.12 5.84 0.25 | 0.019 0.016 
4185 21 2.01 6.77 0.26 | 0.016 | 0.016 


The resulting ingots were, first of all, annealed for three 
hours at 1000 deg. Cent., followed by slow cooling (8C deg. 
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4185-20-1T. (Arrer QuENCHING 





4185-19-1IT (Arrer QuENCHENG 


4185-19-IL. (ArnER QUENCHING 
at 875°) 








at 1100°) 





4185-20-IT. (Arrer QuENCHING 
at 875°) 





4185-20-IIT. (Arrer QuexncHinc 
aT 1100°) 


Group 1V.—PxHoTomiIcRoGRAPHS OF THREE ]RONS WITH Vakywe SILICON 
QUENCHED 
DIAMETERS; AND ReDUCED 1N REPRODUCTION. 


875 1100°. Maenirirp 200 


Ercut b> with NitriFrep 


FROM AbD 


Conditions of Heating. 


600 deg. 700 deg. 800 deg. 9C0 deg. 
for for for for oe for 
2h. 40m. 2h. 30m 1h. 30m! 1 hour eer. 
Sample. a . as | os 
wh hg 8) glfi gisl elsis 
eS 4 es = a = =4\8 3 | Graphite. 
33293 2 35 2 327 33 
Bis B28 582 Ss Eo Ss EP 
pc Pape pc p.c. p. c. p. ©. p. C.D. Cc. |p Cc. p. c p. c 
4185-17 | 1.98 1.89 2.03 1.96 1.98 1.39) 1.8 1.09 2.08 0.87 0.87 0.91 
4185-15 189 190 1.98 1.87 1.9% 1.92 L.8F 1.18 L.82 0.96 1.00 0.79 
4185-19 | 2.04 2.09 2.15 207 2.12 1.83) 2.06 1.93 2,63) 1.26 1.34 1.87 
4185-20 | 2.15 2.05 2.18' 1.9 2.09 2.03) 2.14 2.20 2.12/1.74 1.60 1.78 
4185-21 2.05 1.97 2.01 2.98 1.98 1.91 2.03 1.88 1.97 167 L.77 1.78 


*G. Charpy, Comptes Rendus, 1907, vol. cxlv., page 
1277. 








AvG. 13, 1915.) 


ENGINEERING. 





177 





Taking into consideration the degree of accuracy of the 
experiments, it may be deduced trom these figures that 
the values of the solubilities are as shown in the follow- 
ing table :— 





Temperatures. 











Sample. Silicon. 
600 Deg. 700 Deg. |800 Deg. 900 Deg. 1000 Deg. 
per cent. | 

4185-17 2.23 0 0 | 06 0.8 11 
4185-18 3.16 0 ee 0 0.7 0.9 
4185-19 4.22 0 o | oO 0.2 0.7 
4185-20 5.84 0 0 | 0 0 0.3 
4135-21 6.77 0 0 0 0 0.2 





These results were checked, on the one hand by 
Eggertz colour. tests, and on the other by hardness tests 
carried out on the quenched samples. 

As is well known, che Eggertz method does not allow 
of the determination of the true percen of combined 
carbon present in the quenched samples ; it yields, never- 
theless, a qualitative result, which, in this actual in- 
stance, clearly corroborates the gravimetric determina- 
tions given oe. The carbon percentages, calculated 
according to the Eggertz method, are practically propor- 
tional to the percentages of dissolved carbon, as deter- 
mined by the differences batween the direct determina- 
tions of the toval carbon and of the graphite. 

The hardness results on the quenched samples likewise 
show a variation with the composition and temperature 
closely in the neighbourhood of that corresponding with 
the dissolved carbon. This is brought out by the follow- 
ing table, in which have heen inserted the hardness 
numbers ascertained by the Brinell test with a ball 10 mm. 
in diameter and under a pressure of 3000 kg. :— 





fHardness after Quenching at 





Sample. | Silicon. 
600 Deg. 700 Deg. |800 Deg. 900 Deg.) 1000 Deg. 
per cent. 

4185-17 2.23 131 133 | 375 483 329 
4185 18 3.16 145 155 | 186 491 424 
4185-19 4.22 159 159 | 170 418 444 
4185-20 5.84 268 269 267 201 307 
4185-21 6.77 300 283 268 285 | cracked 


The indentations were made on a surface that had been 
geound on an emery wheel, and to a depth sufficient to 
eliminate the influence of surface oxidisation. Silicon, 
therefore, gradually reduces the solubility of carbon in 
iron, which becomes practically nil at 900 deg., when the 
proportion of silicon reaches to 5 per cent., and at about 
1000 deg., when the proportion of silicon exceeds 7 per 
cenb. 

VII. Critical Points in Irons Containing Variable Per- 
centages of Silicon.—The authors then set themselves to 
investigate the modifications imposed on the critical 
points by the introduction of a high proportion of carbon 
in the ferro-silicon alloys, and to endeavour to find a rela- 
tionship between these modifications and the results 
previously obtained. With this object they completed 
uhe series of the five ‘‘ 4185” metals under investigation 
by adding to them two fresh alloys, the chemical com- 
position of which was as follows :— 


| No. 4185 16. 





— No. 4185-15. 
per cent. per cent. 
Carbon 1.90 1.91 
Silicoa 0.14 | 0.13 
Manganese 0.04 0.04 
Phosphorus 0.011 0.017 
Sulphur 0.054 0.057 


On these seven carvurised alloys the authors determined 
the positions of the critical point, the curves obtained by 
the double galvanometer being given in Fig. 9 (page 
174). If these curves be compared with each other, one 
is, first of all, struck by the recurrence of the modifica- 
tions undergone by the perturbation situated between 
1100 deg, and 1250 deg. This is the point corresponding 
with the completion of the solidification of the molten 
metal. It becomes more and more accentuated in pro- 
portion as the percentage of silicon becomes higher and 
rises simultaneously on the temperature scale, so that, 
although situated during heating at about 1130 deg., 
and during cooling at about 1190 deg. in the sample 
No. 4185-15, it becomes found at about 1270 deg. during 
heating, and about 1130 deg. during cooling, in sample 
No. 4185-21. This amounts to a rise of about 20 deg. for 
each percentage of silicon. 

Let us now take into consideration the A2 point. Its 
very characteristic appearance, isolated on several pre- 
vious occasions, allows of its beiag —. recognised. 
In the two first irons it is merged, during heating, with 
the Al and A3 points, but it reappears on cooling below 
the two latter. It is again found, on heating, in the metal 
No. 4185-17 (silicon 2.2 per cent.) at about 760 deg., and 
may ae be followed regularly in the succeeding 
curves, and is found at 740 deg. in the sample No. 4185-21 
(silicon 6.7 per cenb.). cooling it occurs, in the latter 
alloy, at about 690 deg. We again encounter, therefore, 
in this instance, the result previously met with in the 
steels : the lowering of the A 2 point on the temperature 
scale, when the percentage of silicon rises, amounts to 
about 10 deg. per 1 cent. of silicon. 

It remains to study the perturbation which the authors 
have regarded as the union of the Al, A2, and A3 
points, during heating, in the alloy No. 4185-15. In 


the appearance of the A 1 point, characterised by a 
sudden point. At the same time it rises rapidly on the 
temperature scale, so that, although situated at about 
785 deg. on the first curve (650 deg. on cooling), it is 
— anes again, at 1045 deg., on the latter (910 deg. on 
cooling). 

In accordance with what has already been said, we know 
that the A 3 point disappears as soon as the proportion of 
silicon exceeds 1.3 per cent, so that we cannot expect 
from sample No. 4185-17 upwards to find ongtes else 
intervening except either the Al point or the thermal 
manifestation of some modification in the equilibrium of 
the iron-carbon-silicon system. We know, on the other 
hand (see above), that for a given temperature, when the 
percentage of silicon rises, the solubility of the carbon 
diminishes. It may therefore be assumed that once the 
anomalous appearance of the Al point is no longer met 
with—starting with metal No. 4185-18—the transforma- 
tion appearing on the curves is nothing more than the 
formation of mixed crystals, due to the passing into 
solution in the iron of the graphite previously present in 
the alloy. 

To verify this point of view, the authors proceeded in 
the following manner:—An examination of the curves 
on heating shows that for the metals 4185-19, 4185-20, 
and 4185-21-the anomaly in question is situated between 
875 deg. and 1100 deg. If, therefore, the formation of 
mixed crystals takes any part, the latter should appear 
in the fragments of these alloys cooled suddenly from 
1100 deg., whereas they should not occur in similar frag- 
ments treated at 875 deg. This experiment was carried 
out by quenching in water :— 


At 870 deg.: the samples marked 4185-19-III., 
4185.20-IL, and 4185.21-II. 
At 1100 deg.: the samples marked 4185-19-IIL., 


4185-20-1IL., and 4185-21-IIT. 

The pooper given (Group IV.) show that, as 
regards fragments of 4185-20-11. and 4185-21-II. (after 
quenching at 875 deg.), the graphite stands out in black 

inst a pale ground of ferrite, the joints of which are 
clearly distinguishable after etching with alcohol acidified 
with nitric acid. The formation of mixed crystals has 
not, therefore, commenced. In the fragments of 4185- 
20-HIL. and 4185-21-IIT. (after quenching at 1100 deg.) 
the graphite, on the contrary, appesrs against a dis- 
tinctly martensitic background. Besides this, the 

phitic masses in the photomicrograph 4185-21-III. 
Cildoom 67 per cent.) are found encircled by unetched 
zones which seem to indicate the formation of a hard 
compound, apparently carburised ferro-silicon. In respect 
of these two irons the conclusion is therefore fairly clear. 

In regard to metal 4185-19, the martensitic structure 
appears, but only very faintly, after the quenching at 
875 deg.; itis again met with in needles, much more 
clearly formed, after the quenching at 1100deg. This 
result in no way vitiates the authors’ hypothesis. As 
the curve shows, the temperature of 875 deg. is too near 
to the temperature marking the commencement of the 
transformation to render it certain, given the cumulative 
influence of experimental errors and of varying rates of 
heating, that the heating, before quenching, bad been 
carried out below the point under investigation. The 
comparison of the two photographs also shows clearly 
that, so far as fragment 1I. is concerned, it is a case of a 
solution hardly begun, whereas, so far as fragment ITI. is 
concerned, solution has been completed. It may there- 
fore be concluded that, both in silicon irons and in silicon 
steels, the A 1 point disappears when, at the rate of tem- 
perature variation emp‘oyed for the thermal test, the 
whole of the carbon finds itself normally decom b 
There then appears, however, a new point which the 
authors believe they have been able to define, by saying 
that it marks the formation of mixed crystals by the solu- 
tion of the graphite in the iron. It should be noted, in 
conclusion, that these two occurrences may take place 
simultaneously, in one and the same sample. 


SumMMARY. 


It is possible briefly to sum up as follows the conclu- 
sions to which the present research have led, and to con- 
nect them with results already established :— 

Influence of Silicon on the Al, A2, and A3 Points.— 
The authors are able to confirm, as different observers 
have pointed out, that the A3 point rapidly decreases 
when the percentage of silicon rises, at the same time 
rising very slightly on the temperature scale. 

The temperature at which the A1 perturbation takes 
place rises with the silicon percentage, this point reach- 
ing and then passing the A2 point while becomin 
gradually fainter. After reaching a given percentage o! 
the metalloid and for a given rate of variation of tem- 
perature, the Al point completely disappears, and all 
the carbon of the metal is then found in the state of 

phite. It is even possible to cause a predetermined 
disappearance of this point by treating the sample, before 
applying the thermal test, insuch a manner as to produce 
the complete transformation of the carbon. 

The A2 point falls gradually in the temperature scale 
when the percentage of silicon rises, losing little by little 
its intensity the while, but still persisting in a very clear 
manner in metals containing up to 7 per cent. of the 
metalloid. At this juncture the A 2 point is the only 
anomaly which appears, on thermal investigation, in iron 
alloys containing low carbon, even when the rate of the 
variation in temperature be sufficiently accelerated. The 
individuality of the A 2 point is the more clearly brought 
into light by the fact that it is possible, at will, to 
retain in, or to eliminate from, its vicinity the A1 point 
by bringing into play the precipitation of the graphite. 

Although the t 
it is not impossible that it corresponds with an allotropic 





proportion as the percentage of silicon rises this perturba- 
tion gradually changes its shape by flattening and losing 


transformation. It is not necessary, from the authors’ 
point of view, that for the definition of such a transfor- 


2 point is not manifested on dilatation, | Th 


mation it should manifest itself by its influence over tle 
whole of the physical properties uf the substance under 
consideration. "It should suffice for it to influence any one 
of those properties. 
Influence of Silicon on the Solubility of Carbon in Iron. 
—The present research is overshadowed by the following 
fact, which has already been pointed out by various 
observers, but which the authors believe themselves to 
have established in a more accurate manver than bas 
hitherto been done. Every increase in the proportion uf 
silicon present in the metal diminishes the solubility of 
carbon in iron. 
The presence of the metalloid reacts, naturally, on the 
one hand, on the temperature limits within which the 
pagan of graphite takes place, and, on the other 
and, on the rate of the transformation of the cementite. 
The authors have thus been able to show that with alloys 
containing very little carbon, and about 3 per cent. of 
silicon, there exists a temperature zone within which, by 
making the rate of cooling intervene, the complete 
decomposition of the carbon may be brought about. 
_ Finally, the influence of silicon on the rate of reaction 
is such that, in certain irons, the graphite precipitation 
gives rise to athermal point. This anomaly, which may 
coexist with the Al point, possesses special sharpness 
when the latter has disappeared. It is then found that iv 
rises rapidly on the temperature scale, when the per- 
centage of silicon rises. 
Graphic Representation of the Phenomena.—The authors 
pointed out, at the beginning of this paper, that the re- 
searches on carburised ferro-silicon alloys appeared to 
them capable of affording information on those oases 
beyond its range where silicon was absent. It is well 
known that complete agreement has not been reached 
among metallurgists on the subject of the iron-carbon 
diagram. While most metallurgists favour the double 
diagram (graphite system and cementite system) described 
» a Chatelier, Heyn, Charpy, Benedicks, &c., some 
observers appear to tend to revert to the single di . 
drawn up in the first instance by Roozeboom. Without 
entering into a detailed comparison, the authors would 
confine themselves to stating that all the facts they have 
observed and recorded in the present paper conform very 
naturally with the scheme of the double diagram, and 
thus appear to constitute a further argument in its 
support. 








THE RHENISH-WESTPHALIAN COAL 
SYNDICATE AND THE OROWN. 

Tux action of the German Crown in connection with the 
Coal Syndicate as regards a compulsory syndicate arrange- 
ment, should no agreement be arrived at amongst the coal- 
mining undertakings concerned, has created a new titua- 
tion. In order to grapple with this efforts are now heing 
made within the syndicate to bring about a temporary 
prolongation or renewal of the Coal Syndicate from 
January 1, 1916, until March 31, 1917, a kind of transition 
syndicate, as it is called. The adhesion of the Crown 
mines was a necessary condition for any prolongation 
under the circumstances, and special interest attaches to 
the terms conceded to the Crown. The allotment for coal 
to it amounts to 5,500,000 tons, a good long way behind 
the highest allotment, that of the Gelsenkirchen concern, 
which amounts to 9,995,700 tons, whilst the Crown 
a < ..~ is 4 le mye of that of the 

eT) irchen Company, the res being respective) 
2,000,000 tons and 1,826,808 tons. sd 4 

_ Under certain special conditious the Crown has the 
right at any time to give four weeks’ notice, at the begin- 
ning of a quarter, about leaving the syndicate, subject to 
the Crown not beginning to sell for a certaintime. This 
also applies to the Hibernia concern, when the Crown 
obtains the control of it. Further, the Ministry of 
Commerce has a veto in the matter of raising or lowering 
the quotations, when 30 per cent. of all the votes, except 
those of the Crown, favour the lowering, or are against 
the raising, of prices. Further, the Crown has the right to 
deliver 450,000 tons annually, as against its sale allotments, 
but at a reduced fee. Should exceptional urgency arise as 
regards the State’s requirements of fuel, the Orown has 
the right to deliver additional quantities ; but on such 
there is no reduction in fees. The manner in which the 
State will be enabled to maintain its economical - 
ments has yet to be a upon. © State will also be 
allowed an allotment in connection with the Coal Bureau. 
The Syndicate has to accept a representative of the State 
as a member of the Board of the Coal Bureau. Finally, 
the State is exempt from the payment of certain fees or 
contributions, which otherwise, under certain contin- 
a can be levied upon the members of the Syndi- 
cate. 

The Crown veto, according to the above, differs some- 
what from the terms embodied in the regulations for a 
possible coercive syndicate, but the matter is not of any 
great practical importance, as the State allotment is 
5,500,000 tons, against an aggregate allotment of 95,000,000 
to 100,000,000 tons of coal. In the matter of State con- 
sumption, the regulations of the poorer coercive syndi- 
cate gave the Crown an entirely free hand, whilst in the 
voluntary temporary syndicate regulations this right has 
J ene —— curtailed, as will have been gathered from 
the above. 





New Nirrocen Factory 1n Norway.—At the Bjilva 
waterfall, Norway, a new factory is to be erected for the 
manufacture of sulphate of ammonia and cyanamide. 
Arrangements have already been made to dispose of the 
output of the latter production for a period of five years. 

e annual output of sulphate of ammonia will be about 
6000 tons. The matter is being supervised by a committee 
of four experts, who are at present in Sweden in order 





to study the new method of manufacture. 
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ELECTRICAL APPARATUS. 


15,356/14. J. 8. hfield and W. Duddell, London. 
Protection of cal Circuits. [3 sigs.) June 26, 
1914.—It is well known that at times there occur in circuits 
intended to convey electrical currents pressure rises produced by 
various causes. For instance, in the case of an overhead line 
lightning in the neighbourhood may cause a charge of electricity 
at a high voltage to travel along the line, which may damage any 
apparatus connected to the line. Further, short-circuits and 
other well-known causes are capable of producing charges or 
oscillations, which are sometimes referred to as “ sur; The 
characteristic feature of these movements of electricity is that 
they are attended by very rapid changes in the electrical pres- 
sure in what is spoken of as the wave-fronts, and when they 
arrive at the —- of the electrical apparatus, such as motors, 
generators and transformers, they are liable to produce a concen- 
tration of the electrical pressure or stress on the end turns of the 
apparatus. The result is to break down the insulation, either turn 
to turn or coil to coil at the ends of the apparatus, which so 
deteriorates the insulation that a short-circuit finally occurs. To 
overcome this difficulty it has been proposed to place coils having 
an appreciable self-induction in the connections between the lines, 
whether they be overhead wires or undergrouud cables, and the 
windings of the apparatus to > The function that 
the above-mentioned inductive ls have to perform is to take 
the strain which would be produced by the travellin, ane of 
electricity, or by the oscillation when it arrives at the windings 
of the machine. If the line were on open circuit at its end and 
no machine connected, then the travelling charge when it arrived 
at the end of the line would not be able to escape, and would he 
reflec back along the line with considerable increase of strain 
on the insulation at the point of reflection. If the apparatus 
connected to the line hasa high self-induction, then it will behave 
somewhat similarly to a line on open circuit. The exact nature 
of what takes place at the end cf the line, and the attendant rise 


chosen to give the uired grading and self-induction. The 
pad wounae out of r strip and may be insulated 


between the turns. (Accepted May 26, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


18,669/14. J. Keith and G. Keith, London. Gas- 
Laaape. 8 Figs.) August 14, 1914.—This invention relates 
to fittings for gas-lamps, such as by-pass governors, automatic 
lighting devices and the like, involving the employment of a 
plot light liable to be extinguished by the deposit, when the lamp 
is not burning, of small quantities of water contained in the gas. 
The invention consists in the provision of means, located in ad- 
vance of the point where the supply is checked, for drying the 
vas supply to the pilot light or ike, the means being consti- 
tuted by a filter or wad of absorbent material serving as a carrier 
for a hygroscopic body, and the pe gg! being such that the 
absorbent will be partially dried while the lamp is burning. In 
connection with the construction illustrated it may be assumed 





that the condensation which is most to be feared is that which 
would take place in the portions of the governor where the gas 
passes through small orifices, such as that controlled by the 
check-screw A, and that at the valve rtion B, where the gas 
comes into contact with cold metal. e wad C is of sufficient 
area and bulk to collect all the water likely to be contained in the 
comparatively small quantity of gas required for the pilot light 
while the lamp is not burning ; when the lamp is alight, the heat 
conveyed to the governor is sufficient to vaporise and expel the 
surplus moisture, the wad being left ina coger may A dry state to 
be capable of again attracting moisture when the lamp is extin- 
guished. It is to be understood that in lieu of the wad above 
referred to any other suitable form of filter operating on the same 
or asimilar principle may be employed. (Accepted Jwne 10, 1915.) 


14. Evershed and Vigpeies, Limited, and 
G. Newbery, Chiswick. ting Appliances. 
(4 Figs.] October x6, 1914.—This invention relates primarily to 


aren ay appliances of the kind known as “ aperture sights,” 
ut may be applied to any appliance when it is desired to divert 
a draught of air from the eye of an observer looking through such 





in pressure, depends on the nature or character of the charge, 
oscillation or disturbance that travels along the line. Unfortu- 
nately, the exact nature of this disturbance cannot in general be 
predicted, but certain facts are known ; for instance, the 

may be induced in the circuit by a thunder-cloud, and this charge 


ede 


] 


may be suddenly released by a flash of lightning. This invention 
relates to the special design of these inductive coils. It is a pro- 
perty of all inductive coils that one turn behaves to the next turn 
as it the two turns formed the plates of a small condenser. At 
very high frequencies a small condenser will allow a considerable 
current to pass through it comparatively easily. So that at high 
frequencies some of the current, i of circulating round the 
turns of the inductive coil, tends to go from one turn to the other, 
due to condenser action, the result being that the protective 
action of the self-induction of the coil is thereby lost. The diffi- 
culty can be, to a large extent, minimised by spacing the turns 
of the self-induction well apart, but the objection to this solution 
of the problem is that if the whole of the inductive coil is con- 
structed on this plan, its size and cost become excessive. To get 
over this difficulty, the applicants ‘‘ grade ” the inductive coil ; 
that is to say, they make one end of the inductive coil con- 
sist of open spirals spaced well apart, the distance between the 
spirals being by coming closer and closer together until 

e other end of the inductive coil becomes a close-wound coil of 
the most convenient shape to havea high self-induction. The 














inductive coil shown in Fig. lis arranged so that the open- 
spaced end a@ is connected to the line, and the tightly- wound 
end b is cted to the tus to be protected. ith this 


arrangement, if very high - frequency oscillations arrive they 
cannot reach the a) tus, because of the impedance of the 
open-spaced end of the spiral, and tuey cannot get past this end 
by capacity action turn to turn, this ity is very 
amall, due to the open spacing. In a similar manner, oscillations 
of medium frequencies penetrate further into the spiral and are 
there checked. Oscillations of low frequencies, which can easily 
t past the + ante po 9 end, are checked by the self-induction 
of the closely wound end, but they are not able to om past these 
turns by conderser action, because of the m lower fre- 
quencies of the oscillations. Fig. 2 illustrates diagrammatically 
a convenient design of a coil graded in several steps, which con- 
sists of an open spiral 8, 8! of copper rod, the —— between the 
turns heing wide for the first few turns, and being ually 
reduced (in the figure, to avoid confusion of the rals, the 
ing is drawn uniform). The end «!, which is connected to 
the line, has the wide spacing, whilet the other end « has the 
8 er cing, and is d to the first flat spiral c. Three 
flat spirals c,d, ¢ are shown. The number of spirals must be 








pp For various purposes, in particular for directing 
i] guns, telescopic sights are employed ; but it is found that 
enter certain atmospheric conditions a sight similar to a tel 7 
but containing no lenses or transparent screens, is preferable. This 
is known as an aperture sight, and is yyy tubular in form. 
It contains cross-wires, a pointer or the like, placed at the far 
end of the tube or casing, and an aperture placed centrally at the 
near or eye end of the same. The disadvantage of this form of 
sight is the draught or current of air which passes through the 
rture and impinges on the eye of the observer. To minimise 

is the tube or ng is usually perforated or cut away as much 
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as mechanical considerations will allow ; but in the open sights 
hitherto employed a t of the draught still remains, even 
if the construction is made so slight that there is d r of 
deformation. If any deformation takes place the line of sight is 
altered, and the appliance is uselees. The object of this invention 





is to construct an aperture tubular sighting app in such a 
manner that the current of air ing through it is diverted 
entirely from the eye without orming any ‘etonstion in the 
field of view. This is effected, in with this invention, 





in the following manner :—In the tube, at convenient interv 
circular aicalee or baffie-plates are placed having cent 
apertures, the of which are made to stand above the bases 
or outer edges of the d 8. @ is the tubular body of the 
ting appliance, b is the eye-piece containing the aperture, 
¢ is an india-rubber eye-cap or guard, d are the hollow cones 
secured to the tubular body, ¢ are the apertures in the tubular 
body for the escape of the diverted air, and / are the cross-wires 
ttached to the tubular body. (Accepted Jwne 10, 1915.) 


10,289/14. The Whitehead T 





o Works (Wey- 


mouth), Limited, and F. A ‘eymou' 
Automobile Torpedoes. [5 Figs.) April 25, Od This 
invention relates to gy ic steering apparatus for automobil 





torpedoes. According to present invention, the gyroscopic 
steering apparatus effects its control by means of an air-jet 























directed from a nozzle carried on the gimbal system on to a jet- 
actuated device, which participates in horizontal deviations of 
the torpedo and controls the ler-actuating mechanism. A is 
the gyro-wheel, B the inner izontal) gimbal-ring, and O the 
outer (vertical) gimbal-ring. gyro-wheel and gimbal system 
are mounted on vertical pivots C!, C! in a frame D, which is 

to a convenient part of the torpedo. ©®* is a horizontal 





arm embracing and secured to a boss on the outer gimbal- 
ring by means of a clamping-screw C4, the arm carrying at its 
outer end a vertical nozzle E, in which is a thin rectangular 
lateral orifice only a few thousandths of an inch in width. D! 
is a frame secu to a convenient part of the torpedo so as to 
participate in all movements of the same, and F is a fan, the 
spindle F1 of which is mounted in vertical bearings and is 
formed with a worm G ing with a worm-wheel on a spindle 
G? carried in a horizontal besring in a bracket G*. nife- 
edge deflector situated etrically between the nozzle E and 
the fan F. Airis supplied to the nozzle E by way of the hollow 
lower pivot C! cf the outer gimbal-ring C and through a 

in this ring and in the horizontal arm ©%. The air-jet issuing 
from the nozzle E is normally directed towards the vertical axis 
of the fan F, and when so directed is divided by the deflector H 
into two streams, which impinge equally on the outer parts of 
the blades of the fan on both sides of its axis of rotation, thus 
exerting opposite rotative effects upon the fan so that it remains 
stationary ; when the torpedo deviates from its course, carrying 
the frame D! with it relatively to the outer gimbal-ring ©, the 
deflector H guides the air-jet to the outer parts of the blades of 
the fan on one or the other side of its axis of rotation according 
to the direction of the deviation, thereby causing the fan to 
rotate. Owing to the fact that the deflector H directs the air 
towards the outer of the fan-blades, the air is very effective 
even when the deviation of the torpedo is very slight. It is, of 
course, understood that the fan rotates in the one or the other 
direction, according to the direction in which the torpedo is hori- 
zontally deviating. A stop lies in the path of a pin on the fan to 
prevent the latter from performing more than one revolution, this 
extent of angular movement being sufficient to cause the spindle 
G? to be turned through asmall angle. A crank G4 on the spindle 
B2 is provided with a pin which engages in a notch in the 
head L of the control-valve of the steering engine (not shown), the 
small angular movement of thespindle G2 being thus able to bring 
about the small valve movement required to cause the steering- 
engine to move the vertical rudder or rudders. In order to 
facilitate adjustment of the position of the nozzle E relatively to 
the deflector and fan, the horizontal arm C*, which carries the 
nozzle, is adjustably clamped to a boss by the screw C4, and the 
boss is formed with a groovearound balf of its circumference, so 
that a free passage for the compressed air is preserved, even if 
the arm C3 be angularly adjus around the within wide 
limits. The boss is, of course, central with respect to the vertical 
pivots C! of the outer gimbal-ring. Also in order to ensure that 
the direction of the air-jet issuing from the orifice in the nozzle E 
is truly radial considered relatively to the arm C*, the nozzle is 
angularly adjustable about its own axis in its conical seating, and 
@ groove extends around the wall of the seating so that the 
passage for the compressed air from the arm into the base of 
the nozzle E is preserved, notwithstanding angular ajustment of 
the nozzle in its seating. (Accepted June 3, 1915.) 


MOTOR ROAD VEHICLES. 


10,713/14. S.J. Boys, Walsall. Wheels for Vehicles. 
{1 Fig.) April 30, 1914.—This invention relates to built-up 
vehicle wheels of the kind in which the spokes are inclined to the 
plane of the wheel in such a manner that when they are tightened 
up they force the felloe of the wheel outwards into the tyre. 
A ding to the p tinvention, tightening means are provided 
for the spokes both at the felloe and boss, whereby a double 
adjusting effect is obtained. An example of construction, in 
acco! ce with this invention, is illustrated in the drawing, 
which shows a vertical section through the lower portion of 
such a wheel. The wheel consists, first, of a bush 1 of chilled 
iron of suitable length and diameter. This bush is formed with 
a taper 2 inside, so as to fit the axle exactly, and is pushed right 
on the axle until the inner surface 3 abuts against the collar 
on the axle. The bush 1 is foimed with a collar or flange 4 at its 
inner end, while at its outer end it is provided with a ring 5 
adapted to slide on ite outer surface. Both the collar 4 and the 
ring 5 are provided with recesses or slots so spaced as to take the 
inner ends of alternate spokes 6and7. In this way the spokes are 
arranged symmetrically, after the manner of crossed wire spokes. 
The spokes are each formed with three inclinations. There is, 
first, an inner portion 7 and an outer portion 8, both parallel to 
the plane of the wheel when the wheel is assembled, and these 

ions are connected together by a portion 6 or 9 respectively, 
nclined to the plane of the wheel. The inner ends of the spokes sit in 
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the recesses in the collar 4 and ring 5 respectively. The outer end 
portions, on the other hand, are ioweed in a recess in a shoe 1) 
secured to the felloe 11 of the wheel by long bolts 12 The shoes 
are each provided with a flange 13 at one side, through which the 
bolt 12 securing the shoe to the felloe 11 is Alternate 
oes are with the flange on opposite sides of the wheel. 
The form of the upper portion of the shoe 10 can be readily seen 
in the drawing. e felloes 11 are turned up to fit the inner 
surface of the steel tyre. In assembling this wheel, the tyre 
is placed in ition, the felloes 11 are inserted, then the shoes 10 
are position — the felloes with their flanges 13 on 
alternate sides of the wheel, the spokes having been previously 
placed alternately in position with their outer ends inserted in 
the recesses in the shoes, and the inner ends of the spokes project 
alternately into the recesses in the collar 4 and a 5 attached 
to the bush 1, and the long bolts 15, passing through the collar 4 
and ring 5, are placed in position. The bolts 12 fastening the shoes 
to the felloe are tightened up alternately, whereby the flanges 13 
of the shoes are pushed up against the side of their respective 
felloes, forcing the 7 towards the central plane of the wheel, 
and owing to their ity the whole wheel expands, and pushes 
the felloes outward against the inner surface of the tyre. This 
tightening is continued until the whole wheel is tight!) 
expanded, nuts 16 on the bolts 15 also being tightened up in 
turn. Finally, the usual oil-retaining cap 17 is placed in posit on 
This cap is carried by a ring 18 screwed upon the bueh 1, and is 
secured thereto by studs or nuts 19. (Accepted June 10, 1915.) 
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COMPARATORS FOR THE INDIAN 
GOVERNMENT. 


A FEW years 7— Se proposed expansion of the 
triangulation in uchistan and in Burma neces- 
sitated the measurement of several new base-lines ; 
and the Indian Government considered the ques- 
tion of bringing their equipment up to date, as the 
base-line apparatus belonging to the Survey of 
India dated from about 1836. The India Office 
appointed the late Sir David Gill as their consulting 
engineer for this, and in consultation with Dr. 
Glazebrook, of the National Physical Laboratory, 
and MM. Benoit and Guillaume, of the Inter- 
national Bureau of Weights and Measures, and Mr. 
Horace Darwin, of the Cambridge Scientific Instru- 
ment Company, a complete equipment of compara- 
tors, bars, and tapes was designed and procured. 

The discovery by Guillaume of the small expan- 
sion by heat of a certain alloy of nickel and steel 
(now called invar), and the employment of that 
alloy in the form of wires for the measurement of 
geodetic base-lines, has revolutionised survey prac 
tice in that operation. 

With the now obsolete apparatus belonging to 
the Survey of India, base-lines could only be 
measured at a very slow rate—viz., about 500 ft. 
per day, whereas a skilled party with modern 
Invar-wire ap tus has measured as much as 
5 miles in the same time and with a higher accu- 
racy. In consequence of the large staff required 
in the field, and the slowness and great cost of the 
operation, all the older base-lines were compara- 
tively short, and involved a subsequent laborious 
extension (by refined minor triangulation) to a great 
side of the principal triangulation. In this latter 
operation a good deal of the original accuracy 
of the short base was lost in the extended base. 
With the invar-wire apparatus (which can deal with 
irregularities of ground, cross rivers, &c.), sides of 
20 or more miles can be directly measured with 
great economy of time and money, and with im- 
proved accuracy.* 

For these reasons the Survey of India has 
ordered and acquired a modern invar-wire 
apparatus for the measurement of base-lines and 
for other purposes connected with the survey of 
India. But the material ‘‘invar” suffers from one 
drawback—viz., molecular instability ; that is to 
say, the molecules of the alloy are subject to 
secular rearrangement and to more sudden changes 
induced by mechanical shock, rapid changes of 
temperature, and so forth. These molecular changes 
are accompanied by changes of length, so that 
invar itself is an unsuitable material for a standard. 

The subjection of the measuring-wires to slow 
annealing, to shocks, &c., before their first stan- 
dardisation tends to minimise the subsequent 
tendency to change of length;. but all experi- 
ence goes to show that restandardisation of the 
wires 1s absolutely necessary before and after each 
base measurement. It is in order to provide the 
most effectual and ready means of standardising 
these wires that the comparators described below 
were designed. 

The quickest and most rel-able way of frequently 
checking the 24-metre invar tapes or wires is by 
comparing them in air with standard bars of nearly 
as possible the same temperature coefficient ; that 
is to say, with invar bars. Four-metre bars were 
adopted for this purpose, and a 24-metre com- 
parator was designed, divided into six sections of 
4 metres each. A separate 4-metre comparator is 
then required for comparing each 4-metre invar bar 
against a 1-metre invar bar, and both these invar 
bars against two similar 4-metre and 1-metre bars of 
@ higher percentage nickel steel, of more stable com- 
position, and, finally, for occasional tests of these 
l-metre bars against the pri nickel 1-metre 
standard, which was, together with the two 4-metre 
bars, carefully o ed for a considerable period 
by the National Physical Laboratory at Teddington. 

This 4-metre comparator is not only designed for 
comparing the lengths of the different bars, but also 
for ascertaining their respective absolute tempera- 
ture coefficients. Hence means are requi for 
comparing the bars at the same temperature, over a 
considerable range of temperature, and also for 
comparing two bars at different temperatures. Con- 
Professional Papers, New 
ye of = _-- of a 
a in together 
with « Discussion of : 

Metal Tapes and Wires in Geteuary’” "tee ler “ La 


Guillaume. 


* See Odtnense Se 
Series, No.1. ‘* An aw 
Geodetic Base-Line 
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sequently these comparisons must be made in water 
baths, and since invar has at times to be dealt with, 
one bath must be capable of having its a 
ture adjusted and then maintained constant for a 
considerable time, while the second bath need only 
remain at air temperature, but should have con- 
siderable thermal capacity to avoid any but very 
slow changes of temperature. With this introduc- 
tion to explain the objects to be attained, the pur- 
pose of the different details mentioned in the de- 
scriptions below should be understood. 


GENERAL DESCRIPTION OF THE 4-MeETRE 
CoMPARATOR. 


Of this instrument, outline views showing the 
arrangement of the chief component parts are 
given in Figs. 1, 2, and 3, Plate xtv. Sup- 
— at its ends on two masonry pillars, about 

ft. high, rests the microscope bridge, a hollow 
16 ft. long. The greater 

of the outer surface is covered with felt 
axing, to ensure that changes of temperature 
shall take effect upon the structure as slowly as 
possible ; and, with the same end in view, provi- 
sion is made for filling the girder with water. 
Carried in mountings attached to, and capable of 
movement along, one longitudinal face of the 
bridge, are two microscopes fitted with micrometer 
eye-pieces. The mountings can be securely clamped 
at any point on the bridge, and the microscopes 
thus placed at any mutual distance apart from 
0.17 to 4 metres. e design of the mountings is 
such as to permit of the axes of the microscopes 
being adjusted accurately in the vertical. 

On rails laid below the bridge travels a platform 
carrying two tanks, the direction of motion being 
transverse to the length of the bridge. Motion is 
imparted to the platform by means of worm-gear 
actuated either by hand or by motor. The tanks, 
about 14 ft. long, to accommodate bars up to 
4 metres in le , are placed with their longitu- 
dinal axes el to the bridge. One tank con- 
sists of two troughs, one disposed within the other, 
and is designed to receive, on saddles in the inner 
trough, two standard bars side by side. The second 
tank has a single trough and can take one bar only. 
The saddles supporting the bars are provided with 
slow movements, to permit of the latter bein 
adjusted, as required, in azimuth, in position, an 
in level. Both tanks may be filled with water, 
entirely immersing bars ates therein, and are, 
in addition, connected with pumps, driven by 
motors, capable of circulating the whole of the 
water in each trough in 90 seconds. In the case 
of the double tank, each trough has its own pum 
and its own circuit. The water in the outer Ae 
is, in ite circulation, through an electric 
heater, by the operation of which its temperature 
can be raised at will. 

In the circuit between the pump and the trough 
is a thermostat, which is designed to control auto- 
matically the action of the heater, with the object 
of e ing steadiness in the temperature of the 
water within about 0.01 deg. Cent. By thus con- 
trolling the temperature of the water in the outer 
trough, the water and the bars in the inner can be 
gradually brought to and maintained at any re- 
quired temperature. The tanks are also fitted to 
receive several thermometers, by which the tem- 
perature of the water, and the bars immersed there- 
in, may be determined from time to time.* The 
thermometers give directly the temperature of the 
water, but if steadiness of temperature has been 
maintained for a sufficiently long time, the tempe- 
rature of the bars and the water will be the same. 
The single tank, having no heater, is designed to 
maintain the bar within at a steady normal tempe- 
rature. The double tank provides, as stated above, 
the means of raising one or two bars to, and keeping 
them at, any temperature, for the time being, 
abnormal. 

By suitably selecting the positions of the micro- 
scopes on the bridge, and traversing the platform 
along the rails, till a bar lying in the tank arrives 
in correct position below the microscopes, micro- 


cast-iron box-girder, 








* In a test when the comparator was tem ily 
erected in London before shipment to India, w the 
mean water temperature was raised to 19.305 deg. Cent. 
in the inner trough, the room Compentass being about 
12 ae a readings were taken from six thermometers 
distributed along the tank (as described below). 
found that the corrected mean variation of the 
meters was 0.004 deg. Cent., and the range of variation 
0.616 deg. Cent. after the pump and heater had been in 

eration for 2? hours, without control, and for a further 
Sheer oith ic control. 


It was 
thermo- 








meter observations can be made on the terminal 
graduations of the bar. If two bars are brought 
thus in succession under the microsco compa- 
rative readings can be made, which will allow of the 
length of the one being deduced in terms of that of 
the other. The provision of two tanks, in one of 
which the or oy may be regulated as desired, 
makes it ible to carry out a series of bar com- 
parisons between two bars, one of which is main- 
tained at a constant normal temperature for the 
whole duration of the observations, while the other 
is brought to a different temperature for each com- 
parison of the series. Utilising the length of the 
one bar under constant temperature as a datum for 
the time being, the length of the second bar at 
varied temperatures can be determined, and the 
characteristics peer, its dilatation investigated. 
By placing both bars under comparison in the same 
tank, determinations can be made of their relative 
lengths at any and the same temperature. The 
comparator thus affords means both of investigating 
the coefficients of expansion of bars and of deter- 
mining their lengths in terms of an adopted 
standard. 
Deraits oF THE 4-MeTre Comparator. 

The Microscope Bridge.—The microscope bridge 
is, as stated above, of cast iron, and is of box-girder 
section ; it is about 16 ft. 2 in. long, 10} in. by 
13} in. over all in section, and is closed at the ends. 
Detail views of it are given in Fig. 4, Plate X1V. 
The two sides and the bottom surface are covered 
with felt under a steel lagging, while in the top 
surface, which is not lagged, there are six open- 
ings, each 7in. by 5 in. These are to allow of 
the interior of the girder being filled with water 
to ensure that the effects of changes of tempera- 
ture shall not be abrupt. The upper and lower 
edges of one longitudinal face of the bridge pro- 
ject slightly upwards and downwards from the 
general sectional outline, and are fashioned as guide- 
rails of a blunt Y section (see Fig. 4) to control 
- — of the microscope-carriers along the 

ridge. 

ee sage is ge at its two ends geo- 
metrically on three balls, on the well-known prin- 
ciple of a cone, straight groove, and plane, so as 
to be free from all strains due to changes of tem- 

rature. At one end is a cross-girder supported 

y hea cone and plane, as shown in detail in Figs. 5 
and 6. 

The under surface of one end of this cross-gi1der 
has an inverted conical seating, which rests on a 
-in. Hoffmann steel ball carried in a conical cup in 
the top of one of the short vertical columns of the 
larger bridge-support. This combination of coned 
seating and ball fixes this support of the bridge. 
The under surface of the other end of the cross- 
girder is fitted with a plate of hardened steel, which 
bears on a 2-in. Hoffmann steel ball resting in its 
turn on a second steel plate forming the top of the 
other column of the large bridge-support (see Fig. 1). 
This combination of steel plates and ball makes this 
—_ of the microscope bridge ‘‘ free,” allowing 
of free movement at this point in any direction. 
The two vertical columns under the Sonia at 
this end of the bridge spring from a cast-iron bed- 
plate (see Fig. 5) bolted down to the masonry 
pillar, and are adjustable in point of length. 

At its other end the microscope bridge has one 
point of support—viz., the straight groove, con- 
structed as shown in the detail views, Figs. 7 and 8. 
Referring to these, it will be seen that attached 
to the under side of the bridge is a foot, 
fashioned at its lower end into a chaunel-shaped 
bearing, in section an inverted V, the longitudinal 
axis of this V-sectioned channel being parallel to 
the longitudinal axis of the bridge. The sides of 
the Y channel are of hardened-steel plate, and 
bear on a 2-in. Hoffmann steel ball which reste in 
a \V-sectioned seating of hardened steel, carried by 
a bed-plate bolted to the masonry pillar. This 
seating is gripped to the bed-plate by four hori- 
zontally-disposed antagonistic screws, constituting 
the means of adjusting within small limite the 
position and azimuth of the axis of the VY channel 
so as to make the axes of lower and upper Y bear- 
ings liel in the same vertical plane. By this 
combination of Y channels and steel ball, this end 
of the microscope bridge is constrained to move in 
a straight line. Thus of the three points of sup- 
port, one is fixed, one is limited to movement in a 
straight line, while the third is free. 

Along the whole length of the bridge, within the 





lagging, run electric leads with porcelain contact- 
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lugs at intervals to supply current to the small | opposition to the claws, and so secures the carrier one consists of a rounded Y channel, against the 
amps for illuminating the divisions on the bars to | firmly to the bridge. When it is desired to change sides of which the microscope tube is pressed by a 
be viewed by the microscopes. At one end of the! the position of the microscope on the bridge, the | strong spring of steel strip, as shown in Fig. 13. The 
bridge is a small tumbler-switch for cutting off the MICROMETER SCREW 4 DIAPHRAGM. | pressure exerted by this steel strip can be regulated 
current. as desired. In the upper grip-bearing the microscope 
The Microscope-Carriers.—The microscope-carriers , Glass Diaphragm ; tube is pressed by # similar steel strip against 
are of cast iron, and are roughly triangular in form. | Fig. 15. the ends of two horizontally-disposed screws, the 
axes of which are mutually inclined at an angle 

of 90 deg, as shown in Fig. 9. These screws 
are provided with capstan heads and locking- 
nuts, and in combination with the steel spring 
they afford means of accurately adjusting the 
microscope tube to the vertical. The tube, it wil] 
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One of them is shown in detail by Figs. 9 to 13, on | clamp is loosened, and the whole carrier, suspended | be seen, is held in the carrier simply by friction 
Plate XIV. At the corners of the base of the | by its two claws, is made to slide along the upper | provided by the pressure exerted by the springs, 
triangle are two claw-like attachments, by means edge to its new position. and no opposition is offered by the bearings to the 
of which the carrier is suspended, apex downwards, | Soom the vertical through the apex of the tri-| rotation of the tube about its axis or to a vertical 
from the ne guide-edge of the microscope bridge. | angular carrier, at a distance of 138 in. apart, two| movement of the tube within a range of about 
The apex of the triangle is provided with a clamp | ‘‘ grips,” to hold the microscope tube, project at | 0.9 in. 


which, gripping the lower guide - edge, acts in| right angles to the plane of the carrier. elower| Attached to the body of the carrier, in line with 
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and about half-way between the bearings, is a gun- 
metal ring-shaped bracket (Fig. 12), through which 
the tube passes. Fitting loosely round the micro- 
scope tube, and capable of being clamped to it at 
any required position, is a gun-metal sleeve. A lug 
projecting from this sleeve carries a vertical screw 
with a milled head. The lower end of this screw 
is provided with an ivoride foot, which, when the 
sleeve is adjusted in position, bears on the ring- 
bracket attached to the carrier. This device pro- 
vides a means of bringing the microscope into focus 
on an object below. Another bracket (not shown 
in the drawing) was fixed to the carrier at a later 
date, to carry an adjustable square-ended screw, 
which bears on the top of the focussing-screw. 
This allows for focussing both up and down without 
backlash, and without depending on gravity to 
overcome the friction of the holding-springs on the 
microscope tube. As the lower bracket offers no 
obstruction to the sliding of the ivoride foot of the 





screw on its upper surface, the microscope can be 


Fig. 34. 
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light received through the window downwards u 
the object to be viewed. Projecting from the co 
on the microscope tube is an arm upon which a 
small glow-lamp can be mounted opposite the 
window in the cell. The arrangement is shown by 
the reproduction of a photograph given in Fig. 14, 

e 180. These glow-lamps are convenient for use 
in all the preliminary adjustments, but cannot be 
used in actual measurement observations. It is 
then necessary to illuminate the bar by a beam 


nm 


of parallel rays from a collimator, which is placed | ings 


near one end of the microscope bridge, and arranged 
to illuminate the windows of both microscopes 
simultaneously. 

For optical reasons, due to the design of the Zeiss 
objectives, the reflecting glasses could not be fitted 
in the main tubes above the objectives; consequently 
the cells just described are pivoted to avoid 
damage to the microscopes, if the platform were to 
be moved with the microscopes in certain positions 





when they might foul some of the fittings on the 












Fig.: 


the central axes of the two tanks which rest on the 

iage. At the middle of the rear face of the 
carriage is fitted a pin-coupling for connecting 
the carriage to the traversing gear (see Fig. 2). 

The Traversing Gear (see Fig. 2) —The travelling 
carriage which carries the bar-tanks is, as just 
stated, attached to gear (shown in detail by Fig. 17, 
page 180) by means of which it can be moved 
along the rails transversely to the microscope girder. 
Centrally placed between the rails, in two bear- 
bol down to masonry foundations, rests a 
square-threaded screw-shaft, 5 ft. 94 in. long and 
if in. in diameter, with six threads to the inch, on 
which travels a block fitted with a coupling, for 
attachment to the rear face of the i The 


rear end of the shaft is provided with a 12-in, 
pulley driven by a belt passing round the 3-in. 
pulley of a $-horse-power motor. 

Under each end of the screw-shaft is fitted a 
tumbler-switch, which, for the purpose of auto- 
matically cutting off current from the motor, and 
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rotated in its bearings without the focal setting 
being disturbed. 
The Comparing Microscopes —Each comparing 


microscope, specially made to specification by Zeiss, | 


has a tube of invar 20 in. long, fitted with an objec- 
tive of 120 mm. focal length, for a front working dis- 
tance of 160 mm., and an image distance of 480 mm. 
from objective to the micrometer plate, the aperture 
being 23.5 mm., for use in the ordinary way, and 
with an alternative for use immersed in water. 
Each tube has two oculars of focal length 30 mm. 
and 50 mm. respectively, producing a magnification 
of the object of 15 and 25 respectively. It was 
found by observation on a graduated scale of invar 
that the object-glass is capable of resolving lines 
ruled 100 to the millimetre. Each microscope is 
fitted with a micrometer with a screw of 0.3 mm. 
pitch, threaded for a length of 6.5 mm. The 
female screw has an effective length of 5mm. The 
drum is graduated to 100ths, the value of one 
revolution of the screw being about 0.1 mm. on the 
object. The micrometer lines are ruled on a glass 
diaphragm 10 mm. in diameter, as shown in Fig. 15, 
annexed. 

Pivoted at diametrically opposite points on a 
collar fitted at the objective end of the tube are 
two short arms carrying a small cylindrical shell, 
which in its normal position hangs below the 
object-glass. This cell, opposite a small window in 
it, is filled by a piece a plain clear glass set at 

deg., which acts as a partial mirror and throws 


pumps and tanks. Normally, strong springs ensure 
their correct position, and in actual working it is 
not necessary to move them in transferring from 
tank to tank, so no errors due to a change in the 
position of the glass reflectors need be introduced. 

The Rails and the Travelling Carriage.—Below 
the microscope bridge are laid rails for the travel- 
ling carriage. These rails are 11 ft. long, of 90-lb. 
flat-footed section. 
is, however, planed to the bevelled-head section, 
shown in the general view, Fig. 1, and in detail in 
Fig. 16, page 180. 

The carriage consists of a frame of 4-in. by 3-in. 
I and 4-in. by 2 in. channel-irons, diagonally braced 








by tie-rods, and mounted on four wheels. Its 
general design is illustrated in Figs. 1 to 3, Plate 
|XIV., while Fig. 17 shows details of the diagonal 
| bracing. In size it is 7 ft. 6in. by 6 ft. 1? in., 
measured between centres of members, the larger 
dimension being disposed transversely to the direc- 
tion of movement (see Fig. 3). The wheels are of 
approximately 5 in. effective diameter, fitted with 
ball-bearings, those on the left-hand side of the 
carriage being double- flanged, the faces of the nae 
mutually inclined at 90 deg., while on the other 
side of the carriage the two wheels are slightly 
barrelled. The flanged wheels, moving along the 
bevelled rail, ensure the true movement of the 
carriage, while the barrelled wheels follow on the 
flat-topped rail. The wheel-base is 4 ft. 54 in., 
| bringing the points of bearing vertically under 











The head of the left-hand rail | . 
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so preventing overrunning of the carriage, is 
brought into operation by the block coupled to the 
carriage, in its movement along the screw-shaft. 
The range thus allowed the carriage is 4 ft. 9 in., 
the travel necessary to bring fecha bee in the single 
tank and then my lying on the outer saddles 
of the double tank auler the microscopes being 
about 4 ft. 7% in. 
The Bar-Tanks.—-As stated in our general descrip- 
tion of the machine, the travelling carriage sup- 
ports the two tanks to receive bars under com- 
rison, one double, for the accommodation of two 
, side by side, the other single, to take one bar 
only. The double tank, which is illustrated in 
Figs. 19 to 26, Plate XIV., consists of an outer 
and an inner trough, the dimensions of which are, 
approximately, 14 ft. 04 in. by 154 in. by 12} in. 
and 13 ft. 74 in. by 11 in. by 10} in. Both troughs 
are of sheet copper, the outer being enclosed in a 
teak case, brass bound at the corners and stiffened 
by steel angle and channel irons running from end to 
end. Between the wooden case and the outer trough 
is a packing of ,*,-in. sheet felt. The tank is fur- 
nished with a cover of sheet brass lined with #-in. 
asbestos sheet, made in sections (see Figs. 23 to 26) 
and covering both outer and inner troughs. Three 
of the sections are each 1 metre in length, the two 
end ones being each 60cm. long. Each section is 


rovided with beechwood handles to allow of ita 
ing easily raised. 


Dis 





transversely to the centre line of the 
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covers are openings 5{ in. by 18 in., which, when 
all the sections are in position, occur at intervals 
of 1 metre along the tank, and through these the 
defining graduations of a bar lying within the 
trough may be viewed by the comparing micro- 
scope. The covers have also a series of openings, 
each 7% in. by #in., arranged parallel to the centre 
line ot the tank, through which thermometers 
placed in the trough alongside the bar may be 
observed. Some of the openings are arranged for 
the reading of thermometers lying along the centre 
line of the tank, others for the ing of thermo- 
meters lying towards one side or the other of the 
trough. All these openings are fitted with small 
lids, so that only those in actual use need be un- 
covered. On the cover, parallel to and at a short 
distance from these openings, are light brass rails 
which serve as guides to the carriers holding the 
microsco for reading the thermometers, and 
which allow of these microscopes being moved 
parallel to the graduated length of the thermo- 
meter stems. On the bottom of the outer trough 
at the Airy* points of the 4-metre bars, 1130 mm. 
on each side of the transverse centre lines—that 
is, directly over the wheels of the carriage—are two 
chairs, Fig. 20, to carry the inner trough. Each chair 
rests on four screws, and is of such dimensions as 
to bring the tops of both troughs into the same 
—. There is thus 2 in. clearance between the 

ttoms and between the sides of the troughs (see 
central section, Fig. 20). 

In the inner trough are four gun-metal saddles, 
to carry two gun-metal girders side by side. These 
saddles are made in pairs, a pair being shown in 
detail in Figs. 27 to 30, page 180. h pair is 
arranged so as to support the girders at two places, 
1130 mm. on either side of the transverse centre 
line of the tank. Each pair of saddles is carried 
in an outer rectangular frame made from three 
castings, forming respectively the bottom and 
two sides. Moving vertically in guides on each 
side is an intermediate cradle; and the saddles 
themselves move horizontally in guides in these 
cradles. One of each pair of saddles is fitted with 
a small pin projecting vertically, and the other 
has two small studs. Both are provided with 
screw-gear, by means of which the cradles, and 
with them the saddles, may be raised and lowered, 
and, further, that saddle having the vertical pin 
has mechanism by means of which it may be moved 
longitudinally in its cradle with to the tank, 
while the other has similar mechanism for moving it 
transversely. Both saddles have thus two move- 
ments, a vertical and a horizontal, though the direc- 
tions of horizontal movements are at right angles in 
the two saddles. To operate the two gears of each 
saddle, two vertical spindles pass through the tank- 
covers, and have at their ends a slot with which 
the pin of an attachable capstan key (Fig. 31) may 
en . The longitudinal movement is given to 
the left-hand dle in Fig. 29 by means of a 
helical gear driving a longitudinal screw. The 
vertical spindle has a wheel with ten spiral teeth 
fitted on it, but free to slide up and down with the 
cradle, and this gears with an idle wheel, carried 
from the cradle, having thirty teeth with axis 
parallel to the driving-screw. This idle wheel, in 
turn, gears with an equal but reverse-handed wheel 
at the end of the driving-screw. The transverse 
movement of the right-hand saddle is given in the 
same way, through direct-acting one-to-three helical 
gear. Views of a pair of the saddles prepared from 
oe are given in Figs. 32 and 33, on page 


On each pair of saddles rests a gun-metal girder, 
about 2.6 in. by 2 in. in section and 13 ft. long, 
of I-section, stiffened by lateral ribs (see Fig. 29). 
This girder rests frictionally on the two short 
studs of the saddle with the transverse movement, 
and a hole in the lower flange engages with the pin 
of the other saddle with the longitudinal move- 
ment. The outer es of the upper flange are 
bevelled off to allow of attachment of the bar-sup- 





* When a girder is supported on two points near and 
equivalent to its two ends there will be two points of 
inflexion in the girder between the supports, and the 
girder will be concave on the upper side in the centre, 


and concave on the under side at its ends. It is clear | 8T° 


that the projected horizontal length of the girder will 
be a maximum for certain positions of the supports, 
which are known as the Airy points. In comparator 
work bars are sup at these points, as then small 
errors ‘n the position of the supports 
mum, and, in fact, negligible, errors 


total of the bars. For 





rts and the thermometer-holders. On the up 
are cut a series of indicator marks, 4 M, 4 M, 
and M, M, to show the points at which the bar- 
supports should be placed to receive a 4-metre or 
4 ae or bar. be fase bar there are = 
metal supports, desi so as to permit of being 
clamped securely oe he bevelled. flange of the 
girder. One support consists of a small roller, 
as shown in Figs, 34 and 35, page 181, the other 
of a transverse rocker to ensure true bearing, as 
shown in Fig. 36. 
Attachable to the bevelled flange of the girder in 
a similar way are a number of gun-metal thermo- 
meter-carriers. Each of these is provided with a 
small phosphor-bronze clip to hold the stem of the 
thermometer, this clip being adjustable in height, so 
as to bring the thermometer level with the neutral 
plane of the bar. One of these thermometer- 
holders is illustrated in Fig. 37, page 181, while 
Fig. 38 shows a section of a guard provided for the 
protection of the bar under measurement, this 
guard being also clipped to the girder. 
The water in the outer trough is caused by the 
central pump to circulate through the heater and 
the thermostat, and back to the tank. Attached to 
a union fixed in the bottom of the trough, about 
7 in. to the right of the transverse centre line, is 
the delivery-pipe, connecting pump and trough 
through the omnasteh. Extending within the 
trough from this union are two copper branch- 
pipes, one to each end of the tank, where they 
discharge. The suction of the pump is connected, 
through the heater, with a union situated near 
the centre of the trough (see Figs. 1 and 3, and 
Figs. 19 to 22, Plate XIV.). 

e inner trough is connected to the left-hand 
pump. The delivery from the pump is attached 
to a union, about 7 in. to the left of the middle of 
the tank. From this union there are two branches 
to the two ends of the trough. The suction is 
attached to a union near the middle of the bottom 
of the tank. At the left-hand rear corner of the 
tank are drain-pipes in both troughs, the water in 
the inner draining into the outer, and that in the 
outer being carried away by a pipe closed by a cock 
below the end of the tank. 

The single tank (see Figs. 39 to 41, on page 181), 
13 ft. 7 in. by 11, in. by 10} in., is of the same 
general construction as the double, except that it 
consists of a single trough only, and is provided 
with supports to carry only one bar. It is in con- 
nection with the right-hand pump, the delivery- 
pipe being attached to a union near the middle of 
the bottom of the tank. From this union there 
are two branches, one toward each end of the tank, 
and from these the water issues through spray- 
holes. The suction-pipe is also attached to a 
centrally-placed union. The single tank is also 
“pee with adjustable saddles for carrying the 
ver which is being measured (a view of one of them 

ing 


— in Fig. 42), and with sectional cover, 
with slo 


te, lids, and guides, as already described. 
(To be continued.) 





MODERN BULLETS IN WAR AND 
SPORT. 


By Fleet-Surgeon C. MarsH Beapne.t, F.C.S. 
(Continued from page 153.) 

Rotation Effects More Marked at the End of 
Flight.—If an average bullet picked up from a 
battle-field is carefully fron. ol its sheath will be 
found imprinted with scores and scratches made 
during the first collision with the ground. It will 
further be noticed that these markings areall more 
or less parallel, and make, for any one bullet, a 
constant angle with the normal grooving cut by the 
** lands.” "On several hundred bullets from South 
Africa the mean angle these scratches made with 
the grooves, while fairly constant for any one area, 
differed from a similar mean angle for some other 
area. This variation factor was the mean range 
between the opposing forces; those bullets on which 
the surface markings were almost llel to the 
grooves had been fired from short distances, those 
on which they formed a marked angle to these 
ves had come from long distances. It may be 
pointed out that the bullet spins faster relatively 
to ite speed of translation for every inch of ground 
it covers, or, put in another way, its onward motion 
is checked in a quicker ratio than its rotary motion. 


For instance, a 0.303 bullet is making one turn in 1 


10 in. at the commencement of its flight, but half- 


some twenty or thirty turns in this distance, while 
at the very end of a long travel it may be making 
a hun revolutions in an inch ; in fact, it may 
go on spinning after all translation has ceased. 

This fact was impressed on the writer in a some- 
what curious manner: a bullet, which he had fired 
at some objective in his experimental butts, for 
some unknown reason while passing through the 
sand backing swerved to the left and passed 
obliquely through the }-in. side of a packing-case 
containing the sand, and then fell, exhausted of all 
its translatory energy, to the floor. For one instant 
it lay on its side, apparently motionless, but 
really spinning furiously; it then n to move 
sideways, and, gathering momentum, rolled to the 
other end of the room. When a thin lamina or evena 
fairly thick plate of bone is perforated, the loss 
of substance is almost entirely due to the hammer 
and punch-like action of the projectile ; but during 
the perforation of a considerable thickness of bone, 
such as the vertebr or the cancellated ends of 
the long bones, the loss of substance is due rather 
to the crushing and grinding action which the 
bullet possesses in virtue of its rotation. Espe- 
cially is this the case when a new rifle has been 
used, and when consequently the bullet has been 
deeply grooved, so that in transverse section it is 
not altogether unlike a cogged wheel. The loss 
of substance is exemplified by the fine white 
bone-duat that fills the grooves, and lies, like a 
wake, in the track of the projectile. In studying 
the action of the bullet’s rotation on bone the 
writer a great difficulty in procuring 
enough of this substance to ensure the bullet’s 
arrest within it, but fortune came to his aid in the 
ge of a stranded and defunct whale. With the 

elp of some natives—he was abroad at the time— 
he procured a number of the massive disc-shaped 
vertebr:e of this animal. These were firmly secured 
together in a straight pile, into which, parallel to 
its length, were fired the bullets. Even so, the 
first missile traversed the whole pile and passed out ; 
so the following ones were by means of 
charges from which a few strands of cordite had 
been removed in order to lower muzzle velocity. 
Having by this means arrested two or three bullets, 
the vertebre were disconnected, and sections 
through the tracks made with a fine saw. For 
several inches from the entrance no bone-dust was 
visible, but as penetration became deeper, a fine 
white powder came into view and increased in 
quantity up to the shoulder of the bullet, and then, 
about the centre of the curve of the ogive, suddenly 
diminished to zero, no dust lying in front of the 
apex. The longitudinal grooves of the bullet were 
tightly packed with compressed bone-dust of the 
fineness of flour. This proves, it is thought, that 
the powdered bone is the result principally of the 
bullet’s rotary action, and only in a minor degree 
of its hammer action, just as the fine wood dust 
which adheres to the grooves of a gimlet withdrawn 
from a piece of timber is the result of its rotation, 
and not of its translation. 

The Action of the Bullet on Hard Structures, such 
as Bone.—The body of an animal, in so far as the 
action of the bullet is concerned, may be divided 
into hard tissue, such as bone, and soft tissue, such 
as muscle ; these may, with advantage, be further 
subdivided ; the hard, according as to whether the 
bone is dense or spongy ; the soft, as to whether it 
is rich or r in uid. The projeotile acts differ- 
ently on dees various tissues, and they, in their 
turn, have a different manner of reacting on the 
projectile. It is obvious, for instance, that the 
skull of a hyzena* or the hide of a rhinoceros is more 
likely to flatten a lead bullet than the fleshy part of 
some thin-skinned animal ; but, perhaps, it is not 
quite so obvious that an organ rich in fluid susta‘rs 
relatively greater damage from, and conversely re- 
acts more effectively on, a bullet than does an organ 
containing asmaller proportion of fluid. The writer 
has recovered intact and undeformed a hollow- 
nosed 0.303 bullet that had passed through 30 in. of 
wood ; on the other hand, he has known this 
bullet break into ents while perforating 4 
sheep’s stomach containing water. Work on the 
tissues, whether hard or soft, is made manifest in 





* The hyena’s skull is massively buttressed, owing to 
the fact that it has to support jaw-muscles sufficiently 
powerful to crack the largest bones. This cunning and 
cowardly animal to a + extent depends on what its 
lord master, io ten, deigns to leave; this being 
principally the bones, natural selection has endowed the 
animal with what are virtually the most powerful jaws 10 








apart of these points is 0,565 of the length of the bars, 


way along an average trajectory it may be making’ 


existence. 
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two ways—first, by destruction of their cohesion, 
and, secondly, by the communication of energy to 
tissue particles, whose cohesion having been de- 
stroyed and whose connection with surrounding 
parts having been severed, are transformed into 
secondary projectiles, which play a conspicuous 

rt in the further disintegration of tissues at 
a distance from the actual path of the bullet. 
A silver jackal that the writer shot in Uganda 
with a hollow-nosed 0.303 bullet showed in the back 
of the neck a larger irregular-sha exit wound 
surrounded by six or seven smaller skin rents ; 
some of these doubtless were caused by fragments 
of the bullet, but the existence of bone splinters 
sticking out of the skin showed that others, at any 
rate, were the result of secondary projectiles of this 
nature. 

One of the great advantages of the hollow- 
nosed, as compared with the other types of de- 
formative bullet, is that as a rule it does not break 
up until it meets with the more vital tissues rich in 
moisture. With this particular bullet the writer 
killed three rhinoceroses by shots behind the 
shoulder and two hippos by head shots, and in 
no case did the missile break up until it reached 
the deeper parts ; had he used a split or soft-nosed 
bullet it would almost certainly have mushroomed 
in the hide or skull. When the hollow-nosed bullet 
does deform, it undergoes the most extensive frag- 
mentation and causes an extraordinary amount of 
damage. It is morethanprobablethatduringits tran- 
sit from the rifle to the animal, the air lying in its 
path is condensed and imprisoned inside the hollow 
nose as a kind of air-bomb, which, when the bullet 
breaks up inside the tissues, suddenly expands, and 
so augments the mischief directly caused by the 
metal fragments. It is the presence of fluid that 
causes this bullet to break up in animals so slender 
as the jackal and lynx or even the homely rabbit, 
and it is the absence of fluid that ensures the 
same bullet remaining unscathed after tunnelli 
through 2 ft. of hard wood. After all, the letha 
capacity of any bullet—neglecting, of course, effects 
on such vital parts as a large vessel or nerve 
centre, to touch which with a pellet of snipe-shot 
might prove fatal to an elephant—must be in terms 
of its own kinetic energy, and the work it puts out 
in tissue-disintegration can never exceed the equi- 
valent in foot-pounds which the bullet possesses 
in virtue of the product of its mass into the square 
of its velocity of impact. As we have seen, this 
work may be over 1000 ft.-lb., a marvellous quantity 
to cram into a small body, = of which go to the 
pound. Itis therefore no wonder that when one of 
these highly energetic deformative bullets does get 
access to a vital the animal ceases to take any 
further interest in mundane affairs. 

The writer has dwelt on the effect in bone of 
the modern bullet’s rotation, and would like now 
to call attention to a point in connection with its 
hammer-like action on this substance. When a 
moderately thick plate of bone is perforated, the 
particles on the distal side—that is, on the obverse 
surface to thatof the bullet’sentry—arecarried away. 
Thus, when the cranium is perforated, the inner con- 
cave aspect of the plate of bone around the aperture 
by which the bullet entered the cavity of the skull, 
and the outer convex aspect of the plate of bone 
around the aperture by which the bullet re-entered 
the open air, are bevelled. Moreover, owing to 
the loss of ween | and velocity on the part of the 

rojectile during the act of perforation, this bevel- 
ing is of greater extent on the distal side of the 
second wall than it is on the corresponding side of 
the first wall. It is significant that when a bullet 
emerges in the lower lateral or temporal region of 
the human skull, it inflicts mach greater damage 
on the bony walls than does a similar bullet passing 
out at the back of the head. This is due to the 
manner of articulation of the temple bone, which 
is such that it overlaps the other bones, se that, 
although offering all due resistance to blows from 
without, it is ynable effectively to resist those from 
within, Nature not having adapted it to such 
artificial disturbance. 

The Action of the Bullet on Water and on Tissues 
Rich in Moistwre.—We come now to a most in- 
teresting, if somewhat controversial, portion of our 
subject—the question of the possible hydraulic 
action of the bullet in contradistinction to its un- 
deniable hydrodynamic action. When a bullet is 
forcing its way into a closed receptacle, bounded by 
rigid walls and containing an incompressible fluid, 
it tends to exert hydraulic pressure upon the walls 
snd fluid contents ; whether time will permit of 








such pressure ee or proving effective 


is another matter. e only part of an animal 
that could possibly lend itself to action of this 
kind is the cranium. As the bullet enters the 
inside of the skull, it must tend to set up an 
equally distributed rise of pressure throughout 
its contents, and upon the whole of ite internal 
surface. An equable rise of pressure would un- 
doubtedly take place were there sufficient time in 
which to overcome the inertia of the fluids to be 
moved, but such time could never be enough in 
the case of the high-speed bullet. We can only 
imagine hydraulic action as taking place were the 
bullet to be slowly forced into the skull, like the 
plunger of a syringe, in which case there would 
necessarily be a displacement through the various 
openings in the base of the skull of a volume of 
fluid exactly equal to the volume of the bullet. 

However, in practice the bullet displaces very 
much more than its own volume, as the writer has 
shown by the following experiment on the skull, 
and as others have shown by earlier experiments 
on metal receptacles filled with fluid. All the open- 
ings in the skull were closed with wax, with the 
exception of the large foramen by which the spinal 
cord communicates with the brain, and then in- 
verted and filled it with water. On firing a bullet 
through the centre of the skull, a jet of water some 
15 in. high and representing about 20 cub. cm.— 
that is, several times the volume of the bullet 
1.3 cub. cm.)—was projected through the opening. 

n such instance, hydraulic action, if present at all, 
was masked by hydrodynamic action. It is some- 
what difficult to reconcile the results of an experi- 
ment like this with the fact that there are numerous 
instances where a man has recovered after a bullet 
has perforated his brain. We can only assume, 
pending further evidence, that the battlefield, unlike 
the laboratory, gives the bullet time to “‘ fall asleep” 
like a top, and, therefore, to become rigid and 
devoid of all wobbling. Displacement of the 
eyeball from its socket (trawmatic proptosis) 
is on rare occasions met with in man and animals 
after bullet wounds of the frontal region of the 
cranium. Whether the dislocation of this organ 
is due to its actual mechanical propulsion from 
behind by the bullet or by secondary projectiles, or 
whether it is due to the fact that, in traversin 
the cranium, the bullet has admitted air behin 
the eye—which is normally kept in place to a 
great extent by atmospheric pressure—and so 
allowed it to fall forward, the writer is unable to 
say ; in any case the proptosis is not an hydraulic 
effect. 

Hydraulic pressure is exerted in equal intensity 
in all directions, whereas hydrodynamic pressure 
is most marked in the bullet’s line of flight, 
though, as may be shown by the following three 
experiments, it is exerted in other directions 
as well :—(1) An iron pipe, 10 ft. long, 2 in. 
in diameter, and ,* in. thick, was filled with water, 
the ends being closed with oiled silk. A 0.303 
bullet was then fired into the pipe in a line with 
its long axis, with the result that the end of the 
pi by which the bullet entered was extensively 

eed outwards, and this bulge in two places was 
burst open, one of the rents being more than a 
foot in length. (2) In the second experiment a 
0.303 bullet was fired through the centre of a 
common glass bottle filled with water. It was 
found that about 60 per cent. of the water and 
glass fragments were thrown forwards in the direc- 
tion of the bullet’s flight, about 30 per cent. at 
right angles to this line and about 10 per cent. 
directly backwards—that is, against the bullet's 
direction. (3) In this experiment two copper 
cylinders, equal in all respects, each holding 
14 litres (about 50 oz.) and furnished with a stop- 
cock and valve, were completely filled with water 
and subjected to a water pressure of 150 Ib. per aq. in. 
This caused well-marked bulging, the top and 
bottom of each cylinder becoming convex, so that 
its cubic capacity was temporarily augmented by 
about 30 cub. cm.; there was no permanent strain, 
however, for when the pressure was withdrawn the 
cylinders returned to their normal shape. The 
water in the one cylinder was then raised to boiling- 

int and the valve closed while the steam was 
issuing, after which the cylinder was allowed to 
cool ; thus the water in it was at zero pressure. A 
water pressure of 100 lb. per sq. in. was applied to 
the other cylinder and the valve closed while pres- 
sure was being exerted. A 0.303 bullet was then 
fired through the centre of the cylinders, with the 
following result ;—The entrance aperture in each 





was ,5; in. in diameter; the exit aperture in 
the cylinder under positive pressure was twice 
the diameter of that in the cylinder under zero 
ressure, the measurements being respect- 
ively lin. and $in. Both cylinders showed per- 
manent strain, the top, bottom, and side being 
convex outwards, but the bulging in the “ posi- 
tive” greatly exceeded that in the ‘‘ negative” 
cylinder. Now the production of bulging in the 
cylinder under negative pressure could not by any 
possibility have been brought about by hydraulic 
and must therefore have been due to 
ydrodynamic action ; for, as we have seen, on sub- 
jecting the ‘* negative ” cylinder to hydraulic pres- 
sure before firing, its capacity was temporarily 
increased by 30 cub. cm.—that is, about twenty- 
three times the capacity of the bullet (1.3 cub. cm.), 
without causing any permanent bulging. There is, 
of course, no counterpart in any animal of a fluid 
under such pressure as the above, though solid 
structures are subjected to even greater ones. 

It would be wrong, however, to assume that the 
phenomena eventuating in the case of the fluid under 
pressure would also occur in the case of a solid ; in- 
deed, the opposite is the case. Thus, if a bone, 
such as the shin-bone of an ox, be subj to ten- 
sion by suspending a heavy weight from its lower 
end, the upper end being slung from a beam over- 
head, while another and similar bone is subjected 
to compression by applying a corresponding weight 
to its upper end, the lower resting on a support, 
it will be found on firing a bullet through each of 
them that more damage is sustained by the bone 
under a stretching stress than by that under a 
compressing stress. We explain this by assuming 
that in the compressed bone particles are better 
supported than are the corresponding particles in 
the one under tension. Consider the case of a head 
of big game on the run, or of a soldier in action. 
During progression the leg-bone (tibia) is subjected 
to a pressure alternating between a couple of 
hundred pounds and zero, according as the leg is 
on the ground transmitting the y weight or is 
slung from the hip in the air. Theda one will 
depend, as we have seen, on whether at the moment 
of the bullet’s impact the bone particles are under 
compression or tension. 

(To be continued.) 





MESSRS. HUGHES AND LANCASTER’'S 
ACREFAIR ENGINEERING WORKS. 
In 1892 Messrs. Hughes and Lancaster moved 

from their works at Chester to new works at Acre- 

fair, near Ruabon, erected on the site of the iron 
works and rolling-mills of the New British Iron 

Company, which had closed down. The new works 

were built to the desi of Mr. Claude W. Hill, 

Assoc. M. Inst. C.E., Westminster, and were de- 

scribed and illustrated in our issue of March 31, 

1893. The works are principally devoted to the 


manufacture of steam-engines, air-com rs, and 
apparatus in connection with the Shone system 
of dealing with sewage, Messrs. Hughes and 


Lancaster having carried out large contracts for 
the entire sewering on this system of a number 
of towns, including Rangoon, Bombay, Karachi, 
Henley-on-Thames, Eastbourne, Cairo, and a 
large number of other towns in this country and 
abroad. 

In addition to the machinery mentioned above, 
other apparatus in connection with sewage treat- 
ment is made, including the Hughes and Lancaster 
** Centrifuge,” a new of centrifugal separator 
which effects the separation of solids from liquids 
and the consolidation and ejection of the solids in 
repeated cycles while the machine is running con- 
tinuously at full speed. 

Recently Messrs. Hughes and Lancaster found 
it necessary to extend the works, and they decided 
atthe same time to modernise the driving arrange- 
mente, also to scrap a number of old tools and = 
in new ones; under these circumstances Mr. Hill 
was again retained to carry out the extensions and 
to put in a complete installation of electric power 
and —— 

A general plan of the works, gg the exten- 
sions, is given in Fig. 1, page 184. The principal 
building is the machine-shop, which was built in 
1891. This originally contained heavy and light 
machine-tools with shafting and engines, and in 
two of the op rope-driven Oraven overhead travel- 
ling cranes. It was lighted by arc lights for general 
lighting, with gas jets to the different tools and 
benches. All the light machine-tools have now been 
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removed from this shop, the engines and shafting 
have been scrap 


of multiple motors for driving the different 


, the cranes converted to electric | motions of heavy machine-tools will result in a 


driving, and each of the heavy tools is now driven | simplification of their mechanical arrangements 
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Fic. 5. 
by a separate motor, independent motors being in|comparable to that which has resulted from the 


some cases 


used to drive the feed motions, raise | adoption of multiple motors in the construction of 


and lower cross-slides, and travel heavy slide-rests. | cranes. 


It is probable that in the future the development 








SECTION THROUGH C.D. 


In the case of the larger tools, where the 





operator would have some distance to walk to the 
starting switch, push-button control has been pro- 
vided, the push-buttons being placed at two or 
three different positions, so that the man can start 
or stop the tool without leaving the job. 

In order to minimise the amount of belt-shifting 
required on the speed - cones, variable - speed 
motors are used, the variation in some cases hein 
as high as 4 to 1. As it is very desirable that 
electric motors should start with their fields fully 
excited, the form of starter adopted, both for push- 
button and hand-starters, is that shown in prin- 
ciple in the diagram, Fig: 2. With this arrange- 
ment the operator can set the speed-regulator to 
the speed which he requires, and can then start and 
stop the motor whenever necessary without having 
to move the speed-regulator, the motor field being 
fully excited on the first step and being gradually 
reduced to the predetermined amount as the starter 
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lever is moved to its final position. This form of 
starter was patented by Mr. Hill a good many 
years ago, the patent having now lapsed. : 

An interesting planer conversion is shown in 
Figs. 3, 4and5. The machine is a Bateman planer, 
12-ft. 6-in. stroke by 3 ft. 6in. by 3 ft.6in. In 
this arrangement the belts and pulleys have all 
heen removed and the new driving gear is coupled 
direct to the first-motion shaft of the planer. The 
electric motor runs continuously, reversal being 
obtained by a Lugard electro-magnetic clutch, the 
switch of which is mounted on the planer-bed and 
operated by the tappets on the table. This gear 
was made by Messrs. Hughes and Lancaster. 

The following are test figures :—Speed of cut, 
44 ft. per minute; speed of return, 150 ft. per 
minute. With a stroke of 12 ft. 5j in. five com- 

| plete cycles took 112 seconds, being 22.4 seconds 

per ‘om. The time of one cycle calculated from 
the above cutting and return speeds would be 
21.96 seconds, so that the time lost in reversals is 
0.44 second per cycle. The electrical readings are 
as follow ;— 
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Volts at motor... ove 217 voltage from 220 to 600 may be obtained. It can tion, while the south side is slated, the slates being 
Am EH.P. | also be used to supply current for 100-volt motors laid on 1}-in. boarding. 
Motor and gear running light 9 = 2.62 | up to about 15 une re. The right-hand Light iattice columns, 10 ft. apart, carry the 
Table running, but tool not cutting :— machine is an alternator. is works in conjunc- | line-shafting, countershafts, and crane girders, the 
Amperes. E.H.P. | tion with two transformers, and will give single- alternate columns being extended to carry the roof, 
Cutting stroke... a 4.37 owen two-phase, or three-phase current of any so that this is supported at points 20 ft. apart. 
Return stroke... .. ... 40 = IL7 requency, from 20 to 60 cyles per second, and any | Details of one of these extended columns are given 
Cutting x in. deep by xy in. 5.85 | Voltage from 220 to 600. in Fig. 9, page 188. 
1m cast iron ove eee = 5 


The arrangement of the main switchboard for 
Fig. 6 is an ampere-meter diagram which shows | this set is shown in Fig. 7, annexed. It consists 
the fluctuations of current. A Hetherington planer, of a framing of steel and wood carrying the instru- 
20 ft. by 6 ft. 6in. by 6 ft. 6in., has also been ments and fittings above, with a desk and cup- 
converted, the gear in this case being made by | boards below, and was made by Messrs. Hughes 
Messrs. J. P. Hall and Co., Oldham, and consisting and Lancaster. 
of a reversing motor of 25 brake horse-power at The old arc-lights and gas-jets have been 
425 revolutions per minute, coupled direct to the | abolished. For the general lighting 100-watt being Westinghouse and some Renold, An example 
planer and operated by a motor-driven switch con- tungsten lamps, in Benjamin reflector fittings, | of one of these drives is illustrated in Fig. 10, page 
trolled by the tappets on the planer-table. There focussing type, are mounted on the columns at a 188, the drive being vertical and the motor being 


BoosterTerminals Motor 


The light tools are driven in groups, each grou 
| being arranged to take the same power, so that all 
the motors in this shop are of the same size— 
namely, 74 brake horse-power at 710 revolutions 
minute, and the same spares will fit any of them. 
| The line-shafts are carried in Hyatt roller-bearings, 
_and are driven from the motors by chains, some 







DIAGRAM OF SPECIAL GENERATING PLANT TO 
SUPPLY CURRENT FOR TESTING A.C.&0.C. MOTORS. 
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has not yet been an opportunity to get test figures 
of this gear. 

Along one side of the shop a 5-in. steel steam- 
main has been erected, so that steam-driven air- 
compressors up to 250 indicated horse-power, takin 
superheated steam at 200 1b. pressure, can be test 
at fullload. A reducing-valve is provided, so that 
roe constructed for lower pressures can also be 


_For the purpose of testing electrically-driven 
air-compressors up to 30 or 35 horse-power a special 
generating set has been supplied by the Westing- 
house Company. This set consists of three 
machines mounted on one bed-plate and coupled 
together. The central machine is the driving motor 
taking current from the 220-volt mains. This is of 
45 brake horse-power, shunt-wound. with a speed 
which can be varied from 600 to 1800 revolutions 


per minute. The left-hand machine is a direct- 
current booster, separately excited, with a potentio- 
meter regulator. 


By means of this booster any 


of 45 deg. .The intensity of the general illumina- 
tion on a plane 3 ft. 6 in. from the floor averages 
two foot-candles. In addition, 16-candle-power 
carbon lamps in portable fittings are provided for 
each tool and bench, and for the marking-out 
tables. 

A photograph of one bay of the heavy-machine 
shop as it now exists is given in Fig. 13, page 192. 
It is interesting to compare this with the photo- 

aphs of the same shop given in our previous 

escription, to which we have referred above. 

Leading out of the a rere shop is a new 
shop, which has been built to take all the light 
tools. A photograph of this shop is given in 
Fig. 14, page 192. e walls are of Ruabon terra- 
cotta brick, to match the original building, and it 
has a north-light roof, the details of which are 
given in Fig. 8, annexed. The north side of each 
ridge is provided with Helliwell’s patent glazing, 





with open sashes at frequent intervals for ventila- 


height of 10 ft. from the floor, and set at an angle 





mounted on elevating-screws for adjusting the 
tension of the chain. 
For the general lighting of this shop tungsten 


lamps in Benjamin focussing reflector fittings are 
=e, placed overhead, just clear of the travelling 
cranes. The intensity of the general illumination 
is 1.55 foot-candles on the working plane. A 
16-candle-power carbon-lamp, in a portable fitting, 
is provided for each tool. The machine-shops, 
time-office, &c., are heated by a system of hot- 
water circulation. 

No supply of electricity being available, and 
superheated steam at 200 lb. pressure being re- 
— for testing new compressor sets, it was 

ecided to scrap the existing boilers, which had 
been in use twenty-two years, and had had their 
pressure reduced to 60 lb. by the insurance com- 
pany, and build an entirely new power-house. A 
plan and sectional elevation of this power-house 
are given in Figs. 11 and 12, page 189. The build- 
ing is in Rua terra-cotta bricks; the roof¢ 
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of the stores, boiler-room, and engine-room have 
steel trusses, and the roof of the accumulator- 
room has wooden trusses, all having slates laid on 
1}-in. boarding. The accumulator-room woodwork 
is coated with anti-sulphuric enamel. The engine 
and boiler-room roofs have lanterns glazed with 
Helliwell’s patent glazing, and fitted with their 
patent louvres. 

As water for condensing would have had to be 
brought from some distance, it was decided that 
the steam plant should be, at any rate for the 
Cae non-condensing. The water available for 

iler feed contains a considerable degree of hard- 
ness, besides other impurities, so a water-softenin 
and purifying apparatus by Messrs. Babcock an 
Wilcox was put in. 

There are two Babcock boilers, each capable of 
evaporating 5000 lb. of water per hour at 200 lb. 
pressure. They are fitted with superheaters and 
chain-grate stokers, the stokers being driven by 
an electric motor of 2 brake horse-power. For 
heating the feed-water there is a Green’s economiser 
of 128 tubes, with scrapers driven by an electric 
motor of 1 brake horse-power. As the pumping 
of cold water into an economiser is liable to cause 
corrosion of the first section of pipes, due to con- 
densation of moisture on their external surfaces, a 
feed-heater of small heating surface has been pro- 
vided to raise the temperature of the feed-water 
sufficiently to prevent such condensation. 

There are three sets of Pearn three-crank feed- 
pumps, each capable of delivering 500 gallons of 
water per hour, driven through worm-gearing by 
variable-s motors of 34 brake horse-power, the 
speed variation being 3 to 1. The main steam- 
pipes are of steel, with steel flanges, Hopkinson- 

erranti steam-valves being employed. The ex- 
haust-pipes are of cast iron, with Hopkinson 
parallel slide-valves for isolating any engine 
requiring overhauling. 

or the guidance of the boiler attendant, a 
Simpson flow-meter, reading gallons per hour, has 
been fitted in the feed-pipe circuit. For the pro- 
tection of men working on the boilers, d&c., 
Hopkinson isolating-valves have been fitted at the 
main steam-valves and at the blow-offs of the 
boilers, economiser, and feed-heater. 

In the engine-room there are two Bellis-Hall 
generating sets, each having an output of 680 
amperes, 220 volts, at 435 revolutions per minute ; 
one of these is a s . On test, with a steam- 
chest pressure of 186 Ib. and steam temperature 
of 487 deg. Fahr., the steam consumption, non- 
condensing, was 25.5 lb. per kilowatt-hour. In 
addition to the electric generating sets, there is 
a 14-in. air-compressor, which supplies air for 
working the smithy-hammer and other pneumatic 
tools, and for testing new ejectors, air-valves, &. 
The arrangement is shown in Fig. 12. 

The main switchboard has two generator panels 
with the usual instruments and circuit-breakers, 
and there are circuit-breakers and ampere-meters 
for each of the power circuits and the lighting 
circuits. There is also a booster panel for charg- 
ing and regulating the accumulators. In the 
accumulator-room there is a small set of chloride 
accumulators for keeping the lights going when 
the generators are stopped, and to supply current 
for one or two tools which may be requ to work 
overtime when the rest of the shop is shut down. 
The bus-bars on the main board being therefore 
alive the whole twenty-four hours, it was not con- 
sidered necessary to provide any steam-driven 
feed-pumps, &c., in the boiler-room. 

The number of motors installed up to the present 
is forty-four, ranging from 1 up to 45 brake horse- 
power. The main wiring of the power circuits and 
underground mains for the lighting consist of lead- 
covered paper cables, the ends of which are sealed 
in bifurcating junction-boxes. Portable fittings 
have cab-t flexibles. The remainder of the 
wiring is V.I.R., 600-megohm Association cables 
in screwed steel conduit. The contractors for the 
electric lighting and wiring of the power circuits 
were Messrs. Tyler and Freeman, London. 

The works yard is lighted with 200- watt tungsten 
lamps in Benjamin fittings ; the wires are carried 
overhead and provided with Garton-Daniels light- 
ning-arresters. In the offices the general lighting 
consists of 100-watt tungsten lamps in Marbella 
fittings, each board in the drawing-office having a 
40-watt lamp in a Benjamin bolic reflector, 
— - a universal-joint Nadal while the 
clerks’ des! ve rising and falling ts with 
49 watt lamps in Marbella reflectors. cu per 





‘*THE ROYAL SOCIETY AND 
TECHNOLOGY.” 
To THE EpiTor oF ENGINEERING. 

Siz,—In an article bearing the above title, which ap- 
peared in your issue of July 30, the Royal Society was 
severely blamed for the it was supposed to have 
taken in connection with war. Ihave been requested 
to say that the writer of the article is quite mistaken in 
the statements which form the basis of his pete 
against the Society, and which are not warranted by the 


facts. 

Among other statements, the article credits the Royal 
Society with having nominated the members of the Ad- 
miralty Committee, the Haldane Committee, and the 
Advisory Committee of the British Dyes Research De- 
a. Iam desired to assure you that the Royal 

i he not nominate a single member of any one of 
these Committees. 
Tam, Sir, yours faithfully, 
Ropert HagRIson, 
Assistant Secretary, Royal Society. 

Burlington House, London, W., August 16, 1915. 

[We regret that in our article to which the above letter 
refers we erroneously attributed to the Royal Society 
the nomination of the several committees named ; but, av 
the same time, it is only fair to ourselves to say that the 
conclusion at which we arrived—a conclusion which is 
widely shared by members of the engineering profession 

y by many Fellows of the Royal Society— 
was amply justified by the public announcements made 
with regard to those committees. We are glad to learn 
from the letter we now publish that the Royal Society, 
as a body, is not responsible for the nominations referred 
to ; but the question; now arise, Who is responsible, and 
under what circumstances were the nominations made? 
Mr. Harrison’s letter, unfortunately, does not indicate 
**the statements which form the basis of the complaints 
against the Society,” and ‘‘ which are not warranted by the 
facts.” Our criticism is that purely academical scientific 
men are put forward to advise in technical matters, and 
that the Royal Society collectively, or some of its Fellows 
individually, encourage this practice.—Ep. E. | 





A COMPULSORY SYSTEM OF COMBINED 
CIVIL AND MILITARY TRAINING. 
To THe Eprron or ENGINEERING. 
Sir, — Having, in the letter which you published on 
171 of your last issue, set forth the urgent reasons 
which exist for the establishment in this country of an 
efficient system of combined civil and military training, 
I now desire to describe in detail a system which I 
— as satisfying the requirements of the case. 

‘o begin with, we should take a lesson from Sweden, 
Norway, and Germany in the training of children, and 
devote more time at school to the development of their 
bodies. Far too little time and attention are given to 
physical exercises, not games, but to systematic scientific 
development of the growing body. When the child 
entered school, he should be carefully examined by an 
experienced doctor for physical defects and malforma- 
tions, which are very common and usually curable, or at 
least amenable to treatment in childhood. The doctor 
would also state whether the child was fit for physical 
exercise, and how much of it. Gradually the time would 
be extended till healthy children got at least one hour’s 
exercise every day, in two periods of half an hour each. 
At the age of ten, to physical exercise would be added 
rudimentary military drill, boys and girls being drilled 
together at this stage. Rewards and prizes would be 
given for improvement and excellence. 

On completing his twelfth year, provided his certifi- 
cates of elemen training recommended the promotion, 
the pupil would admissible to the Scout class, the 
drill and discipline of which have already been fully sys- 
tematised. hysical exercise and drill would be con- 
tinued, and from the age of 12 to 14 the pupi 
a how to shoot; air rifles, such as small size 
B.S.A., being provided for the purpose, at targets set up 
in any suitable place near every school. The marvellous 
quickness and accuracy of hand and eye acquired by early 
lessons in many industrial occupations apply equally to 
early lessons in shooting. a has proved that at 
pods hen become amazingly expert with the rifle at 
movi disappearing targets, and this early skill is 
Oe lea hool to begi k hi 

n leaving school to in work or apprenticeship to 
his trade, the boy would become a cadet. The cadet 
corps would not be affiliated to any military corps, but 
form a separate educational branch, a kind of continua- 
tion school, attendance at which would be compulsory. 
On entering, the cadets would be examined in order 
to ascertain the class in which they should start. 
The teaching would have particular reference to the 
trade or occupation of the pupil, and to this extend would 
be technical. The exceptions would be the backward 
pupils, who would now have to regain time lost at school. 

he evenings would not be all spent indoors or at school- 
work, at two per week being given to gymnastics, 
drill, and shooting. The cadets would further be taught 
the theory and practice of rific-shooting, small-bore 
miniature rifles being used. In summer, at least one 
evening each week and alternate Saturday afternoons 
would ve spent in drill and open-air shooting. 

Boys on leaving school usually find work pretty hard ; 
therefore for two or three years, until the cadets are six- 
teen or seventeen years of age, care should be taken to 
keep the burden light, and to make she evenings inter- 


esting and enjoyable. The continuation class must not 
ee eS t to the slackers amongst 
them. classes would controlled by military 





teachers, or civilians with military traini having full 
power to enforce order and suai Geiiedionnn who 
would be in the exercise of their functions directly respon- 
sible to the military authorities, not to local boards. 

At the end of each session an examination would deter. 
mine the classes to be taken by the cadets in the follow- 
Paar and indicate the military branch in which he was 
likely to be most useful. Rewards and honours in the 
shape of badges and medals would be allotted for pro 
gress and merit. Although between his fourteenth and 
sixteenth years the cadet might display aptitude for some 
particular branch of mili service, he would not be 
allowed to specialise until he had reached his seventeenth 
year, because in early youth neither the boy himself, 
nor his teacher at first contact, can form a correct esti- 
mate of his capacity for what may seem to the lad the 
most attractive service. Time for consideration by the 
pupil, and observation by the teacher, must be allowed 

‘ore the final determination is made. 

At the end of his seventeenth year, provided the cadet 
were passed as physically fit, he might enter the Military 
Technical College. Up till then he would have lived the 
ordinary civilian life, being under mili discipline only 
during the time he wasscoutand cadet. hen he entered 
the military college he would become a recruit, and be 
entirely under military jurisdiction. 

On admission, the recruit would bring from his em- 
ployers, or teachers, if he were studying for a profession, a 
certificate of character and qualifications. is certificate 
from the cadet school would state the branch of military 
service for which he appeared best fitted. On the infor- 
mation thus obtained the instructors would determine 
the place of the pupil in the technical and military 
classes. Pupils without certificates, or with bad ones, 
would then find that time lost must be made up as far as 
possible in this last year of training, and would have a 
year of hard work in front of them. 

At the age of eighteen every young man is, or should 
be, a wage-earner and of some assistance to his parents, if 
not entirely self-supporting. If he were learning a trade, or 
SS asan apprentice, his wages would be small, but 

e might be able to contribute a few shillings towards his 
maintenance, and the equivalent of this sum should be 
paid him by the country during his ong of training as a 
recruit. As he would get a complete outfit, with free 
board and lodgi justas a soldier does, the sum payable 
to him in cas ould not exceed 3s. a week. Of this 
sum, the recruit re be allowed 6d. as pocket-money, 
the remaining 2s. 6d. being paid to his relations or saved 
up for him according to their circumstances. 

The early age-limit is intended to be an inducement to 
the recruit to make the most of his time between his 
fourteenth and eighteenth year. In exceptional cases, 
where certificates and physical development are satis- 
factory, recruits might be admitted after their seventeenth 
birthday. Every young man, without exception, must 
go through the year of training before he is twenty-one. 

Youths who are unfortunately physically unfit for mili- 
tary service would get one year’s training at their trade, 
or be taught a trade, or the rudiments of one, and would 
be paid the same wage as their more fortunate fellows. 
They would not be rp ee for life by loss of this valu- 
able year, because of their physical infirmity, for they have 
as much right to be made more useful citizens as those 
who can be both citizens and soldiers. 

To reduce the cost of this scheme of training, existing 
technical schools and coll: would, as far as possible, 
be utilised. Barracks of the most modern type, and 
fitted with the best sanitary appliances, would be erected 
near these coll It is quite unnecessary to build them 
in country districts, except in the case of agricultural col- 
leges, for it is possible to be equally healthy in cities if 
the buildings are oe rly constructed. Swimming-baths 
are essential, an: chow id be provided by the munici- 
pality or district in which the schools are situated. No 
town which has a technical college should be without a 
swimming-bath and gymnasium. 

The colleges would open in September, and as very 
little open-air work can be done in winter, the recruit 
would get an easy start. His day would be divided into 
periods for tuition in the theory and practice of his 
trade, and to gymnastics, drill, chooting, and recreation. 
For eight months of the year his time would be fully 
occupied with mental or physical education of some kind. 
There would be no loafing or idleness allowed. At the 
end of eight months, an examination to ascertain the pro- 

the recruit in his trade or business would be 
eld, certificates granted in respect of this branch of his 
education, and the college would be closed. The purel 
military part of the training would begin on May 1, wit 
longer spells of route marching, drill, exercises, and 
shooting, to harden up the recruits for their camp life. 
On June 1 the recruits would be moved into summer 
camps, and during three months would be trained under 
military conditions along with the older Territorials and 
men of the Army. At the end of this period the 
recruit would be supposed to be a finished citizen soldier, 
and would get a full certificate of discharge. If their 
certificates were satisfactory, employers would be bound to 
take their employees back should they wish to go, but 
they could not be compelled to maintain them in em- 
ployment. In the case of apprentices with satisfactory 
certificates, this year in the military technical college must 
be reckoned as a year of their apprenticeship. ? ; 

Under this system the recruit would lose neither time 
nor money, but would resume his civilian life work not 

a better workman, but a better citizen, for he 
pew AR, learned how to defend himself and his country 
in case of need. He would be what every man should be, 
—a citizen soldier ; and if every man in this country had 
been that to-day, there would have been no war, nO 
widows or fa’ children, poland mothers mourning 
husbands and sons who have died in France and Belgivm 
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to defend homes from desolation and women from 
outra 

Three months’ training in summer has been 
but it is an altogether insufficient time to make a you 
man @ better workman and a better citizen, although it 
might suffice if only military training were the object. 
The recruit must be taken away from old associations and 
learn new habits, which cannot u in three 
months. He must be taught prompt and implicit obsdi- 
ence to orders which he could neither evade nor defy, to 
appreciate personal liness and regular habits of life, 
also plain, good food and sanitary surroundings. He must 
go back filled with a distaste for, and disgust of, dirt and 
squalor, which,need never be associated with poverty, 
and with the determination to maintain himself as cleanly 
as he has been during the previous twelve months. Wha» 
is aimed at is regeneration, moral and physical, and 
this cannot be achieved in three or four months. It may 
be managed in twelve, and there can be no possibility of 
“the deadening results of militarism,” so frequently used 
as an argument against censcription, if the recruit were 
kept profitably employed during every waking minute. 

Every year, after vane mer this twelve months’ train- 
ing, the citizen soldier would have to go into camp for a 
fortnight’s summer drill in his Territorial battalion. The 
difference would be great, however. The Territoris! would 
then be a completely trained man, not the raw material 
from which a good soldier may be made in time, but a 
finished fighting man. He would go into camp not to learn, 
but to keep fresh what he has learned, and he would not 
volunteer ; he would have to beeither in the Territorial or 

rofessional army. After his thirtieth year of age he would 

come & reservist, but might still take his fortnight’s 

drill. If hedid so, his employer must keep his place open 
for him, as well as for his younger comrade, the recruit. 

Technical education for a purely civil occupation may 
be given with advantage to a very small number of pupils, 
but military training is essentially collective, for men 
must be taught to drill and manceuvre in lars :e8. 
For this reason it is not possible to have military tech- 
nical colleges of all arms mixed. Each college and bar- 
racks must be large enough to provide for as many men 
of each arm as will form a complete trainable unit, the 
number in which will depend u the particular branch 
of service, and can be determined only by military experts. 
These colleges will, therefore, be regimental as well as 
departmental, only trades having some affinity with 
certain branches of military service being taught in each 
college. 

Sesineess and mechanics, with a knowledge of metals 
and machinery, who have acquired accurate and dexterous 
use of tools, would naturally be most useful in the 
“skilled” service, and would likely become Naval engi- 
neers, Royal Engineers, Artillerymen, and Flying Corps 
engineers. Electricians would find their most con- 
genial sphere where their knowledge could be utilised to 
best advantage, and would be found on board ship, and in 
charge of field telegraphs and telephones, and as wire- 
less operators. Motor ineers drivers would be 
found in the Army Service Corps. Ploughmen and horse- 
drivers would make excellent cavalry, artillery drivers, 
and horse-t-ansport drivers. The unskilled labourer would 
usually be found in the infantry. Selection would be made 
with the object of getting the a man being trained for 
the branch of service for which his civilian occupation 
appeared to give him most aptitude. 2 oa 

Notwithstanding the wonderful progress made in six 
months by the recruits to Lord Kitchener’s Army, it is 
recognised that these troops are not in every respect 
equal to the men of the regular Army, who have 
trained for years; also that it is impossible to train men 
thoroughly for the special, or skilled, services in so short 
a time. The combined system is intended to turn out 
men who would be equal, except in hardness of physical 
condition, to the professional soldier, and fit, after a month 
of hardening, to take their place amongst the ‘‘ regulars.” 
_ Infantry head-quarters would be permanent barracks, 
in central or strategical positions, near railway junctions, 
where trains could be assembled and transport collected 
quickly. These barracks would be permanently occupied 
by detachments of the regular army, and would also be 
the head-quarters of the neighbouring Territorials, who 
would assemble there for their arms. If every man knew 
where he was to fall in, and if his arms and an 
Were always ready for him, a huge army could be put 
in the field on a few hours’ notice, for care would be taken 
to billet local men to local head-quarters, so as to avoid 
unnecessary movement and delay. 

Similarly, although service in the Navy must be a life 
service—a man’s profession—if command of the sea is to be 
retained by maintaining the quality of our naval seamen, 
there are many special branches on board ship for which 
efficient training could be given on shore. Nava: ineers 
should be all men with thoroughly practical working ex- 
ference of the design, ag and sooele of tur- 

hes, reciprocating engines. boilers, auxiliary i 
and all the innumerable details of a complete plant. They 
should also have the same intimate knowledge of the 
hydraulic peckinery used in war vessels All this cannot 

learned under the Selborne-Fisher system. It is the 
result of experience which can be gained only by years of 
work in the nome of the best engineering and ship- 
building firms. ‘The sea-going naval engineer requires 
& great deal less theory than he does of practice. Theory 
18 appropriately taught in the college, not in the work- 
shop, nor on shipboard. At sea, one practically trained 
©pgineer, » man of his hands as well as of his head, is 
worth a dozen of the ‘‘ observational,” kid-gloved, theo- 
me ul, note-book specimens who now adorn the starting- 
platform of our warships, and leave the work to the 
artificers, whom they are not competent either to advise 
or supervise. The naval engineer is engineer, and arti- 

cer, and gentleman. He may enter for the Navy at a 








very early age, say 14, by a rudimentary examination in 


engineering, and ter may continue his theoretical 
studies, but he must serve at least five years on shore, 
im engineering shops, to be fit to take charge of the 
—— of — a ay or merchant - One of 
these five years shou spent in a nav: ineering 
technical college and on board ship. At the oa of that 
time he would be examined for his certificate, and might 
pass into either the Royal or merchant Navy. By successive 
examinations he might obtain additional certificates, and 
be ready for higher positions if they become available ; 
but would not receive the “‘ commission” till actually 
appointed to the post. He would always be an engineer, 
nd as gvod a man socially and financially as the execu- 
tive officer. The ‘‘artificer,” except a few necessary men, 
such as boiler-makers, would disappear. 

The Royal Marine artilleryman, in a similar manner, 
might be trained on shore during his apprenticeship, his 
year of wm being passed in a naval technical college 
and on board ship, but amongst the guns, not the engines. 
Naval electricians, in the same way. could best be trained 


on shore for usefulness at sea. Royal Marine Light | the 


Infantry could also be trained by spending their four 
months of military work at sea. The whole of these 
naval ratings would have as their head-quarters the naval 
forts round the coast ; and would repair to them for their 
fortnight’s annual training. 

The t war has proved the greatness of the diffi- 
culty of maintaining an adequate supply of properly- 
trained officers, and how urgent is the necessity for 
creating a sti reserve of Territorial officers, fit to go 
into the profes-ional army. Talent is by no means equal 
or common property. ere is a limited number of men 
with the capacity to lead, guide, and direct. These men 
are endowed, not merely with more active brains, but 
with stronger will power and force of character, than 
their fellows. They are to be found in all ranks and 
classes of society, and in the course of the training herein 
outlined they will be discovered. At the end of the 
session in the military technical college and of the four 
months’ summer training, examinations of candidates for 
the officers’ training college would be held and certifi- 
cates that they have passed the entrance examination 
would be given to successful candidates. Those who 
decide to qualify for commissions would then get a further 
six months’ training in the officers’ training college, 
where all their expenses would be paid as in the technical 
college. It does not follow that commissions would be 
= at the end of the course, but certificates would 

issued that the examinations had been satisfactorily 
ani that a sub-lieutenant’s or lieutenant’s com- 
mission might be issued when a vacancy occured. 

In this way « large reserve of officers would be created, 
and commissions would be issued only to those who con- 
sent to serve as non-commissioned officers until oppor- 
tunity for promotion to commissioned ranks arose, The 
status of the non-commissioned officer would be greatly 
improved by the issue of these certificates, for every man 
hoiding one would know he was on the way to further 
sen There would be naval officers’ training col- 
eges run on similar lines for ‘‘ reserve ” naval executive 
officers, engineers, gunners, and marines. 

The system of training which I have outlined should 
be adopted throughout the whole of the United Kingdom 
of Great Britain and Ireland. There are large areas in 
Ireland admirably adapted for manceuvres and for agri- 
cultural colleges; Irishmen are grand soldiers and officers; 
they should, and must, get the same opportunities and 
advantages that are conferred upon Great Britain. 

There will always be many men in our public schools 
and universities being educated for the medical, legal, 
and other professions, as well as for science and com- 
merce. These schools and colleges are the technical 
schools of such men, and require only to come under the 
compulsory obligation to give the same physical and 
military training during eight months as are given in the 
Government technical colleges. But every student would 
have to spend his four months in camp, no matter what 
his future profession might be. 

I do not propose at present to offer any estimate of the 
cost of this system of training: in the first place, because 


foreign countries and our colonies by men who have saved 
it here. Ky ay eg and security were 
decreasing, because people not learn to 
fight or defend themselves, and thereby prevent this war, 
with its fearful loss of life and money. men also 
saw that people were being advised to tax, and, if pos- 
sible, destroy capital—money saved, money which em- 
pinkie Gonads ond Peiyr ~y | the a of 
in © Argentine, an rity 
every country where the money went. The increased 
safety and security required to induce money to remain 
in the country can be given in no better way than by 
national military service, which gives the assurance that 
the people are determined, if and when required, to be fit, 
and ready to defend ves and their country against 
aggression and conquest. It is not necessary that the 
United Kingdom should be the object of attack ; the loss 
of India would be as serious to the welfare of the people 
here as a successful invasion of this country. Let the 
people assure the men with the money (the employers) that 
their money is safe, and one great inducement, possibly 
greatest, to keep it here is offered. 

The second inducement to keep money here is the 
interest which it can earn, not the gross, but the net 
profit. When the war is over, the burden of taxation 
in this country may be so heavy that employers will be 
unable to compete with other manufacturers selling the 
same things made in other countries unless wages fall 
heavily to compensate for the increased cost of production 
caused by the increased taxation. 

Ivis quite ible to tax an indust 
& country so Ceovdly as to kill that industry, or drive all 
industries out of a district or country. The spirit trade 
was threatened with extinction by taxation recently, but 
was to be compensated. Who is to com te the 
working-man in this ay for the inevitable increase 
of taxation which threatens him with unemployment and 
emigration? This isa far more serious question for the 
peop!e than any other. On the answer they give depends 
their future. Compensation can be given, and only in one 
way, by equalising the burden of taxation, not as between 
capital and labour here, but as between both of them 
in this country and both of them in competing countries ; 
for capital and labour are really one internationally 
competitive unit. 

On the Continent, when the war is over, there will be 
millions of starving, destitute men women, but 
many more women than men, he oy to get work for any 
wages that will keep soul and y together, and far too 
poor to emigrate to lighter -burdened lands. Con- 
tinental countries will be even more heavily taxed than 
ours, but the people will bs » more necessitous, 
and the consequent competition to live, with the resulting 
lower wages, combined with longer working hours per- 
missible, will be an inducement to the investment of 
capital on the Continent, and a powerful influence in 
bringing down wages here. 

Because all mankind is struggling for existence, be- 
cause all money is made by labour, and all taxes are 
therefore ultimately = by labour, wages in this country 
will inevitably fall till the things made by labour in this 
country can successfully compete with the same things 
made in other countries. No otber item of cost can fall, 
taxes must be paid, and production cannot be increased 
by longer working hours on the part of the bands. 
Profit can fall till 1s becomes a loss, and then work will 
be stopped, causing a further fall in wages by throwing 
people out of employment. A fall in prices of raw mate- 
rial is of no benefit if the raw material is equally available 
to all users, as it is under our system of trade. All these 

babilities of the near future are foreseen by capitalists, 
by employers, and the problem before our statesmen is to 
discover a way of keeping money (which is employment) 
in the country, and also of paying off the war debt. 

It may be asked, what is the use of referring to Com- 

alsory Service in any form when the Government has 
stated there is no intention whatever of resorting to it ’ 
The answer is: sigas are not wanting that circumstances 
may overrule the intention of any Government, and that 
this scheme is not Conscription, but an invaluable national 
asset, available for use at once, now, in this our greatest 


, or a@ district, or 


the value is inestimable, and cannot be measured in | national 


figures ; secondly, the cost would depend so much upon 
the method and a ments adopted, as as the 
extent to which existing means are utilised, that no 
reliable estimate can be made until these details have 
been | investigated. tever the cost may be, the 
value will be infinitely greater. 

When this war is over, the nation—not the Empire, 
but the people of the United Kingdom of Great Britain 
and Ireland—will be faced with a debt of at least two 
thousand million pounds sterling, if the cost of var pen- 
sions be capitalised; and possibly the total may be much 
larger. Men with the money which employs labour are 
watching the growth of this indebtedness, and keeping 
their money fluid, lying in banks at low interest on short 
notice of withdrawal. Never has there been so much 
money available for short loans, and so little for invest- 
ment. Men who have saved money are afraid to invest 
it inany British industry. They are waiting to see what 
the National Debt will amount to at the end of the war, 
and how it is proposed to pay it. These men cannot be 
compelled to invest their money in this country, which 
means that they cannot be compelled to employ labour 
here. But they may be ind to invest it here, and 


thereby prevent or mitigate the worst time of want and 
misery from unemployment which has as yet been known, 
and is most assuredly coming, unless capital (money) can 
be induced to remain here and employ labour. 

There are two inducements to investors: safety, and 
interest on the money invested. The greater the safet 
the better the security, the lower is the interest accepted. 
During the past eight years money into 


has been pou 


emergency. 
It may be made use of now by passing an Act adopting 
this, or some other scheme on similar lines, but reversing 
course of instruction by giving the four months’ exclu- 
sively military training first; if necessary, extending it 
to six months, and certainly paying the same as 
are paid to the men of ‘‘Kitchener’s Army.” All the 
military machinery required to give the drill and trainirg 
is in worki ler, and waiting for the raw materiai. 
During this four to six months, o jsation of the edu- 
cational section may be compl and those who wish 
to get the benefit of eight months’ training for civilian 
life in the mili nical colleges may enter them on 
completion of their military training if not required for 
active service, and no young man over twenty-one years 
of age would be com to enter the college. In this 
way, at once, all those young men who have not already 
enlisted are recruited, trained, and converted into good 
fighting-men, ready for service if required. 
I am, yours 7 
ETER SWAN. 


Broughty Ferry, August 14, 1915. 





‘*CAREERS BROKEN BY THE WAR.” 
To THe Epitor oF ENGINEERING. 
Sizn,—May I be permitted the ‘ 
add an instance in point of your very page ry J leader 
on ‘Careers Broken by the War,” although it does nov 
run quite on the same lines as your article. ‘ 
I refer to those enginee ew in number certainly, 





but, in view of the war, of a certain value to the nation— 
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who have commenced their careers as draughtemen on 
= and gun-mounting work. This may seem rather far- 
etched as an instance of broken careers, but let me 
explain. 

On the outbreak of war most of them, as a means of 
*‘consolidating ” their knowledge, rushed for artillery 
commissions, either naval or military, or for inspector- 
ships of ordnance machinery, but the fiat had already 
gone forth that this was not to be allowed. 

In theory they are better where they are, but, I ask 
you, Nir, is war time the time to commence new d 
of gun machi ? As a result of this embargo, what 
happens? The War Office take a large number of men 
not even insisting on their being engineers, pay them 
good salaries, give them such a practical and scientific 
training in gunnery (lasting for months) as makes 
mouths of the keenest am: the men I mention water 
for very envy, and then them out to the Front. 

But, you ask, how does that mean ‘‘ broken 7? 
Well, Sir, after the war is over, who will be the man 
who, when responsible posts—it may be vacated by the 
present incompetents on the War Office staff—are vacant, 
will be selected ? 

Will it be the man without practical experience, or the 
man who has worked the guns in the field ?. The answer, 
I think, is obvious: 

I beg to remain, Sir, yours faithfully, 
GUNNER. 





THE LABOUR EXCHANGES AND ENGI- 
NEERING SITUATIONS. 

. w ty = ys or ENGINEERING. 

1R,—Wi to presen tions requir- 

ing all copies for positions to make thei — 

through Labour Exchanges, I think it advisable to 

call attention to possible abuses, which are in danger of 
being overlooked. 

The officials of these places are accustomed to in- 
quire as to an applicant’s character, &c., from his last 
employer. Presumably they will do so in the present 
circumstances, whether the applicant be a workman out 
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of work or a staff engineer applying for another post. 
It has always been accepted that applications for staff 
positions are treated as confidential by the advertisers to 
avoid any trouble between employee and employer. 
There now seems to be a possibility of the introduction 
of the Exchanges breaking down this most desirable 
understanding. In many cases doubt as to this point has 
prevented many men applying for positions for which they 
are well qualified. 

Again, what is there to prevent an unscrupulous em- 
ployer stating, irrespective of its truth, when such an 
inquiry is made, that the employee in question is on war 
work, thus, for selfish ends, blocking the way to his 
advancement, and enabling himself to retain the man 
without increase of , 

In addition, cases have not been infrequent where men 
who have obtained a post elsewhere have been told that 
under the new Act they could not leave their present 
work even when these men could not, with any truth, be 
said to be e on munitions (as at present defined). 

As in these ways men willing to serve their country 
have been held, and as there is still likelihood of similar 
acts against the spirit of the Munitions Act, to the men’. 
detriment as well as the country’s, a statement from some 
anthority as to the position seems to be required. 

Yours truly, 
ALCOR. 





DRIFT OF PROJECTILES. 
To tHe Eprror or ENGINEERING. 

Si1rz,—I have read with much interest the article on 
**Modern Bullets in War and Sport” now appearing in 
your pe r. Itseems to me, however, that explana- 
tion of the motion of an elongated projectile in its trajec- 
tory is not carried to its — conclusion in the second 
column on page 151, and that the explanation there given 
of the drift is only partially accurate. In the following 
notes I am assuming that the projectile is observed from 
the rear, so that right and left wi 


mean to the right or 
left of an observer looking 


at the base of the projectile 


. during its flight. 





Fie, 10. 








Cuatn Daive with Smatt Macuine. 


Now we may assume that the projectile leaves the gun 
with its axis parallel to the bore ; but that, owing to the 
action of gravity, the trajectory of the projectile must 
curve downwards, co that after a short distance the point 
of the projectile will be pointing upwards above the tra- 
jectory, and the axis of the projectile is no longer 8 
tangent to the trajectory. Then, as your correspondent 
explains, the air pressure becomes increased on the front 
of the projectile as compared with its hindmost parts. 
That is to say, the centre of pressure of the air resistance 
will be at a point which is above the centre of gravity of 
the projectile. There will be therefore a couple tending 
to tilt the point of the projectile upwards ; that is to say, 
if the projectile had no rotation its axis would turn still 
further from the trajectory until soon the projectile would 
be moving with its axis at right angles to its line 
of flight. This couple produces angular velocity, which 
may be represented graphically by a horizontal line 

inting to the right at right angles to the trajectory. 

ow the angular spin of the projectile, due to the 
rifling of the gun, if it is right-handed, may be repre- 
sented graphically by a line pointing forwards along 
the axis of the projectile. The resultant of these two 
angular velocities will be a line pointing forwards pane | 
the trajectory, but making with the trajectory a smal 
angle towards the right. In other words, the gyroscopic 
effect of the spin of the projectile is such that when the 
projectile is acted upon by the couple due to the air 
resistance, the axis of the projectile precesses towards 
the right. In time, therefore, the axis of the projectile 
will precess completely round its trajectory, in the same 
way.as a top, instead of falling over under the action of 
gravity, spins with its axis precessing in a cone about the 
vertical. ; 

But there is another fact to take into consideration : 
the trajectory is continually bending downwards, so that 
the axis of the projectile is not precessing about a fixed 
line, but about a line which is continually bending more 
and more downwards. Consequently, during the half- 
circle of this precessing motion, when the axis of the 
projectile is pointing towards the right—that is to say, 


while the axis is precessing with a component move- 
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ment downwards—it is moving in the same direction as 
- tangent to the trajectory ; that is to say, in this 
alf-circle the axis of the projectile is trying to catch 
up the motion of the tangent to the trajectory. This 
_ of the precession, therefore, will take longer 
than the corresponding half when the axis of the pro- 
jectile is pointing towards the left—that is to say, when 
it is moving upwards, and therefore moving in the 
opposite direction to the tangent to the trajectory. Now 
it will be clear that if the axis to the projectile is not 
tangential to its line of flight, it must tend, owing to the 
resistance of the air, to slip sideways in the direction of 
tts axis (in the same way as a sailing-boat, when tacking 
be running sideways of the wind, chiefly slips in the watt r 
ne its length in preference to drifting sideways in the 
ee of the wind), quite apart from any frictional 
elects due to its rotation—that is to say, quite apart from 
any Phenomens which are found with spherical projectiles, 
_ as golf-balls. The projectile, therefore, on leaving 
slip roy 8 bee aren oy to — mae a It will then 
as the point of the jectile ins to 
Ppecese towards the right. The venbennt A. will 
- erefore be that the projectile describes a sort of helix 
or corkecrow. about its mean trajectory, but, as explained 
. 4h the times during which the projectile is in the 
: ght-hand parts of _the corkscrew will always exceed 
= times during which it is in the left-hand parts. The 
is nsequence is, therefore, that the mean resultant motion 
Ay continual drift towards the right, since the sum of 
Series of small drifts towards the right will exceed 

7 —_ of the series of smaller drifts to the left. 
i. om. in addition to the slipping sideways in the 
» there may also be a rolling motion on the cushion of 





air in the front of the projectile, as your correspondent 
points out ; but this also will not be a continuous drift to 
the right, but a drift in a direction precessing round the 
mean trajectory. The effect that the resultant drift is 
to the right, I think, can = explained as above— 
viz , that the times of right-hand drift are longer than 
the times of left-hand drift. 

This explanation only applies to elongated projectiles 
which have sufficient spin to behave as proper gyro- 
8cO} With a short projectile as used in howitzers, 
owing to the low velocity and high trajectory, it is pos- 
sible that the motion becomes unstable before the pro- 
jectile reaches its objective. This may account for many 
of the unusual phenomena observed. 

Yours faithfully, 

Cambridge, August 17, 1915. . C. Mason. 





SHELLS ; MORE SHELLS. 
To THe Epiror or ENGINEERING. 

Srr,—It is now something like six weeks or more since 
you published a letter from me in the columns of ENGI- 
NEERING on this subject. 3 

We have been informed on the highest authority that 
the present war is an engineers’ war, and that if the 
engineers do their duty we will win, and so on; but, up 
to the present time, what possible chance have the —_ 
neers had? An engineers’ war! well, let that be granted ; 
and although we know, of course, that there are many 
hundreds and thousands of good practical engineers at 
the front and in the fighting line, I wonder how many 
engineers are otherwise running the war? An rs’ 
war, and yet in the new Coalition Government that was 








formed as a War Government there is not a single engi- 
neer, neither is there in the War Office ! while, how many 
experienced engineers are to be found on the Board of 


Munitions ? 

As shells, the best proof that the Germans are 
using all forms of shells is the fact that there are at 
present.a large number of German cast-iron shells, or 
pieces’ thereof, at Woolwich, purposely brought over 
from the battlefield, while it is now an open secret that 
the French are following the Germans in adopting cast- 
iron shells as well as forged-steel ones. Perhaps this 
accounts in some way for the statement in this morning's 
news that “‘the French have now shells in plenty of an 


in ve power, due to improvements in 
manufacture.” 

Are we, however, still sticking solely to forged-steel 
shells, and so preventing the 


mass of engineerin 
concerns in this country from doing their share in shell 
manufacture? Many of us, who have sons, relatives, and 
employees with the Colours, are precluded by age from 
military service, registration, &c., but who, having ripe 
experience in invention, practical engineering, and busi- 
ness organisation in this, the greatest engineering country 
of the world, would, I feel sure, be only ond gaan, to 
be of service to our country in its hour of , Were we 
only given the vay en 
ntil very la Be me ey meee te | tne erm 
4 Ministers of the Crown that had been no shortage 
shells or ammunition on our side, while on the German 
side there was abundance of cotton for all purposes ; now, 
of course, we know better, and it is the duty of every 
Britisher to do what he or she can to help to increase our 
supplies and to decrease those of the enemy, in which 
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duty trioti i in thi try will willingly | April 1, 1917. The jority of the syndicate mines and 
dae. scr cas as aga suioha Gadel tule pollitaanene ty tein the NOTES FROM THE NORTH. 


Yours truly, 
James Kern, Assoc. M. Inst. C.E., M.I. Mech. E. 
Dunottar, Brondesbury, London, N.W. 





‘* THE ENGINEER’S UNIT OF MASS.” 
To tue Eprrog or ENGINEERING. 

S1r,—May I again trouble you with a letter, for the 
last time, I hope, in the discussion? : 

It is hardly reasonable to accuse me of denying the 
“existence” of a unit of mass which I have several 
times ref to as a “Ib. wt. + ft. sec.2;” but 
passing to the remainder of Mr. Denton’s letter in your 
issue of July 30, I can see only one excuse advan: for 
the introduction of the word ‘* meng ”—it is short to say 
and to write. I consider my objections to it completely 
outweigh this advantage, especially in the case of 
students. : : 

Again, Mr. Denton suggests that an arbitrary selection 
of fundamentals must lead to confusion in units. is 
statement shows he has failed to the idea of funda- 
mentals ; the apparent confusion in his letter is due to his 
method of introducing the letter W as indicating the unit 
of work—a method quite contrary to my suggested 
method of dimensional arithmetic. An operator is en- 
titled to advance a system in which “‘work” is funda- 
mental; but he would be well advised to choose as his 
unit ‘‘1 ft, x Ib. wt.;” from this he could derive units 
identical with the present engineer’s system, and b 
Denton’s conversion tables would not be required. Still 
further, the — might follow the nomenclature 
advocated by Mr. Denton and say that in future he will 
abbreviate “ft. x lb. wt.” to ‘‘weng.” Personally, I 
should raise objections to the word, but itis precisely 
analogous to Mr. Denton’s ‘“‘meng,” which is an abbre- 
viation of “Ib. wt. + ft. per sec.?” 

Mr. Denton asks what system is better than the 
““M. L. T.” system. May TI retire from the discussion 
by replying more definitely to his query than he has 
replied to mine ? 

imensional arithmetic as outlined in my original 
letter is much superior to it; the former retains the 
advantages of the latter and carries with it many advan- 
tages of its own; it is much more general and adaptable, 
and leaves the operator free to use any units he e= | 
choose, while giving him assurance that his result will 
appear in its correct form. ; 

If my outline has been insufficient, I shall be pleased to 
amplify it privately, and I can assure Mr. Denton that I 
have under-stated rather than over-stated its merits. 

Yours truly, 
S. H. Srevrox. 

The University, Leeds, August 12, 1915. 





THE RHENISH-WESTPHALIAN COAL 
SYNDICATE. 

At the July meeting the Rnenish-Westphalian Coal 
Syndicate agreed upon higher prices, both for coal, coke, 
and briquettes, and it is of some interest to note that 
a representative for the Prussian Ministry for Commerce 
was present. The prices for coal and briquettes were 
raised 1 mark, those for coking coal 1.25 mark, and for 
coke 2 marks per ton. These prices are to be in force from 
September 1 to October 31,1915. The fact of the Prussian 
Government being represented to show that the 
Crown mining department is agreeable to join the tem- 
porary syndicate, which is proposed as a means to pre- 
vent the coercive syndicate coming into operation, and 
the Government representative is stated to have exer- 
cised a moderating influence u the rise in the prices. 
The mine-owners had intended to raise the coal quota- 
tions 1.50 to 2 marks, and some even more. This con- 
firms the impression that the Crown intends to protect 
the consumers against too exorbitant demands of the 
producers. 

The prices for most sorts of coal were raised an average 
of 2 marks per ton in December last, and are now 3 marks 
higher than before the commencement of the war. As 
the prices, however, were te before the war broke 
out, there is, according even to Liberal German views, 
no question at p t of excessive prices, compared 
with what is the case in all other countries, even 
coal-producing England. Last December the price for 
coking coal was not raised, and the reason for doing it 
now is to be found in the rise in the price of coke, 
which, it may be remembered, was reduced 1.50 mark per 
ton last mber, so as to encourage the consumption, 
instead of coal. of this fuel, of which there were large 
stocks. This rejuction has had the desired result, for not 
only have stocks been lightened, but the production of coke 
has increased during the last few months. The syndicate 
is of opinion that the footing gained by coke must be a 
—— one, or the above-mentioned rise in the price 
would hardly have eo nae nee As coal, in the mean- 
time, has risen 3 marks, there is still a margin of 2.50 
marks in favour of coke as com with normal times, 
and as coal cannot be supplied in sufficient quantities, 
coke will have to take its place. 

At the i lotment for August and Sept- 
ember was fixed at 80 per cent. for coal, coke, and 





briquettes, i tively 70, and 80 per cent. 
for July. ith to the tion of the Coal 
Syndicate, the chairman, Geheimrat Dr. Kirdorf, stated 


that the negotiations, as far as a syndicate for five years 
was concerned, could not be continued on account of the 
legal interference of the Government, and the meeting 
agreed with the chairman that such iations must be 
considered as having come to naught. formation of a 
transition or temporary syndicate will now be attempted, 
and, like the Steel Union, will remain in force until 





temporary syndicate, and negotiations with the rest 
will be carried on. The following kartel concerns :— 
Borussia, Mansfeld, Langenbrahm, Aespel, and Deut- 
scher Kaiser, which latter has sold its production to 
the large Thyssen concern for twenty-five years, in the 
meantime have not finally joined the ee! syndi- 
cate, pending some special ments, an e same 
applies to the outsid Sachsen, Wilhelmine, Mevissen, 
Hermann I. to III., and Gliickauf-Hackenay. e con- 
cerns Adler, Freie Vogel, Unaverhofft, and Fiirst L-eo- 
pold have made their joining dependent upon an increase 
in their allotments. vernment representative 
asked whether the mine-owners would be prepared to 
send a representative to a conference about the terms 
to govern the coercive syndicate, already referred to ; 
but the mine-owners decided to leave this matter open 
until the next meeting. 

The quantities despatched by the Coal Syndicate during 
June amounted to 3,614,311 tons of coal, against 
3,455,170 tons for the preceding month, and 5,418,787 
tons for June, 1914; 1,507,603 tons of coke, against 
1,508,321 tons for the preceding month, and 1,385,468 
tons for June, 1914; and of briquettes, 326,108 tons, 
against 319,705 tons for the preceding month, and 347,408 
tons for June, 1914. 

The sales of coal in per cent. of the allotment figure, 
— the commencement of the war, have been as 
under :— 





Per Cent. 

August, 1914 ; 33.35 
September 54.00 
October 58 88 
November 65.29 
December... 62.95 
January, 1915 65.74 
February 63.52 
March 2 
April ... 4 

Me i 68.6 

June ... 70.16 


The demand during June showed an increase both for 
coal, coke, and briquettes ; also the production of coal 
increased, although it was 281,930 tons less than the - 
gate requirements, which were made up from stock. The 
railway traffic has not experienced any disturbance. 





University oF Lonpon : University Cottecz —The 
prospectus of the Faculty of Engineering of the Univer- 
eity College for the ensuing session, which commences 
on October 4, has just been issued. In it will be found 
particulars of courses in mechanical, electrical, civil, and 
municipal engineering, together with particulars of 
entrance soqenrenanes, scholarships available, societies 
and clubs, This prospectus, and those for the 
faculties of arts, laws, science, and medicine, may be 
obtained from the secretary, Mr. Walter W. Seton, 
7 a. D.Lit., University College, Gower-street, London, 





UniversaL Directory oF Raitway Orrictats.—A 
copy of the 1915 edition of this very useful publication 
has come to hand from the Directory Publishing Com- 
pany, Limited, of 15, Farringdon-avenue, E.C. Usually 
the book gives a list of all the railways in the world 
alphabetically arranged under the names of the countries 
in which they are situated, the length of track, gauge, 
amount of rolling-stock, and principal officials being 
mentioned in each case. In this edition, however, it has 
been necessary to omit the sections relating to the 
railways of Austria, Germany, Hungary, and Turkey, 
and the sections dealing with ium and certain parts 
of France have not been corrected for obvious reasons. 
Other parts of the work, including the very valuable 

index of officials, have been carefully revised 
and brought up to date. Practically all the tramways 
worked by Bago in the United Kingdom are now 
included. e directory is compiled from official sources 
under the direction of Mr. 8. Richardson Blundstone, 
Editor of the Ratlway Engineer, and the subscription 
price is 7s. 6d., but the price of copies ordered after 
publication is 10s. 





INTERNATIONAL NUMBER OF THE ‘‘ PAPER MAKER.”—| bar 


Tt has been the custom of our contemporary, the Paper 
Maker, to deal with the paper trade from an international 
standpoint in a special annual issue, giving a résumé of 
the year’s work, with some notes on future prospects, and 
although on this occasion the latter part of the task has 
been rendered impracticable by the war, the international 
number, recently issued, still maintains in all other 
respects the high standard of excellence reached in 
vious issues. In glancing through its pages, we noticed 
articles on the china-clay industry of Cornwall, the 
Panama-Pacific Exhibition, the Empire’s resources in 
paper-making materials, the consumption of wood-pulp 
in Canada, as well as many articles on the technol of 
paper manufacture. The principal British paper-makers’ 
engineers and manufacturers of paper-makers’ requisites 
are listed, sonie particulars of their work and 
ducts being given in each case ; some American and - 
tinental firms are similarly treated. Some of the articles 
are printed in seven languages, including Russian, and 
the illustrations are, as usual, excellent. Among the 
latter are included reproductions of a large number of inter- 
esting snap-shots taken during a trip through Belgium 
Holland. Altogether, both editor and publisher must be 
congratulated on the production of the number, which 
ey 268 pages, including advertisements ; its price 
is ; 


pre- | ton, all, of course, less the usual 





Giascow, Wednesday. 
Glasgow Pig-Iron pac aft | little business wag 
done in the pig-iron market last Thursday forenoon, the 
dealings being confined to 1000 tons of Cleveland war 
rants, which changed hands at 66s. 14d. cash and 66s. 7d, 
one month. At the close of the session sellers’ price. 
were 1d. below the previous day’s figure at 66s. 2d. per 
ton cash and 66s. 7d. one month. Idleness prevailed 
in the afternoon, and closing sellers were quoted 66s. 3d, 
cash and 66s. 74d. one month. On Friday morning 1500 
tons of Cleveland iron were dealt in at 65s. 11d. cash 
and 66s. 44d. one month, these being the closing sellers’ 
prices, which showed a drop of 4d. and 3d. per ton re- 
spectively over the quotations of the previous day. 
mplete stagnation ruled in the afternoon, sellers at 
the close quoting an advance of ld. per ton. No im. 
—— took place on Monday forenoon, and no 
usiness was done in Cleveland warrants, while prices 
fell 1d. to 3d. per ton below Friday’s level. 
sellers were quoted at 65s. 11d. and 66s. 3d. 
one month. This lifeless condition still prevailed 
at the afternoon session, and a further drop of 3d, 
r ton cash was recorded, closing sellers thus being 
. 8d. per ton cash and 66s.1d. one month. Yesterday 
(Tuesday) morning transactions amounting to 1000 tons 
were reported, and even on this values declined consider- 
ably, three months iron falling from 67s. 6d.—the last 
quotation—to 66s. 6d. per ton. At the close cash sellers 
were quoted at 65s. 6d. per ton, while on forward account 
66s. 1ld. was asked for one month, and 66s. 74d. and 
66s. 6d. three months. In the afternoon the prevailing 
weakness developed still further, and Cleveland warrants 
were offered down to 64s. 11d. cash and 65s. 5d. one 
month. A business of 2000 tons was done, and the 
session closed with sellers at 64s. 11d. cash and 65s. 44d. 
one month. This (Wednesday) morning the tone of the 
market was a trifle steadier, although the price of Cleve- 
land warrants was easier even than yesterday. One 
month iron was dealt in at 65s. 3d., then fell to 64s. 11d., 
with closing sellers at 64s. 10s. cash and 65s. 3d. one month. 
he transactions amounted to 2500 tons. In the after- 
noon a further 2000 tons changed hands at 65s. 04d. one 
month, and 65s. 9d. three months, there being no cash 
dealings. Closing sellers were quoted at 64s. 84d. per ton 
cash and 65s. 74d. one month. 


Sulphate of Ammonia.—A good demand for sulphate 
of ammonia is still recorded, and the price for prompt 
delivery, Glasgow, is quoted at 14/. 15s. per ton, while 
the price for prompt delivery, Leith, is 15/. 


Scotch Steel Trade.—So far as the steel trade in the 
West of Scotland is concerned, it would almost seem as if 
the whole of the enormous output was confined to muni- 
tions and Government work generally, and while there is 
little fresh to chronicle, it may be said with confidence 
that almost every day a further effort is being made even 
to increase the output. This is absolutely necessary to 
keep with the Government’sdemands, more especially 
for shell-making material, and there is every likelihood 
that the recently-constituted West of Scotland Board of 

ement under the Ministry of Munitions—which is 
now to act in lieu of the Armaments Committee—will 
take the matter up seriously. Its powers and scope are 
much greater than were those of the body which it has 
displaced, and its aim will be to cause a further con- 
centration of effort upon the work of turning out 
war material. In this way it is expected that ere long 
the Government will have a thorough grip of all the 
local steel works, which will then be, no doubt, operated 
under one control. The gradually increasing demand for 
all classes of war material has made this absolutely neces- 
sary, for even the marvellous and unprecedented output, 
which daily grows greater and greater, still falls far short of 
what is so urgently needed, not alone for our own Govern- 
ment, but for those of France and Russia aswell. During 
the past few days meetings, addressed by local Members 
of Parliament, Army officers, and others qualified to speak 
upon the subject, have been held at many of the lar 
pe mage y J works in and around Glasgow, when the 
claims of the men in the trenches have been forcibly laid 
before the iron and steel-workers. The result of this 
campaign seems to point to the fact that, very shortly, 
even those who are at present engaged in turning out 
purely merchant work will come into line with the others, 
and devote their energy to the manufacture of shell- 
and other munitions of war. Naturally prices have 
stiffened to some appreciable extent, boiler-plates have 
risen, and no doubt ship steel and angles will follow. 
Meantime, ship-plates are being quoted at 9/. 10s. to 
91. 15s., and even in some cases at from 107. to 10/. 5s. per 
ton, less 24 per cent. for Glasgow or equal delivery; 
boiler-plates are 102. 5s. to 102. 10s., and angles are in 
great demand at anything from 9/. 15s. to 10/. 10s. per 
24 per cent. for home 


Closing 


delivery. 


Malleable-Iron Trade.—Most satisfactory conditions 
still prevail in the malleable-iron trade, for although the 
makers have not much Government work on hand, 
their home and private orders keep them well em- 
ployed, and prices are again much firmer. Justas in the 
other classes, prices fluctuate according as they may be 

between buyer and seller, and these sometimes 
average 5s. to 10s. per ton in excess of what are supposed 
to be the market values. ‘‘Crown” bars for home <e- 
livery are quoted from 10/. 10s. to 11/., less 5 per cent, 
while for export the price is round about 10/. 123. 6d. 

Scotch Pig-Iron Svalie.—Censitering the quantity of 
finished iron and steel work which is being put through 
hands at the moment, the local pig-iron trade inclines to 
be dull, recent events in the Eastern war zone probably 
being accountable to some extent for this none too satis 
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factory state of affairs. Al h the home sales are 
fairly steady, buyers still look no further ahead than their 
immediate requirements, and, of course, even yet no 
development of the export trade has taken place. The 
prices for makers’ (No. 1) iron still remain as during the 

» few ven poy eed oer: 
iee, and Langloan, r ton ip at Glasgow) ; 
Eglinton, 80s., and endow d. xg 86s. (both at Ardros- 
san); D i 8ls. (at Ayr); Shotts, 85s., and 
Carron, 86s. (both at Leith). 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South suiahie pe te hy mccel aheten 
has undergone little or no uring the % e 
demand is a normal summer one both 4 home and the 
country, though there is more activity in the latter trade. 
The reports from the dépdts are to the effect that the call 
for best qualities is good, but with this exception business 
is slow. t steams are a fairly market, though 
some weakness has manifested itself during the last ten 
days, probably owing to the new restrictions on shipping. 
Koons Sen however, there is a fairly active de- 
mand, and the collieries have practically no on hand. 
Small coals are all going away v well. The demand 
for home manufacturing purposes has reached a record 
magnitude, Home consumption of gas-coal is slow, 
though it has improved considerably during the last week 
in consequence of the shortened days. export trade 
is good. Cokes are a much slower market. Quotations: 
—Best branch hand-picked, 20s. to 21s. ; Barnsley best 
Silkstone, 17s. 6d. to 18s. 6d.; Derbyshire best brights, 
17s. 6d. to 188. 6d.; Derbyshire house, 15s. to 16s. ; best 
large nuts, 14s. 6d. to 15s. 6d.; small nuts, 14s. to 15s. ; 
Yorkshire hards, 16s. to 17s.; Derbyshire bards, 16s. 
to 17s.; best slacks, 11s. to 12s. ; seconds, 9s. 
10s. 6d.; smalls, 8s. to 9s. 


Iron and Steel.—A more optimistic tone prevails in 
the pig-iron market than for many weeks past. Buying 
of forge and foundry has been exceptionally quiet, but 
representative producers hold the opinion that, having 
regard to the oy increased call upon finished 
products and the new schemes for speeding up output, 
manufacturers will be bound to make supplementary pur- 
chases of a substantial character to cover commitments. 
A big business is passing in steel-making irons, and 
prices are firmer at last week’s level. West Coast brands 
are quoted round about 118s. 6d., delivered in the Shef- 
field district, and East Coast mixed numbers at 95s. to 
97s. 6d. at the furnaces. Big prices are still obtainable 
for all kinds of scrap, but the tone of the market is not 
so strong. The largest call is for steel scrap of 
guaranteed quality. Work at the rolling- mills and 
forges is abundant, and in some cases, owing to the 
lack of labour, is accumulating in a way that re- 
flects adversely upon trades not directly connected 
with war work. The metal branches, for instance, are 
having to wait indefinitely for rolled material, and in 
consequence are running up their costs bills and otherwise 
sustaining loss. A very close watch is being kept upon 
special steels, particularly high-speed steel, so as to pro- 
vide against leakage into enemy countries. The sho 
of non-ferrous alloys is a serious drawback to makers of 
tool-steel. Anenormous demand prevails for twist-drills. 
Many more works extensions have been planned by the 
big armament concerns. Messrs. Vickers, Hadfields, and 
Thomas Firth and Sons are erecting new shops, 
and their —_, is being widely followed. A much 
bigger overseas business could be done but for the restric. 
tion of commercial output. billets are scarce and 
dear, and American makers are unable to contribute such 
large supplies as they have been doing. 








Wak Susstirures in GeRMANY.—A long discussion on 
substitutes for raw materials, which the war had made 
scarce or unavailable, was recently held by the Mannheim 
branch of the Verein Deutscher Ingenieure. Various 
materials were considered, and details were given of ex- 
periments now being carried on at several electric power- 


stations on the best ways of burning coke mixed with 
coal or lignite in boiler furnaces. Rubber was also dis- 
cussed. It was stated that the production of synthetic 


rubber seemed nine-tenths successful, but that the final 
pert of the problem had never been solved. Not only the 
‘lberfeld Dye Works, whose yy oy looked very 
promising a few years ago, but also Badische Anilin 
und Soda Fabrik had experimented on a large scale ; 
but the researches had not been pushed of late, because 
the prices of rubber had gone down (before the war), and 
becauss the artificial rabber proved disappointing in use. 


Our Coat Aproap.—Our export coal trade continues 
to be rs by the great war. The shipments from 
the United Kingdom in J uly this year were 3,539,117 
tons, as compared with 6,599,481 tons in July, 1914, and 
6,975,211 tons in July, 1913. These totals were in 
to 5,731,932 tons, 6,917,853 tons, and 7,275,630 tons re- 
spectively by the addition of coke and patent fuel. In 
the seven months wg aly 31, this year, our aggregate 
coal exports were 25,871,707 tons, as compared with 
41,186,419 tons and 42,501,446 tons in the correspondi 
periods of 1914 and 1913 respectively, the addition of 
coke — _ fuel pry rm - ge ber 
tons, * tons, an b 7 tons. ipments 
anne coal in the first seven TY of this year were 

499, tons, as compared with 12,101,590 tons and 
11,970,713 tons. There has been, of course, a complete 
ss this year of ex to Comeny, on and 

¢ Austro-Hungarian Empire. or has any coal been 
forwarded this year to Roumania. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Extreme quietness charac- 
terises the market so far as Cleveland pig-iron is con- 
cerned, and business in hematite is on only a very limited 
seale. The relighting of a hematite furnace bri the 
total number of furnaces blowing on the No -East 
Coast up to 66, of which 30 are making Cleveland pig- 
iron, 25 are producing hematite, and 11 are turning out 
special kinds of iron. Values of Cleveland pig-iron, with 
© exception of No. 1 quality, are lower than they have 
for the past three eatin, and makers declare that 
market quotations are several shillings below cost of out- 
put. Merchants are now rather pressing sales of No. 3 
g-m.b. at 65s, 3d., and some of them are pared to 
entertain offers at even less. Probably pure could 
be made at 65s. No. 4 foundry is 64s, 94.; N 
64s, 3d. ; and mottled and white iron each 636. 9d. to 64s. 
No. 1 Cleveland is still so scarce as to be almost un- 
obtainable, and firms with any of this quality to dispose 
of ask prohibitive rates, naming as much as 72s. Rather 
than pay such a price consumers content themselves by 
buying and using No. 3 in place of the superior quality. 
Merchants offer Nos. 1, 2 and 3 East Coast hematite pig 
at 97s., and, as a matter of fact, some aecond hands have 
accepted a little below that figure. Producers now quote 
978. to 98s. for mixed numbers of hematite. Many local 
consumers of coke have made arrangements for their 
supplies for some little time to come, and demand is con- 
sequently less. Values tenddownward. Durham furnace 
coke, of average quality, is offered rather freely at 27s., 
delivered at Tees-side works. 


Foreign Ore.— Business in foreign ore is stagnant. Con- 
sumers have very full and growi supplies, but they 
realise that, in spite of their rather ge stocks, a | may 
experience shortage before the end of the ear, and the 
are rather anxious to contract ahead. Sellers, however, 
fearing freight troubles, will not commit themselves to 
deliver beyond the end of next month, und, so far as can 
be ascertained, no forward business has been done. 
Nominally, market rates remain on the basis of 26s. 
ex-ship Tees for Rubio of 50 per cent. uality. Imports 
of foreign ore to the Tees to date this month reach 
118,978 tons. 


Stocks and Shipments of Pig. Iron.—The stock of Cleve- 
land pig-iron in the public warrant stores now stands at 
143, tons, or 1035 tons less than at the beginning of 
the month. Shipments of pig from the Tees are disap- 
pointing, but the official returns so far this month do not 
give the full clearances. Considerable parcels have been 

espatched among general cargo, and these will be added to 
at the end of the month. According to the figures issued, 
loading so far this month average 1011 tons per working 
day, the total shipments amounting to 14,158 tons. To 
the same date last month the clearances reached 25,557 
tons, or a duily average of 1825 tons, and for the corre- 
sponding part of August last year the despatches were 
~— at if sr4 tons, or an average of 848 tons per working 

ay. 

Manufactured Iron and Stecl.—This week holiday- 
making is almost general. It is the date of the local race 
meeting, and though there are no races this year many 
manufactured iron and steel producers have closed, or 
necessary repairs. Branches manufacturing Government 
work, however, have been kept running, the men having 
loyally agreed to the employers’ request to remain at work. 
Few firms are able to deal with ordinary commercial 
orders. In the odd instances in which it is possible to 
meet such inquiries high premiums are realised. Values 
of practically all descriptions of finished iron and steel 
show a marked upward tendency, and though prices have 
not been officially advanced, producers are asking above 
the fixed market rates. The following are among the 
principal quotations, but it is doubtfal whether orders to 
apy extent could be placed on such terms :—Common 
iron bars, 111. ; best a 11. 7s. 6d.; best best bars, 
112. 15s. ; packing iron, 8/.; iron ship-plates, 10/.; iron 
ship-angles, 11/.; iron ship-rivets, 13/. 10s.; steel bars 
(basic), 107. 15s.; steel bars € 
ship-plates, 10/,; steel ship-angles, 9/. 15s.; steel “°° 
102. ; Steel hoops, 10. 10s.; steel joists, 9 17s. ¥ 
heavy steel rails, 9/.; and steel railway sleepers 10/.— 
railway material net, and all other descriptions leas the 
cus 24 per cent. discount. A further fall in spelter 
has enab galvanised-sheet makers further to lower 
their quotations by 10s. per ton. [Iron and steel gal- 
veniaal corrugated sheets, 24 gauge, in bundles, now 
stand at 19/. 10s. f.o.b.—less the usual 4 per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Difficulties have not yet been overcome in 
connection with coal export restrictions, and some new 
business has stood over in uence. So far as current 
conditions are concerned, stocks of coal are reported to be 
still increasing, as outputs are in excess of vernment 
requirements. This has led to larger quantities being 
released for disposal on the market, but these have not 
been exported owing to a lack of licences for both allied 
- neutral countries. Under these circumstances, prices 

ave been 
willing to make substantial concessions to buyers in a 
position to take early delivery. The best Admiralty large 
steam-coal has been, to some extent, nominal ; secondary 
ay gh realised 26s. to 27s.; best bunk: 





7 announce an interim dividend at the rate of 


partially closed, their establishments, and are carrying out | *° 


y weak, coal merchants having been | at 


constructed by the various railways serving the docks. 
wap hydraulic plant Nyt oy Fa anew 

@ coaling equipment, pping ities are to 
be inevenaed “06 least 50 per cent., or to the extent of 
5,000,000 to 6,000,000 tons per annum. Arrangements 
are also being made with the Board of Agriculture for 
increasing at once facilities for the importation of live 
cattle. i) es by the Cardiff Railway Com. 
py oe that trade movement at the Bute Docks 
i tons 


for 
as com , 
5,121, tons, as compared wi 

Welsh Trade Matters.—The directors of Fernhill Col- 
lieries, Limited, recommend a dividend of 16 per cent. 
upon the ordinary shares for the past nancial year ; the 
co} ing distribution for 1914 was 10 per cent., and 
for 1911, 1912, and 1913, 16 per cent. perannum. The direc. 
tors of the Redcroft Steam Navigation Company, Limited, 


16 per cent. 
annum, together with a bonus of th 
accounts of the Windsor Steam Coal Company (1901), 
Limited, show a profit for the past financial of 
42,7901., a previous debit balance bei thus extingu 
and 3893/. being carried to the credit of 1915-16. The 
directors of the Cardiff Junction Dry Dock and Engi- 
neering Company, Limited, recommend an interim divi- 
dend for the past half oe Fate of 0 per cunt, per 
annum. The shareholders in the Penarth Pontoon, 8 ip- 
way and Ship- iring Company, Limited, are to re- 
ceive an interim ividend of 5 per cent. for the half 


year. The Main Colliery Company, Limited, effected an 
output in ite past financial year 052 tons of coal, 
as compared with 462,013 tons in 1913-14. No dividend 


is recommended for the i year, a considerable ex- 
penditure being required in connection with additional 
ventilating machinery, safety lamps, and electrical and 
other developments at the company’s collieries. A large 
sum will also be shortly required for the renewal of plant 
and works. The directors have placed 8500/7. to the 
reserve to provide for these dev ts and renewals. 
A final balance of 6168/. is to be carried forward. The 
Llantrisant and District Gas Company will py a divi- 
dend of 5 per cent. upon its ordinary duces or 1914-15. 
The company’s manufacturing plant is now capable of 
turning out 30,000,000 cub. ft. of gas annum. In con- 
sequence of the Treasury having withheld its consent to 
the issue of fresh capital, the directors have been unable 

proceed with mains and distributing plant for the 
supply of Tonyrefail ; it is expected, however, that this 
consent will be shortly obtained. The company has not 
increased the price of gas at present. 





Ratt Surpments.—The shipments of rails from the 
United Kingdom have necessarily been much reduced 
by the great European war. They showed, however, 
rather more s' hin July. The exports for that month 
came out at 33, tons, as com: with 43,133 tons 
in July, 1914, and 53,570 tons in July, 1913. The aggre- 
gate exports to July 31, this year, were 157,190 tons, as 
compared with 303,991 tons and 308,185 tons. We have 
Pn centing cxncesty any rails this year to the Argentine 
Republic, oy to that country to July 31 
having been only tons, as com: with 20,823 tons 
and 39,602 tons in the cnecipauiinr unit inte pre- 
ceding years. 


Ovr Locomorive Exports.—A serious contraction has 
taken place in this year’s locomotive ex although no 
material change has occurred as compared with 1913. The 
aggregate value of the engines shipped to July 31, this 
year, was 1,490,895/., as compared with 2,431,324/. in the 
corresponding rs 4 Pah — oo. a. ne cor- 
responding peri tina took British loco- 
motives to the value of 69,985 t0 July 31, this year, as 
compared with 587,673/. and 349,268/. in the correspond - 
ing periods of 1914 and 1913. It may be noted, however, 
that the shipments for July, this year, were valued at 
28,3951., as compared with 19,325/. and 50,3841, 

Tue Grone Ore Deposits, Norway.—These deposits, 
which bid fair to become of great importance, are esti- 
mated to contain some 10,000,000 tons of ore in the three 
— a. Toma, Skovoras, and Gijersvik. With 

ee) 


ing at Ioma and mining far into the mountain 
kovi this ber ary Sg probably be materially 
increased. difficulty lies in the 


ments, with reference to 
* pgemer td are being 
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FRIDAY, AUGUST 20, 1915. 


THE ROLLCALL OF THE NATION 
—AND AFTER. 


Tue roll-call of the nation has immense potentia- 
lities. There is still room for doubt as to the action 
to be taken—whether voluntary or compulsory— 
and there is, therefore, still some uncertainty as to 
whether the facts recorded will be fully utilised. In 
instituting the National Register, the Government 
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7 taken advantage of the fact that voters 


were careful to give assurance that its preparation 
did not necessarily involve the country in compul- 
sion for war service or war work. But quite 90 per 
cent. of the population, and certainly all thinking 
men and women, regarded with much hope this 
first step towards the establishment of a fuller 
realisation by the people as to the needs for 
the fulfilment of our present tremendous task. 
With this hope, it is true, there was associated 
|@ measure of anxious doubt as to whether the 
| Government, in view of past hesitancy, would take 
| the step, already fully justified and vitally necessary, 
for the awakening of the nation, collectively and 
| individually, to its responsibilities as one of the 
dominant Powers of the world. 

| Lord Kitchener, when, some weeks ago, he 
addressed from the Guildhall, in London, an eager 
plea for more men and more munitions, stated 
that :—‘‘ When the registration is completed we 
shall be able to note the men between the ages of 
nineteen and forty not required for munitions or 
other necessary industrial work, and _ therefore 
available, if physically fit, for the fighting line.” 
But for some reason, which is not easily reconcile- 
able with that clarity of thought, perspicuity of 
vision, and decision in action characteristic of him, 
Lord Kitchener did not goallthe way. Headded : 
—‘‘Steps will be taken to approach, with a view 
to enlistment, all possible candidates for the Army, 
unmarried men to be preferred before married 
men as far as may be.”’ 

Obviously the intention, which seemed to be 
conveyed by this sentence, is to carry the volun- 
tary system forward still another step, with the 
risk of further injustice to the willing patriot and 
further licence to the indolent man and the 
coward. Every day which passes establishes beyond 
doubt that if Britain is to be worthy of her high 
tradition the time must come when we must offer 
to our Allies in the present contest fuller service 
and greater sacrifice. The drain on the nation is 
great, but by no means exhausting. At the same 
time it is imperative that everything should be 
done to minimise the degree and to shorten the 
period of this strain. The mobilisation of one or 
two millions, at once, of our young men, physically 
fit, in order to go into training for future eventuali- 
ties, would have such an influence not only on our 
valiant friends, but upon our determined foes, as 
to hasten the achievement of that ultimate victory 
which we are firmly resolved to secure. 

The utilisation of the information collected this 
week, and now to be carefully collated and analysed, 
will have, also, important indirect advantages. 
Anyone who reflects on the present situation—on 
the unreadiness of so many of our young men to 
maintain the highest traditions of the British 
Armies, or to exercise patriotism and give disinte- 


‘a@8 | rested service for the advancement of the State— 
193 | cannot fail to realise that these failings are due very 


largely to the influence of modern legislation and 
particularly of the party system. e have, for 
many years past, too little of true statesman- 
ship. The place-seeker has, in pee Dan gees 

ve not 
been educated in the fundamental and ineradicable 
principles of government. Leaders have been too 


98| prone to pander to the selfishness of those who 


ought to have been led into the paths of true com- 
munity as regards national interests. As a result, 


®| we have had on the hustings an unseemly competi- 
299 | tion for votes without regard to economic conse- 


quences. There has therefore been a continuous 
sapping of those personal characteristics of high- 
minded independence and devotion to duty, per- 
sonal and national, on which alone can be main- 
tained a great people working disinterestedly for 
the common good. Vote-seducing schemes have 
been enunciated, without due consideration, on 
the political platform, and have been forced on 





the Book of Statutes without regard being had, 
either to their immediate influence, or—what is a 
source of still greater regret—to their powers of 
injury from the psychological standpoint. It is not 
necessary here to enter upon an enumeration of 
those proposals ; the reader himself can conjure up 
not only their provisions, but their direct influence. 
Their collective effect has been to make us each and 
all units of a spoon-fed nation, and consequently 
now, in our hour of trial, there is lacking that 
spirit of independence, self-sacrifice, and virility 
which are so essential to the carrying out of our 
present emprise. 

The parent usually realises, although too late, 
that he has spoilt the child; but when this con- 
viction, with its dire consequences, is borne home 
to his mind, he wisely takes steps to remedy the 
evil, without awakening the consciousness and 
potential opposition of the victim. Those respon- 
sible for Government must to-day, without delay, 
take corresponding action to rectify the baneful 
influences of the recent t, and we see in the 
National Register a means to this end. What is 
needed on the part of all, and in the interests 
of all, is a determination by the Government to 
make everyone feel that on each individual rests 
the duty of utilising his physical or mental qualities 
to accomplish his share of the work which must 
now be carried out without loss of time. The regis- 
tration paper will enable the Government to ascer- 
tain the number of men of military age, and at the 
same time to divide up those engaged upon or cap- 
able of undertaking work to feed the fighting forces 
with all the requisites of warfare at home and 
abroad. It will then be possible to allocate to each 
the work he is capable of accomplishing, and to line 
up all who, by reason of their physical fitness and 
their inability to carry on the industries of the 
country, ought to be trained for the fighting line. 
All this must be accomplished by compulsory edict. 
The time has passed for voluntary action. 

The voluntary system has penalised the nation, 
because we have sent out to the Front all willing to 
give their services ; but included in these are a great 
number of the best of our young men, measured by 
physical or mental standards, and many of them 
could certainly have been better utilised than by 
sending them to the Front. As we have time 
and again pointed out, the future of the nation 
must be safeguarded while ensuring the success of 
the war, and that in respect alike of succeeding 
generations and of our place in science, art, and 
industry. The loss of the fittest, physically and 
mentally, is a great blunder, and this is one of the 
grave objections to the continuance of the volun- 
tary system. The voluntary enlister is, by reason 
of his willingness to serve, a better national asset 
for all time than tlie shirker who cowardly waits 
behind. The former, if he is not a potential brain- 
worker for the future, is certain to a commend- 
able citizen, and has those qualities of decision and 
self-sacrificing patriotism which we desire to have 
reproduced in our progeny. It is financially dis- 
astrous, too, that so many middle-aged married men 
should be allowed to join the forces, as their loss 
involves not only the forfeiture of the industrial 
output of experienced men possessing the right 
spirit, but throws upon the nation the cost of sup- 
porting their dependants. If men of military age, 
physically fit and single, fail to realise their duty, 
as measured by British tradition and as dictated by 
British destiny, then they must be aroused by the 
strongest means to a better conception of that duty. 

This arousing will in some measure be an antidote 
to that encouragement of selfishness which has been 
the principal work of political thought and action 
in the recent past, and has produced also that con- 
tinuous irritation which has given rise to friction 
and great difficulties in all industries. The time 
was when sympathy might have been justified in 
disputes between capital and labour, because it was 
never certain whether the greater amount of selfish- 
ness was shown by the employer or by the worker. 
To-day, however, it has been established, even by 
the politicians most sympathetic to labour, that in 
the great majority of cases employers have placed 
themselves unreservedly in the hands of the Govern- 
ment, while the workers in most instances have 
shown a selfishness which stands in sharp contrast 
to the self-sacrifice displayed by their fellows in 
the trenches. 

In some districts there is certainly an improve- 
ment in the attitude of workers, but in others there 
is little change from the worst conditions prevailing 





in the halcyon days of prosperity. In several sec- 
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tions of the country there is still too much avoid- 
able idle time, too much distrust of employers 
(misplaced because the Government have severely 
and firmly limited profits), continued inclination to 
secure the monetary advantage of abnormal con- 
ditions by forcing increased wages, and a still grow- 
ing irksomeness under the disciplinary measures 
imposed by the Munitions Act. @ provisions of 
that Act are reasonable ; if they err, it is in the 
direction of safeguarding the present welfare and 
future interests of the workers. But the chief 
source of trouble lies in the men having been 
‘*spoiled.” The remedy to-day is firm guidance 
heck ‘te the right path. The teaching and legis- 
lative and administrative encouragement of the 
doctrine of selfishness must end ; an antidote must 
be administered. As we have said, a most effective 
weapon has been placed in the hands of the Govern- 
ment in the “‘ roll-call.” By its means each indivi- 
dual can be compelled to play his part, however 
great or small it may be, in the duty imposed 
collectively upon the nation. The “roll” may be 
called, but it is necessary that the call to attention 
in the ranks both of fighters and workers must be 
the word of commard. 





LEAD-POISONING. 

Tue subject of dangerous trades and the care of 
the health of the operatives has frequently occupied 
the attention of the Legislature, with the result 
that many enactments are on the Statute-Book, 
and are more or less rigorously enforced. Some 
have been inclined to ridicule as unnecessary the 
minute precautions that have been recommended 
in certain trades, and on various grounds doubts 
have been expressed of the efficiency of the mea- 
sures. The testimony, therefore, of an independent 
competent authority, who has examined the con- 
ditions that prevail in a trade unfavourable to 
health, should be welcome and conclusive. The 
evidence collected should either prove an encourage- 
ment in well-doing, or show the necessity for more 
stringent measures. Such an opportunity occurs 
in connection with a report on lead-poisoning in 
the manufacture of storage batteries of the Faure 
pattern, presented by Dr. Alice Hamilton to the 
United States Bureau of Labour Statistics. Of 
course, the inquiry has reference to the conditions 
that obtain in American workshops; but the 
author institutes a comparison between the health 
statistics of lead-workers in America and those of 
Germany and England. The particular trade is 
but a small branch of a large industry, and the 
number of workers engaged is comparatively few, 
making the percentages of evident a to 
those in the cases of immunity somewhat insecure, 
but the healthier conditions in Europe are so 
marked that they cannot be explained away on the 
ground of insufficient numbers. 

Before considering the causes and the remedies 
recommended, these statistics may be examined a 
little closely, as they demonstrate the necessity 
for precautions, and justify their rigid enforce- 
ment. The care shown on the one hand, and 
the indifference tolerated on the other, are well 
brought out by Dr. Hamilton’s analysis and com- 
parison of European and American methods respec- 
tively. The inquiries and inspection, so far as 
they are reported, were limited to five large fac- 
tories in which the entire process of making accu- 
mulators was carried on. The smaller workshops, 
in which old batteries are re-assembled and re- 
charged, and where, as a rule, sanitary precautions 
are somewhat neglected, have been purposely 
excluded from this summary. This restriction 
reduces the numbers involved, but presents the 
industry in the least unfavourable light. The 
statistics refer to a total staff of 915, engaged in 
the handling of lead and lead salts, and of these 
it has not m easy to obtain accurate details 
concerning their general health. A shifting 
force of migratory foreigners, who readily dis- 
appear, supplies the unskilled workmen, and in 
some of the States the compulsory registration of 
instances of lead-poisoning been in operation 
but for a very short time. Moreover, it is delibe- 
rately a:serted, and similar conduct is not alto- 
gether unknown elsewhere, that the physicians 
attached to the factories take no notice of slight 
cases, and are not always willing to make public 
the actual number of those who have suff from 
Dr. Hamilton, with a thorough- 
—_ interviewed hospital surgeons 

e records of dispensaries, to trace 


acute poisoning. 
ness beyond 
and examined 








unreported cases. Notwithstanding all her dili- 
gence, she is convinced that the figures fall far 
below the truth. They are, however, bad enough. 
During 1913, 43 cases were to hospitals and 
similar institutions, and 121 appear on the ‘‘doctors’ 
records,” the official corresponding to our “appointed 
surgeon,” making a total of 164, or a percentage of 
17.9 on the total of 915, and revealing the exist- 
ence of a trade scourge and the necessity for 
State interference. 

In Europe, Germany ap to have led the 
way in insisting on the canl of stomatinn, for in 
1898 the regulations were issued that are now in 
force. Previous to that date, in German factories 
lead-poisoning prevailed to the extent of 14 per 
cent. of the employed, a figure that was naturally 
regarded with some alarm. Statistics from a repre- 
sentative German factory are instructive. In 1897, 
when 189 operatives were employed in lead pro- 
cesses, 40 exhibited symptoms of lead-poisoning. 
In May in the following year regulations were e 
compu , and for the whole year 1898, out of 
237 employed, only 18 suffered. In 1899, with 
preventive measures enforced the whole year, there 
were only nine cases to 316 workers. The numbers 
attacked by lead colic and other forms of the same 
disease have been steadily dropping since, and the 
cases of plumbism now amount to only about 1 per 
cent. Our record at home falls below this stan- 
dard, but is not unsatisfactory. In 1911, the 
approximate number of men employed in the 
manufacture of accumulators which involved an 
exposure to lead was 1149, and the number of 
cases of lead-poisoning reported amounted to 24, 
with one fatality, or a percentage of 2.1. In the 
following year there was a slight increase both in 
the number of employees and of illnesses, the latter 
rising to 3 per cent. 

Perhaps the point of greatest interest in these 
figures is the effectiveness with which the per- 
nicious influence of lead fumes can be brought 
under control when systematic precautions are 
rigidly applied. In America, it is asserted that 
no new ‘legislation is required. The laws are 

uite sufficient, but the enforcement is lacking. 
ubtless more urgent measures will be applied 
in the United States, with the view to eliminate 
those workmen who are over susceptible to lead, 
to detect the early stages of the disease, and to 
insist on the men taking more care of themselves. 
For men are tempted by high wages to keep at 
work when manifestly unfit, and to return to work 
too soon after an attack. It is not unusual to 
find men showing strong symptoms of the effects 
of the lead after working at their trade for no 
longer than a month, and from carefully-sifted 
instances, it is proved that six months’ work was 
sufficient to poison more or less acutely five-sixths 
of the workers employed. The length of time a 
man remains incapable is as variable as the time 
necessary for inoculation, but three or four months 
is not unusual. In the absence of precautions, 
this branch of the lead trade would be in a melan- 
choly condition, and the picture suggested adds a 
secondary, but vivid, interest. 

The factors that promote lead - poisoning are 
not in doubt, though the extent to which each 
contributes may be questioned, for the practice 
of associating sev processes in one room, in- 
variable in the smaller factories, makes it difficult 
to assign the precise part to each. Some claim that 
arsenic is present to a dangerous amount, — 
ally when antimonial lead is used. Others hold 
that the lead fumes given off from the casting- 
kettle constitute the main danger, and a good deal 
of controversy has arisen concerning the tempera- 
ture at which lead fumes can become sensible in 
the air. In American factories, it is maintained 
that the lead used in casting is kept decidedly 
below the fuming point, yet in the United States, 
as we have seen, the di is most prevalent. 
The German chemists generally maintain that 
fumes can escape though the metal is not raised 
above 450 deg. Cent. The British inspectors, to 
be on the safe side, assume that there may be an 
escape of fumes from any molten lead exposed to 
the air, and few will deny that when the dross is 
skimmed, or the lead ladled out, bluish fumes can 
be seen to arise from the kettle. These fumes are 
the lower oxides of lead in a fine state of sub- 
division, and to inhale them is re Experi- 
ments have shown that as much as 3.4 milligrammes 
of lead may be contained in 1 cubic metre of air in 
the casting-room, where no exhaust is over 
the pots, and about a third of this quantity where 








hoods are placed on the kettles. In the first case 
a@ man can breathe about 15 milligrammes of lead 
oxides daily—certainly a dangerous dose—and even 
where protective hoods are used the worker is 
running a serious risk of acute poisoning. 

Fumes, however, are not the only source of 
danger. In the case of the Faure cells the trimmed 
grids are covered with a paste whose essential 
elements are oxides of lead. The mixing of the 
dry oxides for the paste needs excessive caution. 
In the most carefully-planned arrangements the 
mixing goes on under cover, and is controlled by a 
workman who stands outside the enclosure and 
works through a window in the wall. But fami- 
liarity with the danger leads to carelessness, or the 
consciousness of protective measures induces reck- 
lessness, for Dr. Hamilton reports that even where 
the management provides precautions, the air of 
the rooms is permitted to be full of poisonous dust. 
From the wet paste little danger is to be feared, 
but the men throw the waste on the floor, where it 
dries, and from the necessary traffic the dust rises 
to such an extent that per cubic metre more milli- 
grammes of red lead and litharge are found in 
the pasting than in the casting-room. Another 
hazardous operation is that known as “assembling,” 
or lead-burning. It occurs in making up the battery 
cells, the process in which the positive and negative 
plates are ‘‘ assembled,” and bound together by 
means of strips of pure lead melted in the oxy- 
hydrogen flame. The quantity of lead exposed to 
the flame is small, but British and German 
chemists maintain that the volatilisation of the 
lead from this treatment is proportionately exces- 
sive. They claim to have proved that lead passes 
into the air by detecting it on pieces of moist 
filter paper above the lead burner. This conten- 
tion is disputed by others, who maintain that when 
appreciable lead is caught on the paper itis not due 
to volatilisation, but to the mechanical process of 
— the surface of the lead with a steel brush. 

t is, too, suggested that the heat of the oxy- 
hydrogen flame is a controlling factor. In England 
and Germany, where the process is regarded with 
great suspicion, pure oxygen is used : in America, 
where lead-burning has not such an evil reputation, 
the oxygen is diluted with atmospheric air and the 
temperature considerably lowered. 

The number of cases of lead absorption is not 
sufficiently large to determine with certainty 
wherein lie the sources of greatest danger. As 
already mentioned, the several processes are not 
all conducted in separate rooms; there is, too, 
great variety in the susceptibility of individuals, 
and some operations have been brought under 
more effective inspection than others. But in 
England the greatest percentage of instances, 37 
per 100, occurs in lead-burning, while casting is 
responsible for only 14 per cent., and pasting for 
22 per cent. In America the process of pasting 
and of mixing the paste is regarded as the most 
dangerous class of employment, while lead-burning 
is considered comparatively safe. The vigilance 
and the limited powers of inspectors may explain 
some anomalies, and one needed reform in this 
country may be the installation of air exhausts at 
the work-benches of the lead-burners. 

Two facts established by Dr. Hamilton’s report 
on comparative statistics are the possibility of 
obviating dangers by the exercise of care and 
supervision, and the success which has attended 
the employment of remedial measures. The 
difference between the American rate of lead- 
poisoning and the British and German rates is 
entirely to be explained by the higher standards of 
sanitation, personal cleanliness, and intelligent 
inspection enforced in Europe. In no pharisaical 
spirit, but in grateful acknowledgment to an acute 
and impartial witness, we note the admission, 
**None of the five large factories in the United 
States comes up to the British or German estab- 
lishments in cleanliness or in the removal of fumes 
and dust, and only one provides as careful medical 
supervision. Smaller factories in this country are 


even less well managed.” 





BRITISH ROADS. 

A COMPETENT authority has declared that China 
had excellent roads two thousaud years ago, but 
that they have not been repaired since. In like 
manner the cen -old labours of Telford, Mac- 
adam, and Parnell endowed this country with 
many excellent roads ; but with the advent of the 
railways, and the consequent extinction of road 














Aus. 20, 1915. ] 


ENGINEERING. 


195 








traffic, road - making and road repair became 
an almost forgotten art.. It was the advent of the 
bicycle which first directed public attention to the 
deplorable condition into which many of our high- 
ways had fallen. The faults disclosed by the 
bicycle were, however, of relatively minor import- 
ance, and superficial in the literal interpretation 
of the term. Those made evident two or three 
decades later by the development of heavy and 
rapid motor traffic have, however, been much more 
fundamental in character. In fact, of the 235,000 
miles of public highway in the United Kingdom a 
large proportion prove to have had no adequate 
foundations. These highways are said to have cost 
in their construction some 350 millions, and to put 
them into a condition to carry the traffic now 
offering will require, it is estimated, the expendi- 
ture of another 287 millions. The amount is 
large, but the nation must make up its mind either 
to make its roads to suit the traffic, or must by 
stringent repressive measures exclude from the 
highways all traffic unfitted for the roads as they 
now exist. The latter procedure hardly appears 
to be along the path of wisdom. From some 
interesting figures given at the recent meeting of 
the Institution of Municipal Engineers it appears 
that the relative cost per ton-mile of road haulage 
by motor and by horse, for reasonably long hauls, 
is approximately as 1 to 2, being 4d. or 5d. per ton- 
mile for motor traction and 6d. to 10d. per ton-mile 
where horse haulage is used. Of course, where the 
standing time isa large proportion of the total work- 
ing hours the advantage of the motor vehicle dis- 


industry with the whole cost of road improvements, 
and a large proportion will accordingly fall on 
borough and county funds. 

This problem of road improvement has, unfor- 
tunately, proved much more difficult than was at 
one time anticipated. Originally it appeared to be 
mainly a matter of dust prevention, for which tar- 
spraying proved a fairly satisfactory remedy ; but 
as arn Fo increased it became evident that a 
radical reconstruction of many miles of road was 
inevitable. This was especially apparent in districts 
in which the subsoil was clay. Foundationless roads 
laid on this material are quickly broken through by 
heavy motor traffic, and very costly works of re- 
construction have had to be undertaken in many dis- 
tricts. At the last meeting of the Institution of 
Municipal Engineers, Mr. C. F. Gettings gave a 
highly interesting description of reconstruction work 
of this kind carried out in Worcestershire, where 
many miles of road rest directly on the clay. A 
typical cross-section of the roads as reconstructed 
is represented in Fig. 1, below. A trench, 2 ft. 
wide, is sunk at each edge of the road, as indi- 
cated. A layer, 3in. to 4in. thick, of clinker 
ashes is laid at the bottom of the trench to prevent 
the clay working through, and the remainder is 
filled in with large material forming an abutment 
for the road foundation, which. consists of 5 in. of 
slag laid on the old road surface. The tar-macadam 
above this foundation is laid in two layers, the 
jower consisting of slag broken to 2}in., and 
lightly rolled by an 8-ton roller. Over this surface 





appears ; but even in the matter of dust-collecting 
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TYPICAL CROSS SECTION OF RECONSTRUCTED ROAD. 





there appears a possibility that the horse may be 
displaced by the electric vehicle, which, unlike the 
steam or petrol wagon, does not waste energy when 
standing. On the other hand, the electric vehicle 
is said to be very slow up hill. 

In favourable conditions, indeed, freight charges 
by road are now at times less than by rail if the 
cost of collection and delivery at the terminals be 
included. Thus Mr. F. W. Smart states that the 
distance between Dunstable and the Bedfordshire 
County Council dépét is 20 miles. The railway 
freight is 4s. 8d. per ton, and the cost of 20 tons 
delivered by rail (including cartage) is 61. 3a. 4d. 
A lorry can convey the 20 tons in two days at an 
inclusive cost of 31. 16s. 4d., showing a saving of 
2s. 4d. per ton transported. In this particular 
instance, it is true, the rail-freight is abnormally 
high, the trucks having to pass over the metals 
of two companies. A similar comparison of the 
freight charges by rail and motor between the 
dépét and Luton shows, nevertheless, a saving of 
8d. per ton, although in this case the transport 
passes over the lines of one railway company only. 

The whole country benefits by low freight 
charges, and hence it would be a very retrograde 
step to attempt at this date to prohibit the use of 
motors, so that the country must make up its mind 
to a very heavy expenditure in highway im- 
provement. Of course, opinions may well differ 
as to how the capital necessary should be raised. 
In the end, of course, the public must pay, 
either directly by rates and taxes or indirectly 
through increased transportation charges if the 
funds are raised mainly by heavy license fees or 
fuel taxes. In theory, no doubt the turnpike 
system was an extremely equitable method of 
apportioning road charges, since these could be 
adjusted so as to be reasonably in accord with the 


damage done by the various classes of traffic, but | 


the revival of this system is hardly likely to come 
within the range of practical politics. On the other 
hand, to tax motors only does not appear to be 
altogether fair, as much injury is caused by other 
users of the road. In districts where wool is raised, 
for example, the roads are fairly picked to pieces 
by the sheep traversing them. 
improbable that Parliament will saddle the motor 


a light layer of gin. material is spread, above 
which comes a coat of 1 in. to 1} in. slag. After 


consolidation of this layer the interstices are filled 
with #-in. material, and after rolling the surface is 
dusted with fine material. The total thickness of 
this tar-macadam coat is ~' in. to 3 in. It has 
been well said that the efficiency of a road as a 
floor depends on its efficiency as a roof. If water 
collects in the sub-surface, failure is certain, and 
special note should accordingly be taken of the 
effective system of drainage provided. 

The cost of such reccnstructions is necessarily 
large, but some highly interesting figures were given 
by Mr. J. S. Brodie, which demonstrate that the 
reconstructions carried out at Blackpool have 
resulted in a very remarkable reduction in main- 
tenance costs. In 1906 he had, he stated, 89 miles 
of road under his control, of which the maintenance 
cost 74.831. per mile per annum. In 1915 the mile- 
age had risen to 104.14, but the cost of mainten- 
ance had fallen to 43.061. per mile. Hence, whilst 
in the former year road maintenance absorbed a total 
of 6069/., in 1915 this figure had fallen to 44851. 

Some of the speakers at the meeting strongly 
adhered to the view that water-bound macadam 
was an expensive anachronism ; but there is no 


very fair results can be obtained with water-bound 
were in accord in maintaining that for tar- 


macadam slag was superior to any other material, 
although other aggregates might render good ser- 


must ex 


tar-macadam are still to be met with. Mr. H. P. 





‘broke up. Obviously there is still much to learn | ————— ¢ —— 
ence it seems/|as to the effect of local conditions on materials of | more decided lead in 1913, the value of the German 


doubt that in areas where the traffic is still light | Scythes 


vice where the traffic was not of the heaviest |% 


Boulnois, of the Road Board, stated, for example, wd i piel eaaned 
|that bituminous roads laid at Sutton, on a system | Complicated - 758,000 
adopted with success elsewhere, had failed, and 


Mention was made at the meeting of tho use of 
reinforced concrete as a form of road pavement, 
which is stated to have proved very satisiactory in 
certain conditions. At Chester Mr. W. M. Jones 
said he had had a length ona clay foundation which 
had so far given good results. The concrete is 
6 in. thick, and is reinforced with British steel 
reinforcement of No. 8 mesh. Its surface is tar- 
sprayed, which prevents the formation of dust. 
Reinforced concrete has in other cases been sub- 
stituted for ordinary concrete as a foundation for a 
wearing layer of wood or tar-macadam. The rein- 
forcement makes it possible to reduce the thickness 
of the foundation, which, unless strengthened in 
this way by metal, must be at least 9 in. thick if 
much heavy and fast traffic is to be carried without 
inordinate expense for repairs. 





RUSSIA’S IMPORT OF AGRICULTURAL 
MACHINERY. 

In spite of the war commercial enterprise has 
by no means come to a standstill among the belli- 
gerents, although, of course, the greatest activity 
is to be found on the part of the neutrals. No 
market in this connection is attracting more atten- 
tion than the Russian, whither even Brazil has 
despatched an emissary in order to pave the way 
for an increased and more direct commercial inter- 
course. Agricultural machinery and implements 
are of special importance in Russia, and considering 
how these imports have increased every year, 
and that more than one-third of the aggregate was 
imported from Germany, there should be a field 
worth cultivating for other countries. The three 
countries which have supplied the bulk of Russia’s 
requirements in this connection are Germany, the 
United States, and England, in the order named, 
with the —- of 1911, when the United States 
suddenly doubled her imports of the above com- 
modities to Russia, leaving Germany far behind. 
The following year, however, the old order of 
things was resumed. Table I. shows the value of 
the imports of agricultural machinery and imple- 
ments into Russia for a series of years from her 
three principal providers. 





Tasue I. 
_— From From From 

Total Import Germany. UnitedStates. England. 

roubles roubles roubles roubles 
1907 | 23,360,000 8,330,000 6,760,000 8,860,000 
1908 28,100,000 11,850,000 | 5,140,000 5,010,000 
1909 | 40,100,000 16,020,000 8,680,000 9,210,000 
1910 42,160,000 16,640,000 12,060,000 7,090,000 
1911 55,680,000 | 14,520,000 28,560,000 9,510,000 
1912 60, 120,000 20,700,000 20,320,000 10,080,000 





Of other countries, Austria-Hungary exported to 
Russia during 1912 articles coming under the above 
head valued at 4,410,000 moon Neng Sweden at 
2,420,000 roubles, Denmark at 1,090,000 roubles, 
&c.; whilst in 1912 Germany and the United States 
were about equal, the former country again took a 
Taste II. 


ae | Total | United | From 
| Imports. | Germany. | States. | England. 
| | 





| roubles | roubles | roubles | roubles 
Ploughs, ordinary ..| 3,661,000 | 3,128,000/ 116,000, 81,000 
» steam ..| 623,000| ° 87,000| 459,000| — 26,000 
arrows |. oc:| %118:000 | $70,000 | 1,173,000 | 267,000 
Manure - distributors) ‘232,000! 209,000 000| 1,000 
Sowing-machines ..| 3,001,000| 356,000 1,366,000, 328,000 
Se v+ —«-| 998,000} 77,000/ * 1,000) 9 — 
pers 4,880,000 | 994,000 | 1,002,000 | 498,000 








Mowers and 
. cams simph | 
macadam if periodically tarred. Most speakers | sswers and reapers 17,810,000 | 8,661,000 11,869,000 | 941,000 


(complicated) 
Horse-rakes and hay-| 2,877,000 
turners | 
Threshers (simple) ..| 1,609,000, 424,000 77,000 | 491,000 
threshers, &c.| 4,386,000 | 1,715,000! 21,000 | 2,601,000 
Portable engines .. 6,258,000) 2,522,000 72.000 | 8,270,000 


885,000 | 609,000 | 843,000 


character. It seems probable, however, that few | Chaft-cutting knives, 1,162,000} °794,000| 12,000, 108,000 
districts will enjoy much longer their present im-| shovels, es, 

munity from fast and heavy road traffic, and 
t to be compelled to carry this traffic| ers, 
at no distant date. It is very unsatisfactory in this | Str#wand hay-presset 
regard to note that cases of mysterious failures of A 


525,000 171,000) 26,000 271,000 
225,000 92,000 87,000 28,000 
000 46,000 67,000 

we 59, 000 _ 1,00 

Screens, &c., for corn) 1,067,000 267,000 68,000 84,000 
46,000 1,v00 4,000 


Clover-threshers 
Screens for seeds 


217,000 1,C00 12,000 
separators (centri- 
fugal), &c. 





Mr. A. E. Collins also reported unsatisfactory ex- turalmachines| 8,605,000 | 4,865,000 | 2,362,000 811,000 
periences at Norwich where bituminous macadanr,| 4nd iaplementa, 
after successfully passing through the winter, then} °° *?*° 








this kind. 


exports to Russia, exclusive of scythes, spader, 
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shovels, forks, knives for chaff-cutters, &c., being | Whence Hence the value of cos 6! is given by 
15,480,000 roubles, against 8,830,000 roubles for dP _ 6u Ure (cos 0 — cosé!) gu Se 
the United States; Great Britain, with the same dé 7? (1 + ¢ cos 6)* — oe 
es pe et a geome > y re which, on integration, gives There are two values of 6' which have this cosine ; 
description for 1913 amounting to 10,300,000 1 (1 + ¢ ors 6") sin 8 one value gives the angle at which the pressure is 
roubles. Table II. shows the value of the im- 2 (1 — c2) (1 + ¢ cos #7 ae a oe ee which it is 
—_ <2 samber of a toom the 4 (b+ 20? + 3 cos 6") sin 7 Substituting the above value of 6! in equation (46), 
three leading countries during . eo aie 2 (1 — c2)* (1 + cos 8) * solace to 

The preceding tables do not call for much com-; P=C+°"*~ 7°. . (44%) | 6uU rcain 0 (2 + cco) 
meut, as they show the general movement for the 2 _ (2 + &*) 0s #1 +30, | P=C+  nawieil ae 
las: few years, and give particulars, to some extent -e@F Je ; ete +e 
at least, of the share of the three leading countries The maximum pressure is— 
ia different articles. Germany is to the fore, more n o% 6uUr.c.(4- 0c) J/4-5024e8 


especially in ploughs, but also in a number of other 
less important articles, whilst the United States 
holds a very decided lead in harvesting machinery, 
especially self-binders, and England has kept her 
lead in the matter of big threshers and portable 
engines, although Germany has secured a large por- 
tion of this business. It will, however, be gathered 
from these tables that Germany, in —— has 
had to give way, albeit slowly, to the aggregate of 
the other two great countries, and this can, no 
doubt, be traceable, at Jeast partly, to the en- 
deavours Russia, of late years, has made to liberate 
herself from German influence, not to say guardian- 
ship, financially, and still more industrially and 
commercially. Germany will probably find she is 
making a mistake when she assumes that, after the 
war, she will again be able to resume something 
like her former position in the Russian market. 

Although the imports of American agricultural 
machines by way of Russia's Asiatic frontier have 
increased in value from 3,800,000 roubles to 
8,650,000 roubles in 1912, they have somewhat de- 
creased in percentage of the total-—viz., from 18.2 
to 15.3 per cent. ; these figures do not include 
scythes, &c. 





THE THEORY OF LUBRICATION. 
(Continued from page 155.) 

Tn calculating cylindrical brasses Reynolds cun- 
sidered only the case of the infinitely long journal, 
or the equivalent case of a bearing in which leakage 
of the lubricant at the sides of the brass was sup- 
pressed. As already mentioned, Reynolds’s dis- 
cussion is based essentially on the principle of 
replacing the actual bearing by a flat sliding surface 
representing the journal, and a curved surface 
representing the brass, as in Fig. 8, on page 154 
ante. The curve C D is such that the vertical 
height / is the same as the radial distance between 
the brass and its journal. 

The special case of a journal working in a bush 
completely surrounding it has been dealt with in a 
paper on ‘‘ The Hydrodynamical Theory of Lubri- 
cation, with Special Reference to Air as a Lubri- 
cant,” by Mr. W. J. Harrison, M.A., published in 
the Transactions of the Cambridge Philosophical 
Society, 1913. 

Referring to Fig. 12 (where the interspace be- 
tween the journal and its bush is, of course, enor- 
mously magnified), the radial distance h between 
the two can be calculated as follows :— 

From the figure— 


O'R? =O P2 +272? —-20P.cn. cos 8 

Ol P-ey=OP2?-20P. cn. co-8@ 
.*. OF P® - c2 92 (L — cos? @) =O P?—20 P. cn cos 6 ¢ c2 y? vos? 0 
or, 


Ope [« - b * (1 — con? "| = (0 P—e ncos 0). 
Whence, approximately, 
oP(1—- &™ (1— costd))=OP- 0. 
(1 201p! as )) si ony 














4 n2(L — 22 (2 + &) 
and the minimum pressure is obtained by writing 
the second term on the right with the negativ. 


sign. 

‘The value of the constant C is obtained by 
making Pyin.= 0. 

The pressure on the journal, as calculated from 
the above formula, has been plotted as Fig. 11, 
the value of ¢ being taken as 0.6. Since the pres- 
sure is perpendicular to the surface of the journal, 

ach elementary area of the latter is subjected to a 

force passing through the centre O of the journal, 
Hence the resultant pressure also passes through 
this point. This resultant has no component 
parallel to X X, Fig. 12.* 

This is obvious from graphical considerations. 
Since C denotes a uniform pressure all round the 
journal, it can have no resultant, and therefore this 
resultant will depend entirely on the second term 
on the right of equation (46). Now if pa be the 
value of 

sin @ (2+¢ cos @) 
(l+ecos 6) 
for some value, 6 equal to a, say, then p-«2 =—- pa. 
This follows because cos 6 = cos ( — 6), whilst 
sin ( - 6)= —sin 6. Hence the elements of the 
pressure occur in pairs on opposite sides of the 
line XOX. The members of each pair are equal 
to each other in numerical value, but of dif- 
ferent sign, and ‘they are equally inclined to 
the axis of XOX. Each ir has, therefore, 
a resultant perpendicular to X O X, and passing 
through OU. 
The value of this resultant is given by :— 


24 29 


[Psinerae= [ors 0d0. + 


0 
_bure sir.2 6 (2 + ¢c0s 8) a 
mn? (2 + c?) (1 + cos 6)? 
The first term is obviously zero, whilst fiom the 
second we get :— 
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R= r [Pasinows = ‘Wrplrte 
: 9? (2 + e2)(1 — c%h 

In Fig. 13 the constant C has been chosen so that 
the pressure is zero at the point of minimum pres- 
sure, and this is the point at which the oil should 
be supplied in order to obtain the most efficient 
lubrication of a complete bush. This point varies, 
however, with the load on the journal, since a heavy 
load thins the oil film, thus increasing the value of 
c in equation (46). 

If the point of oil supply does not coincide with 
the point of minimum pressure, part of the oil film 
will be in tension in place of in compression. Sup- 
pose, fur example, that the bush is cut at the point 
|A in Fig. 13. It then becomes a symmetrically 
| loaded brass subtending the whole circle of 360 deg. 
| The pressure at the ends of the brass thus formed 





Since, however, 7 is always wf small compared/ [n this expression C is the constant of integra- | must be zero, and the constant C must be chosen 
with O!' P, the quantity °” (1 — cos? @) is| tion, amd cos 6' is another constant of which the | accordingly. The consequent distribution of pres- 
2uU'P value must be determined before numerical results | sure is then as indicated in Fig. 14, where it will 


negligible as compared with unity. can be computed. To determine the value of | be seen that between A B the oil is under tension 

lence cos 6! in this expression, we note that in the case |—a condition which is bad for the brass. In fact, 
O' P = OP-cneos8, of a complete bush the value of P is necessarily a the function of a lubricant is to keep brass and 
$e, periodic function of 6; that is to say, the value of P journal apart, and this it does by exerting a pres- 
ibis rt+yart h-eqced, given by the formula must be the same if 6 be re- | sure between the two. If at any point this pressure 


placed by 6 + 2. In fact, if, after reaching 6, we | becomes negative, the film here will tend to pull 





easier i et go on and pass through an additional angle equal to brass and journal into contact with each other. 
If we take x = ré, then from (45) we can pl >t| 2 =, we arrive back at the same point of the bush, The resultant load in Fig. 14 is, however, exactly 
the curve C D in Fig. 8, page 154 avite. and therefore the pressure, as computed from the | the same as in Fig. 13. 
If we substitute this valu» of h in (41), and/ formula, must be the same if 6 be replaced by| The physical process by which the tension 
take x = r 6, we get 6422. This will not be the case unless the 
a . —e * There is, of cou a small component due to tle 
w(L+conmd* dP _¢ HU n¢ (c030'="o03 6"). coefficient of tan—' J! . tan 6 is zero. frictional ona. bat this is practically negligible, so far 
r dg 1l+e 2 as the value and direction of the resultant is concerned. 
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shown in Fig. 14 is brought about will be clear on 
reference to Fig. 8, page 154 ante. The maintenance 
of pressure between C D and A B isdue to the fact 
that the space into which the fluid is d 
converges. Just as convergence tends to produce 
pressure, divergence will tend to establish tension, 
and if the converging portion in Fig. 8 is followed 
by a sufficient length of divergent section, a state of 
tension may be established near the trailing edge 
of the brass. With symmetrically-loaded brasses, 
the tendency for a vacuum to form near the trailing 
edge is greater, the — the arc subtended by the 
brass. This is probably at least partially responsible 
for the well-known fact that a brass subtending a 
large angle is generally unsatisfac . Further, as 
will be shown in the sequel, the heavier the load the 
smaller must be the arc subtended if the creation 
of a vacuum isto be avoided. This is probably, in 
part at least, responsible for the fact that heavily- 
loaded calender rolls must have very narrow brasses 
if satisfactory working is to be secured. 

If the value of C in equation (46) is chosen so 
that the pressure is zero at C and D (Fig. 13), the 
opposite ends of the horizontal diameter; and the 
lower half of the bush is removed, the upper half 
then forms a brass of 180 deg. with the pressure 
distributed as in Fig. 15. -Such a brass would 
undoubtedly work quite well, but it is not a 
symmetrically-loaded brass, the resultant pressure 
lying nearer the trailing edge, as indicated in the 
figure. 

{Zo be continued.) 





NOTES. 

Corrosion oF Iron Pans For Zinc-MELTING. 

Ow1ne to a regrettable conservatism in termino- 
logy, engineers still speak of galvanised iron in 
two different senses—when iron has been coated 
with zinc, either by being dipped into a bath of 
molten zinc, or by some galvanic process, as a rule 
electrolysis of zinc-sulphate. We wish to refer to 
the former, hot zinc process. The zinc is generally 
fused in iron pans, and the iron pans are attacked 
by the fused zinc. If that were notso, mechanical 
galvanising would hardly be efficient ; for the zinc 
is to adhere to the iron, and it does adhere because 
it alloys to a certain extent with the iron. 
The iron pans in which the zinc is fused hence 
suffer, and the practice considers certain kinds of 
iron especially suitable for making iron pans. Two 
years ago the well-known establishment of Julius 
Pintsch, of Fiirstenwalde, observed to its sur- 
prise that an iron pan, supplied by an English firm 
of repute, which had always given satisfaction, was 
more quickly corroded by the zinc than lower- 
grade iron pans. The fact was ascribed to a 
certain peculiarity in the iron, but a more 
thorough investigation of the problem was deferred. 
The results of the subsequent investigation were 
published last May in the Zeitschrift des Vereines 
Deutscher Ingenieure. Sheets of ten different kinds 
of iron were supplied by Krupp in Essen ; after 
having been analysed and examined metallographic- 
ally, they were cut up into plates, and pairs of 
these plates were suspended for eight hours in 
molten zinc at different temperatures. All the 
plates lost in weight by being Cept in contact with 
the molten zinc, the loss amounting to about 20 
grammes of iron per hour per square metre of iron 
surface in the well-hot bath; and as long as the tem- 
perature was not raised materially, the composition 
of the iron did not ap to make much difference. 
An increase in the carbon percentage did not favour 
the corrosion, nor did a change in the manganese 
proportion. A rise in the phosphorus percentage 
from 0.025 to 0.090 did not affect the corrodibility 
either, though the introduction of phosphorus into 
the zinc bath is, of course, undesirable. An increase 
in the silicon percentage did increase the solubility 
of the iron, noticeably, however, and want of 
homogeneity in the structure of the iron had 
the same effect. But these influences were not 
important, and the temperature of the bath proved 
of much ter consequence. Zinc melts at 
419.4 deg. Cent. As the temperature of the bath was 
slowly raised from about 437 deg. Cent., at which 
the first observations were taken, the loss of iron 
increased slowly at first, but much more rapidly 
afterwards, when the temperature exceeded 500 deg. 
Cent. In one case the losses of weight were :— 
20 grammes at 437 deg., 23 grammes at 467 deg., 
28 grammes at 486 deg., 41 grammes at 495 deg., 
68 grammes at 500 deg., and 288 grammes at 532 deg., 


square metre of iron surface, This was not the 
worst case; one iron lost over 500 grammes, 
another 800 grammes in the eighth hour. At higher 
temperatures, moreover, the differences between 
the different sorts of iron became much more 
nounced. The chief thing to guard against, then, 
is an unduly high temperature of the zinc bath. 
It was further observed that it is advisable to 
keep the pan, so far as possible, at fairly even 
temperatures, and to avoid repeated complete cool- 
ing and reheating, lest crusts of hard zinc should 
peel off and impair the iron locally. 


Town-PLawNniInG In GERMANY. 


It is highly interesting to note from a recent 
article in The Town-Planning Review that the 
organised laying-out and planning of German cities 
has resulted in a condition of affairs vastly inferior 
in many respects to those which have resulted from 
the somewhat haphazard and individualistic methods 
of developing building lands long favoured in this 
country. The German system undoubtedly produces 
fine-looking cities, the large tenement houses bei 
far more impressive architecturally than the endl 
separate houses which have been erected here in 
consonance with the individualistic trait in our 
character. From every other point of view, 
however, it would seem that the balance of 
advantage lies with the latter. The erection 
of these large houses has greatly enhanced the 
value of the land built on, which in Berlin is 
stated to be valued at three or four times as much 
as similar land in London, and nearly one-half 
of the population of Berlin live accordingly in a 
single room of one of the tall tenements crowded 
round internal courts. In London, in spite of our 
many tall buildings, the average number of in- 
habitants oad house is eight, the corresponding 
figure for Manchester being five. In Berlin the 
average number per house is now 77, and there 
are houses accommodating 250 families each. The 
density of the population is, in fact, more than 
twice as great as in London, being 32,000 per 
sq. km., as compared with 15,000. e result on 
the health of the people is said to be disastrous. 
Although there is proportionately a larger influx 
of healthy country people into Berlin than into 
London, yet London has about 30 per cent. less 
deaths between the ages of fifteen to twenty-five 
years than Berlin, where also the tuberculosis 
death-rate is 50 per cent. greater than in 
London. Of the young men called up for the 
Army, only 33 per cent. of those from Berlin are 
aecepted as medically fit—a proportion which in 
the case of those whose parents were also born in 
Berlin falls to 19 per cent. The following quotation 
from an article by Dr. Werner Hegemann is of 
peculiar interest :—‘‘The Continental countries, 
which, unlike the Anglo-Saxon countries, had full 
town-planning powers, used them not to remove 
the lack of dwellings, but to increase the number 
of storeys and the price of land. Theoretical dis- 
cussion of town-planning took place first on the 
Continent, but nearly all achievements in town- 
making have been made in England and the United 
States.” The evil results of town-planning powers, 
as exemplified at Berlin, are attributed by our con- 
temporary to an over-representation of the landed 
interests in the local and rational Government ; 
but perhaps a portion of the blame should be debited 
to the architects, who find in the construction of 
large tenement buildings and wide streets greater 
scope for what are known as ‘‘architectural effecte” 
than in the erection of rows of small houses. 
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The Ancient and Medieval Architecture of India: A 
Study of Indo-Aryan Cvvilisation. By. E. B. Havent. 
Illustrated. London: John Murray. (Price 30s. net. 

TuovcH the author maintains that the object o 

this book is architectural rather than archwo- 

logical, the main feature is an earnest endeavour to 
reconstruct the social life and religious thought of 

India in remote days, as far back as the time when 

Asoka ruled over the plains of Hindustan, and 

established the Buddhist religion among the people. 

It is the village life and municipal government, for 

which he claims an unbroken continuity through 

unnumbered centuries, that appeal to him with 
such force, and whose study and recognition he 

— upon all interested in the p and 





the loss being understood as before, per hour per 


Architecture is regarded as a channel that conveys 
information of the past, illustrates the thoughts 
and purposes of those who constructed the temples 
and monuments, as well as the aspirations of those 
who worshipped. However instructive or informing 
such studies may be, we think that the influence and 
importance of the Indo-Aryan rule and its methods 
on the India of to-day, as here interpreted, is over- 
rated. In those times, that were ancient before 
Greece attained her highest culture, the author 
may regard the rulers as animated by benevolent 
intentions, and anxious to promote individual 
aseran | among their subjects, he may be war- 
ran in ridiculing the crude notions that have 
been taught of ‘Oriental despotism,” he may 
pine for the return of those days when every 
man could follow his own Dharma and be a 
law to himself ; but however erroneously we may 
have read the history of the past, or misinterpreted 
its lessons, we find plenty of references to wars 
and dynastic revolutions and social upheavals, that 
prove that philosophy and culture were not the 
only objects sought, but that ambition could wreck 
peace and bring ruin then as now. 

Mr. Havell’s picture is too idyllic for easy con- 
sumption, and his condemnation of British adminis- 
tration too severe. Let us admit that bureau- 
cratic government is not that for which India 
longs, that centralised authority, maintaining an 
even hand and enforcing uniform obedience from 
all and sundry, is displeasing to those who would 
like to exercise authority on their own behalf. 
But if Britain has destroyed some old ideals, she 
has conferred many benefits, not the least of which 
is the maintenance of and order. If a man 
is taxed, he knows the extent of his taxation, 
there is an appeal from injustice, usurpation, and 
illegality, a machinery that works with more cer- 
tainty, if with less flexibility, than local tribunals 
and small councils swayed by petty interests. 
Unfortunately, the British rule and its aims are 
incompatible with the modified patriarchal system 
that, seen through the softening mist of centuries, 
has such attractions for the author. A country in 
which every man does ‘‘ his duty to God, the State, 
his household, and himself,” is to approach perfec- 
tion so closely that we do not believe that it has 
ever been reached. A community that is without 
crime is one that is without law. Mr. Havell 
r ards it as a duty, not less than as an act of wise 
policy, for the British Government to attempt to 
restore the village communities. He does not take 
into sufficient consideration the different world and 
environment with which such a system of govern- 
ment would be brought into contact, nor does he 
wens consider the altered temperament of 
the people for whom. he would legislate. The 
patient, loyal obedience and submissiveness to 
authority is not very conspicuous in the Indian 
emigrants to South Africa, or to the shores of 
Vancouver. The B vyad-Gita teaches that the 
Dharma of the Aryan people must be readjusted 
to meet the changing conditions of every age, and 
the Hindu transported to foreign climes seems to 
be an apt J n° ready to accomplish this metamor- 
phosis. e have no intention of being flippant, 
we are quite sure that the author is serious in 
insisting upon the maintenance of the original 
basis of Aryan statecraft and policy as the means 
of producing a contented and rous nation- 
ality. But modern conditions forbid a return to 
ancient methods, and we must work with such tools 
as we have, tools that will shape a different, but 
not necessarily a less satisfactory, result. 

With more pleasure we can follow the descrip- 
tion of town planning in far-distant times—a 
matter that is fairly within our purview—though 
here again we doubt if the author’s unstinted 
admiration of the long-past world has not led him 
to do some injustice to modern methods. It is a 
sweeping assertion to say that ‘‘ the most advanced 
science of Europe has not yet improved upon the 
principles of the garden cities of India, based upon 
the Indian village plan as a unit.’’ We know all 
the drawbacks and imperfections of our own system, 
and it is easy and tempting to enlarge upon them. 
The petty annoyances and details are under our 
eye, and we see how much better these things 
might have been managed ; not so with the Indian 
construction of 2000 years ago, whose beauties, and 
not the defects, are made patent. No doubt in 
their day much pungent criticism was heard from 
those who suffered from the inconveniences. But 
time has silenced the discontented, and, fortunately, 





— of our Indian subjects, as the revival 


would promote stable and amicable conditions. 


Mr. Havell has much to say that is novel and pro- 
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foundly interesting, especially as illustrating the 
conservatism that has endured through so many 
or The stone house of Asoka’s date, 

B.c., did not differ materially from those now 
built, and this similarity does not arise solely from 
the adoption of such extreme simplicity of con- 
struction that it did not admit of variation. Three- 
storeyed houses are frequently represented in 
Asokan sculpture, and are nearly identical with 
the modern domestic architecture of Rajputana. 
As with the buildings, so with the administration. 
The character and duties of the staff of officers 
have remained unchanged through centuries. An 
inscription of the tenth century shows that the 
qualifications for voters, and the mode of election 
tor a municipal commission, were then the same as 
prevailed in the days of Chandragu a contem- 
porary of Alexander the Great; and, further, the 
elected boards of control, whatever their proper 
technical name might be, were no creation of that 
age; they were the natural growth from previous 
organisations, and not a new departure in the 
economic life of India. 

To trace development, not always progressive, 
but sometimes exhibiting signs of d ence, in the 
political as in the artistic world, is always attrac- 
tive, and Mr. Havell’s fervent and sympathetic study 
of the subject enables him to present his materials in 
a fascinating way. It would be to travel outside our 
province to enter into the evolution of Aryan reli- 
gion, or to attempt to criticise its deduction from the 
architectural remaius which symbolise its creeds 
and preserve its history. But it is possible to 
listen with pleasure, if not always with conviction, 
to the construction Mr. Havell puts upon the ideo- 
o- language impressed upon temple and shrine. 

is discussion of Buddhism and its relations to 
Vaishnavism and Saivism are of profound interest, 
and his illustrations and photographs, on which 
much of his evidence turns, are so beautiful, 
exhibit such sincerity of workmanship and enthu- 
siastic devotion, that the most careless cannot but 
find in them a source of delight and admiration. 
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Tue tate Mr. E. 0. Cannt.—We regret that in our 
notice of the death of Mr. E. C. Carnt, of Messrs. J. 
Samuel White and Co., Limited, East Cowes, we stated 


that his end was due to an internal complaint. We 
= however, that the cause of death was heart 
uiure. 





THE LATE DR. J. A. HOLMES. 


WE sincerely regret to record the death of Dr. 
Joseph A. Holmes, Director of the United States 
Bureau of Mines, who succumbed to tuberculosis on 
July 13, at Denver, Colorado, in his fifty-seventh year. 
Dr. Holmes was identified with many of the mea- 
sures which the United States adopted in recent years 
for the benefit of the safety of the miners and other 
workers and the prevention of waste. Born at 
Laurens, in South Carolina, in November, 1859, Dr. 
Holmes studied chemistry, metallurgy, geology, and 
mining, and uated at the Cornell University in 
1880. His early travels and visits to the mines of the 
United States and of Kurope were already directed 
to the questions of lessening the loss of lite and the 
waste of resources. From 1881 to 1891 he was professor 
of geology in the University of North Carolina. In 
1903 and 1904 he organised the tment of Mines 
and Metallurgy at the Exhibition in St. Louis. He 
afterwards was placed in charge of the Government’s 
Fuel Investigations and of the Investigations of Mine 
Explosions, a subject officially taken up in 1907 by 
the Geological Survey, and in 1910 transferred to the 
new Bureau of Mines. 

The new duties took him to Europe on an inspection 
of the chief experimental mining stations, and when 
President Roosevelt secured the appointment, by the 
Governments of Great Britain, Belgium, and Germany, 
of distinguished engineers to study American mining, 
Dr. Holmes was their guide. The work of the Bureau of 
Mines and of Dr. Holmes on explosions in mines, on 
dust explosions, and on breathing ee, &c., has 
frequently been noticed in our columns. Another 
notable task entrusted to him was the question of 
fire-proof building materials. He initiated the report 
on ‘*The San Francisco Earthquake and Fire of 
April 18, 1909,” and wrote ‘‘ The Fire Tax and Waste 


of Structural Materials in the United States,” ‘‘ The g 


Fire-Resistive Properties of Various Building Mate- 
rials,” and other books. Noteworthy among them is 
further *‘ The Purchase of Coal under Government and 
Commercial Specifications on the Basis of its Heating 
Value.” He drew attention to the nuisance and waste 
of smelter smoke, to the loss incurred by coking coal 
in bee-hive ovens, and to the waste of metal in Gay 
furnace practice. He was a member of the National 
Conservative Committee. His d of D.Sc. came 
from the University of Pittsburg ; his own university 
made him an LL. D:; he was a a member of the 
Washington Academy of Science. 

The warm interest he took in the welfare of the 
miners and all workers made him reckless as to his 
own health, which required all care. He never 
spared himself ; he frequently insisted upon being a 
member of the rescue crew after & mine explosion, and 
the hardships he underwent two years ago in the coal- 
fields of Alaska seriously affected his health. 





INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics, 
writing in the Board of Trade Labour Gazette, reports 
as follows :—A year having elapsed since the outbreak 
of hostilities, it may be convenient to review briefly 
the effect of the war upon the labour market during 
that period. 

The first shock of war caused much uncertainty and 
some disorganisation of industry, and at the end of 
August the trade-union percen of unemployed had 
risen from 2.8 to 7.1. These disquieting conditions 
were, however, of short duration ; by the end of Sept- 
ember a distinct improvement had been manifested, 
and by the end of November employment was at about 
the same level as that prevailing just before the war. 
Since November the demand for labour has steadily 
inoreased, and the industries engaged in supplying the 
requirements of the Allied forces have for months past 
been working at the highest ure, 

Owing to the number of enlistments, the 
number of males available has greatly decreased. To 
meet this shortage of labour, there has been a con- 
siderable transference from trades adversely affected 
by the war to other industries which were rendered 
abnormally active; in addition, there has been, 
wherever possible, a growing movement in the direc- 
tion of substituting female for male labour. The net 
result is that at the present time there is very little 
unemployment, except in a few luxury trades, while 
in a number of industries, notably coal-mining, engi- 
neering, shipbuilding, agriculture, and transport, the 
demand for labour greatly exceeds the supply. 

Partly owing to this great improvement in employ- 
ment, and ly to the rise in the cost of living, 
nearly 24 million workpeople have had, since August 
last, increases in rates of wages or war bonuses 
amounting to over 400,000/. per week, or over 3s. per 
herd of those benefiting. These figures are exclusive 
of increases which have been granted to agricultural 
labourers, seamen, railway servants, lice and 
Government employees. They also exclude increased 
earnings owing to overtime. 





In July last the coal-mining industry continued very 





busy, and the shortage of labour was partly met by 
better time-keeping. In South Wales, however, owing 
to a dispute, the industry was interrupted for a few 
days. Employment in iron and lead-mining was good, 
and at ao -mines very good ; at tin-mines and in the 

mar g industry it was fair, except at quarries in 
North ales, which continued to be affected by the 
lessened demand for slates. 

The number of pig-iron furnaces in blast showed a 
elight reduction, but employment was still good. Iron 
and steel works continued very well employed, and 
the engineering and shipbuilding trades were still 
working at high pressure, with much overtime. The 
tinplate trade showed some improvement, and the 
other metal trades were very busy, especially on 
Government work. 

There was a slight improvement in the weaving 
branch of the cotton trade; in the other sections there 
was little change. A high level of employment was 
maintained in the woollen, worsted, and hosiery 
trades, and there was an improvement in the jute, 
silk, bleaching, calico-printing, dyeing and finishing 
trades, and in the plain net section of the lace trade. 
On the other hand, there was some decline in the linen 


trade. 

The boot and shoe trades continued fully employed 
both on Army contracts and on ordinary on, and 
there was still great activity in the leather and ready- 
made clothing trades on Government orders. The 
bespoke tailoring, dressmaking, and millinery trades 
showed a seasonal decline. There was a further 
falling-off in the silk-hat trade, but the improvement 
in the felt-hat trade was maintained. The number 
unemployed in the building trades increased slightly, 
but was still very low. In the brick and cement 
trades there was also some decline. Mill-sawyers and 
coach-builders were busy on Government orders, and 
——— in the furnishing trades continued fairly 


Comparisons with a year ago are much affected by 
the special circumstances arising out of the war. In 
the iron and steel, engineering, shipbuilding, woollen, 
hoisery, boot, leather, ready-made clothing, and food- 
preparation trades employment was very much better 
owing to war contracts. The coal-mining and building 
industries were working with much reduced staffs, but 
those remaining were more fully employed. The 
numbers employed in the textile trades (except 
woollen and etiny) showed a falling off, but the 
average earnings of those still employed in these 
trades were higher, except in the linen trade, which 
was not so busy as in July, 1914. The average earn- 
ings in the pottery, glass, brick, and cement trades 
were also higher than a yearago. On the other hand, 
the number of tin-plate mills in operation still showed 
a great decline. 





The increases in rates of wages taking effect in July 
amounted to 7000/. per week, and affected over 80,000 
workpeople. The ‘most important changes affected 
workpeople at shale-mines in Scotland, blastfurnace- 
men in Bieveland, Cumberland, and North Stafford- 
shire, blastfurnacemen and iron and steel workers in 
South Wales, steel workers in West Scotland, linen 
and jute workers at Dundee, and glass-bottle makers 
in Yorkshire, Lancashire, the North of England, and 
Scotland 


The principal dispute during the month was that 
affecting 200,000 coal-miners in South Wales and 
Monmouthshire. The total number of disputes begin- 
ning in July was forty, and the total number of work- 
people involved in all disputes in progress was 209,261, 
as com with 40,999 in the previous month, and 
98,112 in July, 1914. The estimated total aggregate 
duration of all disputes during the month was 1,385,900 
working days, as compared with 176,600 in June, 1915, 
and 1,327,800 in July, 1914. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the five weeks ended July 16 
was 34,000, as com with 35,303 in the previous 
four weeks, and with 26,043 in the five weeks ended 
July 17, 1914. The average weekly number of 
vacancies filled for the same periods were 25,714, 
24,934, and 19,488 respectively. 





During July, says the Board of Trade Labour 
Gazette, there was practically no change in the general 
level of prices in the United Kingdom, apart from 
the increase in the price of potatoes consequent upon 
the coming into general use of the new crop ; and as 4 

ear has elapsed since the commencement of the war, 
it may be convenient to review the course of retail 
rices of food during the twelve months ended July, 
915. 

Some upward movement occurred on August 1, 
1914, but it was not until August 4 that any marked 
general advance took place. On August 8 the average 
rise amounted to 15 or 16 per cent., but after that 
date there was a decrease in the price of most articles, 
and at the beginning of September, 1914, prices were 
only about 10 per cent. higher than ‘‘ normal prices 
in July, 1914. The corresponding percentages for 
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each subsequent month are shown in the following 
table :— 


Per Cent. Per Cent. 
September, 1914 10 March, 1915 .. os 24 
October, 1914. . ae 12 April, 1916 .. Se 24 
November, 1914 = 13 May, 1915 ae oo 26 
December, 1914 o 1¢€ June, 1915... oe 32 
January, 1915 -_ 18 July 1,1915 .. = 82h 
February, 1915 on 22 July 31, 1915 .. 34 


These figures are based upon between 500 and 600 
returns, relating to prices in every town in the kingdom 
with over 50,000 population, to about 200 towns with 
populations from 10,000 to 50,000, and to about 250 
smaller places. The articles included are beef and 
mutton (British and imported), bacon, fish, flour, 
bread, tea, sugar, milk, butter, cheese, margarine, 
egge, and potatoes. 





The periodical reports of the Mayor of Vienna on 
economic conditions in the Austrian capital no longer 
include data for measuring the extent to which retail 
food prices have advanced in that city since the out- 
break of war, the prices given in the latest of these 
reports, the Siichsische Staatszeitung, being those 
relating only to the particular month under review— 
in this case June, 1915. 

In order to obtain a comparison with pre-war prices 
in Vienna, therefore, recourse must be had to a return 
published monthly by the Joint Austrian Ministries of 
Commerce and Agriculture, under the title of Waren- 
preisberichte. 

The prices cited by the Mayor of Vienna for May 
and June, 1915, give for each article a range of prices 
according to quality ; while those relating to June, 
1914, and derived from the other source referred to, 
state for each article a single price, which purports to 
be the predominant price. In spite of this difference, 
it is believed that a comparison between the two sets 
of figures yields an approximate measure of the 
advance in food prices in Vienna since June, 1914. 

As compared with the preceding month, advances 
occurred in June in the prices of seven articles, the 
rise being particularly marked in the case of beef 
(40 per cent.), rice (30 per cent.), and pork (18 per 
cent.). Bacon was dearer by 7 per cent., cooking 
butter by 6 per cent., beans by 5 per cent., and wheat 
flour by 4 per cent. On the other hend, eggs fell in 
price by 23 per cent. 

Compared with June, 1914, all prices, except of sugar, 
showed @ large increase ; peas of per cent., and 
rice and beef of over 200 per cent. In addition, pork, 
lard and bacon, and margarine and eggs were all at 
least twice as dear as in 1914. 





We learn, eays the 7'extile Mercury, that advances 
in wages have been given to textile-workers in Ger- 
many, not, however, with the object of helping them 
to meet the increased cost of the necessaries of life 
so much as of improving very low wages. The earn- 
ings of textile operatives in Germany are on a much 
lower scale than are those of their fellows in Lan- 
cashire, as all the returns relating to the subject 
published in this country during the past fifteen years 
have clearly demonstrated. aking the wages of 
German textile-factory workers generally, they are 
about at the level of the earnings of Lancashire opera- 
tives more than thirty years ago. 

Since the outbreak ot the war the Germans appear 
to have organised the textile labour with the same 
rigidity as they have organised and controlled military 
service, and war rates of wages have been conceded. But 
neither the wages nor the war advances approximate 
to anything like what is ruling in this country. For 
instance, married men whose fixed weekly rates amount 
to less than 22 marks have been advanced to the 
extent of 30 pfenninge a day. (A mark is a fraction 
below one English shilling in value, and there are 
100 pfenninge in one mark.) The aggregate earnings 
of no man, however, were to exceed marks per 
week. Under the organised war system of textile 
production, the wages of unmarried males are not to 
exceed 18 marks per week—in round figures abut 18s. 
Their war increase is 15 pfenninge per day. Married 
women also received an advance of 15 pfenninge, but 
the total wage is not to exceed 15.9 marks per 
week. Unmarried females receiving less than 12 
marks have been granted an advance of 15 pfenninge, 
while the total marks per week are not to exceed 1. 

These increases came into operation on April 30. 
They do not apply to children below the age of sixteen 
years, but male and female workers who have more 
than three children over fourteen years of age to sup- 
port obtain an extra 15 pfenninge a day beyond the 
increases mentioned above. It will be seen that the 
total wages to which any male or female operative is 
entitled under the organised war system of production 
is very low compared with the wages received by 
cotton operatives—in particular those of Lancashire. 
From the particulars we have before us it would 
appear that the textile factories have been placed 
under the control of the Government, who have also 


children have thrown themselves willi ngly into the 
t 


task of production, and if the wages we have 
given are applicable to the main textile centres of 
Germany, the operatives are evidently making an 
economic sacrifice in aid of the interests of their 
country. 

The leaders in the German hosiery trade appear to 
have taken up the national cause in a special way. 
Recently several manufacturers, meeting on the 
Bourse at Chemnitz, contributed each 1 marks, 
and placed the amount in the hands of the Saxon 
Ministry of War. The money is to be divided into 
twenty equal of 50 marks each (about 2/. 10s.), 
and given to the first twenty German soldiers who win 
marks of distinction by military exploits on English 
soil, There is # proviso in the conditions to the 
effect that if England be not invaded the contributions 
are to be devoted to the care of cripples. 





The following is an abstract of the remarks made 
by the General Secretary of the United Society of 
Boiler-Makers and Iron and Steel Shipbuilders in the 
society’s monthly report for August :— 

** The demand for our members is still greater than 
the supply. We have admitted Belgians and Cana- 
dians to our trade, and, as a result of our intercession 
with the War Office and the Minister of Munitions, 
we have obtained the temporary release of some of 
our members from military service. Yet more men 
are still wanted for our trade, and we are asked to 
admit men who have no knowledge of the trade what- 
ever. Our reply to this demand isto press for further 
releases of members from the Army, a request which, 
we believe, will be granted, and to impress on all our 
members to work full time, and as much overtime as 
they feel the nature of their work will permit without 
overtaxing their strength. We cannot too strongly 
impress on our members the imperative duty of steadi- 
ness and absolute sobriety at the present time. 

‘* Looking back over the year we think the nation 
must realise that our decision to stand by Belgium 
and associate ourselves with other nations for that 
end was our only honourable course, and just as we 
have swept the seas of almost everything that was 
rman, even sc we must sweep the Germans from the 
now ruined homes of Belgium and France. There 
must be restoration and compensation, and the wild 
beast of Europe must be chained up forever. Oa 
these terms we are out for We were loath to 
enter this quarrel, for which we were ill-prepared, 
but being in the quarrel, we will teach our enemies to 
respect us in a way they have never done. 

‘* The members of our society have made a noble 
response to the call for volunteers in the field. We 
earnestly hope that none of our members at home will 
ever be guilty of any slackness in producing the 
maximum amount of all that is necessary to enable 
our men in the fighting line to press forward in their 
great crusade.” 





The Orders of the Central Control Board (Liquor 
Trattic) dealing with the sale of intoxicating liquors 
in the East and West Central Areas of Scotland were 


tion of liquor on licensed premises on all weekdays, 
except Saturday, have been reduced from 12 to 5}, 
made up of two periods—1l2 noon to 2.30 p.m., and 
6to 9 p.m. On Saturday the licensed premises will 
be open from 4 till9 p.m. The hours for consump- 
tion off the premises are the same, except that the 
sales must cease one hour earlier in the evening. 
Important provisions are also enacted with regard to 
the selling of spirits for off consumption; this is 
limited to 24 hours on the first five days of the week, 
and is prohibited on Saturdays. The sale of liquor 
on credit is forbidden. An important vision is 
that relating to treating, which is except 
in cases where the liquor is supplied for consumption 
at a meal, and provided the person who pays for 
liquor also pays for the meal. The Orders allow 
wie, rum, and brandy to be sold at a minimum 
strength of 35 deg. under proof, instead of 25 deg., as 
at present. For the pu of enforcing the Orders 
the Board have enacted that any person contravening 
the regulations is liable to imprisonment for six 
months, with hard labour, and a fine of 100/. The 
Orders are to come into force next Monday, the 
23rd inst. 





The following announcement is made by the Press 
Bureau under date August 18:—The coalowners and 
miners of South Wales have met in joint conference 
on several occasions since July 20, when a settlement 
of the South Wales dispute was reached. They have 
made some pa in embodying the terms of that 
settlement in the agreement between the Coalowners’ 
Association and the South Wales Miners’ Federation, 
but they were unable to agree on clauses on several 
important points. Both sides referred these pointe to 
Mr. Runciman and agreed that hie decision should be 





fixed a limit a which wages are not allowed to 
go. It is stated, however, that men, women, and 


final. The hearing was taken by him in London on 


published last Friday. The hours for the consump- | P 


Tuesday and Wednesday, and after prolonged state- 
ments both sides completed their arguments. Agreed 
clauses were arrived at on many points, and on thore 
left open Mr. Runciman’s decision is to be given in a 
day or two. 





The following is the award which has recently been 
issued in the matter of a dispute at the Fairfield 
works :— Whereas a dispute arose between the North- 
West a Employers’ Association and the 
National Society of Coppersmiths as to whether the 
Fairfield Shipbuilding and Engineering Company, 
Limited, Govan, a member of the said Association, was 
entitled to employ plumbers in its copper-shop and on 
ships on the work of bending and setting steel pipes, 
contrary toa rule or custom, not having the force of law, 
existing in the Govan district, which required that the 
work of bending and setting steel pipes should be per- 
formed by copper-smiths ; and whereas by Order made 
by the Minister of Munitions urder the Munitions 
of War Act, 1915, the Fairfield Shipbuilding and 

i ing Company, Limited, has been declared to 
be a controlled establishment ; and whereas the Board 
of Trade, to whom the said dispute was referred, 
appointed me, the undersigned, Alastair Oswald 

orison Mackenzie, Sheriff of Inverness, Elgin, and 
Nairn, as arbitrator to decide the same, and to settle 
whether the rule or custom above referred to is a rule 
or custom which tends to restrict production or em- 
ployment ; and whereas I sat at Govan on the ninth 
and tenth days of August in the year 1915, and heard 
the evidence and arguments submitted by the parties ; 
now, therefore, having considered the said evidence 
and ments, I find and decide :— 

1. That the Fairfield Shipbuilding and Engineering 

Company, Limited, has been for some months, and is 
now, unable to obtain the services of a sufficient 
number of a for ite requirements in con- 
nection with the work which it has in hand for the 
Government. 
2. That plumbers are able to do the work of bending 
and setting steel + for ships, and their employment 
for that pu y the Fairfield Shipbuilding and 
Engineering Company, Limited, in its copper-shop and 
on ships would expedite the Government work upon 
which the said company is engaged. 

3. That in view cf the shortage of copper-smiths, 
and the importance of expediting work being done for 
the Government at the present time, the said company 
is entitled to depart from the rule or custom above 
referred to, and to employ plumbers in its copper- 
shop and on ships to set and bend steel pipes. 

4. That the rule or custom above referred to is a 
rule or custom which tends to restrict production and 
employment. 





NOTES FROM THE UNITED STATES. 

PHILADELPHIA, August 4. 
EAsTERN rolling-mills have reached a point where 
they are unable to accept all the orders offered and 
are obliged to seek the help of Western mills, which 
from present indications will soon fill up; a runaway 
market is threatened and a sudden upward turn in 
rices has setin. This is partly due to the expansion 
of domestic demand. During April and May 300,000 
tons of — were purchased in the Buffalo district 
at 12dols. for an anticipated advance, and that advance 
has now come. Very large sales of basic pig are taking 
place, with corresponding advances. Busemer has 
suddenly moved up. Every available blast-furnace in 
the country is being put in readiness to blow in. The 
present prices allow furnaces to start which have 
been idle for years. The present output is on a basis 
of 30,000,000 tons a year, and this will be largely in- 
creased. Large quantities of Southern iron are being 
= this week for export to Italy and some to 
pain. 
Reports are rife to-day of the pending placing of 
large contracts for rifles by nearly every belligerent 
country. The actual details are not within reach. 
Steel billets have suddenly moved up, and as high as 
25 dols. has been paid, while the market is nominally 
22.50 dols. A month the price was 19.50 dols. ; 
all lines of finished steel have been marked up this 
week. Plates and shapes have been marked up to 
1.30 dols.; steel bars are about to advance 1 dol. to 

2 dols. a ton ; they are the centre of attraction. F 
500,000 tons are required to cover pending and 
p ive inquiries for shells and shrapnel. New 
orders have to be broken up and scattered among 
smaller mills. Bar iron has gone up 1 dol. a ton. 
The Steel Corporation and Jones and Laughlin and 
other big interests are working to the outside limit of 
capacity. There is a heavy demand for high-grade 
steel for rifles. Car-builders are again entering the 
market for plates for early and late delivery. me 
shape-mills have turned on to billets, also some rail- 
mills that would otherwise be idle. Wire-mills in 
the Pittsburg district are refusing orders for wire, but 
plain wire and rails can be had in any quantity. Lack 
of shipping facilities is interfering with shipment of 





war munitions to Europe. 
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THE RAILWAY ACCIDENT AT WEEDON. 

















Tue unfortunate and remarkable accident which 
ocourred on the London and North-Western Railway 
on Saturday morning appeared from the earlier 
accounts to due to a failure of material. It was 
at first assumed to be due to a broken coupling-rod. 
Evidence given at the Board of Trade inquiry, how- 
ever, suggested that the rod did not fail, but came 
adrift from one of its crank-pins. This complicates 
the explanation of the matter. The accident hap- 
pened to the well-known 8.30 a.m. Holyhead mail 
from Euston. The train, being heavy, was run in two 

rtions, and the second, just after leaving Stowe 
‘Tunnel, some three-quarters of a mile south of Weedon 
Station, was wrecked as it was passing the London 
train which leaves Birmingham at 8.45 a.m. It 
appears that the coupling-rod on the off side of the 
locomotive of the Birmingham train had come loose 
at one end, and was lashing about, throwing the 
ballast in all directions. Owing either to the rod 
getting across the down road, or to the disturbance of 
that road, the two locomotives of the Holyhead train 
were derailed and the five leading coaches of the 
train were wrecked. 

The front locomotive was the Stewart, of the Jumbo 
type; following it was the Euryalus, which has a 
leading bogie. The locomotives became uncoupled from 
the train and from each other, and ploughing up the 
permanent way for 200 yards or so came to rest 
apparently with comparatively small damage consider- 
ing the circumstances. Neither of the drivers or 
firemen were killed or seriously hurt. The wreck 
of the five coaches may be put down to the 
momentum of the heavy train behind them, but it is 
not clear what checked their progress. The train was 
travelling at a high s > There were fifteen coaches 
in all, including two diners. These latter immediately 
followed the five coaches which were destroyed, and 
the front end of the leading diner was broken up. 
Some idea of the wreck is given by the two illustra- 
tions annexed. The divaster occurred on an em- 
bankment which leads down from the Stowe Tunnel, 
and the two leading coaches left the embankment and 
came to rest lying on their sides in a field alongside 
and some twenty or thirty yards behind the 
locomotive. The third coach, following the other 
two, was caught by a telegraph pole and broken across 
the middle. The pole stood up to the shock and the 
carriage did not fall over. The bogies were left 
behind and went over the other side of the embank- 
ment. The fourth and fifth coaches turned round 
almost through a right angle and were greatly 
damaged. The other coaches kept the rails, bat, as 
has already been mentioned, the front end of the lead- 
ing diner was badly dam Right along the train 
windows were broken by the flying ballast as the train 
ran past the locomotive of the Birmingham train. Nine 

sengers were killed and some twenty injured. 

Not the least remarkable feature of the accident 
was that the Birmingham train, to which it wae due, 
escaped all damage, except some broken windows. 
It ran right past the Holyhead train, and was not 
brought to rest until it was nearly through the tunnel. 

















Fiu, 2. 


The most important evidence in connection with the 
affair has reference to this train. It left Birmingham 
at 8.45 and reached Rugby to time. When standing 
at the station the driver noticed that the split-pin was 
missing from one of the crank-pins of the right-hand 
coupling-rod. It is not clear if it was at the front or, 
rear end of the rod. The split-pin is used to lock the 
collar, which fits on to the end of the crank-pin and 
keeps the rod in place. A pin was obtained from 
another locomotive which was standing at the 
station, and inserted to replace the lost one. Accord- 
ing to the man who put it in, the split-pin was 
properly opened at the end. The work took only 
about a minute. The train got away to time, 
and ran the 13 miles to Weedon without incident. 
Shortly after passing this place, however, one end of 
the coupling-rod came off its crank-pin and began to 
beat the ground and throw ballast about, so that, as 
appeared later, almost every window on that side of 
the train was broken. The driver pulled up as soon 
as possible, but in the meantime the Holyhead express 
sed and was wrecked. 





Until the report of the Board of Trade inquiry is 


available it is not possible to know either why the 
split-pin came out or why the collar came off. The 
in, being taken from another locomotive, may have 
nm a bad fit in the taper hole, so that it easily 
worked loose. It was fitted very quickly, and 
may have been improperly expanded at the end. 
Again, in closing the split end:of the pin and 
opening it again, in taking it from one locomotive 
and fitting it to another, the me at the split 
end may have been fractured, so that the end fell 
off shortly after the train started. If the pin is 
found, this aspect of the matter may be settled. The 
only other question is why the collar came off. It is 
quite common practice to use plain collars for this 
work, and to rely on a strong, good-fitting taper pin 
to keep them in place. The collar apparently came 
off at Weedon Station, and is said to have been 
picked up there. Sometimes collars of this class 
are screwed on against a shoulder in addition to 
being pinned, in the evidence at the inquiry 
the collar was referred to as a ‘‘screw-washer.” This 
appears to suggest a screwed collar, but the point 1s 
not clear from the evidence reported, 
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HIGH-SPEED ROTARY AIR-PUMP OR EXHAUSTER. 
CONSTRUCTED BY THE WORTHINGTON PUMP COMPANY, LIMITED, LONDON. 
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Fie. 3. 


We illustrate above, in Figs. 1 to 4, a rotary air- | 
pump or exhauster, constructed by the Worthington 
Pamp Company, Limited, of India House, Kings©ey> 
London, W.C. In principle, the pump does not differ 
from the ordinary gas-exhauster, but by careful design 
of the details it has been rendered suitable for operat- 
ing against fairly high pressure differences. It con- 
sists of an impeller A set eccentrically in a cylindrical 
chamber C, which, ether with its covers, is water- 
jacketed. The impeller is slotted to take twelve flat 
tool-steel vanes B, B, which move freely in the slots, 
and when the machine is in operation are pressed out 
by centrifugal force. - 

The position of these vanes is controlled at 
the outer periphery by the two live rings D, D, and 
at the inner by the eccentrics KE, E. The rings D, D 
are of cast iron, and are ,, mm. less in diameter than 
the fixed guard-rings G,G:. These latter are of 
hardened steel, and have an inner diameter the tame 
as that of the central portion of the casing. The live 
rings D, D are supplied with oil through the pas- 
sages shown in Figs. 1 and2. As they move round 
with the impeller, there ie very: little relative suction 
between these rings and vanes, and hence very little 
friction or wear; ample lubrication is, however, pro- 
vided for. As shown, the impeller spindle is mounted 
on ball-bearings let into seats bored in the end c vers. 
A pad of rubber R between the fixed collar S and 
thrust-washer T limits the axial motion of the im- 
peller to whatever play the elasticity may permit 

The machine is intended to be coupled direct to an 
electric motor, as shown in Fig. 3. The plant illus- 
trated is capable of delivering 40 cub. ft. of. free air 
per minuts, with a maximum vacuum of 28 in. of 
mercury. r sizes are made up to a delivery of 
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WORM-GEAR.* 
By F. W. Lancuester, M, Inst. C. ER. 


Introductory. — The main interest that attaches to 
worm-gear from the point of view of the automobile 
engineer is its application to the rear-axle transmission 
of a motor-car. orm- r and screw-gear, it is true, 
are applied to some small extent to accessory purposes, 
such, for example, as the driving of the valve-gear or the 
magneto in the engine, or the steering motion transmis- 
sion on the chassis, but these applications are of quite 
secondary importance. i 

Since the main function of the axle transmission is to 
transmit power with the smallest possible loss, the 
question of efficiency becomes one of first, and, in fact, 
of vital, importance. : 

In the present paper the high-efficiency power trans- 
mission worm-gear will be the main subject of discussion, 
but for purposes of comparison, and as illustrating points 
of importance, screw-gear and motion-transmitting worm- 
gear will not be excluded. 

Power-transmitting worm-gear for motor-car use 
requires to comply with two main conditions :—(1) It 
must give an efficiency comparable, if not equal or 
superior, to the efficiency of the alternative types of 
gear—t.e., bevel or chain ; (2) it must. be of less weight 
and size than, or approximately the same weight and size 
as, a bevel gear of equal horse-power capacity. It is un- 
necessary to mention silence as a third condition, since 
this is the point on which worm-gear is notoriously 
beyond reproach. : 

pared to other forms of gearing on the score of 
efficiency, modern worm-gear is well able to hold its own ; 
the efficiency of chain-gear is variously given as from 
¥3 to 97 per cent., and bevel-gear, according to the tests 


* Paper read before the Institution of Automobile 
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of M. Faroux,* has an efficiency of 89 per cent.; this is 
| probably too low an estimate. Samples of Lanchester 
| worm- , taken from stock at the Daimler Works, 
| sho efficiencies varying from 95 to om pee cent., as 
tested and certified by the National Physical Laboratory. 
On the score of weight and compactness the Lanchester 
ae does not compare unfavourably with bevel- 
gear; the size and weight of a rear axle for a given duty 
1s approximately the same for both types of gear. Apart 
from considerations of the load carried, ci of 
worm-gear or screw-gear is a function of the worm angle.t 
Neglecting journal and thrust friction, or including such 
bearing friction in the total reckoning of tooth friction 
(we may refer to the combined friction as the effective 
friction), the best efficiency is reached when the worm 
angle is 45 deg. minus half the effective angle of friction. 
When the efficiency is high, it is convenient to remember 
that the efficiency at this maximum condition is a; xi- 
mately 1 —- 24, where » is the coefficient. us, if 
& = 0.02, the efficiency is 1 — 0.04 = 0.96, or 96 per cent. 


* L’ Auto, November, 1912. A comparison of results 
given by M. Faroux for a parallel worm and a bevel gear 
| 8 shown plotted in Fig. 1, accompanied by a curve repre- 
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senting the Lanchester worm from the National Physical 
Laboratory’s Report. The author is of opinion that both 
curves pereeatng M. Faroux’s results are too low. 

+ The angle made by the worm spiral to a plane normal 
to the worm axis, 






(3928 4) 








202 


ENGINEERING. 


[Aue. 20, 1915. 











The subject is discussed more fully in the body of the 


paper. . 

The maximum load that can. be transmitted by any gear 
a a ~ ar type of — or screw-gear 
emplo . t de Ss, 10 u what pressure 
the gear will stand without capella the lubricant from 
between the engaged surfaces or without crushing or dis- 
tortion of the materials employed. It will be shown later 
that in some cases the limit is not the oil film, but rather 
the hardness of the materials of which worm and wheel 
are constructed. ; . 

There is some confusion as to terms in connection 
with worm-gear. The term itself generally in this 
country is possiblya misnomer. Alternative terms some- 
times are ‘“‘screw gear,” “‘skew .” “helical gear,” 
&c. Inthe present paper, the term “‘ screw gear” is used 
to denote gear in which the teeth of the two component 
elements are true parallel screws; the term “ 
worm-gear” to denote worm-gear in which one element 
only (the smaller element) 1 a true parallel screw, 
and in which the wheel is of the hollowed form; and 
hollow pomgee for the type in which both elements 
have hollowed faces—that is, the type commonly known 
as ‘‘Hindley gear.” There is a fourth type, in which 
the wheel is a true screw gearing into a hollow-f 
worm. This type does not come under discussion. 

Historical.—The history of the application of worm- 
gear to the main transmission—that is to say, to the back 
axle of the motor-car—is, in fact, the whole history of the 
worm-drive that is of interest to the present-day auto- 
mobile engineer. 

The author, after a careful examination of the problem, 
designed and built, in 1896, a special machine for the pro- 
duction of r of the hollow or Hindley type (British 
Patent 13,433, of 1897), and fitted his first car with worm- 
gear in the following year. At that time the Hindley 
worm was a known text-book device, and was probably 
in use somewhere, but the author had at that time 
neither seen nor heard of a worm-gear of the Hindley 
type in successful operation. The only case of a prior 
use of a worm transmission of any kind in road auto- 
mobiles, known to the author, is that of an electric 
vehicle exhibited in London (at the Stanley Show) in 
1896 ; it is not known whether the said vehicle was ever 
put to run on the road. 

Prior to the advent of the petrol car (and more generally 
the road automobile), it is well known that tram-cars had 
been successfully —— by worm-gear, notably in 
Germany ;* the author lays no claim broadly to the intro- 
duction of worm-gear for locomotive purposes. 

From the date of the fitting of the first worm-gear 
transmission in 1897, every Lanchester car built tne. 
without exception, been fitted with worm-gear, and until 
about five years ago the whole of the said gear had been 

roduced by the one original experimental machine. 
ince that date (about 1907) new and improved machines 
have been designed and constructed, and in addition to 
the enlarged worm-gear plant at the Lanchester Works, 
a complete plant has been laid down at the Daimler 
Works, with an output capacity of one million horse- 


power per annum. 
A Lanchester worm-gear plant has also been estab- 
arner Gear Company of 


= 


lished at the works of the 
Indiana (who hold the American rights), which is 
capable of dealing with the present demand in the 
U.S.A. and Canada. . ; 

At the present time there are many competitors in the 
field; in almost every case the alternative offered is the 
true screw or parallel worm. The parallel worm has 
been able to find a certain number of advocates, but the 

resent tests appear to show that it is inferior to the 
indley type (as exemplified in the Lanchester gear) 
both in efficiency and load capacity. 

The author makes the assertion, without fear of con- 
tradiction, that the present position of worm-gear in its 
application to the automobile is the definite outcome of 
the uninterrupted success of the Lanchester worm-gear 
during what may be termed its probationary period, 
when applied exclusively to the Lanchester car, and its 
subsequent adoption by some of the leading firms in this 
country. 

One of the obstacles that beset the introduction of 
worm-gear some twelve or so years ago was the then 
existing prejudice on the score of efficiency. The 
Lanchester worm-gear of to-day shows an efficiency 
of from 95 per cent. to 97 per cent. under varying 
conditions (vide National Physical Laboratory Report). 
The Lanchester worm-gear of 1899 was cut, by the 
same meth on the same type of ine, from 
materials to approximately the same specification, yet 
Mr. Worby Beaumont,t+ in his book on the motor-ear, 
assessed the mechanical efficiency of the Lanchester car 
at 31.9 per cent., a most palpable mistake, but, never- 
theless, one which doubtless misled a great number of 
readers. Actual determinations of the gear efficiency 
made before the advent of the new testing-machine from 
the actual gear, gave 94 per cent. as the efficiency of 
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* Reckenzaum. 

+ In the paper, as issued before the meeting, Mr. 
mont was incorrectly quoted by the author as giving 
the efficiency of the transmission at 37 per cent. This 
statement, to which Mr. Beaumont has taken exception 

in the discussion, has been revised as above to 
actually with the text of Mr. Beaumont’s work. The 
author's original figure of 37 per cent. was based on the 
fi now given after making a reasonable deduction to 
iow for other losses of power. The point at issue is not, 
however, one merely concerning a few per cent. one way 
or the other ; it rather involves the fundamental question 
of what can be properly termed ¢ ical ¢ flict ; in 
the author’s opinion this term is improperly used by Mr. 

, Beaumont in connection with the figure above cited. 





the gear in question, with a possible error of 2 per cent. 
plus or minus. ] 

Probably the most recent development of eee 
in connection with worm- is the new of test- 
ing introduced in the =e built to the author’s d 
by the Daimler Company, Limited, and ibed in 
present paper. By means of this machine efficiency tests 
can be made with a degree of accuracy not hi 
obtainable—the av error is probably less than one 
tenth of 1 per cent., the National Physical Laboratory* 
certifying the accuracy as definitely within one-fifth of 
1 cent. from the truth. 

he importance of rapid and accurate measurement of 
efficie can scarcely overrated ; minute differences 
in the physical condition of the tooth surfaces, or in the 
extent of the tooth clearance, or in the character of the 
lubricant, are detected, and the effect on efficiency deter- 
mined with speed and certainty, and so the introduction 
of — refinements is rendered ible; without 
dou . — higher efficiencies will in the near future be 
reached. 

Controlling Factors in the Proportions and Design.— 
The determination of the appropriate design of worm- 
gear for any given duty is one that, like every other 
problem in engineering, depends upon the conditions 
that are given. In some cases the ratio of the transmis- 
sion is a determining factor, it being essential to make 
some definite speed reduction ; in other cases considerable 
latitude may exist as to the ratio of gear that may be 
employed, the external conditions—+.e., the revolution 
8 of the motor or some member of the transmission 

rive—being variable. In most cases it is the torque or 
horse-power to be transmitted that mainly determines the 
size and standard of the gear to be employed. In the 
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application of worm-gear to an automobile the most 
important variable factor is the weight of the vehicle. 
The road-wheel diameter varies comparatively little on 
any given class of car, otherwise it would more 
accurate to say that the main variable is the torque on the 
driving-axle. The fact that the road-wheels in common 
use vary but little in diameter means that the ue on 
the rear axle for a given road duty is approximately pro- 
portional to the weight of the machine. It is quite true 
that one of the important factors in the resistance of an 
automobile is wind reaction, but the maximum load on the 
transmission is determined by the resistance on heavy 
gradients where the speed is insufficient to render windage 
of im . On the lower gears the torque transmitted 
by the worm due to gradient alone is considerably greater 
than the torque required to overcome the combined 
resistance of gradient and wind on the higher 

A more important fact is probably that in pont peer! 
usage the high-powered car is not habitually driven on 
the level against wind resistance materially faster than 
a low or moderately powared machine. 

A very interesting point arises in considering the in- 
fluence of speed from the present aspect ; it will be seen 
on examination of the curves of efficiency (National 
Physical Laboratory report) that, as a general rule, 
efficiency is 1 or 2 per cent. lower at very low worm 
speeds than at worm speeds of 800 to 1200 revolutions 
per minute (Fig. 2); this not only means that the loss of 
power is greater, and therefore the heat generated on 
the worm teeth is greater per revolution of the worm, 
but it also means (which is really more important) that 
the lubrication film is thinning down considerably. If in 
two comparative cases we suppose the given motor- 
car to be climbing a steep hill, in one case on its direct 
gear with a comparatively high velocity, and in the other 
case on its low gear at a com tively low velocity, 
and therefore transmitting consi bly less horse-power, 
the worm may be under less severe conditions at high 
speeds in spite of the fact that the horse-power trans- 
mitted is greater ; consequently we have the paradoxical 
fact in the application of worm-gear to the motor-car that 


* The results of these tests are given in the Appendix, | road clearan 





in two cars of the same weight a given worm-gear will stand 
up as well or better in the case of a high-powered machine 
than in the case of a low-powered machine. This result, 
which follows almost ony from the tests conducted 
by the representative of the National Physical Laboratory 
at the Daimler Works, has been long known to the author 
as a matter of experience, and the reason has been fully 
appreciated ; but it has only been since the new Daimler 
testing-machine has been built that it has been ible 
to put so unexpected a fact definitely on re - The 
practical conclusion had reached previously as a 
result of experience gained in applying the same standards 
of worm-gear from year to year to successively more 
powerfull — cars. It was found that whereas an 
engine mg hig i oe gave no trouble at all, some 
attention was ed- when the weight of the car was 
increased ; during the last ten years, during which period 
car weights have gradually increased (principally owing 
to the ape for luxurious body-work), . pte apr 
increasingly necessary to pay attention to the quality of 
the bronze and the led md of the worm. , 

In considering the design of worm-gear for a motor-car, 
whether it be a pleasure vehicle or a commercial vehicle, 
we are thus led to the conclusion that the main factor in 
determining the size of the worm-gear is the torque on the 
driving-axle. Now, if it is pro to propel any given 
vehicle with an engine of specified horse-power, we know 
that the said horse-power may be obtained by | 
cylinders and slow revolution speed, or smaller cylinders 
with a higher revolution speed ; it is evident, therefore, 
that we require y means of comparing the power- 
transmission capacity of worm-gears of given centres, 
under conditions of constant driven torque and variable- 
speed reduction ratio. In the present connection it may 
be pointed out that in certain cases (especially where 
noise is unimportant) a gear may be used between the 
motor and worm-shafts, in place of the direct drive, in 
order to accommodate a worm standard that might other- 
wise be unsuitable. 

It is evident that the safe torque on the low-speed 
shaft, which we may, for the purposes of the present 
paper, assume to be the driven shaft, will depend very 
much for given centres of worm and wheel upon the ratio 
employed. We know from what has al y been said 
that it is desirable to use an angle of about 45 deg. at the 
top of the worm-wheel teeth—that is, in the bottom of the 
teeth in the worm n is means that the diameter 
ratios of worm and wheel at the bottom of the worm teeth 
should be approximately those of an ordina ir of spur- 
gears designed to the same ratio. A second factor in the 
— connection is the question of tooth pressures ; we 

ow that the load limit on the teeth of a worm-gear is 
in the main a measure of the projected area of the worm- 
wheel teeth, this area being determined by the depth of 
the tooth and the width of the tooth, both of which quan- 
tities are tied down by the diameters of worm and wheel. 
In Fig. 3 we have three diagrammatic drawings a, b, and 
¢, senaing gases of ratios respectively 10 tc 1, 4 to 1, 
and equal; the tooth load which these gears will be 
capable of taking are shown By shaded areas, and 
the torque on the driven member will in each case be 
ag oe to this area multiplied by the radius R; 

rom the relative figures for the respective gears laid 
out in the drawing we see that the torque-transmitting 
capacity of the gear is least for the big ratios—that 
is, in motor-car phraseology, for the low gears—and 
greatest for the bigh gears. We may re mt the 
torque capacity for the centres given rou by the 
curve as in Fig. 3, d.* We can refer to this torque 
curve when we wish to know what capacity a given gear 
will have, or, conversely, what gear centres it is necessary 
to select for any given vehicle. Thus the selection of a 
suitable is reduced to four factors—the weight of 
the vehicle and the diameter of the driving-wheels on the 
one hand, and the centres of the gears and the torque 
curve, which we are able to obtain (as shown in Fig. 3), 
on the other ; it is thus quite a simple matter to specify 
o — of the worm-gear required for any given 
uty. 

In the design of different types of gearing, whether 
worm-gear or spur-gear in any of its varieties, the 
important factors differ considerably accordin 
type of gear employed, and even accordin 
required ; thus in spur-gearing the strength of the teeth 
is & very important factor ; in power-transmitting worm- 
gears (for certain reasons which will be understood later) 
the strength of the teeth needs rarely if ever to be con- 
sidered ; designs which fulfil the other necessary con- 
ditions are usually found to possess ample strength from 
the point of view of — tooth breakage. Again, in 
spur-gearing the pitch diameters, or, in the case of in- 
volute the rolling circles, require to be selected 
exactly in the ratio of the transmission, and no departure 
is permissible ; in worm or screw-gear, on the other hand, 
no such rigid condition exists, and the angle of the gear 
teeth may be selected to accommodate any diameters 
required. For given centres the ratio is a 
function of two variables—namely, the size ratio of the 

and the tooth angle—whereas in the ordinary spur- 
gear the one variable alone determines the gear ratio. — 
_ In designing or laying out worm-gear, the use for which 
it is ——— is one of the most important factors in im- 
posing limitations to the proportions that may be adopted. 
Thus, for a motion-transmitting worm-gear where mecha- 


to the 
to the ratios 





* The curve d shown in Fig. 3 would evidently return 
to zero if continued to the lower (worm wheel) axis; it 
would therefore be a round-topped curve, as suggested by 
the dotted line. assumption of a 60 deg. angle for 
= ratios is evidently a rough-and-ready rule and obviously 
a t. 

t It is frequently found that a further factor—‘.c., 
ce—requires to be taken into account, 
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nical aw is of no im the only limitation is 
that the tooth pitch on t oop | member should not 
be too steep—it must make an angle to the Pt ee 
than the effective angle of friction. When it is desired 
that the should be self-locking—that is to say, 
“ irreversible”—the tooth angle itself must be less than 
the effective angle of friction; but, assuming efficiency 
to be unimportant, within this angle it may be as 
small as we please. the conditions require that 
the gear be self-locking—and at the same time it is 
im t that the effici shall be as high as ble 
—the angle of the worm tooth must be less the angle 
of friction, but should be made as near to the angle of 
friction as icable. Under these circumstances the 
maximum it of efficiency is 50 per cent. a 
worm or screw-gear is required essentially for power trans- 
mission, the angle of the worm must be made about 40 deg. 
if the highest efficiency is to be obtained. The efficiency 
for different worm angles is given by the equation 
tan @ 
tan (0 + u)’ 

where 6= worm angle and u = effective coefficient of 
friction.* ; 

The efficiency appropriate to different angles in accord- 
ance with this equation is given in Figs. 4 and 5, in 
which ordinates represent efficiency, and abscisse the co- 

J EFFICIENT OF FRICTION 0-025 
a Fig.4. Coe 
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tangent of angles; the actual angle values are also figured. 
In Fig. 6 this curve is given transformed to cort to 
a gear example on the left of the figure. In view of the 
fact that the angle of tooth in a screw or worm-gear is 
not constant at different points of the tooth, we must 
always consider that we are using a certain portion of the 
efficiency curve shown in Fig. 6, and it must be our 
object in designing to utilise the highest part of the said 
curve. It will be noted that an error on the side of 
making the worm angle small penalises the efficiency far 
less than departure in the o ite direction. i 

The question of the variability of the angle, discussed 
in the preceding paragraph in the case of the worm-gear, 
relates not only to the variations at different heights of 
the tooth, as in the case of the — but also to 
variations due to the hollow form of face, and in esti- 
mating the expected efficiency of any gear it is necessary 
to consider the total range of angle presented by the 
gear-teeth. ; . 

The need for high-tooth angle, otherwise termed “‘ quick 
pitch,” necessitated by considerations of effici , has in 
iteelf a certain accidental influence on the tooth form ; 
thus, in the hollow type of worm-gear, as exemplified in 
the Lanchester gear, the quick pitch would result in 
“undercut” if the tooth-face angle itself—that is to say, 
the angle the faces of the teeth make to each other—is not 
designed to give th : r 
were to exist, it would prevent the gears being put into 
mesh, or if by any mysterious process they were initially 
created in mesh, it would be impossible to separate them. 





e necessary relief. If such undercut | the 


In practice, the need for avoiding undercut requires, in 
order to take full advantage of the useful issible 
length of worm, that the tooth angle id be made 
a ony the ordinary standard Whitworth V. 
angle adopted by the author in all his gears is a 

of 1 in 2. 
n discussing the difference that exists yam be the 
ordinary worm-gear or screw-gear and worm- 
gear of the Hindley or Lanchester type, the main charac- 


teristic feature has been mentioned, that both worm and 
wheel faces are hollow; this, however, does not fully 


Wee 











define the difference—there is a more essential feature 
than the ho!lowness of the tooth face. erring to 
Fig. 7, two diagrammatic mid-sections are shown, one of 
worm, and the other of a worm of the hollow 
type, and in the latter it will be seen that the form of 
screw, instead of being compounded of simultaneous axial 
and rotational motion, as in the ordinary screw, has 
two rotational com ts, one about the axis of the 





- . The angle of friction in circular measure as employed 
in the equationr, 


worm, and the other about the axisof the wheel, the ratio 
of the two corresponding to the ratio of the gear. In 





ee 


and wheel teeth require to be of rolling form, as in spur- 
gearing, in the case B considerations of this kind do not 
concern the designer ; the tooth form may be made 2 
thing convenient, since they follow geometrically 
same path. In Fig. 8 this is illustrated by showing a 
tooth of impossible and fantastic form ; such a tooth, it is 
evident, would be possible except that, as drawn, the under- 
eut difficulty would exist; the gears could not be put 

r or taken apart. This fundamental difference 
between the two types of gear must always be remem- 
bered in considering the questions of tooth form, &c., of 
the Hindley and chester type. 

It may noted, in referring to the sections of the 
present paper entitled “‘Generating and Cutting,” that 
the method of cutting follows the geometry of the gear 
as above described—that is to say, in generating, the 
worm-cutter or hob rotates about the worm-wheel axis, 
while the worm blank is rotated about its own axis, just 
as is the case in the inverse operation. 

If the worm-wheel were represented by its plane of 
symmetry alone—that is to say, if the worm-wheel be 
considered as quite a thin sheet or lamina of metal—this 
method of generating or cutting a worm-gear would 
result in perfect contact along the radial width of the 
driving tooth during the whole period of the engage- 
ment. Since, however, the worm-wheel must of necessity 
possess substantial thickness, there will be a certain in- 
compatibility between the worm and the wheel due to 
the changes of angle of the worm-tooth owing to the 
greater diameter of the worm at its extremities.* This is 
the main fact that renders it undesirable to use in tice 
more than a very moderate length of worm. In the 
Lanchester gear the length of worm used is such that 
the variation of diameter from the neck of the worm to 
its largest part is about 7 or 8 per cent. of the total. 
Fig. 9 illustrates the portions commonly figured in 
text-books as the Hindley worm, and Fig. 10 the - 
tions adopted by the au In the Lanchester methes 
of cutting, special precautions are taken to avoid the 
above-named incompatibility of tooth angle, the result of 
these special methods being to distribute the wear over 
the whole width of the tooth face of the worm-wheel, it 
being found practicable to utilise in this way an aro or 
worm-wheel tooth subtending about 60 deg. of the worm 


axis. 

It is these two i the length of the worm and 
the arc subtended by the wheel, that determine the tooth 

angle required to avoid undercut. So long as the ordinary 

SS are adhered to, the tooth form in Fig. 11 is 
‘ound to give the necessary clearance. 

In selecting the tooth angle from the efficiency diagram, 
much depends upon whether the designer has an entirely 
free hand. It is undesirable from the manufacturing 

oint of view to make a large number of but slightly 
iffering blank sizes. It is found convenient from the 
works standpoint to cover a group of two, three, or more 
gear ratios by one size of blank. When the designer has 
carte blanche, it is, as already stated, found to be a good 
rule to give the bottom of the tooth of the worm an —_ 
of about 45 deg., and in ing a number of gears to 
cut from one standard sie of blank, i is convenient and 
practice to adopt 45 deg. for highest ratio. 
As an example, the 6-in. centre Daimler- 
series may be cited, in which one standard of blank is 
adopted for various ratios, as tabulated below; in this 


case the hig’ hest gear—t.c., 10/31 and 10/33—is of rather 
steeper pitch than the 45 deg. laid down. 
10/31... 49 deg. 
10/33 47 4, 
9/32 45 ,, 
9/34 43 ,, 
8/33 39 ,, 
8/35... si ais a bn ve. alee 
It will be noted — in cmmmtasing the ue trans- 
mission capacity of these different gears, the torque 
transmission is settled by the blank, and so, 
where it is desired to avoid wide centres, it is prac- 
tice to design a worm with rather a less angle than theory 
requires in order to keep up the size of the worm blank ; 


in other words, a slight sacrifice is made in the efficienc 
in order to permit of the required load being carried. 
For omnibuses and commercial vehicles it is the author’s 
practice to adopt this compromise; it will be seen on 
reference to Fig. 3 and 6 how comparatively small a sacri- 
fice of efficiency is necessary in order to gain largely in the 
torque capacity of the gear. 

In ordinary screw-gear the two component parts, the 
driving and driven elements, are symmetrical both as to 
design and method of manufacture. The correct basis of 
coat toon for a pair of screw-gears is a section taken at 
right angles to the teeth. On such a section the two 
pitch lines or rolling circles (the base circles in the case 
of involute teeth) appear as elli the point of engage- 
ment being at the extremities of their respective minor 
axes, Fig. 12. At the point of engagement the ellipses 
may be approximated arcs of circles, and the cutter 
used for eee toe the teeth must be selected appro- 
priate to t! circular arcs, and otherwise as if they are 
required to cut a pair of gears represented by the two 
circles in question, with a fictitious number of teeth to 


correspond. 

In ordi lel worm-gear the com >t gears 
are not, ey ial either in design or iS ow otber 
respect; the worm is commonly produced on the same 
basis as if required for an ordinary screw-gear and the 
quuutengaet of the worm—that is to say, a duplicate of 


* In the lel type of worm- the “‘incompat- 
ibility” of nt wheel flees to fer greater, due to 








other quite well-known causes, 
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the same, furnished with cutting teeth—is used as a hob 
for formi ae er in the en yo being renner 
first on milling-machine. According to another 
csatiem te worm is treated as a rack, the form of worm 
tooth being a simple V, and the wheel is hobbed from 
a counterpart cutter as above described. The latter 
method is, yy speaking, as good as the former in 
all cases where the worm pitch is small, as in motion 
transmission gear, owing to the fact that longitudinal 
section of the worm itself does not give a tooth form ma- 
terially different from a section at right les to its 
teeth ; in other words, a section at right angles to the 
teeth of a fine pitch screw gives a tangent circle of so great 
a radius that it is legitimate to treat the tooth form as a 
rack tooth. In power transmission worm-gear, however, 
where the mean tooth angle is approximately 40 dez., 
the assumption of a rack form of worm-tooth cannot be 
accurate ; this method of generating has, however, come 
into fairly common use amongst the advocates of the 
jel worm transmission ; we must presume from the 
air measure of success achieved that the resulting wheel 
form of tooth is one oppeogriate to the rack section, and 
that the disadvantage of designing the tooth form on 
incorrect assumption is not in practice a serious matter. 
In the hollow (or “hour glass”) type of worm, as 
in the Hindley and Lanchester gear, the conditions 
theoretically are such as are consistent with symmetrical 
treatment ; thus, if we consider the particular case of an 
equal transmission—that is to say, a one toone ratio—there 
seems no reason why the gears should not possess perfect 
skew symmetry about their pitch point ; in other words, 
in a number of such sets of gear there appears to be no 
reason why, froma es theoretical stand point, wormsand 
wheels should not be mutually interchangeable. It is less 
easy todefine, however, what kind of tooth form would be 
uired to bring this condition about, and it is still more 
dificult to define the tooth form for cases where the ratio 
of the drive is not equal—that is, where the worm and 
wheel contain different numbers of teeth. It is perhaps 
even more important that if we knew the tooth form— 
that is to say, if we could formulate a theory which would 
treat worm and wheel for all cases on a symmetrical foot- 
ing—we might be no nearer producing the required form 
of tooth in the machine-shops. In practice, it is necessary 
to in with a tool of some kind that can be made 
according to a definite simple geometrical plan—that is 
to say, a tool with a cutting-edge of some definite form in 
some definite position, such as can be laid out on the 
drawing-board, and afterwards produced in the tool- 
room. From such a tool it is next necessary to produce 
either the worm or the wheel, and from the form of worm 
or wheel so producéd to‘develop a hob by which the 
counter gear is cut; there seems to be no possibility 
of evading some such procedure, and given that this is 
the case, it is evident at once that we are unable to treat 
the problem symmetrically. The difference between the 
author's system of generating worm gear and vious 
methods Tepente in the main upon the special line of 
procedure by which the master tools are initiated, and in 
the worm-cutting machine and tool outfit which are 
employed in carrying the method into effect. , 
maximum horse-power that can be transmitted 
through a pair of gears of given design depends upon the 
pressure that can be safely transmit between the 
teeth. In an ordinary journal bearing, the transmission 
of pressure, and the limiting pressure that may be used, 
have a more or less definite meaning ; thus in the case of 
a plain bearing the pressure so specified means definitely 
the mean pressure on the oil film. In the case of worm- 
gear, however, it is necessary to make use of a conven- 
tion in speaking of the tooth ergs since we do not 
know the precise area over which the reaction at any 
instant is distributed. It has been the custom of the 
author for many years to express the force transmitted by 
the teeth as a pressure per square inch on the projected area 
of the worm-wheel teeth : thus, Fig. 13 re ts a stan- 
dard 6-in.-centre motor-car gear, and the shaded area 
represents the projected area of the teeth on which as a 
convention the load is supposed to be distributed. On this 
basis, worm-gear cut according to the author’s system 
will carry easily 1 ton per sq. in., and is good for an 
overload of two or three times that amount ; in fact, a 
load of 2 tons per sq. in. may be looked upon as a safe 
load, inasmuch as the will run satisfactorily with 


such a load for an indefinite period. Taking a car and | B 


ssengers weighing 2 tons gross on a 1 in 12 gradient, we 
ave roughly a traction resistance with allowance for road 
resistance of 0.2 ton, which represents on the worm teeth 
» force of 0.8 ton on a projected area of approximately 
4 in.—that is to say, 1.6 tons to the inch ; the in 
question will work quite satisfactorily, and will show nou 
signs of distress under these conditions. 

It is difficult to form directly any estimate of what 
such so called pressures mean when considered as trans- 
mitted through the actual surface of proximate contact ; 
it is at least remarkable that pressures of this magni- 
tude should be carried, even on the assumption that 
the load is distributed over the whole surface without 
breaking the oil film, since far less pressures are con- 
sidered extreme on ordinary journal i 
When, however, it is considered that the actual area 
in contact, or rather the actual area of the oil film 
under sure, at any instant must be many times less 
than the total projected ares of the tooth, the matter 
becomes more amazing. The best estimate of the actual 
load carried is obtainable from the behaviour of the 
bronze under extreme duty. It is found that in the case 





load is that after some 5000 to 10,000 miles running, the 
teeth will be found to have increased in height, owing to 
the pressure on their face, so that they bottom on the 
worm teeth. If under these conditions they are put in a 
lathe and cropped, they will run for another considerable 
iod before showing the same trouble again. It is evident 
rom these observations that the pressure transmitted from 
the worm to the wheel is of the order of 50 tons per sq. in., 
and we might consequently conclude that metallic con- 
tact must taking place. However, efficiency tests at 
heavy loads show clearly that the oil film is still intact 
and as perfect asever. Efficiencies at extreme loads still 
reach 96 per cent. or thereabouts, corresponding to a co- 
efficient of friction of only 2 per cent. It is quite evident, 
therefore, that the oil film is, under these conditions, still 
intact, and supporting @ pressure sufficient to crush the 
bronze itself. is is certainly an astonishing result. It 


means that the pressures transmitted by an oil film under | A: 


the conditions in which a lubricant is used in worm- 
gearing are about 100 times as great as are deemed 

practice in the lubrication of a plain journal. Such 
results appear to call for thorough investigation of the 
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circumstances under which lubricants are commonly 
employed in journal bearings; there seems no final or 
fundamental reason why improvement of a revolutionary 
character might not be effected in journal design, in view 
of the enormous pressure and low coefficient of friction 
shown possible by a modern worm-gear. The above 
result is, in the author’s opinion, due mainly to his special 
method of generating and cutting; under test (as else- 
where pointed out) the Lanchester gear shows marked 
advan under heavy loads over the parallel type. 
The chief theoretical point involved is conce in 
the manner in which lubricated surfaces sweep across 
each other in their engagement period ; endeavour was 
made in the Lanchester worm to cause the lubricated 
surfaces to take the form of an elongated strip or line 
moving broadside on, so that the oil squeezed out from 
the region under pressure at any instant takes its place 
at the point where the pressure is about to be applied. 
There seems no doubt that the abnormally high loads 
carried by lubricated surfaces in worm-gear in general, 
and by the Lanchester gear in particular, are only carried 
on account of this oil-chasing action. In aeronautical 
phraseology, the load is carried in the Lanchester gear 
on an oil film of great ‘‘ aspect ratio.” 


(To be continued.) 





Fustste Tin Bortgr Piucs.—The Journal of the 
Washington So of Sciences calls attention to an 
investigation of fusible tin boiler-plugs, conducted at the 
Bureau of Standards, to determine the deterioration to 
which they are subject in serviee. The attention of the 
ureau had been directed to several instances of the 
failure of such plugs, and examination showed that the 
tin in these plugs had oxidised in service to 
SnO,. melting above 1600 deg. Cent. Of four kinds of 
deterioration noticed, one could be pronounced danger- 
ous; it consisted in the formation of this oxide Sn O, 
either as a solid mass at the fire end of the plug or as a 
network throughout the tin filling. It was discovered 
that this form of oxidation in service depended on the 
presence of zinc in amounts as small as 0.3 per cent. The 
zine does not form a solid solution with tin, and upon 
being heating at about 180 deg. Cent. the zinc ping 
coalesces to form a network bonding the tin grains. is 
zinc is easily ied by many kinds of boiler water— 
for instance, alkaline waters—and the oxide or corrosion 
products of this zinc, and of the tin afterwards attacked, 
remain and form a solid, continuous oxide mass which in 
some cases has held the ure of the boiler even after 
the tin remaining has melted. and zinc were found 
to be the principal impurities in tin-plug fillings. A 
determination of the freezing-points of samples of tin by 
a cooling-curve method afforded a very good criterion of 
the purity of the tin, as approximately 0.1 per cent. of 
either lead or zine could detected. The conclusi 


of « fulbload of a yd Limousine, nearly 3 tons total usion 
weight, the bronze will slowly yield, unless of more than | arrived at is that tin equal to Banca tin 99.9 per cent 
50 tons crushing strength (Brinnel test) ; and the manner be used for boiler-plugs when ible; where 
of a failure of this kind denotes that the bronze has | such tin cannot be obtained it is found likely that tin of 
slowly yielded G kind of spianing action to the pres- | 99.8 per cent., including all high-grade qualities, would 
sure applied. precise symptom of failure from over- | be satisfactory. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 
F We give below a few Sete, on aenusel ote and 
engi Projects, rd o, 
Trade Journal. Further information i y 
jects can be obtained from the Commercial Intelli 
ya Board of Trade, 73, Basinghall-street, London, 

Australia: With reference to the call for tenders by 
the Stores Supply Committee at Sydney, for the manu- 
a 7 y, and delivery in the State yo — 

fe) wri papers, ting and lithographic 
papers, and tepeusition and Listing papers req for 
use in the various Government departments of the State 
ge | a period of five gry commencing July 1, 1916, 
the Sydney office of H.M. Trade Commissioner for 
ia has now forwarded a —s the specifications 
and conditions of tender ; also a k containing a com- 
lete range of samples of the paper to be manufactured. 

his latter embraces 41. samples of writing papers, &c., 
and 84 samples of printing Papers, pulp-boards, &c., 
lithographic, blotting, brown, and misgellaneous papers. 
The successful tenderer must be en during the 
first two years of the above-mentioned period, to com- 

te the erection and establishment within New 
uth Wales of all machinery and plant requisite for 
the manufacture of the several descriptions of paper 
specified in the contract schedules. e whole of the 
paper contracted to be supplied must be manufactured 
within the Commonwealth of Australia, and after the 
expiration of the first two years of the contract period it 
must be solely of New South Wales manufacture. Copies 
of the specification and conditions and form of tender 
may be obtained from the Stores Supply Department, 
Young-street, Sydney, N.S.W., at which address sealed 
tenders on the proper forms will be received by the 
irman, Stores Supply Committee, up to gs on 
September 1, 1915. The Sydney office of H.M. Trade 
Commissioner adds that though the time of the contract 
commences from July 1, 1916, the chief clerk of the 
Stores Supply Committee has stated that there is no 
doubt but that the time would be extended should any 
earnest endeavour be made for manufacturing the papers. 
The various Government Departments in the State pur- 
chase annually between 60,0002. and 70,0007. worth of the 
various papers. 

France : The Journal Offciel, Paris, publishes a Decree, 
dated July 11, extending the concession for the exploita- 
tion of the t of Dunkirk, held by the Dunkirk 
Chamber of Commerce, so as to include the ey of 
wet dock No. 5 of the Freycinet Basin, as well as the 
careening dock at Dunkirk. The Chamber undertakes 
to instal in No. 5 dock four cranes of between 30 tons 
and 40 tons ey. together with other apparatus for 
——s with heavy govods. The Journal Officicl also 

ublishes a Decree declaring of public utility the plans 

rawn up by the local Government for the improve- 
ment of the port of Mostagenem, in the Department of 
Oran, Algeria, and providing for dredging work and the 
construction of quays, wharves, and a slip at a total 
estimated cost of 1,720,000 francs (about 63,700/.). In 
return for providing 1,200,000 francs (about 44,400/.) 
towards the above-mentioned works the local Chamber 
of Commerce has been granted a fifty years’ lease of the 
land adjacent to the docks. 

Spain: The Gaceta de Madrid notifies that tenders will 
be received at the Direccién General de Obras Publicas, 
Ministerio de Fomento, Madrid, as follow: — Up to 
1l a.m. on August 21, for the ing out of port 
improvement works at Laredo, Province of Santander, 
at an estimated cost of 402,282 pesetas (about 16,000/.). 
A period of four years will be allowed for the com- 

letion of the works. Up to noon on August 31, 

or the construction of a water at the port of 
Deva, Province of Guipiizcoa, at an estimated cost of 
397,061 tas (about 15,900/.). A period of four 

ears will be allowed for the completion of the works. 

p to noon on August 31, for the execution of port ex- 
tension and improvement works at Bermeo, Province of 
Vizcaya, at an estimated cost of 1,157,116 pe-etas (about 
46,300/.) A period of seven years will be allowed for 
carrying out the works. Up to noon on September 2, 
for the construction of quays in the east dock of the port 
of Tarragona, at an estimated cost of 1,312,385 pesetas 
(about 52,500/.). The undertaking must bs completed 
within a period of three years. Tenders will be 
opened on the same date for the construction of a quay 
at Abando, Province of Vizcaya, at an estimated cost of 
1,605,205 pesetas (about 64,200/.). A period of two years 
will te allowed for the completion of the works. 
Although the foregoing contracts will probably be 
awarded to Spanish firms, nevertheless the carrying out 
of the works may involve the purchase of some material 
outside Spain. The Gaceta also contains a notice, issued 
by the Ministerio de Fomento, authorising Don Furio 
Roldan Cuenca to carry out the necessary works for the 
utilisation of the waters of the Rio Mundo, in the district 
of Ayne, up to 3000 litres per second, for industrial pur- 
poses. Work is to be commenced within a pene of six 
months from the date of the approval of the plans, and 
must be completed within two years. 





CaNaDIAN SHIPBUILDING.—The Canadian artment 
of Marine 7 re reports that ewes a, 
ing represent t year an aggregate new acem 

: of 43,346 ro ben largest annual total attained 
during the last fourteen years. Of last year’s total, 
23,167 tons were credited to Ontario, which has been 
advancing as a ship-owning and shipbuilding province 
since the development of trade upon the Great Lakes 





began to require a larger class of steamers, 
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propellers are mounted on coaxial sleeves which are driven in | ri of lead or other soft metal. If the projectile is intended to 
**ENGINEERING” ILLUSTRATED PATENT — directions through the medium of reduction gearing. — ‘. common shell on impact, the pas mechanism 
RECORD ¢ invent on consists in the provision ¢f a pair of turbine wheels | E, F retains its normal operation, that is to say, the brak- 
sd located in planes parallel with the tudinal axis of the tor-| ing - device is locked by the nose of the bolt P. If, on 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
OATIONS UNDER THE AOT OF 1907. 

, F A in the Specification D . ie stated 

Tin each ease; where none te mentioned the Spocifeation. 12 net 
where inventions ere communicated from abroad, the Names, &e., 


opie Bpocifications may p ebtatned af the Patent Ofte, Sales 
the Communicators ‘ 
: Branch 26, a Buildings, Chancery-lane, W.C., at 
price 0, 
the advertisement the 
gy HL ph By oy RA S 


atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
advertisement of the 


ive notice at the Patent O; of qurcciion to the grant ef 8 
Fetent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 
P. O. Pede: 


12,364/14. P. rsen, copenmage, Denmark. 
Wireless Telegraphy. {4 Figs.) May 19, 1914.—The in- 
vention relates to an aerial for wireless telegraphy and telephony 
comprising one or more firmly-coupied circuits and a receiving 
circuit coupled to the same, and iste in an arrang t of 
these circuits in which the amplitudes of the two or more free 
oscillations created by sudden alterations of the electric condi- 
tions of the antenna differ in general widely from each other, and 
especially in such a way that the amplitude of the free oscillation 
oe in wave-length to the receiving wave is very small. 
In this way only a small part of the total shock energy is trans- 
ferred to the receiving circuit. In carrying the present invention 
into effect, A is the antenna, in the earth connection of which the 
self-induction coils B and C are inserted. In order to shorten the 


A 





natural wave of the antenna, a condenser ©, may be inserted. 
The antenna, with inserted coils and condenser, forms an oscilla- 
tion circuit, desi 1. To the circuit 1 is coupled a second 
circuit consisting of the self-induction coil D and the condenser 
E. This circuit isa splitting circuit, and is designated by 2. It 
is firmly coupled to the circuit 1, either inductively, as shown in 
the drawing, or conductively, or by a combination of both 
coupling methods. The proper receiver circuit 3 consisting of the 
self-induction F and the capacity G, is in any convenient manner 
loosely coupled to the circuit 1. To the circuit 3 is connected in 
the usual manner the receiving members proper, as indicated in 
dotted lines. The circuit 3, being loosely coupled to the antenna, 
its natural frequency must always be —_ nearly equal to the 
frequency of the waves received. (Accepted June 3, 1915.) 


13,247/14. Marconi’s Wireless Telegraph Com- 
Limited, London. Pro- 


aon ° and H. J. Roun 

ucing Continuous Electrical Oscillations. [1 Fig.) 
May 29, 1914.—It has before been proposed to employ for 
purpose of magnifying or producing continuous elec’ oscil 
tions a vacuous tube containing a heated filam 
or grid, and an anode, the screen bein; 


the source of current, while the two inductances are so 


arran 
that they interact on each other. According to this invention, 


the screen is omitted from the interior of a take, and the cross- 


sectional area of the tube is reduced between the filament and 





(13247) 


G 


the anode so as to form a constriction through which the dis 

passes. Outside the tube and around the constriction is 
placed a metallic coating of wire or foil, this coating being con- 
an inductance to the source of current. This 
a illustrated in the drawing. V is the tube, hav- 
ing a filament F and anode H. The tube is reduced in — 
- a coat- 
ing of wire or foil 8, connected to a high-tension generator G 
through an inductance R shunted by acondenser K. M1, M? are 
et. The anode H is also connected in 
way to the generator through an inductance R! 
ts containing the in- 


charge 


nected throu 
arrangement 


4 


middie, and round the reduced portion is arranged 


the poles of an elec’ 
the ordinary 
shunted by a condenser K1, and 


the circui 
ductances R, R} are arranged 


80 as to int 


+ 


+ 
on one 


e 
la- 
ent, @ screen 
connected through an 


inductance to a source of current, and the anode being also con- 
nected through a second inductance shunted by a condenser to 


ged 


jo, and each adapted to drive through the medium of a single 
vevel-pinion a pair of hemispherical gear-wheels, one of the gear- 
wheels bein —_ connected to the thaft of one propeiler, 
while the other 8 rigidly connected to the shaft of the other 
Lat meg 60. as to ensure ing down, the rotation of the pro- 
pellers in opposite directions, an insariable mechanical connec- 
tion between the propellers, and perfect balancing of all strains. 
The two turbine wheels a and } rotate in opposite directions, 


and they are ar parallel toeach other in two planes lel 
to the longitudinal axis of the torpedo. The axes c and d of the 
turbines, carried ively in appropriate bearings e and /, end 


respectively in the bevel-pinions g and A. These two pinions, 
which rotate in ite directions, are in mesh on one side of 
the shaftsc and d of the turbines with a toothed ring i, common 
to them both, on a papas j, having a hemispherical body, 
rigidly connected with the hollow shaft & of the propeller m cf 
the torpedo. On the other side of the shaftecand d of the tur- 





bines, these same bevel pinions also mesh with a toothed ring », 
common to them both, on a gear-wheel, with hemispherical 
body o, rigidly connected with the hollow shaft p of the other 
propeller g. Fig. 2 shows the ar ment of the injection 
nozzle r of the turbines, the pipe s supplying the motive fiuid to 
this nozzle passing through the space ¢ reserved between the two 
toothed rings i and n. The operation of the device is self-evident, 
and it will be noted that the conditions necessary to an efficient 
result are obtained, viz.:—({1) The device itself constitutes a 
gearing-down mechanism, and in particular it should be noted 
that the great difference of diameter between the pinions g and h 
and the toothed rings i and n gives the desired gearing down 
with these four elements only, without any intermediate gear- 
wheels or train of gear-wheels. (2) The two a ewe q and m 
rotate in te directions, as do the turbine-wheels a and b. 
(3) Seein at the two toothed rings i and nm both mesh with the 
two bevel pinions g and h directly driven by the turbines, an in- 
variable mechanical tion and absolute mechanical depend- 
ence exists between the rotation of the two propellers g and m. 
Finally (4) the two pinions g and A and the two toothed rings i 
and n act in the same manner at two diametrically opposite 
points, so that the efforts acting —_ them, or the 
they transmit, are perfectly balanced. (Accepted June 10, 1915.) 


18,049/14. E. Schneider, Le Creusot, France. 
Double-Acting Fuses. (20 Figs.) July 30, 1014.—This 
imvention relates to double-acting projectile fuses of the kind 
which are located in the head of projectiles adapted to act as 
common shell or shrapnel according to the adjustment of the 
fuse, and which are provided with two firing mechanisms, one 
of which, intended to act in all cases as soon as the projectile 
is fired, ensures the transmission of the flame to the rear charge 
when the projectile is to act as shrapnel, whilst the second 
mechanism is intended to act only at the moment at which the 
projectile falls or upon its impact with an obstacle. A double- 
acting fuse for projectiles, according to this invention, comprises 
a firing mechanism for the transmission of the flame to the rear 
charge of the shrapnel, and a second firing mechanism for the 
operation of the projectile as common shell, and means for tem- 
meg 4 isolating or braking this second mechanism or render- 
ing the same inoperative ; the means being actuated by hand as 
a result of the regulation of the time fuse, or automatically under 
the influence of the gases evolved during the combustion of the 
powder transmitting the flame from the time fuse to the rear 
charge ; the t of rendering the means operative being to 
prevent the operation of the percussive m ism under the 
action of the counter acceleration to which the head of the pro- 








jectile is subjected when the shrapnel charge bursts, but, neverthe- 
less, ensuring in all cases the operation of the mechanism imme- 
diately on impact with an obstacle. fuse comprises a body A 
of appropriate construction, at the bottom of which the detonator 
B is screwed. The two usual firing mechanisms OC, D, and E, F are 
arranged in the fuse body. OC is the priming holder of the time- 
fuse firing mechanism, D is corresponding pin; E is the 
plunger of the ssion firftig: mechanism, and F is the corre- 
Gentiag pin. suitably veguntiag the position of the movable 
fuse-ring G relatively to the fixed fuse-ring H, the fuse is set for 
the projectile to act as shrapnel. The operation is ensuredin the 
known by the mechani 

is fired, transmits the flame to the rings H, G, to the port a, and 
thence to the rear charge of the projectile. 
inopportune operation of the percussion mechanism 
the shrapnel charge is ignited, th 

with a device renderin 
as a braking or other 





ievice. Th 





(Accepted June 3, 1915.) 
GUNS AND EXPLOSIVES. 
To 


charge. Bp aye a which opposes resistance to the i 
A t' pl Zz 

ager to the action of a 
y causing it to 





spring 0. The ring is put out of 
the spring o. This is effected 





tehead and Fiume, Hungary. 
(2 Figs.) April 12, oa invention relates 


oes. 
to turbine-driven automobile tarpedoes of the type in wh'ch the 


nose of a bolt P, w 





‘orces that | m 


C, D which, acting when the shot 


In order to prevent 
E, F when 
¢ mechanism is vided 

the same temporarily inoperative, such 
e construction illustrated com- 

prises a braking-device which automatically becomes operative 
under the influence of the transmission of the flame to the rear 
une 
E, may be constituted by a ring O sub- 
action | carried 
by the 
is provided with a collar p forming o 
piston, and with a frusto conical protuberance p! engaged in a 


the other hand, the projectile is intended to act as shrapnel, 
that is to say, if, as ted in the drawing, the fuse is 
adjusted for time-fuse ne the flame in ite transmission to the 
rear charge of the shrapnel kindles the ay ae powder J. In 
acting upon the oo force the 
bolt outwards. The ring O is thereby released, and its spring ° 
impels it on to the plunger E. As the bolt remains wedged in the 
ring of lead Q, it cannot resume ite initial tion. Asa result, 
any inopportune movement of the plunger E in the forward direc- 
tion is prevented by the spring-controlled ring O, which sufficiently 
reduces the sensitiveness of the said pl . The shrapnel is 
thus able to burst without the o: tion of the mechanism E, F 
ng fuse or nose of the pro 

encounters an obstacle, the inertia of the ey ol E ensures its 
projection on to the striker F, notwii ing the resistance of 
the spring 0. (Accepted June 10, 1915.) 

21,611/14. Sir A. T. Dawson and G. T. : 
London, Ordnance - Mechanism. [4 Figs.) 
June 4, 1914.—This invention re to a primer retainer for 
ordnance-firing mechanism, this retainer being of the kind that 
is movable by hand ind entiy of the primer extractor. 
invention, the er retainer is #6 constructed 

hether the -frame is open or closed the 
position to te with the: head of the 
primer and prevent the latter from leaving its chamber in the 
axial vent. A is the axial vent, B the box-slide, apd CO the lock- 
frame. D represents the primer retainer and E manually- 
operated actuating device. In the example shown, the primer 





retainer D is slidably mounted in the box-slide, and is controlled, 
by aspring Lb}. The nose d of this retainer cccupies the position 
shown in Fig. 2, whether the lock-frame is chs d or oper, a 
recess c being formed in the lock-frame to receive the nose d when 
the frame is in the closed position. The actuating device E is 
pivoted at ¢ to the outer end of the retainer D, and when dis- 
placed angularly bears against the box-slide and draws the 
retainer D to one side against the resistance of ite spring, so that 
the nose d, which had previously engaged with the head of the 
extracted primer, no longer prevents the latter from being with- 
drawn from ite chamber. hen the device E is released, the 
spring D! returns the retainer D to its original position. (Accepted 
tune 10, 1915.) 


12,825/14. Sir A. T. Dawson, London, and J. Horne, 
Barrow-in-Furness. yap A Guns. (2 8.) May 26, 
1914.—This invention relates to elevating mechanism for heavy 
guns of the kind that are elevated and depressed 4 an hydraulic 

otor, as a press, con by means of a vaive adapted to 
be Tay both by the elevating hand-wheel or the like, and by 
a safet yn ae for venting the gun from, being de- 
pressed into a post ion such that, if fired, it would cause e 
to any part of the ship within the training-arc of the turret, and, 
in certain circumstances, for automatically elevating the gun 
from the danger zone. According to this invention, the control- 
valve is mechanically connected both to the elevating hand-wheel 
or the like, and to the safety depression-gear, so that a more 
t ficient control is obtained than is the case when hydraulic rams 
and valves are interposed between the control-valve and the 
elevating hand-wheel, and also between the said valve and the 
safety depression-gear. A is the elevation-press, the ram of which 
is connected through a link a to the truonion-arm A! of the gun ; 


c 





B is the control-valve of the press A, and O is the elevating hand- 
wheel for operat: the valve. In the example shown, there is 
arranged around the turret a stationary cam-rail D, having, as is 
well understood, a contour conforming to the fittings or the like 
on the deck within the training-arc cf the turret. The turret 
carries a verticilly-slidable member E (herein referred to as the 


roller-bar) which lies in contact with the cam-rail and is d 
to operate upon a floating lever E!, which in turn is ada to 
be actuated, when the gun is — WA a tappet a! 
carried by the trunnion-arm or by suitable part moving 


an 
with the gun. The above-described mechanism is well under- 
stood and forms no part per se of the present invention. The 
roller-bar E upon the floating-lever E) th a bell. 
crank lever ¢ and a -rod el, and the floating-lever at ite r 
end is connected (for example, by a link ¢2) to a pivoted arm re, 
by a non-elevating part of the mounting, this arm being 
disposed in of the ta a, The floating-lever is oe. 
ally carried by a sliding block or bar EF, which is herein 
to as the plunger-block, The stem of the control-valve B is con- 
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nected by a bell-crank lever B! to a rotary > B2, which is 
Gidabiy somnestea to a shaft C! operated by elev: hand- 
wheel ©. The spindle is screw-threaded to carry a screw-' 
sliding-sleeve E+ which is to receive movement thi h 


a bell-crank lever ¢’—for example, from the Cy ape 3, 
The sleeve is controlled by a ng e* which bell-crank 
lever e? in contact with the plunger-block. In the event of the 


ee: Se Stee eS eee 
nary exhausting means, such as a wet-air pump, and in which 
augmenter means, such as a steam jet for the 

of vacuum, are provided, delivering from the condenser to the air- 


ye resent invention consists in 
of type in which the condensate ow com the 
condenser swap and the the wet-air pump are sub- 

















control-valve B being moved by the elevating hand-wheel to | stan at the same level, the usual water seal being replaced 
di the gun when such would the gun into | by a ms delivering condensate direct to the air-pump inlet, 
a a the tappet a! strikes the pivoted arm E?. | aod situated substantially at the level of the condenser outlet. 
The floating-lever E! is thus moved about the end of its lower | In carrying the invention into effect according to the form illus- 
arm, Ghesehy exsing Gagienase om Ete sleeve E | trated, a sump a is provided on the lower part of the main con- 
against the resistance of its spring ¢4and move the control valve | denser b. At the lower part of this sump an outlet ¢ of large 
to ite cut-off tion, owing to the screw-threaded connection | size is provided, toa pump d, which may be either a 
between the sleeve and the spindle B® connected to the valve | slow-speed rotary or slow reciprocatory pump with large 
stem ; of the gun into -L) t5— is thereby -valves, a non-return valve — provided in some 
Wem quia seashen. © Genpurens paptign Wish teaetd tp partnct | Gaieery tems thisipome lo taken te the tales oof ke eedianay 

D in os 8 gerous reg: oO vi from m en to the inlet e 
SS aa 

her on e cam- » to 
int cote har cnmece Ge Suntion lever El to be rocked about the at # 
point of connection of ite upper arm with the link ¢?, and the m J 6 
valve B to be shifted to elevate the gun until it is no lo ina — ‘ 

gerous tion ; after the roller-bar has been moved by the >) . 4 
training of the turret out of contact with the raised portion of cal 
the cam-rail, the control valve will, under the influence of the ram 


aforesaid spring ¢* controlling the sleeve E+, resume the position 
originally given it by the elevating —— OC, and og 
te t. 


tinue to be de until arres at 

(Accepted June 10, 1915.) 
HYDRAULIC MACHINERY. 

17,012/14. Da Brothers, Limited, and T. E. 
Sheffield. ulic Presses. Figs j 


(2 

July 17, 1914.—Tars invention relates to hydraulic forging ard 
like presses wherein the baseplate and entablature w consti- 
tute the abutment members of the framework are clamped 
against shoulders provided on the columns which constitute the 
tension members of the same, by means of nuts screwing uw 
of the columns. The object of the invention 
tening of the —_ poe extent such -— the 

portion of a column comprised between 
and the co-acting nut is permanently subjected shall 
exceed the tensile stress to which the column as a whole is 
subject under the maximum working load, so that any tendency 
of nuts to become loosen 


th portions 
is to ensure the ti; 


ed during working will be effectually 
counteracted. According to the present invention, this is accom- 
plished in the case of nut by introd a suitable heating 
agent or medium into an axial cavity which extends from the 
extremity of the column as far as the nearest 

of screwing home the nut, 


yt hom: By - Fy--*- mie yi - a 
been ie, the put er . 
manent tensile stress. a is the eer why and b the entablature 
of the press (these forming the respective abutment members of 
the framework of the ), whilst ¢ is the body portion of the 
length of a column (which forms one of the tension members of 
the framework). d are the bearing portions of the column, each 
of these bearing portions being a continuation of the middle 
portion ¢ beyond a collar ¢ formed integrally with the column 
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and adapted to bear t the inner side of the quvepenting 
abutment member. bearing portion d of the column is 
cylindrical and of sufficient length to pass 
which traverses the depth of the corresponding a 
@ or b, and to receive beyond the latter a nut f which, screwing 
upon the threaded end portion g of the column, bears against a 
face h provided on the outer side of the abutment member a or b, 
#0 as to clamp the abutment member the co-acting collar 
¢, the bearing portion d fitting within the aperture d! at j, j. & is 
an axial covly extending from each extremity of the column as 
far as the collar e, each cavity k being adapted for the introduction 
into it of steam, hot water, an electric heating-coil or other con- 
vane See medium oragent. — When the framework of the 
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STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 
4. The Hon. Sir C. A. Parsons, 8. 8. and 


{1 Fig.) May 22, 1914.—The present invention relates to condensing 
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exhausting means, which may == in a wet-air pump m “ oe 
bucket ¢; The upper part of the sump a is conn 0 
coned inlet f of an augmenter. At about the base of the coned 
portion of this conduit the usual diverging steam jet g is 
vided, the discharge from which, together with the entrained 
vapour and sir, is led to the usual vapour ccndenser A trom 
which a e j leads to the inlet ¢ to the ordinary exhausting 
means. It 1 be understood that the conduit /, k j containing 
the ting device lies preferably at a higher level than the 
conduit c, [containing the water- ping device. By employing 
a slow-speed water-pump to deliver condensate from the main 
condenser to the wet-air pump in this manner, the necessity for 
a water seal to prevent return of d d vapours to the 
augmenter inlet is avoided. It is therefore possible to place the 
os condenser at a much lower level with respect to the air- 
inlet than is ible when employing a water seal, which 

Da leatere of erable value in connection with cond 

ts for use on board ship, and also in some cases on 
where depth of foundation is limited. (Accepted June 3, 1915.) 


3617/15. Lancaster and Tonge, Limited, and J. 
aeerwerte, Manchester. Steam-Traps. [4 Figs.) 
March 6, 1915. — This invention relates to the type of trap in which 
the bucket is connected to the valve by levers and links, so as to 
give the bucket a leverage of 5 or 6 to1, and thus enable it to 
and close the valve with greater force. Instead of making 

e inlet and outlet in the cover, it is, according to this invention, 
ponpenes make them in the body of the trap, and in order to 
enable the joint between the part ss the valve-seat and the 
outlet in the body of the trap to be ly machined and drilled, it 
is made at an angle sufficient to allow the drill to the top 
edge of the trap body. A is the inlet, and B the outlet formed in 








the body ofthe trap C. The part D carrying the valve-seat has the 
joint E between itand the trap-body CO made at an angle as shown 
80 as to be easily machined and drilled. The valve F is carri 

by a sleeve G, which screws into the bridle or double link H, and 
is secured by a lock-nut, so that the height of the float N, to which 
bridle H is connected by levers L and rod M, can be adjusted if 
the valve or seat wear. The bridle H is also made to cover the 
ends of the pin P. In order to get the pin in, the levers L are 
raised until the hole comes opposite P, when the pin can be 
inserted. When the float is connected to the levers L the latter 
cannot lift high enough to uncover the ends of P, so that it 
cannot get out. The bridle H is connected to the levers L by 
pins cast on or screwed into the latter. (Accepted June 3, 1915.) 


MISCELLANEOUS. 


20,537/14. H. L. Short, A. E. Short, and H. O. Short, 
London. Aeroplanes. [16 figs.) October 5, 1914.—This 
invention relates to aeroplane egaeeene having folding 
— in which a wing spar vided and detachably con- 
nec! at such division by a tongue or pin on one section 
into a socket in the other 


position imately parallel with th 
approximately e 
ee eee eS a ae = am is 
formed with a hinge-joint, while the other is made to 

rate and to be connected together at the junction as af 





ready means 


The invention has for its object to provide 
necting the sections of 
when connected, are held 
jointing means which have req 


portions of the to be united respecti 
formed or fitted with a taper bie or guagestion en Gon powered 


cud © castee om tho other parton, and the taper jection is 
formed with outstanding ial projections which } ay admitted 
cut radially in the socket, and 


through corresponding recesags 
which, when passed within the socket, permit of secure attach- 


- |g is the tube 
the 


part 
or to socket. The end of the spar 
spar 1, is fitted with a metal plug 2, 
xte: to a required distance along 
the end of the plug 2 is in this case 
; the pin 4 has formed upon it a suit- 


ep ae separated 85 at a short dis- 
face of the plug iy oe ted in the end 
2 The ite member 6, Fig. 3, which is one of 
screw-threaded internally at its end to 
receive a sleeve 7, upon which is fixed an RS ped lever 8 ; the 
interior of the sleeve 7 (see Fig. «) is formed with a central aper- 
red pin 4, and it also has radially-cut 

recesses 9 to permit of the entry of the radial proj 5 of the 
pin, so that they may enter into an annular recess 10 in the inte- 
rior of the sleeve 7, upon which a rotation of the sleeve 7, 
by means of the operating-lever 8, will cause the locking of the 
, and the lever 8 is then secured in position. e bore 
in the ve 7 may be formed as shown, or in some cases the 
bore may be parallel, and it is preferable to make the entrance of 
the bore, where it opens into the annular recess 10, slightly 
smaller in diameter than the smaller diameter of the entrance end 
of the sleeve 7, and so that the pin 4 touches the walls of the 
smaller bore at the rear of the annular recess 10, and so assists in 
pees injury to the edges of the inwardly-extending radial 
at the entrance of the sleeve7. Ob ly, the rear faces of 
segmental projections 5 of the 4 may be inclined, whereby 
the rotation of the sleeve 7 will cause the inclined faces 
of projections to co-act with inclined faces formed in the 
annular recess 10 of the sleeve, and so tightly draw the two parts 
of the structure together. The ——— -lever 8, which controls 
the movements of the sleeve 7, is mited” as regards its angular 
can be secu in position when the two are 

gether by any suitable means. (Accepted June 3, 1915.) 
864/15. The Hardy Patent Pick Com q 
Limited, —_ A. lomew, lowes 
Brynamman. Ratchet- (4 Figs.) January 19, 
a oe ra to — t-braces and like ratchet 
mechanisms, in whic ng-pawis, or springs bearing upon 
pawls, are dispensed with. The invention consists in the i. 
struction arrangement of parts, terised by a pin 
— pe ap cheeks ay aoe — h 7 elongated slot 
n the handle, ng in conjunction w a pivot-pin around 
which the wk yey The ratchet-wheel a, chase b, and 
handle c, with = end c! and pivot d, are constructed in a 
manner somewhat similar to the known forms of such appliances. 














> apd to limit Satoeet ie mation of io handle c, and to keep 
i proper relative position to the other parts of the appara- 
tus, a second S €, secured between the cheeks } and ing 
through an elongated slot f in the handle, is provi The 
length of this slot is such that when the ratchet-wheel has been 
moved through the forward stroke, the handle ¢ may be turned 
about the pivot d so that the pointed end c! will be able to clear 
the apex of the tooth on the ratchet-wheel a with which it is 
en , when the handle can be drawn back and the pointed 
end re-eng: with the next or any succeeding tooth of the 
ratchet-wheel within the range of the stroke of handle and 
a fresh stroke commenced. (Accepted June 10, 1915.) 


664/15. R. H. Davis, London. Divers’ Helmets. 
e: Figs.) January 15, 1915.—This invention eee air-escape 


appara: —- of the vitiated 
air through the escape-valve, which is gene: located at one 
side of the helmet at about the level of the diver’s ear, creates 
a noise owing tothe bubbling of the water, which is sufficiently 
great to render it difficult for the diver, particularly if he be 
somewhat deaf, as is frequently the case with this class 

to hear m transmitted telephonicall 

the water. object of the invention, therefore, is to provide 
an escape-valve in which this defect is ov A ing to 
this invention, instead of allowing the air to escape through per- 
forations or holes in the valve casing directly inte the surround- 
ing water, as is usually the practice, the air is allowed to escape 








into a tube such as has already been proposed in connection with 
a water-seal, the tube being preferably to the back of 
the helmet, its end being either open or formed with perforations. 
@ re, .esents the diver’s helmet which is of ordinary construc- 
tion, > is the air valve which is mounted within the 
casing c, and d is the ordinary corrugated knob by means of 
which the valve is controlled by the diver. ¢ is the chamber 
which encloses the casing c, which casing is formed with the 
perforations in the usual way, so that the air escaping through 
the valve b passes through the perforations into the ber ¢. 
which is formed integrally with, and extends from. 
chamber ¢, the said tube being round to the back of 
the helmet a, as shown in Fig. 1, and having its rear end open a+ 
indicated at h. The open end A may have substituted for it « 
closed end formed with perforations, and in this case the total 
area of the perforations should be greate: 
orifices fin the casing ¢. (Accepted June 10, 





r than that of the 
1915.) 
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THE THEORY OF LUBRICATION. 
(Coneluded from page 197.) 

For brasses running in one direction only the 
theory indicates that an advantage, though of a 
somewhat — a — dk - secured Py 

rranging them s0 t the res passes n 
thosna the centre of the brass, but nearer the 
trailing edge. In most cases, however, it is neces- 
sary to employ brasses symmetrically loaded, and 
to the theory of these we now proceed. 

Equation (46) may be written in the form :— 
p="*" "Dp +e¢] 
where D is a constant of integration, and 

(1 + ¢ cos 6’) ain 0 (1 + 2 o& + 3c cos 6) sin 0 
= 9 (1-03) (1+coos 0 * 2(1 - (1 +c cos Op 
(2 + c*) cos & + 3 a EE 0 
—a-op vi- a MO Vig OD: 
If we select values of c and 6’, we can calculate 


(47) 











tan 





the value of ¢ for all values of 6 and can plot these 


Fig 
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down as curves. Thus, taking c as 0.6, Fig. 16 
shows values of ¢ for different values of cos 6 
between — 0.7628 and -—1. With ¢ = 0.6, no 
symmetrically-loaded brass is possible for values 
of cos 6 outside of these limits. 

In the foregoing @ denotes, of course, the posi- 
tion of maximum pressure, the limiting values 
corresponding to the above cosines are 139 deg. 


corresponding symmetrically-loaded brass subtends 
the complete circle from — 90 deg. to 270 deg., 
whilst with 6’ = 180 deg. the angle subtended is 
zero, the curve having merely a point of inflection 
at 180 deg. 

Taking one of the intermediate curves, say that 
for cos 6’ = — 0.8814, the extent and position of 
the corresponding symmetrically-loaded brass can 
be determined as follows :—A portion of this 
curve is plotted separately in Fig. 17. If we 
draw any horizontal line, such as A B, the por- 
tion of the curve above this line represents the 
pressure curve for a brass subtending (in the case 
illustrated) the angle between 104 deg. and 185 deg. 
(approximately); the total arc comprised between 
these limite being 81 deg. It is sufficiently obvious 
in this case that the resultant pressure will not 
bisect the brass, but will fall towards the right. If, 
on the other hand, another horizontal line C D be 
drawn, the portion of the curve comprised be- 
tween C and D will represent the pressure curve 


on a brass subtending the angle between 90 deg. 
and 224 deg. (approximately), the total arc between 
the limite stated being about 124 deg. In this case 
\t is again obvious from the figure that the resultant 





pressure will again not bisect this arc, but, in 
virtue of the negative portion of the curve near D, 
this resultant will now lie to the left of the mid- 

int of the brass, whilst in the previous case it 
“ to the right. Hence, at some position of the 


by | horizontal, intermediate between AB and CD, a 


brass exists which is bisected by the resultant 
pressure on it. By plotting down the ‘‘error” of 
the resultant for » number of points, the position 
and angle of this symmetric brass can be deter- 
mined. 

It is unnecessary to take up space with the 
somewhat tedious arithmetical work involved, 
but the results for different values of C are tabu- 
lated in the annexed table. Since the resultants 
were determined by approximate methods of integ- 
ration, the figures given may be in error by a sma 
percentage, but are, no doubt, substantially correct. 

The figures tabulated in the seventh column of 
the table show the distance between the end of the 
brass and the point E in Fig. 17. 

Referring to the table, it will be seen that with 
a light load, for which c has the value 0.4, the 








minimum pressure lies beyond the trailing edge of | b 
40 min. and 180 deg. With the former value the | th 


e brass so long as the latter subtends an angle 
which does not exceed a certain critical value 
situated somewhere between 140.6 deg. and 
246.8 deg. On plotting down the figures in the 
seventh column, this limiting value is found to be 
about 170 deg., and with brasses subtending a 
smaller angle than this, there will be no tendency 
for a vacuum to form under the trailing edge so 
— asc = 0.4 or less. 

» however, the load is increased so as to bring 
up the value of c to 0.6, then, if suction is to be 
avoided, the brass must not subtend an angle of 
more than some 145 deg., whilst with a still heavier 
load, bringing c up to 0.8, the limiting value is 
about 75 deg. 

The above values, it must again be recalled, are 
based on the assumption that there is no leakage of 
lubricant from the sides of the brass, so that in 
actual practice it is probable that suction will appear 
with brasses subtending materially smaller angles. 

It has already been observed that a brass in which 
the line of load falls between the centre of the 
brass and its trailing edge should lubricate 
itself very satisfactorily. So long, however, as 





the centrally-loaded brass is sufficiently short to 


vacuum near the 


—e edge, it does not appear 
that an asymmetrical loading is of any ee 
advantage. 


For the same least distance between 
brass and journal the supporting power of the oil 
film seems to be about the same whether the brass 
is symmetrically loaded or not. Thus an u - 
metrically-loaded brass subtending an arc of 90 deg. 
is represented in Fig. 18. It has been calculated 
for a value of c = 0.4. A symmetrical brass 
subtending the same angle is represented in 
Fig. 19. The relative load carried is, however, 
approximately as 61 to 95, but since the line con- 
necting the centres of the bearing and the brass 
does not intersect the brass in the case of the 
asymmetric load, the least thickness of oil film is 
about 22 cent. ter for this brass than for 
the cen -loaded brass. Since the oil pressure 
varies nearly as the square of the least thickness, 
the eccentrically-loaded brass would, with the same 
thickness of film, carry a load of about 61 x 1.22* 
= 91, which is nearly the same as that borne by the 
centrally-loaded brass. Nevertheless, it appears 
probable that under heavy loads the eccentric- 
ally-loaded brass would have the advantage. As 
has been shown above, if the load be continuously 
increased, with a consequent reduction in the film 
thickness, there comes a time with centrally-loaded 
brasses when a vacuum tends to form under the 
trailing edge, and it is unlikely that lubrication 
will be efficiently maintained when this occurs. 
With the eccentrically-loaded brass there is no such 
tendency to form a vacuum near the trailing edge, 
no — how much the load perp cance 80 _— 
its ultimate carrying power should be greater ti 
that of the centrally-loaded brass. 
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| deg. | deg. | deg. deg. | 
-1 | 190 | “180 | “tao | — 
— 0,8889/152 deg.| 135.9 | 166.9| 31.0| 0.0161 - 40.4 
| 48 min. 
- 0.7778/141 deg. 65.6 | 206.2/| 140.6 | 0.3087 -12.7 aa 
| 8 min. |\S 
— 0.6667/181 deg.|- 11.9 | 284.9 | 246.8/ 0.8804 +18.6 " 
| 49 min. ~ 
— 0.5556)128 deg.|— 90.0 | 270.0 | 360.0| 1.269 -+ 38.8 
| 45 min. | 
-1 | 180 | 180 | 180 | 0 0 — | 
een > 148.5 | 177.0) 38.6) 0.0367 | -228 | 
n. | 
- 0.8814 /151 deg. 81.0 211.0 | 130.0 0.6068 - 28 > 
| 49 min. | © 
— 0,8221/145 deg.|—- 6.0 | 2423/2483) 1.284 | 427.8 " 
27 min. | | ° 
— 0.7628/189 deg. | - 90.0 | 270.0 | 860.0; 1.997 | 449.7 
48 min. | 
-1 | 180 | 180 | 180| 0 o; - 
~0.9778|167 deg.) — —|- ~ sa 
50 min. | | 
— 0.9546 /162 deg. 156.6 | 276.5| 19.9) 0.0171 |; -10.8 > | 
| 40 min. | | © 
- 0.9818 158 deg.| 57.8 | 223.8) 166.0) 1.188 + 22.08 " 
48 min. | | | ° 
— 0.9001/155 deg.|— 90.0 | 270.0 | 860.0; 3.173 +65.23 | 
| 28 min. | 








The least distance between the bearing and its 
rass is equal to (1—c) », where 7 denotes the 
difference in the radii of the journal and brass 
respectively. The load carried varies, equation (46) 
shows, inversely as y*. Possibly an additional 
reason for the practice of scraping brasses to fit 
their journals is to be found here. It has, how- 
ever, to be observed that it is by no means certain 
that the radius of a brass is the same under load 
as it is when unloaded ; in fact, in all probability it 
does not remain a true circle when under pressure. 
Bushes, on the other hand, are generally better 
supported, and should keep their form well. 

e theory of lubrication as develo above 
is, of course, limited by the assumptions made 
in deducing it, and common-sense will be neces- 
sary in any attempt to apply it directly to practice. 
The most important of the points neglected is, no 
doubt, the effect of leakage of lubricant at the sides 
of the brass. In the oase of thrust-blocks the 
effect of this has been successfully dealt with by 
Mr. Michell. The complete solution of the corre- 
sponding problem in the case of a cylindrical brass 
is, however, very much more difficult. With 
—* it is probable that the solution could be 
ound for particular cases, but not a solution 
generally applicable. Presumably, however, the 





ensure an absence of any tendency to form a 





general effect of this leakage must be of the 
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same order as in the case of the Michell blocks. 
In that case it appears that so far from the 
permissible load varying as the square of the 
width of the block in the direction of motion 
(as in the case when side leakage is prevented), a 
block of which the length in the direction of motion 
is large compared with the transverse width, wil) 
actually carry a smaller load per square inch than a 
block in which the ratio of length to transverse 
width is small. The general effect of side leakage 
must be the same in the case of a brass, and thir 
affords an additional reason for the use of brasses 
subtending but a small arc, when the load to be 
carried is high. 

Although, as stated, the theory, so far as at 
present developed, is not directly applicable to 
the desi of bearing - brasses, yet it would 
seem quite capable of giving guidance when 
a brass of proportions which are known to 
work well with one lubricant is to be fed with 
another. According to the theory, the per- 
missible load is directly proportional to the vis- 
cosity. This may perhaps be considered as a sort 
of coefficient of friction, but, in place of being 
proportional to the load, as in the ordinary rules 
for the friction of non-lubricated surface, *‘ vis- 
cosity friction” is proportional to the speed of 
movement of the one surface over the other. It 
is generally tabulated in dynes per sq. cm, and 
taking it in these units, all dimensions and velo- 
cities in the equations printed above should be 
measured in centimetres and centimetres per 
second respectively. The pressure P, thus calcu- 
lated, will then itself be in dynes per square centi- 
metre, and 1,000,000 dynes per sq. cm. is very 
approximately an atmosphere. 

Some values of the viscosity of various lubricants 
(abstracted mainly from Messrs. Archbutt and 
a treatise on lubrication) are tabulated 

ow :— 














— Viscosity in Dynes per 8q. Om. 
Temperature deg ¥| 60 | 100 | 190 | 22 
Water... .. | 0.01081 | 0.00771 | 0.00324 | 0.00816 
Sperm oil .. . | 0.420 0.185 0. | 0.046 
Olive oil |. ; ee} 1008 | 0.877 [0.154 | 0,070 
Rape oi] .. - P --| 1.118 (0.422 {0.177 | 0.080 
Russian light spindle oil ..| 1.166 | 0.807 0.089 | 0.043 
Russian medium machinery oil) 3.595 | 0.762 0.196 =| 0,066 
American spindle oil .. --| 0.458 | 0.162 | 0.066 0,033 
American light machinery oil | 1.138 | 0.342 0.115 0.049 
American engine oil .. --|1.915 | 0.496 [0.150 0.058 
American medium machinery) { 

oil ee os ae --| 8.046 =| 0.705 0.210 0.076 
Valvoline... = | 2.406 0.005 | 0.187 








The very rapid diminution of the viscosity with 
rise of temperature is of much practical import- 
ance, and is probably largely responsible for the 
fact that it is possible to pivot a Michell block at 
the centre instead of near its trailing end. 








MODERN BULLETS IN WAR AND 
SPORT. 


By Fleet-Surgeon C. Marsh Beapnewt, F.C.S. 
(Concluded from page 183.) 

The Vacuum Behind the Bullet.—The high-speed 
bullet will, under certain circumstances, burst 
metal vessels when these are only partly filled with 
fluid, a phenomena we saw to be due to hydro- 
dynamic action, but the puzzling question naturally 
arises, what is it that replaces the water that is 
aes eccentrically from the bullet's path 
and that gives rise to the apparent increase 
of volume greatly exceeding that of the bullet? 
As will presently be seen, it is a vacuum that 
allows of this apparent expansion. As _ the 
ballet enters the fluid, it thrusts aside the 
particles of the latter with its shoulder, by which 
region is meant the junction of the eurved? gival 
portion with the straight cylindrical part. ese 

rticles travel out at immense speed, leaving 
Behind them a vacuum, and it is they which rupture 
the walls of the vessel. When, ultimately, they 
come to rest on their outward journey, atmospheric 
pressure forces them back again, so that they 
collide with returning 5 ase from the opposite 
direction. If the bullet possessed a very high 
speed when passing through the fluid, the displace- 
ment of the columns of water would be correspond- 
ingly violent, and so, too, would be the collision of 
the returning columns, in which case a rebound 
would occur with the formation of a secondary 
vacuum, & process that would go on with diminish- 
ing intensity until a state of repose was attained. 


The vacuum is not without its practical interest, 
as it throws light on the method whereby icles 
of fur, feathers, and clothing are carried intw 
mammals, birds, and man respectively, and become 
lodged in the deeper tissues. On one occasion, 
when examining the bullet-track in an animal killed 
at a close range with a 0.303 bullet, the writer dis- 
vovered the small wad that separates the cordite 
from the base of the bullet embedded in the muscles 
between the ribs and shoulder-blade. The wad 
vad been forced by atmospheric pressure not only 
chrough the tough skin and superficial muscles, but 
through the shoulder-blade itself. Had this 
occurred in a man it is easy to see how suppuration 
in the depths of the tissues might arise in connec- 
tion with a bullet wound that, under normal circum- 
stances, would have given rise to no after trouble. 

Entrance and Exit Apertures —We have said 
enough about the bullet’s track, and must now 
examine a little more closely the apertures which 
the bullet leaves in the skin as it enters and leaves 
the organism. The entrance aperture is invariably 
smaller than the exit, and, indeed, smaller than the 
salibre of the bullet itself, thanks to the subsequent 
contraction of the stretched-out living tissues. It will 
be noticed that from the periphery of the aperture 
minute fissures extend, and these are the edges of 
little sectors which are turned inwards in the 
bullet’s direction. It will be found that the tips of 
these little sectors are missing, having been carried 
away on the nose of the bullet ; their edges, two, 
are slightly blackened by débris in the shape of 
lubricant, metallic dust, carbon, &c., such blacken- 
ing, of course, not being in evidence when the 
bullet has previously through clothing. 
The entrance aperture increases in size with the 
laxity of the parts (see what was said above con- 
cerning bone under different kinds of stress), also 
with the range, and finally with increase of the 
angle which the bullet’s long axis makes with the 
tangent to the trajectory through the centre of 
gravity during impact and penetration, attaining 
the maximum when the missile is travelling ‘‘ side 
on.” Eversion of the margin of an entrance aper- 
ture is rarely seen in the skin, though it is the rule 
in plastic material like lead. 

As regards the exit orifice, the margin of this, as 
a rule, is everted, and never shows blackening ; the 
size is just a little larger than that of entrance, due 
to the fact that in the latter case the surrounding 
parte are supported in the bullet’s direction, whereas 
in the former case they are unsupported ; in fact, 
the bullet throws the tissues into much the same 
condition as exists in a bent stick where the parts 
are compressed and approximated on the concave 
or lesser curvature, and stretched and separated on 
the convex or greater curvature. 

Any estimation of the ‘‘stopping” power of a 
projectile should take into consideration the ratio 
of its mass to that of the part struck. A bullet, 
for instance, that will neatly tunnel through the 
thigh bone of a large animal, such as an elephant, 
and leave it, comparatively speaking, unimpaired, 
will sever both legs of a deer. In the Filipino 
campaign the writer saw an American soldier who 
had been struck in his cheek by a Mauser bullet, 
which had passed out through the opposite cheek, 
removing en route several crowns of teeth, but 
without inflicting further damage. On another 
occasion he came across the body of a Filipino 
officer that exemplified the effects of the reverse 
ratio, for a piece of shell had swept away the whole 
of his lower jaw. 

Bullet Injuries of the Cranium in Man and 
Beast.—One of the most remarkable and humane 
features of modern warfare is that bullet wounds 
of the brain are no longer necessarily fatal, as they 
almost invariably were in the days of the Martini 
and ‘‘ Brown Bess.” In such wounds brain matter 
may protrude from entrance and exit apertures, 
a phenomenon apparently due not so much to 
the direct action of the bullet as to subsequent 
pressure set up by pathological changes. The 
writer remembers seeing a soldier who had walked 
4 miles after the battle of Magersfontein with 
brain substance emerging from each side of his 
head, yet this man made a very good recovery. 
Concussion of the brain may be induced without 
the bullet having entered the brain or even the 
skull ; here are two interesting cases in point, one 


from the field of sport, the other from the field of 
war. The writer had fired a 0.303 bullet at a water- 
buck from a distance of about 50 yards. The buck 
fell in his tracks without a struggle, apparently 





dead. The writer put his rifle on the ground and 


sauntered up to the creature to examine it, when it 
suddenly staggered to its feet and, before he could 

in his weapon, disap into the bush. 
Blood lay on the ground where the animal’s head 
had been, and, although the wound was not actually 
seen, there is no doubt that it was a head shot, 
for the writer had been able to rest his rifle 
ona stump and take careful aim, so there was little 
doubt that the bullet, while failing to enter the 
skull, had nevertheless grazed it and thereby trans- 
mitted enough shock to produce temporary insensi- 
bility. Another curious instance, in this case in 
a human being and fatal, came to the writer's 
notice in the Filipino war. The bullet, a large-bore 
Springfield, entered the skull behind the right ear 
and, coming into contact with the tough membranes 
(Dura mater) protecting the brain, turned aside 
and passed once more through the skull-wall, but 
this time from within outwards, and thence on into 
the open air. All this took place in so small an 
area of the head that the apertures of entrance and 
exit were within an inch of one another. 

The following crucial experiment was made on 
the cadaver with a view to illustrating the effects of 
different bullets on the cranium ; and here may 
be anticipated a possible objection that may be 
raised by the critical reader, to wit, that on dead 
tissue the projectile has not the same action as on 
the living. Against such objection, which is, of 
course, quite valid, it may be urged that the differ- 
ence is constant and always in one direction—that 
is to say, the effects in the dead organism are more 
marked than in the living, but the proportional 
effects are equal: for instance, the ratio of the 
effects of a hard-nosed 0.303 bullet to those of a 
soft-nosed 0.303 in the cadaver and living body 
respectively would be constant. Provided, there- 
fore, that we do not overlook this comparative 
factor, and that we temper the deductions drawn 
from them with observations made on the fields of 
sport and of battle, such experiments are far from 
being without their value. The particular experi- 
ment we are about to describe illustrates the effect 
on the human cranium (and the same results may 
be anticipated in the case of a lower animal) of a 
small, as Po py with a large, bore, of a high, as 
compared with a low, speed, and of a deformative, 
as compared with a non-deformative, bullet. The 
missiles used were the hard and soft-nosed Mauser, 
the Martini and Snider. 

Table Showing Effects of Four Different Bullets on the 

Cranium. 




















| | Mauser. | 

| — ———— Martini-) gnider. 
é| Hard-| Soft- Henry. 
Zz! Nose. Nose. 
1|Range in feet “ 10 10 10 10 

Bullet : | 
2| Weight .. grains 172 172| 480 480 
8| Calibre .. - in. 0.276 | 0.276 | 0.460 | 0.580 
4| Muzzle velocity ft.-sec., 2200 | 2200 | 1315 1240 
6| Muzzleenergy..  .. ft.-lb. 1846 | 1846 | 1841 | 1637 
6| Value of D2/W.. wie " 25; 26| 29 4.8 

jum : | 

7| Long diameter .. in.| 7.4 | 7.2 7.4 7.5 
8| Short . ee ee | oe? | 6.4 5.6 6.0 
9| Circumference .. - » |.2'.2 | 21.0 | 217 22.7 
10| Weight before firing .. oz. 137.0 130.0 | 1580 | 173.0 
11) » afterfiring .. », 186.6 | 98.2 | 117.0 129.5 
12} Loss of weight due to pas- } 

sage of builet -. 04, 05 | 368 | 41.0 43.6 

13! Percen loss of weight ,, 0.36| 2830 25.94 25,14 
14, Relative loss of weight 1.00 78.61 72.05 | 69.83 
16; Di ofent aperture) 

| in.| 0.3 0.3 0.4 0.5 
16; Diameter of exit aperture ,,| @4 5 — _ = 





Hard-Nosed Bullet Wounds of Lung not as a Rule 
Fatal. — When a hollow organ, such as the stomach, 
is perforated by a bullet, it sustains more damage if 
it contains fluid than if empty. The writer fired 
a 0.303 bullet at a sheep’s stomach in the one case 
when it was full of water, and in the other case 
when empty, with the following results :—the aper- 
ture in each wall of the empty organ was 0.2 in., 
the aperture in the first wall of the full stomach 
was also 0.2 in., but that in the second wall was 
0.7 in. From this it follows that a man hit in the 
stomach after a full meal would have less chance 
of recovery than had this occurred when the organ 
wasempty. Bullet wounds of the lung, provided 
no large vessels are touched, are seldom fatal in 
man or beast. The writer has seen as many a5 4 
dozen men in one ward of a base hospital all con- 
valescent from lung injuries. Perhaps a couple of 
remarkable instances of these injuries that occurred 
during the Boer War will prove of interest. Two 
officers were reconnoitring when one suddenly 





leapt off his horse with a forcible exclamation to the 
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effect that he had been hit by a bullet in the foot. 
His friend likewise dismounted and proceeded to 
take off the wounded man’s boot and apply ‘‘ first 
aid ;” both officers then remounted and rode back 
tocamp. On the way the officer who had helped 
his friend complained of great pain in his chest, and 
before camp was reached he had fainted away. It 
subsequently transpired that a bullet had passed 
through his lung, and this must have occurred at 
the same instant his friend was hit in the foot, but 
in the excitement the pain was not felt. This officer 
completely recovered. The other instance occurred 
in the person of a private who was wounded by a 
‘‘ pom-pom ” shell, the diameter of which is 38 mm. 
The missile perforated the left side of the chest, 
carrying away with it several pieces of ribs and 
destroying the greater portion of the left lung. 
After several operations, the man left hospital 
and went on a globe-trotting tour, during which, 
with the object of turning an honest penny, he 
exhibited himself as a ‘‘freak.” Ultimately, he 
arrived in Hong Kong, where, for some reason or 
other, he managed to get gaoled. Later, he was 
discharged to the local hospital for a further 
surgical operation, during which some dead pieces 
of rib were removed, and ultimately he was dis- 
charged ‘*‘cured.” These notes, together with a 
we, showing the very extensive damage 
done the projectile, were kindly given to the 
writer by the surgeon under whose care he was. 

The German and English Bullets Contrasted.—The 
writer will conclude with an extract from a lecture 
which he had the honour of delivering before the 
Physical Society at Guy’s Hospital, prior to the 
outbreak of the war :— 

‘‘One of the most modern bullets is the Spitz- 
Geschoss of the Germans, and it shows every 
indication of producing much less dangerous 
wounds than those made by its predecessor, the 
1888 Mauser. This pointed bullet has, so the Ger- 
mans claim, most remarkable and favourable bal- 
listic properties ; for instance, at a range of 400 
yards the height of its pay oy An only 11.75 in., 
as compared with 28 in. for the Lee-Metford bullet. 
It is doubtful, however, whether this bullet has the 
same stability, and therefore accuracy, at long 
ranges as ours. The following table contrasts the 
two bullets for a range of 400 yards :— 


Table Contrasting the English and German Bullets. 








| 
German. | English 
No. — Spitz- | Lee- 
Geschoss.' Metford. 
1 Calibre -- in. 0.815 0.811 
2 | Weight ee a . . grains 154 215 
3 | Muzzle velocity . as ft.-sec.} 2909 2060 
4 | Striking velechy at 500 yards o 1712 1229 
5 | Striking velocity at 1000 yards ___,, 1039 886 
6 |Muzzleenergy .. ‘ ..ft.-lb.| 2916 2086 
7 | Striking energy at 500 yards .. ,, 1009 724 
8 | Striking energy at 1000 yards.. ,, 871 377 
9 | Height of a 400-yard trajectory : 
At 100. yards ae o - 8.5 19 
At 200 yards ee os ee eo 11.75 28 
At 300 yards “ we 9.0 22 











‘« The question as to which of these two bullets is 
the better from an all-round point of view will 
doubtless be settled by our experts after the sound- 
ing of the “‘ cease fire;” but even if we assume, just 
for argument’s sake, that it is the German, the 
importance of a foot or two in the height of a 
bullet’s trajectory dwindles to insignificance when 
placed alongside the importance of the spirit of the 
man behind the bullet. Ultimate victoty lies with 
our men, not so much because of the weapons they 
are using as because of themselves, because they are 
confident in the knowledge that the cause for which 
they are fighting with such magnificent courage and 
determination could not be a more just one, and, 
finally, because they are fighting in alliance with 
those whose faith is not that Might is necessarily 
a but that in the long run Right is always 
Might.” 





German Cast Srazt.—The Bochum Cast Steel Union, 
which has a share capital of 36,000,000 marks, has just 
issued @ very satisfactory balance-sheet for the year 
1914-15, showing a dividend of 14 per cent., against 10 per 
cent. for the previous year. The following table shows 
the earnings and dividends for the last six years :— 


Year. Writings-Off. Net Profits. Dividend. 
Marks. Marks. Per Cent. 
1909-10 .. 1,700,000 3,600,000 12 
1910-11... 1,800,000 4,400,000 124 
1911-12 .. ee 1,900,000 4,900,000 14 
1912-18 .. .. 2,400,000 6,400,000 14 
1913-14 .. 5,680,000 4,330,000 10 
Wield .. 4,500,000 7,400,000 14 


COMPARATORS FOR THE INDIAN 
GOVERNMENT. 
(Continued from page 182.) 

The Electric Heater.—This apparatus, which is 
illustrated in Figs. 43 to 46, on page 210, consists 
of a closed tank about 16% in. by 64 in. by 10% in., 
connected on the one side with the central pump, 
and on the other with the outer trough of the 
double tank. Over a portion of the top plate is a 
shallow chamber to accommodate the electrical con- 
nections. Attached to the top plate and projecting 
through it into the heating-tank below are seven 
narrow pockets liel to one another, each open- 
ing at the top into the shallow chamber above. 
These pockets, together with the chamber, are com- 
pletely filled with oil. In the seven pockets are 
placed eight heating ‘‘ coils,” made of woven wire 
and asbestos, the effective heating area of the coils 
in each ket being 9in. by 5in. The coils are 
inciaiel en both sides by sheets of micanite 
pierced with holes. Attached to the body of the 
tank and to the underside of the lid of the shallow 
chamber respectively are two bus-bars, to which 
seven of the heating coils are connected in parallel, 
The eighth coil is not grouped with the others, 
but is on a separate circuit with one terminal on 
the bus-bar attached to the body of the heater, and 
the other at the switch on the lid marked ‘‘thermo- 
stat.”” The two bus-bars are provided with binding 
screws, to which the 100-volt electric mains, pass- 
ing through insulating bushes im the lid, may be 
attached. The coils are thus placed in the main 
circuit direct, except the coil which is in the ther- 
mostat relay circuit. 

The water to be heated is drawn by the centre 
pump from the outer trough of the double tank 
through the heater, and in its passage through the 
body of the latter is caused by baffle-plates to 
circulate up and down between the kets in 
which are the heating coils, and it is thus heated 
by such coils as are in operation. 

: _ resistances of the different coils are as 
ollow :— 


Ohms. 
Thermostat coil 33.3 
Four coils, each 33.3 
One coil : 67.0 
a .. 133.0 
. 267.0 


the last two being contained in a single pocket. 

Current is admitted to the coils through switches 
on the lid of the heater. Two of 33.3 ohms, each 
in ite own pocket, are in parallel, but controlled by 
the same switch. The two coils, of 133 and 267 
ohms respectively, although placed in the same 
pocket, are controlled by separate switches. The 
remaining coils, each in a separate pocket, are 
controlled by separate switches. 

Given a potential of 100 volts, the switches 
permit of bringing into operation coils producing 
respectively 600, 300, 300, 150, 75 and 37.5 watts. 
The thermostat coil, with the same electromotive 
force, will give 300 watts. Thus, with all the coils 
in operation 1762.5 watts are developed, equivalent 


io chant 1762.5 
4.1 


or 420 thermal units per second. 


It is to be noted that, to bring all except the ther- 
mostat coil into operation, nothing more is neces- 
sary than the throwing over of the switches. On 
the other hand, the thermostat coil is controlled 
both by a switch, manipulated by the operator, 
and by a relay actuated by the thermostat. Thus, 
after being placed in circuit by the closing of the 
switch, its working is further controlled automa- 
tically by the thermostat. 

From experiments, it was found that with coils 
producing 975 watts. in addition to the thermostat 
coil, it took about 3} hours to raise the water in 
the inner trough through 8 deg. Cent. (from 
16.5 deg. Cent. to 24.5 deg. Cent.). It would not be 
advisable to subject invar bars to much more rapid 
changes of temperature than this. 

The Thermostat (Figs. 47 and 48).—The body of 
this consists of a cylindrical tank, 104 in. high and 
7? in. in diameter. It is in connection on the one side 
with the central pump, and on the other with the 
outer trough of the bar-tank. In it is fitted a series 
of steel tubes, closed at one end, and at the other 
opening into a common junction chamber. 

The junction-chamber is connected by a tube 
with a small cell, covered by a steel diaphragm, 
and beyond this cell extends a short length of tube, 
through the lid of the thermostat, to terminate in 





stiction, funnel-shaped at the upper end. The 
tubes, the chamber, and the cell are completely 
filled with mercury, and constitute the bulb of 
the thermostat. On the upper surface of the dia- 
phragm bears a screw, by means of which the 
diaphragm may be depressed, forcing the mercury 
to rise in the capillary tube. The head of the 
screw pressing on the diaphragm is fitted with a 
graduated drum, which, in connection with an index, 
allows of adjustment of the volume below the dia- 
phragm. Disposed vertically over the glass capil- 
lary funnel is a micrometer screw. Attached to 
the point of this, and in continuation of its axis, 
is a platinum wire. This platinum wire passes 
down the glass capillary, and by means of the 
micrometer screw, fitted with a graduated drum 
and index, the position of its point in the tube 
can be delicately adjusted. The mounting of this 
screw, carrying the platinum point, is ele ctrica)] 
insulated from the body of the thermostat by 
ivoride bushes. Two terminals, one on the body 
of the thermostat and the other on the mount- 
ing of the micrometer screw, allow of the 
mercury in the tube on the one side, and the 
platinum point on the other, being placed in 
circuit with a battery (8 volts) and a relay, a 
current flowing when the head of the column of 
mercury in the capillary comes into contact with 
the platinum point. The function of the diaphragm 
is to compensate to some extent for the greater or 
less volume occupied by the mercury under dif- 
ferent temperature conditions, and thus allow the 
top of the mercury column in the capillary to be 
brought within the working limits of the platinum 
point, which are relatively small whatever be the 
temperature, over a considerable . The 
diaphragm thus fixes the datum to which the 
—_7 micrometer shall for the moment be 
referred. One revolution of the capillary screw 
corresponds to a change of temperature equal to 
about 0.09 deg. Cent., while a revolution of the 
diaphragm screw is equivalent to about 8.1 deg. 
Cent. The effective range of the diaphragm is 
20.9 deg. Cent. 

The thermostat tank, being connected on the 
one side with the central pump, and on the other 
with the outer trough of the double tank, forms 
one unit in the system of water circulation through 
the outer trough and the electric heater. e 
pump draws the water through the heater out of 
the trough, and forces it through the thermostat 
back again into the trough. To raise the water in 
the tank to a required temperature, the coils of 
the heater are put into action until that tem - 
ture has been nearly attained. Certain of the heat- 
ing coils may then be cut out, leaving in operation, 
in addition to the thermostat coil, only such as 
are nD to compensate nearly, but not quite, 
for the loss of heat from the water by radiation 
from piping and pumps. The setting of the dia- 
phragm is also adjusted now to bring the top of 
the mercury column in the capillary within the 
working limite of the micrometer screw. The 
thermostat coil being in action, the heat trans- 
ferred to the water more than balances the loss by 
radiation and the temperature continues to rise. 
The column of mercury in the capillary then 
gradually ascends. When the uired tempera- 
ture has been reached, the platinum point, by 
means of the micrometer screw, is brought into 
contact with the mercury. The electric circuit is 
thus completed, the battery brought into action, 
and the relay thrown into operation. The func- 
tion of the relay, now called into play, is to put 
out of action the thermostat coil of the heater and 
thus to reduce the amount of heat being put into 
the water in circulation below what is required to 
compensate for loss by radiation. The tempera- 
ture of the water then tends to fall and the column 
of mercury in the capillary to descend and break 
contact with the platinum point. Therelay is then 
thrown out of action and the heating current once 
more admitted to the thermostat coil. The cycle 
of events then repeats itself, and the temperature 
of the water is maintained in a condition of rising 
and falling within very narrow limits about a certain 
point. 

To prevent sparking across the contact of the 
thermostat a condenser is introduced into the cir- 
cuit. To keep the contacts in the thermostat clean, 
it is of advantage to put a drop of alcohol on the top 
of the mercury column in the ca tube. The 
thermostat is provided with an air-cock to allow of 





a@ glass capillary tube, of fairly large bore, to avoid 





the escape of air and steam from the tank. 
The Pungo and Motors. — The apparatus is 
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rovided with three centrifugal pumps, made by 
Secon. Gwynnes, Limited, Hammersmith 

Works, London, W., to circulate the water 
through the single tank and the outer and inner 
troughs of the double tank. They are all of the 
same pattern, designed for a maximum head of 
8 ft., and circulate 30 gallons per minute through 
1}-in. delivery and suction-pipes.* . They ars fitted 
with lignum-vitee i and a syster water 
lubrication to preclude the possibility oi oil or 
grease being drawn from the bearings into the 
water in circulation. Each pump is coupled up 
direct to its motor, both pump and motor being on 















































Tron | closed and the stop-cocks 1 and 2 opened. The 


outer trough, the branches V, W, and X are all 


centre pump then draws the water of the outer 
trough through the heater, and discharges back 
into the outer trough through the thermostat. 

2. When it is required to use hot water in the 


tank of the 24-metre comparator, and the heater 
and thermostat of the 4-metre comparator are to be 
utilised, the stop-cocks 1 and 2 are closed, and 
the branches V and X are opened, and flexible 
connections run from them to the tank of the 
24-metre comparator. The pump then circulates 





the water through heater and thermostat. 
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the same iron bed-plate, which is bolted down to the 
wooden platform of the travelling carriage. The 
motor is of a semi-enclosed type shunt-wound, of 
4 brake horse-power, taking 5.3 amperes direct 
current at 100 volts and running at 1060 revolu- 
tions a minute. 

The Pipe Connections.—The system of pipes, con- 
necting pumps, and tanks is shown in the diagram, 
Fig. 49, annexed. A, B, C, D are the union nuts 
fitted in the bottom of the double tank ; E and F 
are unions in the single tank. Connecting A and 
the bottom of the inner trough of the double tank, 
a short length of pipe passing through the outer 
trough constitutes the suction of the left-hand 
pump. From B, within the outer trough, branches 
extend in both directions to the ends of the tank, 
where they are bent upward and then inward, to 
discharge under baffle. plates into the inner trough. 

The union C in the outer trough constitutes the 
**suction” of the centre pump. It is connected with 
the heater by a pipe having two short branches W 
and V anda stop-cock 1 between the branch W and 
the heater. The heater is connected to the centre 

ump, which discharges into the thermostat. This 
fatter is connected to the union D in the outer 
trough by a pipe having one short branch X and a 
stop-cock 2 between X anc theunion. From D run 
two branches to the ends of the outer trough, where 
they discharge. The branches V, W, and X and 
the stop-cocks 1 and 2 allow of three alternative 
systems of water circulation. 

1. When it is required to heat the water in the 

* By fitting two weirs with tri lar notches across 
the foxes mB h of the Pra: Bora og others the inlets 
and the outlet, it was found that the quantity of water 
filling this trough, together with the thermostat, heater- 
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Double Tank Stopcock 2 


ay Connections 


3. If it be necessary to lower the temperature of 
the outer trough and a cooler has to be used, the | 
stop-cock 1 is closed, 2 left open ; the branch X is 
closed, and from the branches V and W leads run 
to the cooling-tank. The pump now draws the 
water of the outer trough from C through W and 
the cooling-tank, through V and the heater (not in | 
action) and discharges through the thermostat and | 
D into the outer trough. 

In the single tank, the union F is the suction of 
the right-hand pump, and from E extend delivery 
branches in both directions, discharging through 
spray-holes. The outer pipe connections of both 
tanks are lagged with }-in. asbestos tape. A good | 
general idea of the arrangements of the pumps, | 
heater, &c., is given by Fig. 50, on page 211, whi h 
is a reproduction of a photograph of the complete 
comparator. 

The Thermometer-Readers.— For reading the 
thermometers placed alongside the bars in the 





ump, and connecting-pipes, was completely circulated 
b just under 90 seconds. — 


,are provided. These readers are of two patterns. 
Three, used for the reading of thermometers on 





tanks, small microscopes fitted on tripod stands | 


the near side of the tanks, are simple micro- 
scopes, consisting of a brass tube about 34 in. long, 
fitted with an objective of about 3-in. front working 
distance and an eye-piece giving a magnification of 
about 20. The tube (see Fig. 51) is carried ver- 
tically in a short sleeve fitted in the centre of a 
small brass tripod, and within which it can slide 
up and down for the purpose of being focussed on 
the stem of the thermometer below. o legs of the 
tripod, shorter than the third, are intended to rest 
on the guide-rail fitted on the tank-cover, while 
the third leg rests directly on the latter. When 
the travelling platform is disposed so as to bring a 
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Fic. 48. 


lying in a tank under the comparing micro- 
scopes, it will be found that the microscope- bridge 
prevents a thermometer placed on the far side of the 
tank being read with a microscope of the simple 
pattern. Accordingly, the remaining five readers 
(see Figs. 52 and 53) are of the bent type. The 
tube, instead of being straight, has two rectangular 
bends, each fitted with a total reflection prism. 
By this means the optical axes of the objective and 
the eye-piece are set parallel to one another at 4 
distance of 7 in. The short arm of the bent tube 
holding the objective is carried vertically in 4 
sleeve set in the centre of a small brass tripod, - 
which it can slide up and down for the purpose © 
focussing. Asa counterpoise to the overhanging 
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g three studs or feet, as shown | i 


of microscopes. 


part of the microscope the tripod carries a weight| of plain glass set in a short brass tube carried by | the image which can then be satisfactorily viewed 
on @ projecting arm, as seen in Fig. 54, which is|a small stand havin 
a reproduction of a photograph showing both types | in Figs. 55 and 56. 

In use, the immersion glass is placed in the 


n the microscope brought over the glass. To pre- 


| clude the possibility, when the glass is being 
placed in position, of dust and air-bubbles being 




















Fig.55. SECTION OF 
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The Immersion Glasses.—As disturbances of the | opening in the tank-cover over the bar graduation to 
surface of the water in the tank would make it| be viewed, the three feet of the stand resting on the 
impossible to obtain precise intersections with the | tank-cover. When so placed, the glass should be 
comparing microscopes, the apparatus is provided | below the surface of the water, vibrations on which 
with immersion glasses. These consist of a piece; are thus prevented from causing unsteadiness of 
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carried down, adhering to the surface of the glass 
and so interfering with distinct vision of the object, 
use is made of a special holder. This is a shallow 
saucer, mounted on a bent handle. To place the 
immersion glass, the saucer is filled with clean 
water, the cleaned glass placed in it in such a wa 
that when the whole is lowered by hand throu 4 
the opening in the tank cover the feet of the 
mounting of the glass will come to rest on the tank 
cover when the saucer is withdrawn. 

The Level for Adjusting the Comparing Micro- 
scopes. —This is 54 in. long, the working length of 
the tube being 34 in. It is carried on two short 
vertical screw standards, at one end by two antago- 
nising capstan nuts, and at the other by a sprin 
and a milled-headed nut. The whole is moantel 
on a brass plate, provided with four pins about 
? in. long, A med | about the centre. ‘These pins 
are intended to retain the level in position on the 
eye-piece of the microscope when being used. The 
value of the tube graduation is about 23 seconds. 

(To be continued.) 





SASKATCHEWAN. — Since 1905, 3500 miles of new railway 
have been built in Saskatchewan. The railway mileage of 
the province has been quadrupled during the last ten years. 
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INDUSTRIAL NOTES. 


Tue Board of Trade has sent the following letter to 
the South Wales Coal-Miners’ Association and to the 
South Wales’ Miners’ Federation :— 

* August 21, 1915. 

** Dear Sir,—Mr. Runciman has asked me to enclose 
herewith his decisions u the matters referred to 
him by the coalowners aa eitnae of South Wales, and 
discussed before him on Tuesday and Wednesday last. 
The negotiations on the subject of the new wages 
agreement have been in progress fora long period, and 
with this in mind, Mr. Runciman has endeavoured to 
lose no time in arriving at his decisions. It will, he 
is sure, be recognised that it is desirable from every 
point of view that the matter should now be completed 
with the least possible delay, and Mr. Runciman trusts 
that the points covered by his award will be incorpo- 
rated forthwith in the draft agreement, so that the 
agreement may be put into operation and the parties 
be free to proceed at once with the discussion of any 
application which as be made thereunder for an 
alteration in wages. have sent a similar letter to 
Mr. Gascoyne Dalziel and Mr. Richards. 

‘** Yours faithfully, 
** (Signed) E. R. Eppison.” 

The award, as far as it deals with the new standard, 
reads as follows :— 

**C : Clause 11:—The parties were able to agree 
upon the terms of this clause, except upon the point 
of principle arising out of the proposal cf the owners 
to insert in the portion of the clause dealing with the 
establishment of the new standard, in lieu of the 
standards existing prior to July 15, 1915, the words 
‘and during the period of this agreement cease to 
operate.’ Following the decision of His Majesty’s 
Government, as pose Sew in the terms of settlement 
of July 20, this clause shall read as follows :—11: In 
lieu of the standard rates prevailing at the respective 
collieries prior to July 15, 1915, a new standard shall 
be established (except as otherwise hereinafter pro- 
vided) by adding 50 per cent. to the 1879 standard. 
Any standard in operation other than the 1879 stan- 
dard shall be weer ig er | adjusted. Save as 
hereinafter expressly provided, the alteration of the 
standard shall not in itself effect an immediate change 
in wages. At collieries where, by altering or adjust- 
ing the existing standard rates of surface work- 
men, in accordance with this clause, a standard rate 
of less than 5s. per day is arrived at, the new standard 
rate payable to such surface workmen shall in that 
event be the sum of 5s. per day. At collieries where, 
by altering or adjusting the existing standard rates of 
underground day-wage men, in accordance with this 
clause, a standard rate of less than 5s. per day is arrived 
at, the new standard rate payable to such underground 
day-wage men shall in that event be the sum of 5s. 
per day. The new standard rates for all other under- 
ground day-wage men shall be either the existing 
standard rates adjusted in accordance with this clause, 
or the rates — to them under the Minimum 
Wage Act, plus 50 per cent., whichever are the 
higher, provided that where such last-mentioned new 
standard rates are determined by reference to a rate 
fixed under the Minimum Wage Act, they shall be 
subject to the rules applicable to such rates, pendin 
the decision of an arbitrator appointed by the Boa 
of Trade, on the question what special rates, if any, 
shall apply in cases where these rules are not observed. 
The new standard shall be known as the July, 1915, 
Standard, and with 10 per cent. added thereto, shall 
operate as a minimum.’ 

In regard to the “‘ bonus turn,” the award states :— 

‘“*M: Nightmen.—On the point raised as to the 
classes of workmen covered by Clause (}) of the terms 
of settlement of July 20, my decision is that the 
extension of the ‘bonus turn’ granted under this 
clause of the terms of settlement was an extension to 
all collieries of the ‘ bonus turn’ formerly in operation 
at certain collieries. I\ was intended that the ‘ bonus 
turn’ should apply to all nightmen on the afternoon 
and night shift, but not that it should be extended to 
enginemen, pumpmen, the mechanical staff, stokers, 
banksmen and officials, who differ as regards their 
condition of work and employment from those classes 
of workmen ordinarily known as nightmen.” 

So far, the award has not been accepted by the 
men, who complain, among other points, against the 
exclusion of certain classes from the ‘‘ bonus turn.” 





The Minister of Munitions announces that he has 
issued an order declaring 190 establishments, engaged 
in the production of munitions of war, to be controlled 
establishments under the Munitions of War Act, 1915, 
as from the 18th inst., in addition to those previously 
controlled. The total number of establishments con 
trolled, at varying dates from July 12 to August 18 
inclusive, now stands at 535. 





A deputation of the Humber Transport Workers’ 
Committee recently waited on the Board of Trade 
with regard to the introduction of Asiatic crews in 
merchant ships since the outbreak of war, and Sir 








George Askwith, the Chief Industrial Commissioner, 
has now issned his decision in the matter. 

It states that Britishers should be employed in 
preference to any other crew where competent British 
seamen and firemen are available. Where a full 
British crew is not available, only a fourth may be 
made up of Europeans. Failing the above crews 
being available, Orientals may be employed, twenty- 
four hours’ notice to be given to the Mercantile Marine 
Office, or Unions, or both, of the number of men 
required, unless the ship is not staying in port suffi- 
ciently long for such notice to be given. No inter- 
ference is to be made with the customary working of 
other ships during the period of the war. 





The Amalgamated Society of Engineers has decided 
to recommend to its branches that Belgian mechanics 
who can produce proof of membership in a Belgian 
trade union be admitted to the class +. which they 
are ae without any entrance fee. They are eligible 
for full membership up to the age of forty-five. The 
privileges are for the war period only, after which the 
entrance fee will be charged. 





The question how earnings are divided between 
capital and labour is one of wide popular interest, says 
Engineering News, New York, and & committee of the 
National Civic Federation has just rendered a notably 
useful service by making a thorough investigation to 
determine the truth regarding this matter. The com- 
mittee has taken official statistics collected by the 
Census Bureau, the Interstate Commerce Commission, 
and some of the large corporations, until it has actual 
figures covering industries employing more than 
10,000,000 people. From these statistics the com- 
mittee finds that of the net earnings of industry in 
general, about two-thirds is paid out in wages and 
salaries, and one-third goes to pay interest, dividends, 
and depreciation. In fact, labour receives more than 
twice at much as capital, for depreciation has to be 
deducted from earnings before interest or dividends 
can be paid. Another very important point developed 
by the Civic Federation committee is that in the 
division of earnings between capital and labour, 
labour’s share is increasing at the expense of that of 
capital. In sixty years the average annual wage per 
employee in the manufacturing industry of the United 
States has increased from 247 dols. to 518 dols., and 
during the same time the average rate of interest has 
been reduced by more than one-fourth. It is some- 
times claimed that the tendency of labour-savin 
machinery is to increase the amount of capital requi 
and reduce the wages of employees ; but the official 
statistics prove that any tendency of this sort has 
been more than offset by other forces which have 
increased wages and lowered the return on capital. 





Mr. W. A. Worthington, Vice-President of the 
Southern Pacific Company, writing on this subject in 
the Railway Age Gazette, New York, states that from 
theee statistics the following conclusions may be drawn 
as regards railways :— 

1. Of the divisible railway income labour is now 
receiving 66.04 per cent., whereas ten years ago it 
received 58.73 per cent. Capital is receiving for itself 
and for the other purposes mentioned only 33.96 per 
cent., as compared with 41.27 per cent, received ten 
years previously. 

2. The return to capital last mentioned represents 
only 4.17 per cent. upon the railway investment in 
1914, whereas this return was 4.99 per cent. in 1904. 

3. Comparing 1914 with 1904, there was an increase 
of 687,417,352 dols. in railway income available for 
paying labour and for capital purposes. Of this 
amount 555,823,662 dols., or 80.86 per cent. was paid 
to labour, and only 131,593,690 dols., or 19 14 per 
cent. of the total remained for capital purposes. This 
shows that of the increment in divisible net income 
— the ten years, labour received four-fifths and 
capital only one-fifth. As compared with the latter 
the investment in road and equipment increased 
5,425,160,709 dols., the increment available for capital 
purposes being only 2.43 per cent. upon the increased 
investment. 

4. As compared with this inadequate return to 
capital it will be noted that the increase of 555,823,662 
dols., or 67.98 per cent. in payments to labour was 
accompanied by an increase of only 399,362, or 30.81 

er cent. in the number of employees on June 30. 
This is a sufficient indication of the very large increase 
of payments to labour per individual. 

5. Whilst returns to capital were greatly reduced 
through the necessity of larger py return 
to labour, they were further reduced by the increased 
share given to the Government as taxes, which in- 
ce 78,835,221 dols., or 127.78 per cent. 

6. The statement shows that public services ren- 
dered by the railways increased during the ten-year 
period 60.83 per cent. as to passenger service, and 65.21 
per cent. as to freight service, for which the railways 
received 54.27 per cent. additional gross rev-nue, 
paid out 58.62 per cent. more for operating expenses, 
other than wages, but paid in wages 67.98 per cent. 








more, and for taxes 127.78 per cent. more, the result 
being to make the return available for capital purposes 
22.90 per cent. only higher in 1914 as compared with 
1904 This is much less than the railways had a 
reasonable right to expect, and is entirely inadequate 
to reimburse them for the increase of 47.13 per cent. 
in investment in road and equipment. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 11. 
Tue chief item of interest in the United States iron 
and steel market is the sudden expansion in demand 
for pig iron and the rapid increase in furnace capacity ; 
at present rate of progress production by October | 
will be practically double that of January 1; most of the 
ter demand is for pig for steel-making, although 
Gr sheagiinoes pig is quite active ; about 40,000 tons 
basic pig will be contracted for before Saturday ; in 
fact, it would be safe to say that if desired deliveries 
could be promised, the orders would reach 100,000 tons. 
Billets have advanced several dollars a ton within 
a few weeks. Steel bars are hard to secure for delivery 
under ninety days. Mills are filling up, and if pressure 
from abroad continues a few weeks longer, the best 
steel-bar deliveries will be after January 1. Enormous 
munition contracts are being placed, particularly for 
shells, the current accounts of which read like fairy 
tales, and responsible authorities are evasive as to 
details. A rapid transformation of machinery is in 
progress. Buildings covering acres are being hurried 
to completion. hat is most lacking is a reliable 
estimate of output when the pending enlargements of 
capacity are completed. Every sort of available shop 
capacity is being adapted to munition work. The tool 
and machinery-making industries are, of course, far 
behind in meeting all demands made on them ; but the 
expansion is enormous, and 1916 war needs will have 
@ powerful ally in this country. Russian orders run 
into fabulous figures, and if these orders indicate 
purpose, their war fronts will be abundantly supplied 
with everything to render further retreat unnecessary. 
Domestic demand grows rather slowly, though it is 
greater than for two years. Prices continue to harden 
each week, but only fractionally, except in that quality 
of steel demanded for munition purposes. Rejections 
on inspection are now very exceptional ; the munition 
business had to be learned. Capacity is being every- 
where studied with a view to multiplying output. 
Four plants of large capacity, it is just announced, are 
to be erected or thrown tcgether, as the phrase goes, 
by night and day work under unprecedented construc- 
ya activities. The labour problem for 1916 still 
causes concern. About one hundred ships are under 
construction or contract, and a new shipyard near 
Philadelphia will soon be building ships. The specu- 
lative tendency in pig iron is being discouraged by 
those interests in a position to dominate the situa- 
tion. Tin-plate mills are sold months ahead. [n- 
quiries for next year’s deliveries are receiving con- 
sideration. The Graven rail mill at Ensley will 
turn out large round steel bars. Other rail-making 
capacity may be similarly employed. Railroad equip- 
ment is cautiously purchased. July output of pig 
iron increased 194,000 tons ; August will exceed that. 
Several furnaces will soon blow in. 








A New Norrtincuam Couiiery.—The National Asso- 
ciation of Colliery Managers (Midland branch) has visited 
the new Hucknall Colliery Company’s Welbeck colliery, 
which has been sunk on the estate of the Duke of Portland, 
7 miles from Mansfield, and near Market Warsop. The 
sinking was commenced in September, 1912, and the top 
hard coal was reached in No. 1 shaft in December, 1914, 
at a depth of 697 yards, and in No. 2 shaft in March, 
this year, at a depth of 700 yards. The sinking was 
somewhat impeded by a considerable quantity of water 
being met with—50,000 gallons per hour in one shaft, and 
20,700 gallons per hour in the other. Only the top hard coal 
is under lease. The section so far proved is 5 ft. 9 in. 
thick, with a clunch parting varying from 8 in. to 11 in. 
between it and the Coombe coal, which is 15 in. thick. A 
High Hazell seam is 3 ft. 10 in. thick at a depth of 612 
yards. A colliery village covering 35 acres is being laid 
out, and already 240 houses have been built. 





CrLiuLose AcrTaTs.—Cellulose acetate, a substance 
first prepared, if we are not mistaken, by Cross and Bevan 
twenty years ago, has recently found application on the 
Continent for various purposes. Early in 1914 a flying- 
machine, of the Moreau tyne, with wings made of this 
material, was exhibited at Paris, one of the advantages 
claimed being the transparency and relative invisibility 
of the wings high up in the air. Other advantages of 
the material are that it is not inflammable, waterproof, 
and will not crack, and is thus superior to celluloid, 
gelatine and glass. In Germany automobile windows are 
made of what is called cellon or zellon over there. ‘To 
strengthen large panes, wire netting is embedded in the 
sheet of cellulose acetate. Such windows would not be & 
source of di r in accidents. There being plenty of 
wood-pulp cellulose and of acetic acid (easily prepared 
from potato spirit), the use of this material may spread ; 
it would be different with artificial silk, which 1s pre- 
pared by dissolving gun-cotton, of course. 
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GERMAN CAPITAL AND RUSSIAN 
INDUSTRY. 


THE position of the German interest in Russian industry 
after the war is being freely discussed both in Russia and 
Germany. Whilst in the former country a large and 
influential section of the Press seems determined to 
suppress the German element, as far as possible, in 
Russian official quarters a much more conservative view 
of the matter seems to rule. A recent publication, 
understood to represent the views of the Russian Ex- 
chequer, distinctly states that it will be futile to expect 
a complete cessation of German financial and industrial 
influence in Russia. On the contrary, there is reason to 
believe that Germany, through increased investment of 
capital, will endeavour to make up for what she may have 
lost in influence during or on account of the war. The 
Russian Ministry of Finance has repeatedly found that 
endeavours to bend the financial trend of private under- 
takings to the will of the Government have been attended 
by failure. When some five years ago French and Belgian 
financiers and leading men in the industrial world, were 
interested in the formation of a South Russian metal 
trust, they were denounced, both in the Press and the 
Duma; but a meeting of large shareholders, held at 
Brussels, decided to buy up a sufficient number of shares 
in the companies concerned to control them. Although 
the Russian Minister of Finance, within a few days after 
this meeting, learned the bearing of this decision, he was 
unable to hinder the foreign capitalists in question from 
carrying out their plan. The same state of affairs exists 
with the coal syndicate, whose Paris committee directs 
the business policy of the South Russian coal-mines. 

The Russian Ministry of Finance has certainly, in a 
way, commenced the war against German capital. The 
German members of boards, managers, &c., have been 
removed, and a good deal of liquidation, sequestration, 
&c., is going on; but the Germans seem to think that 
very little has happened which cannot again be undone. 
With peace once more established, Russia cannot place 
German commerce and German industry under inferior 
conditions to those granted to France, England, and 
America. The old ideal of ‘‘ Russia for the Russians” 
will not, the Germans maintain, again come to the 
fore after the war, when work and capital again claim 
their due. Neither financial, commercial, nor industrial 
Russia can dispense with the aid and the support of 
other countries ; and German capital which is now bsing 
covered with abuse in Russia may perhaps receive an 
invitation before such invitation is wanted. Good gold 
is always a welcome guest; but perhaps the German 
capitalists, banks, mining concerns, electrical and 
chemical companies, will require some pressing. 
think the Germans; but with all their ability, all their 
kultur, they have been, and are, only inferior psycholo- 

ists, and in this case they may have made a mistake 

th as regards Russia and their own financial and indus- 
trial and commercial concerns. 








A COMPULSORY SYSTEM OF COMBINED 
CIVIL AND MILITARY TRAINING. 
To THe Epiton OF ENGINEERING. 

Sir,—As one with a different set of ideals from those of 
your correspondent, whose letter bearing the above head- 
ing appeared on page 186 of your last issue, may I be 
allowed to set forward other views? The training he 
outlines appears to be in every way excellent, and there 
is no fault to be found in the scheme as a means to an end. 
But when he says there would have been no war to-day 
if every man iv the country had been a soldier trained in 
arms, he does not carry conviction. Of all modern nations, 
Germany was nearest to this happy state, and we know 
now what has happened. 

Let us sup that every nation on earth armed and 
trained itself for war, does anyone imagine there would 
never more be war? Is it not more likely that, like 
Germany, each would have a national tendency to enter 
into it with little or no provocation? Such nations could 
no longer be peaceable, they would be like growling 
savage beasts, ready to show and use their teeth. He 
instances the questionable patriotism of the men who 
keep just now their money at low rate of interest fluid in 
the bank atshort notice. He says these men cannot be 
one to invest their money in this country, and I 
would like to ask why not? If men can be compelled to 
serve their country at the Front, why stop at the money 
men hold fluid at the bank. 

Your correspondent imagines that a country cannot 
employ labour unless money is poured into it by the 
foreign investor, and yet he says further on that all vere 
is made by labour, a statement that cannot be refuted. 
If money is made by labour surely the most sensible 
thing to do is to give labour every opportunity to make 
it. By labour I mean not only the so-called working 
man but every one engaged in productive work. 

€ must stop taxing indastry, which tends, as your 
correspondent says, to drive industry out of the country. 
Manufacturers who are forced at present to extend their 
Premises for munition work find, if they purchase the 
land adjoining, probably under-used or not used at all, 
that the price is rai against them, mostly induced 
value, as a result of their own and others’ hard work. If 
they take the land on lease it comes to the same thing, 
except that when the lease expires and has got to be 
renewed, they will find that they have increased the 
value of it and have to pay for the — of doing so. 
Not only so, but while little or nothing was paid to the 
Support of the rates by the former holder of the site, the 
manufacturer is heavily rated upon the new buildings 
and machinery. Surely this is taxing industry with 
& vengeance 





_ It comes to this—that the manufacturer pays an always 
increasing annual value to private persons, which value, 
because it is community created, should go to the State. 
In addition he pays again rates and taxes of about equiva- 
lent amount to the State and township. These rates and 
taxes are so imposed as to hinder progress in every way. 
Labour is prevented from making money, which is the 
very thing we wish to avoid. 

_ It will be palpably absurd if after the war. with all our 
indebtedness, we have, owing to inflated land values, men 
walking the streets willing but unable to find work. 
Unless a change is made this is what will happen after 
the war. There will be a short period of slackness during 
the reversal from war work to ordinary production. 
Then the repairing of waste and the taking up of work 
again from where we left off will cause everyone gradually 
to get busy again. There will be a trade boom lasting 
for some time, but it will be drawn up at length, and 
there will be wiseacres who will attribute the slump to 
over-production, the war that is long past, and so forth. 
What will really cause the slump mil be over-specula- 
tion, and especially in land. 

The slump will really be caused by the individuals who 
are —— their money fiuid in the bank at present, but 
they will take care to sell before the slump. I do not say 
they will do all their buying and selling in this country. 
Your correspondent possibly is aware that the boom in 
Canada and the Argentine had ended long before the 
war, and it was ended—so the President of the Canadian 
Pacific Railway said in his address at the last annual 
meeting—by over-speculation, especially in land. 

This does not altogether bear out your correspondent’s 
contention that the recent boom in these countries was 
caused by the money poured into them. The prosperity 
was caused by labour and the money poured into them 
in so far as it was devoted to the supplying of tools for 
labour to work with. The money poured mto specula- 
tion in land was the cause of that prosperity being 
impeded with consequent unemployment. What is 
needed is an entire change in our rating and taxing 
— They are entirely discredited and out of 

ate. 

The cost of the training as outlined by your correspon- 
dent would be easily met if the best use could be mate 
of the capabilities of the country; in other words, if 
labour were given every opportunity to make money. 
The trained recruit would not find it necessary to go back 
to squalid and dirty surroundings. Such conditions are 
only caused by unnatural means. Remove the malad- 
justment and the dirt and poverty would disappear. 

I am, Sir, yours truly 
Joun EK. Grant. 
‘* Straidlands,” Surbiton, Surrey, August 26, 1915. 





THE GLOBE-JOHNSTON ROTARY 
VALVELESS AIR-PUMP. 
To THE Epitor oF ENGINEERING. 

S1r,—The air-pump described on pages 82 and 83, of 
your issue of July 23, seems so remarkable, both as 
regards simplicity and efficiency, that if its cost and bulk 
are moderate, it is likely to displace all former types in 
cases where a high vacuum is required. 

The action may, I think, be compared with that of a 
wet gas-meter, but by the artifice of invoking centrifugal 
force, Mr. Johnston has enormously increased the effec- 
tive density of the liquid. 

As the whole depth of thread must be immersed at 
the top, and as the ring of water must be of at least as 
great a radial depth all round as will effect this immer- 
sion at the top, it would appear that this quantity of 
water, when rotation stops, will more than fill the 
casing up to the level of the hole in the guard-ring ¢ 
(Fig. 3). Is the article correct, therefore, in suggesti 
that it is sufficient to fill the drum to this height while 
the rotor is stationary ? 

I should think the number of paddles might be very 
considerably reduced without affecting the pump’s effi- 
ciency. The design shows the extreme ingenuity which 
characterises other inventions of Mr. Johnston, which I 
have been — to see in the past. 

a 


m, Sir, yours re 
C. H. WiInerriE.p. 
28, Victoria-street, Westminster, August 23, 1915. 


[Mr. Wingfield’s first contention is, of course, correct. 
Before starting, the pump is filled with water to the level 
of the opening in the guard-ring e, as we described ; but, 
as was hardly made clear, after starting more water is 
run in through the pipe d and the correct level is main- 
tained by the scoop h. Thefunctions of the piped and 
the scoop h were dealt with towards the latter part of 
the description. In connection with Mr. Wingfield’s 
second point, it is quite possible the pone we illustrated 
has more paddles than are necessary for a vacuum pump. 
The example, however, was built for use either as a com- 

ressor or exhauster, and in a compressor the paddles 
oom a steadying effect on the ring of water against 
ier to distortion due to the pressure of air.— 

D.E. 








‘* THE ENGINEER’S UNIT OF MASS.” 
To Tae Eprrog or ENGINEERING. 

Sr1r,—The friendly ong | raging in your columns 
on the subject of units seems to have become a discussion 
of what these units ought to be, and how the beginner 
should be taught the relations between them. The 
following remarks of a practical schoolmaster may be, 
perhaps, of use :— \ 

In the first place, with all pupils avoid the use of 
the word ‘‘ mass” with its associations of heaviness 

and use the term “inertia” for the 





ng | any 





invariable quantity discussed nowadays under the name 
ai mass. » 


In the second place, 
common-sense that the : 

1. Force required to give a certain rigid body a linear 
acceleration is proportional to that acceleration. 

2. Force copes to produce a certain linear accelera- 
tion in such a y is proportional to the inervia of the 
body acted on. [This is a definition of quantity of inertia), 
or, in symbols :— 


point out that it is agreeable to 


P « a for a given body. 
P « m for a given acceleration. 


where 
P = number of units of force ; 
a = number of units of acceleration ; 
m = number of units of inertia ; 

-*. at once 


P =k.m. a where k = a constant. 


But so far we have not defined our unit of force, and so 
k is as yet unknown, or vice versd for k and the unit of 
force. Then, if we wish to have 

P = 1 when m = 1,a = 1, andk =1, 

we have in English (foot, pound, second) units, the 

undal as our unit force, and in c.g.s. units the dyne. 
Whereas, if we wish to have the weight of 1 Ib. (at 
Greenwich, at 4 ft. from the ground, at noon, on April 1, 
in the year 1915 of the Christian Era) as our unit of force, 
and to have the pound as our unit of inertia, and 1 ft. per 
second per second as our unit of acceleration, then we 
must have . 


kee, 


for here P is g times the P of the equation in which 
the force is in poundals ; and so our equation is now 
P= 1 MH. as 
g 
and, of course, 
1 


m = number of slugs in the body. 


The quarrel among your correspondents arises from 
both sides wanting to write the equation 


P =ma, 
and not 
Pak.n.@ 
which is the true general form. 
Yours truly, 


ARNOLD Merrick, B.Sc., &c. 
66, Rothbury-terrace, Newcastle-upon-Tyne, 
August 19, 1915. 





‘“*“SHELLS ; MORE SHELLS.” 
To THe Epitor or ENGINEERING. 

Srr,—In his letter appearing in your last issue, 
Mr. James Keith asks some pertinent questions, two of 
which T should like to supplement. 

Mr. Keith wishes to know “‘how many experien ed 
engineers are to be found on the Board of Munitions?” 
to which I would reply, very few, if any. And I am 
led to this conclusion from the fact that at the confer- 
ence held at Armaments Buildings on the 17th inst, 
and attended by some 150 machine-tool merchants and 
dealers, the official definition of a machine-tool was stated 
to be ‘‘a machine driven by belting!” 

From this we can only infer that the vocabulary of the 
Ministry of Munitions does not yet include electric 
motors, or, as the official mind would have it, motors- 
electric. If all the machine-tools used in the national 
armament factories are belt-driven, then it does not need 
great engineering acumen to understand why we are 
short, and likely to remain short, of ammunition. 
Lawyers may be very good quill-drivers, but apparently 
they have yet to learn how to drive machine-tools to the 
best advantage. 

Mr. Keith also asks ‘‘ Are we, however, still stickin 
solely to forged-steel shells, and so preventing the genera 
mass of engineering concerns in this country from doing 
their share in shell manufactures ?” 

Though I have no direct authority for saying so, yet I 
happen to know that we are “‘still sticking solely to 
forged-steel shells,” and for the sole reason that red tape 
offers a far more strenuous resistance to the progress of 
our troops than does the whole of the Germanic forces 
op to them. 

hen we used black-powder as the propellent of our 
cast-iron shells, the pressures in the bore of the gun and 
on the base of the shell were much higher than they 
are today, and although I had charge of a battery 
of Fa in a not very remote, in point of date, campaign, 
and was responsible for the firing of some thousands of 
cast-iron shells, I never had a single case of mature 
bursting of these projectiles. Of course, for long range 
accurate firing or for penetration of armour, the cast-iron 
projectile is not ‘‘it,” but for tearing down wire entangle- 
uments or scattering the parapets of trenches, chunks of 
cast iron are just as effective as chunks of forged steel, 
while the relative cost would be about as 1 is to 10. 

Farthermore, it would, I think, be within the mark to 
say that for each establishment in the country capable of 
turning out forged-steel shells we have at least twenty 
that are capable of producing cast-iron pa. 

If we are to smash our way through the German lines, 
then shells, and literally millions of them, will be re- 
quired, and if cast-iron shells can be produced at one- 
tenth the cost and at twenty times the rate of forged- 
steel ones, then by all mears let us have them. 

Yours truly, 
Ligor, tate R G.A. 
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To anyone acquainted with transport, either by 


lots of goods are made up. 
especially abroad, to receive goods 
from want of suitable packing, and to have to wait | failure. 
months possibly before they can be replaced. If 
manufacturers at home would put themselves for a 
moment in the place of the consignee at a distance, 
they would almost certainly give more heed to this 
part of their work. 


It is a 


sea, rail, or cartage, the advantage of substantial 
packing is at once obvious. 
of goods these advantages are also clear, though 
they sometimes give rise to trouble with regard to 
The shipper, however, is not always so 
alive in this connection as he might be, and though 
many firms having large packing departments are 
eminently successful in avoiding breakage or damage 
en route, others are distinctly careless, both as rega: 

the strength of the packing and the form in which 


To the agent or recipient 


reat nuisance, 
amaged purely | and to special tests to determine their resistance to 


In some trades the cost of packing is considerable if 


adequate protection is provided to 
while the weight of the packages necessary to ensure | 
adequate strength adds often largely to freight costs, 

It has been computed that 25 per cent. of the 

freight charges on miscellaneous goods transported on 

the railroads of the United States are due to the b xes 

in which the merchandise is contained. Clearly con- 

siderable economy should follow the introduction of | 
lighter packing, provided the safe carriage of the goods 

is not endangered thereby. A great advance in this 

direction has recently been made by the introduction | soundness of the principle on which these boxes are 
of light boxes, wire-bound and stapled, which, with | made is also recognised by the Bureau for the Safe 
only about half the amount of wood, have a strength | Transportation of E; 


e goods shipped, 
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nearly twice as great as the ordinary wooden nailed 
case. These wire-bound boxes are now widely used, 
and have been subjected to prolonged tests in eervice, 


Some tests made by the United States Department 
iculture have shown the following results :—A 
case of 3-in. sides and }-in. ends failed under a 
load of 957 lb. applied diagonally acroes opposite 
corners, A wire-bound box of ,;-in. sides and ends 
(i.e., of less than half the amount of wood) stood a maxi- 
mum load, applied in the same way, of 1783 lb. Other 
tests have shown a nailed spruce case, weighing 90 Ib., 
to stand only 1540 lb. without failure, while a wire- 


| bound box of similar type, but weighing only 524 lb., 
|stood up to 3750 lb. mm aeene 


e enhanced strength with 
less weight is clear from these figures. The Inter- 
state Commerce Commission Rules provide that nailed 
boxes to carry inflammables shall made of wood, 
4 in. thick, the corresponding thickness required in 
| the case of wirebuund boxes being only ,;*; in. The 


xplosives, which has drawn up a 








specification relating specially to boxes of this type. 

he saving in weight varies according to the size and 
type of package. A large match-making firm has 
found a saving in weight of 44 per cent., which to firms 
making their own boxes means not only a saving on 
freight charges, but of cost of wood, handling at the 
saw-mill and box plant, and so on. 

Another important point is worth notice. The 
ordinary nailed case lends itself to pilfering. The wire- 
bound box is not favourable to this, a fact which is 
said to have resulted in a reduction of 75 per cent. of 
claims for loes of goods in transit in some classes of 
traffic, while a Claim Conference in the United States 
has placed on record a recommendation that the use of 
theee boxes be encouraged for this very potent reason. 

Through the courtesy of the Healy Box Company, 
Limited, General Buildings, Aldwych, London, W.C., 
we are enabled to give herewith a description of the 
machines by means of which boxes of this class are 
made. These we illustrate on the present page and 
pages 215 and 218 Fig. 1 shows a group of typical 
cases, and illustrates the variety of cases which can 
be made. ‘he group includes boxes with cardboard 
bodies, a tinplate box, returnable laundry-box, vege- 
table crate ard barrel, &c. The uppermost box to the 
left is typical of many classes, and is of the construc- 
tion shown in Figs. 2, 3, and 4. In these boxes the 
sides are stapled to wires which run all round the 
box, including the top. In fact, they form a hinge for 
the top. Stapled to the ends of the sides are «trong 
wooden cleats, to which the end boards are stapled 
from the inside. The box is closed by twining to- 
gether with a pair of pliers the ends of the wires 
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which run round the sides and top. Except for the 
odd end boards, the whole box may be stored in one 
flat blank, consisting of the sides sewn together, with 
the end cleats. The group in Fig. 1 is standing ono 
blank for a cardboard box. 

_The blanks are made on the machine illustrated in 
line engravings, Figs. 5 to 8, on page 214, and photo- 
graphically in Figs. 15 and 16, on page 218. The views 
given in Figs. 15 and 16 give a good idea of the general 
4ppearance of the machine, which consists of an end- 
less-chain arrangement which carries the blanks under 
stitching mechanism p across oneend. This end 
of the machine is shown in Figs. 5and 6. The blanks 
are assembled on the long frame to be seen in Fig. 15. 
On this frame are two endless chains built up of long 
links of trough section. At the head of the machine, 
Figs. 5 and 6, these chains a, a pass over a pair of 
wheels driven by ratchet movement. At the back of 
the machine they pass over corresponding idlers. The 
distance apart of the centres of these wheels and idlers 
may be varied by adjusting the position of the latter 
on the back frame, Fig. 15. The wheels can algo be set 
at any desired distance apart on their shafts. In this 
Way box blanks of any size within the limits of length 
and width of the machine can be made. The chains 
are set to the desired distance apart, and the end 
cleats are placed in the trough-shaped links. The 
wood for the sides is placed in ition over the 
cleats, and all are carried under the stitching 
mechanism, where they are wired and stapled to- 
gether. The stapling can be done at any suitable 
pitch. Normally the spacing is automatic. This 
Spacing is obtained by an eccentric and ratchet gear 
























































‘of the wood in the box sides. 


| 


driven off the main shaft >, which is driven by belt or 
other suitable means. On the shaft ) will be noticed 
an eccentric, which oscillates a slotted armc. This 
arm oscillates about the axis of the chain-wheel, and 
rotates the latter by means of a pawl and a ratchet- 
wheel fixed to the chain-wheel shaft. The slot in 
the arm c enables any desired length of spacing to be 
adopted, the pin on the end of the eccentric being 
moved to or from the chain-wheel axis for this 
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urpose. 
‘ This adjustment is obtained by means of a lever and 
link connected with the quadrant d. This is pivoted 
on the frame, and is provided with a catch engaging 
with teeth on the frame. If this quadrant is in the 
position shown in Fig. 6, the eccentric-rod pin is near 
the chain-wheel axis, and the spacing is long. If the 
quadrant d is pushed over to the left, and there held by 
the catch, the movement of the end of the lever e in 
following the slot in d results in the eccentric-rod pin 
being pushed further away from the chain-wheel axis, 
and the spacing is reduced. Thus two or more spacin 
can be for oue blank, so as to avoid stapling in 
the spaces between the slats of crates, or in the — 
An additional hand- 























gear is provided by the lever / and ratchet for the 
purpose of feeding the first boara of a new blank under 
the stitching mechanism, after which the power drive 
is thrown in. 

To enable the spaces to be avoided automatically a 
detector gear is fitted to the chains. The cleats, when 
placed in the trough-shaped chains a, are held longi- 
tudinally in position by adjustable stops g, g, Fig. 8, 
which shows one of the chains in plan. Parallel to 
this chain is a reciprocating bar which derives its 
motion from an eccentric on the main shaft b. This 
bar moves backwards and forwards in two brackets, 
and is fitted with a spring catch h, which engages 
with the stops g, g. Between these stops the bar 
performs no function, and the spacing is controlled by 
the ratchet-gear already described. If, however, on 
the approach of a stop it is engaged by the catch h, 
the chain is immediately drawn forward the required 
amount to prevent stapling in the space between the 
boards. At the same time it is necessary to prevent 
feeding wire to the staple-forming and driving-gear. 
This is performed by the eccentric and rod k, at the 
upper end of which is the pawl and cam arrangement 
shown in Fig. 7. Solong as the handle / is in the 
—- shown in Fig. 7 the reciprocating motion of 

causes the shaft m to rotate, and wire is fed to the 
staple-forming gear. If the handle / is turned up, the 
cam shoulder engages with a pin on the pawl, pushing 
the latter clear of the ratchet, and the motion ceases 
to be transferred to the shaft, the feed of wire there- 
fore being stopped. Skids are provided above the 
table to Sep the boards down on the cleats as they 
pass under the stitchers. 

There are two wires to be fed to each stitching 
mechanism. One is the wire for binding ; the other 
is fed for stapling the binding wire to the wood. 
These wires are fed off reels hung on a frame above 
the machine, and provided, if necessary, with gravity 
brake-blocks, for the purpose of preventing the wire 
from uncoiling too rapidly. The binding wire is taken 
from the reel round small rollers on brackets fixed to 
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the shaft n, and is paid out as the blank is carried 
along by the chain drive. The stapling wire is fed 
through a guide to a cutter, which shears off a pointed 
length of wire. This length is then drawn into a 
vertical slot by a former, the two legs of the staple 
being formed in this doubling operation. The former 
is then removed, and the staple is forced down the 
slot and into the wood, and clenched. Any suitable 
number of stitching-heads can be arranged on the 
machine, and they can similarly be adjusted as regards 
spacing apart. The lower portion of each head o is 
fixed to a cross-bar on the machine. The upper part p is 
attached to a cross-bar q worked up and down in 

ides by eccentrics and rods from the main shaft. 

he staple-forming and driving heads are set on the 
skew, so that when the staple is driven astride the 
binding wire it holds the latter firmly without allow- 
ing it any side movement. 

The blanks turned out by this machine consist of 
flat units made up of sides, bottom and top, and end 
cleats. The whole are sewn together by the binding 
wires, and can be readily folded to form the box. 
The machines will take blanks for boxes up to 48 in. 
by 48 in. by 48 in., and the large patterns will turn 
out about 2000 blanks per day of 10 hours. Smaller 
machines will average 500 blanks in that time. After 
folding, the ends are stapled to the box-blank clea‘s 
in the manner depicted in Fig. 9, by means of the 
machine shown in Figs. 10 to 14. This machine 
forms staples from wire drawn off a reel, and feeds 
them to a staple driver at the end of the jaws, driving 
them penis through the box against a yielding 
anvil-block above. 

Fig. 10 is a sectional elevation, showing a box in 
position, and Fig. 11 a plan of the upper parts of the 
machine, a general view of the operation being shown 
in Fig. 12. Figs. 13 and 14 show details referred to 
below. In this machine the various motions are 
obtained from a pulley-driven shaft a, on which are 
mounted several cams, &c. This shaft is driven by a 
clutch which operates in such a way that on being 
thrown in, on the depression of a treadle, the shaft 
rotates once and then stops. The staple-torming part 
of the machine comprises mechanism to feed the wire, 
out off the required length, turn the legs up and send 
it forward to a positive feeding-gear in the lower arm 
or jaw of the machine. The wire ~, Fig. 14, is stocked 
on a reel, from which it is led between two rollers 

ressing against each other, one of them being knurled. 
The knurled roller b is fitted with a ratchet-wheel, with 
which a hooked bar engages. The latter is pivoted to 
a cam-lever, to which a —. motion is imparted 
by a cam on main shaft a (see Fig. 13). Once every 
revolution, therefore, of this shaft the knurled roller 
is pulled round a certain distance, resulting in the 
wire being fed forward by a corresponding amount. 

The wire passes through a tube to a skew shearing- 
block, where it is cut slantwise, thus being formed 
with a point capable of penetrating the wood of the 
box. The shearing-blade is adjustable, and is carried 
in a small fitting d fixed to the disc ¢, which is keyed 
to the main shaft. One rotation of this disc therefore 
cuts off a suitable length of wire for one staple. This 
wire as it is pushed out of the tube es under & 
former f in front of the disc, where it is held after 
being cut off, by a bar underneath it. While in this 
position the two legs are formed by the projecting 
ends being turned upwards by the arms of a fitting on 
the revolving disc e. This fitting, «, has two arms. 
One arm passes on each side of the former-bar /, turn- 
ing the ends of the wire up. Immediately afterwards 
bevelled wipers g, Fig. 13, on the disc e come in 
contact with the upturned cy, and push it away 
from the disc along the former-bar past detent springs, 
where it is held with those previously formed. After 
several staples have thus been fed forward, they come in 
contact with a positive feeding arrangement, which 
carries them on to the staple-driving gear at the end of 
the arm. 

This positive feed consists of two bars, one on 
either side of the guide-plate, which is a continuation 
of the former. These bars A, Fig. 10, are serrated on 
the side nearest the guide-plate, and they alternately 

rip and release the upturned legs of the staples. 

hile gripping the staples they move forward to- 
wards the left-hand end of the arm. At the end of 
their travel they open out, release the staples, and 
are moved back to take another grip. The extent of 
the travel is the thickness of one staple, so that for 
each revolution the staple: move on one space as a 
new one is formed behind. The grip is arranged for 
by springs j, j, and the release by wedges k, k on a 
bar Which is given a to-and-fro motion. The bars h 
are carried on a long plate, to which a reciprocating 
movement is given by the cam-lever operated link /. 
The wedges k, k receive their to-and-fro movement 
from the link m, which is also operated by a cam on 
the shaft a. 

The latter link m also works the bell-crank lever n, 
on the face of which are teeth engaging with a vertieal 
sliding-rack. This rack forms part of the staple- 
driver 0, which oscillates eufliciently at each stroke 





for its head to drop below the line of upturned staples. ' has 


At each oscillation, therefore, it picks up one staple 
and projects it upwards between the jaws of the 
machine. At the same time, an anvil-block p in the 
upper arm of the machine is brought down by a 
reciprocating link q and bell-leverr. The link gq is 
fitted with a turn-buckle, so that its length can be 
adjusted, while it also embodies in its length a stiff 
spring, so that the block p offers a yielding, and not 
an absolutely rigid support. For stapling the ends 
on to the folded” box-blanks, the box is held in the 
machine in the manner shown in Figs. 10 and 12. It 
will thus be seen that at every depression of the 
treadle the shaft revolves once, a staple is formed and 
passed forward, and a staple is driven at the end of 
the jaws. This operation may be tty hg agg 
accomplished, so that the boxes may kept in the 
**blank” form till the last moment. In this state 
they occupy very little room and are convenient for 
stacking. As already explained, these boxes are 
closed 4 twisting together the ends of the binding- 
wires. If desired, the ends can also be sealed with a 
metal seal, which will act as a further hindrance to 
pilfering and loes. 








Meratiic Preumatic Way.—The exports of metallic 
chairs and sleepers from the United Kingdom in July 
amounted to 11,008 tous, as compared with 4455 tons in 
July, 1914, and 14,532 tons in July, 1913. There was 
some recovery in the Indian demand in July, and this 
had the effect of checking the downward course of the 
exports ; but in the seven months ended July 31 the ship- 
ments fell to 36,972 tons, as compared with 60,596 tons 
and 76,487 tons. The movement to British South Africa 
in the first seven months of this year amounted to 
520 tons, as compared with 413 tons and 313 tons respec- 
tively. The deliveries to British India sank to 23,761 
tons, as compared with 51,365 tons and 55,764 tons. 





Tue Worvp’s Perroteum —The production of petro- 
leum throughout the world in 1914 was 400,483,489 gal- 
lons, as compa: with 384,667,550 gallons in 1913. The 
United States headed the list very decidedly last year, 
the American yield having been 265,762,535 gallons in 
1914, as compared with 248,446,230 gallons in 1913. Russia 
ranked second with a yield last year of 67,020,522 gallons, 
as compared with 62,834,356 gallons ; while’ Mexico came 
third with 21,188,427 gallons, as compared with 25,902,439 
gallons. India produced 18,000,000 gallons of petroleum 
in 1914, as compared with 7,930,149 gallons in 1913: 
Roumania, 12,826,579 gallons, as compared with 
13,554,568 gallons; and the Dutch Indies, 12,705,268 
gallons, as compared with 11,966,857 gallons. It will be 
seen that the United States last year contributed 66.36 
per cent. to the world’s yield of petroleum, while the 
corresponding contribution of Russia was 36.74 per cent., 
and that of Mexico, 5.29 per cent. 





ENGINEERING AT THE British AssoctaTion.—The 
officers of the Engineering Section of the British Associa- 
tion, which will meet in Manchester on the days of 
September 7 to 11, will be :—President—Professor H. S. 
Hele-Shaw, F.R.8.; Vice-Presidents—Professors E. G. 
Coker and Gisbert Kapp; Secretaries — Professor 
G. W. O. Howe (Recorder), of the Imperial College of 
Science, South Kensington; Messrs. W. A. Scoble, 
H. E. Wimperis, J. Frith, and W. Cramp. The presi- 
dential address will, it is believed, touch upon mecha- 
nical engineering problems and the bearing of the War 
upon them, otherwise no special arrangements sppesr to 
have been e for the situation created , &. e War. 
According to the preliminary programme, rts will 
be presented by two Committees, on Gaseous Explosions 
mend on Complex Stresses. mnected with the former 
report will be papers on Experimental Investigation of 
the Thermal Efficiency of a Gas-Engine, by Professors G. 
Asakawa and J. E. Petavel, and on the Apparent Specific 
Heats in Gaseous Explosions, by Professor s 
Thornton. The re on a Unit Gas-Producer for Steam 
Boilers, by Mr. E. C. Mills, and on the Investigation of 
the Thermal Conductivity of Thin-Air Films, by Mr. 
A. A. Griffiths, will stand more by themselves. Classed 
with the latter subject may be the papers on the Strength 
of Iron, Steel, and Cast-Iron Struts, by Mr. Andrew 

bertson; on Exposure Tests of Some Metals and 
Alloys, by Professor Ernest Wilson; and on Torsion 
Stresses in Framed Structures and Thin- Walled Prisms, 
by Professor Batho. Another group of papers will con- 
cern electro-magnetic and radiotelegraphic phenomena 
These are:—The Heating of Iron when tised at 
Very High Frequency, by Mr. N. W. McLachlan ; Some 
Experiments to Determine whether there Exists Mutual 
Induction between Masses, and the Eddy Current Losses 
in the End Plates of Large Turbo-Generators, both these 
— being by Professor Miles Walker ; Electric Oscil- 
ations in Coupled Circuits—a Class of Particular Cases, 
by Dr. W. Reo! 


Calculation of the Effect of Masts and Buildings on the 
Capacity of Aerials, both by Professor G. W. O. Howe. 
Professor W. Morgan's paper on Automobiles and the 
War, and Mr. T. i Brigg’s communication on a New 
Method of Attaching Horses to Vehicles, will bring up 
the War subject, if it should not be raised in other con- 
nections. Of special local interest will be a r, by 
Professor A. B. Field, on the Work of the Mechanical 
ey Department of the Munici School of 
Technology, mera etd na . de Cou 
Meade (City Surveyor, Manchester), the title of whi 
not yet besa announced. 


es and Mr. A. J. Makower; and the | 
Capacity of Aerials of the Umbrella Type, and the, 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning’s 
pig-iron market showed little change from the preceding 
days of the week, and again the only transactions recorded 
were for one month’s iron, 3000 tons being dealt in at 65s. 
per ton. Closing sellers’ prices were quoted 64s. 8d. cash 
and 65s. 04d. one month. In the afternoon dead idleness 
prevailed, and at the close sellers’ cash quotations were 
the same as in the forenoon, with 65s. 1d. one month and 
65s. 9d. three months. On Friday forenoon a slight 
expansion in the turnover took place, but again only one 
month’s warrants changed hands—in all 4500 tons. A 
rather flat tone prevailed on renewed eales; prices 
dropped, and at the close the quotations were nominally 
5d. per ton below those of the previous day. A 
slight recovery took place in the afternoon, and a 
business of 2000 tons was done, and closing sellers were 
again quoted at 64s. 3d. per ton cash, 64s. 74d. one month, 
and 65s. October 26. he forenoon session on Monday 
was much more hopeful, and a small amount of business 
was put — at increased values, 65s. 2d. cash being 
realised, an advance of . per ton. This advance was 
well maintained in the afternoon, and although things 
were fairly quiet, 2000 tons of Cleveland warrants were 
dealt in at 64s. 9d. cash and 65s. 2d. one month, with 
closing sellers 64s. 104d. per ton cash, 65s. twenty-two 
days, and 65s. 3d. one month. Yesterday (Tuesday) 
morning prices increased still further, and this strong 
upward tendency represented an advance of 5d. per 
ton over the ey J price of the previous day, one 
month’s iron being bid up to 65s. 7d. per ton. Only 
a small amount of business was done—1000 tons. 
nage | sellers were quoted 65s. 3d. per ton cash and 
65s. 8d. one month. A steady tone prevailed at the 
afternoon session, and 65s. 9d. one month was realised 
for one lot of Clevelandiron. This was the closing sellers’ 

uotation, one month, while 65s. 5d. was the cash price. 

nly one transaction was recorded at this (Wednesday) 
morning’s market—a cash deal at 65s. 3d. At the close 
sellers were still quoted at 65s. 5d cash and 65s. 94d. one 
month, an advance in the latter instance of 4d. per ton 
over yest«rday afternoon’s closing price. The afternoon’s 
business was also confined to one deal, at 65s. 9d. one 
month, and at this figure there were buyers over at the 
finish. Closing sellers’ quotations were 65s. 6d. cash and 
65s. 104d. one month. 


Sulphate of Ammonia.—There is no new development 
in the —— of ammonia trade. The demand con- 
tinues steady and the price remains as it was last week 
[cnn 15s. per ton, prompt delivery Glasgow, and 15/. 

ith. 


Scotch Steel Trade.—If the requirements of our own 
and the allied Governments increase to any appreciable 
extent it would almost seem as if the local manufacturers 
would have extreme difficulty in keeping with the 
demand, for, as it is, it is practically impossible to get the 
orders turned out as quickly as they are wanted. The 
lack of skilled labour in many branches of the steel 
trade continues to be a problem of vast importance 
to employers, and even at the expenze of temporarily 
“*shelving” ordinary mercantile orders it is being deemed 
expedient to direct all possible energy towards the 
Government work in hand. As a consequence, values 
have materially stiffened, and prices are pretty much a 
matter of arrangement. The principal work in quite a 
number of establishments in the West of Scotland at the 
present is the production of shell-bars for Government 
account; and plates and angles for the Admiralty are 
also in + demand. Certainly this extraordinary 
demand for war material is influencing the industrial 
conditions throughout the entire West of Scotland, 
and it is fortunate, perhaps, that other customers 
are holding back all but the most urgent orders. 
Even with those which have been booked consider- 
able delay occurs in delivery. This class of business, 
naturally, is most keenly affected by the new arrange- 
ment entered into by vernment, although the 
fact that the local steel works would, sooner or later, 
come under direct Government control was no secret. 
The decision not to advance rates has been well received, 
and, notwithstanding that no increase in price has taken 
place, the markets are very firm, and likely to continue 
so. Prices therefore are much the same as last week :— 
boiler-plates, 107. 5s. to 11/.; ship-plates, 10/. 5s. to 
102. 15s.; and angles about the same level—all less 24 per 
cent. discount for prompt delivery, Glasgow or equal. 


Malleable-Iron Trade.—The most active possible con- 
ditions prevail in the local malleable-iron trade, and 
makers report excellent business at prices which are 
a firmer, especially for ed pisces of Trans- 
atlantic billets. Great difficulty is still experienced with 
the deliveries, which are very much behind, this being 
particularly noticeable in the case of out-of-the-way 
sections; although, of course, all makes are greatly in 
demand. For export delivery ‘‘Crown” bars are round 


about 10/. 15s. per ton net, and for home delivery 110. 5s. 
to ill. 10s., ad 5 per cent. discount, is the current 
quotation. 


Scotch Pig-Iron Trade.—The dullness in the Scotch 
pig-iron trade, reported upon last week, continues to & 
certain extent, the depressing news from the war zone re- 
acting disadvantageously. Although export business 1s 
still a dead letter, the home trade is now considerably 
improved, and the demand from both foundries and roll- 
ing-mills looks like better times before long. Indeed, 
were it not for this continuous demand, business would 
be particularly quiet. The prices for makers’ No. 1 iron 
etl comale steady at last week’s rates. 


Scotch Imports of Iron and Steel.—The registered im- 








ports of the undernoted kinds of iron and steel manufac: 
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tures into the ports of Glasgow, Greenock, Grangemouth, 
Leith, Dundee, and Aberdeen, during the month of July, 
were as follow :— 











Ex Japan. Ex Belgium. ~ > ga Ex U.S.A. 
ands. 
Tos. Val. Tos. Val. Tns. Val. Tns. Val. 
Steel bars, angles, £ £ £ £ 
&e. - a it & _-_ — _ _ 1396 10,458 
Iron and steel 
hoops and strips 14 121 _ — 2224 18,325 
Sceel plates and 
sheets, not under 
Lin. thick — - — — 1 18 
steel plates and 
sheets, under 
Lin. thick _-_ — _- — 21 320 ~- — 
Total .. 1 38 16 121 21 320 2. 28,801 


Tons. Valued at. 
£ 





Total, ex Japan, Belgium, and Netherlands 36 479 
Total, ex United Staves of America’ .. an 3621 28,801 
2657 29,280 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The growing necessity 
for increasing the ey is widely discussed. It is stated 
in the trade that if the colliers would agree to work one 
hour per day more, they could very largely make up the 
present deficiency. Merchants are urging householders 
to place their winter orders at the earliest possible 
moment. ‘There is no doubt that if all, or most, 
of the winter stocking orders are left till the latter 
end of September, as is often the case, people will 
have to wait a long time for supplies. If pe al are 
placed now, there is no reason why they should not be 
gradually dealt with from day today. At the moment, 
there is no difficulty in keeping with the demand, 
and a slight improvement has taken place. Gas coals 
are going away well to inland works on contract account, 
and a considerable volume of business is passing in the 
open market. The pits are well occupied. The position 
at the hard-steam collieries is easier than a week ago, 
owing to the difficulty in obtaining export certificates. 
Big supplies, however, continue to be sent to the Con- 
tinent for the Allies’ use. No fault can be found with the 
home consumption. Hopes of greater activity in the 
Lancashire cotton industry have inspired greater firmness 
in slacks, which were rather unsteady. A reduced de- 
mand is experienced for coke, and prices are easier. 
Quotations :—Best branch hand-picked, 20s. to 21s. 
Barnsley best Silkstone, 17s. 6d. to 18s. 6d.; Derbyshire 
best brights, 17s. 6d. to 18s. 6d.; Derbyshire house, 15s. 
to 16s. ; best large nutes, 14s. 6d. to 15s. 6d.; small nuts, 
14s. to 15s.; Yorkshire hards, 16s. to 17s.; Derbyshire 
bards, 16s. to 17s.; best slacks, 11s. to 12s. ; seconds, 
9s. 6d. to 10s.; smalls, 8s. to 9s. 


Tron and Steel.—Hopes of improved conditions in the 
pig-iron trade have proved to be well founded, current 
inquiries being on a much larger scale. The improve- 
ment, however, has not been sufficient to influence pricee. 
Both forge and foundry sorts are 1s. to 2s. lower than a 
month ago. Consumers are also taking a keener interest 
in contract business now that the turn of the tide in prices 
appears to have been reached. There is no scarcity of 
business in steel-making irons, but the downward move- 
ment in prices is maintained in consequence of outside 
influences. On the month, West Coast hematites are 
2s. cheaper, delivered at Sheffield or Rotherham, and 
East Coast mixed numbers, 4s. cheaper. The revised 
uotations are:—West Coast hematite, 116s. 6d.; East 
ast hematites, 102s. 3d.; Lincolnshire No.3 foundry, 
73s. 8d.; Lincolnshire forge, 72s. 8d.; Derbyshire No. 3 
foundry, 72s.; Derbyshire forge, 71s. Bars are quoted 
at 11/. to 11/. 103., and sheets at 13/. to 142. During the 
last six months bars have advanced 2/., and sheets, 2U. 
to 3/. Plenty of iron and steel scrap is now available, 
and prices have lost some of their recent firmness. Steel 
scrap has dropped to 80s., and wrought-iron scrap to72s. 6d. 
ese are bottom figures. Some of the quotations in cir- 
culation are much higher, but they are more or less inflated 
and are subject to reduction on negotiation. All theengi- 
neering trades are fully engaged. The erection of a big 
factory by Messrs. Cammell Laird and Co., at Nottingham, 
will probably result in a further heavy call upon Shetfield’s 
record output of steel, which is estimated at something 
like 30,000 tons a week. ny other works’ extensions 
are in preparation. The Government is lending financial 
assistance. Commercial business in railway material 
leaves room for improvement, but with the large amount 
of Government work on hand the plant is kept busy. 
Several ~~ contracts for tramway steel are in course of 
execution, but new business is on the slow side. The 
strain under which the high-speed steel trade has for some 
time been working has m somewhat relieved by the 
arrival of larger supplies of tungsten. If arrangements 
materialise successfully, there should be much less cause 


for concern in thenear future. The latest overseas book- | Ge 


ings include large orders for agricultural implements, 

les, and saws. The file trade has made a wonderful 
recovery in the last few months. Home trade is particu- 
larly brisk as regards cutting-tools and special steels. 
Billet prices are unchanged. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBRovcH, Wednesday. 
The Cleveland Iron Trade.—The better war news has 
had a stimulating effect on the Cleveland market, and 
with the return of many traders after the holidays, there 
been a renewal of buying. Quite a brisk business 
has been done in No. 3 Cleveland pig at prices ranging 





! 





from 65s. to 66s., and the ruling quality now stands firm 


at the latter figure. ers are more inclined to enter- 
tain offers at near 66s., recent further reduction in cost 
of output having enabled them to lower their quotations. 
As yet, however, the business done has been transacted 
entirely by merchants. Many makers now quote No. 3 
from 66s. 6d. to 67s. No. 1 is still very scarce, and com- 
mands “p to as much as 72s., but many regular consumers 
rather than pay so high a figure, are contenting them. 
selves by purchasing and using No. 3. A good deal of 
business in No. 4 foundry pig Sas been put through at 
round about 65s. 6d. No. 4 forge is on offer at 65s. 
M. ttled and white iron are each quoted 64s., but so well 
are the furnaces working just now that very little of 
these qualities is being made. 

Hematite Iron.—There is little new of moment to 
report concerning the hematite branch of trade. Con- 
tinued inquiries, both on home and Continental account, 
fail to fully uphold values, which, however, are still very 
high in comparison with rates ruling for Uleveland pig. 
Several sellers are rather pressing iron on the market, and 
some firms are prepa to make rather considerable 
concessions to secure orders. Fairly good parcels have 
been despatched to Italy, and further business with that 
country 1s confidently anticipated. Nos. 1, 2, and 3 
Ka-t st brands have been sold by both makers and 
merchants at 96s. 6d. Further ordersat this figure would 
be readily accepted, and probably some second hands 
would favourably entertain offers at a rather lower price. 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are being slowly but steadily reduced. The quantities 
lying at makers’ yards are stated to be lower than at any 
previous time this year, and iron is this month being with- 
drawn from the public warrant stores at the rate of 200 
tons per working day. There is now stocked in the 
public warrant stores 140,609 tons, all of which is No. 3 
Cleveland pig, and which is 3811 tons less than at the 
beginning of the month. Shipments of pig-iron from the 
Tees are disappointing, due largely to scarcity of suit- 
able tonnage, and to some extent to scarcity of labour. 
To date this moath the clearances average 1021 tons per 
working day, the total loadings amounting to 20,428 tons. 
To the same date last month the despatches reached 
36,864 tons, or a daily average of 1843 tons, and for the 
corresponding part of August last year the clearances 
were returned at 18,784 tons, or an average of 939 tons 
per working day. 

Foreign Ore.—A somewhat peculiar state of affairs 
prevails in the foreign ore trade. Users have very large, 
and still steadily increasing, stocks, and consequently will 
not buy at all for early delivery; buteven with the excep- 
tionally heavy quantities now stored, buyers fully realise 
that with any curtailment of supplies the huge rate of 
consumption would not be long in gee shortage felt. 
The result is that some anxiety is felt with regard to the 
future. Consumers’ efforts to arrange for deliveries over 
the fall of the year have n t met with success, sellers, in 
view of cons‘derable freight difficulty, being unwilling to 
commit themselves beyond the end of next month, and 
dealers who c:n persuaded to quote ahead mention 
forward rates that buyers will not pay. Market quota- 
tions are based on 25s. 6d. to 26s. ex-ship Tees for Kubio 
of 50 per cent. quality. Freights Bilbao-Middlesbrough 
are in the neighbourhood of 11s. Imports of foreign ore 
to the Tees so far this month amount to 142,495 tons. 


Coke.—Demand for coke is much quieter, and prices 
show & marked downward movement. Many local con- 
sumers have satisfied their needs for some little time to 
come. Durham blast-furnace coke, of average quality, 
rules at 25s. 6d. to 26s. delivered at Teesside works. 


Manufactured Iron and Steel. —In Pee ged all 
branches of the finished iron and steel industries output 
is on a very large and increasing scale, every effort being 
made to comply with the pressure for delivery of Govern- 
ment work. There are very few ordinary commercial 
inquiries, and those that are made receive very little 
attention. Quotations, with the exception of galvanised 
sheets, are fully maintained. Galvanised sheets, which 
had risen to very high figures owing te scarcity and 
dearness of spelter, have again been lowered, the reduc- 
tion this time being one of 30s. Oommon iron bars 
are 11l.; best bars, 11/. 7s. 6d.; best best, 11/. 15s. ; 
ing iron, 8/. ; iron ship-plates, 10/.; iron ship-angles, 
1l.; iron ship-rivets, 12/. 103. to 13/. 10s. ; steel bars 
(basic), 102. 153.; steel bars (Siemens), 11/. 15s.; steel 
ship-plates, 10/.; steel ship-angles, 9/. 15s.; steel —s 
10/. 15s. ; steel hoops, 11/.; and steel joists, 97. 17s. 6d., 
all leas the customary 24 per cent. discount. Cast-iron 
railway chairs are 4/. 10s.; heavy sections of steel rails, 
9l.; and steel railway sleepers, 10/.—all net. Iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
are 18/. f.0.b.—less the usual 4 per cent. 





Coat AND Lienite In GerMANY.—The German Lignite 
Union in Halle reports satisfactory business on the central 
rman market. Emp!oyment in July was mostly the 
same, in some cases better, than during the month of 
June, and much better than during the month of July, 
1914. The sale of briquettes was generally good, and the 
demand could not be satisfied in all cases. Overtime 
is being worked on an increased scale. The shortage of 
labour been further enhanced through continued fresh 
calls to the Front; and besides prisoners of war, female 
labour is being used on an increasing scale, and wages 
have again risen. The south German coal market is very 
firm, through scanty offers and an active demand. So as 
to secure sufficient stocks the trade and large consumers 
order freely, but such orders can only be executed in 
part and with considerable delay. Anthracite especially 
isin very stropg demand, but can only be supplied in 
limited quantities. 


NOTES FROM THE SOUTH-WEST. 


Oardiff.—Neither buyers nor sellers of steam coal have 
shown much disposition to seriously discuss fresh trans- 
actions. The tone of the market appears to be easier. 
Prices have been somewhat irregular tor both Admiralty 
and Monmouthshire large steam coal. There has been no 
movement of importance in Nos. 2 and 3 Rhondda large. 
S have shown increased steadiness. The best 
Admiralty large steam-coal has been, to some extent, 
nominal ; secondary descriptions have made 24s. to 25s.; 
best bunker smalls, 19s. to 20s.; and ay smalls, 123. to 
13s. per ton. The best household coal has brought 23s. 
to 24s.; good households have made 2ls. to 22s.; No. 2 
Rhondda large has been quoted at 193. to 20s.; and No. 2 
smalls are priced at 12s, 6d. to 13s. von. The latest 
quotation for patent fuel has been to 35s. per ton. 
Special foundry coke has brought 42s. to 443.; good 
foundry coke, to 40s.; and furnace coke, 30s. to 33s. 
per ton. 

Mardy.—With the reopening of the old Mardy pit (the 
property of the Rhymney Iron Company) on Monday, 
after a stoppage of five years, a newera of prosperity 
appears likely to dawn for Mardy. All the old pit-head 
machinery has been entirely removed, and, under the 
direction of Mr. R. Rutherfurd, the general manager of 
the company, the shaft has been sunk to the lower 
measures, Abt present it is only proposed to work the 
Ras Las seam, but it is estimated that 1000 tons of coal 
will be ea-ily dealt with daily. 


Welsh Trade Matters.—The directors of the Penarth 
Harbour, Dock, and Railway Company have announced 
a dividend at the usual rate of 53 per cent. per annum 
for the first half of 1915. At the twenty-seventh annual 
meeting of the International Coal Company, Limited, 
the directors reported a net profit of 18,304/., which, with 
28091. brought forward, gave 21,113/. for distribution, 
admitting of a dividend of 10 per cent., with a bonus of 
24 per cent.; 6500/. has been added to the reserve, and 
3Y¥88/. was carried forward. Operations have been some- 
what interrupted at the Dowlais Works by an accident. 
The Big Mill, which is the only mill which has been fully 
working, has been occupied with fish-plates, sole-plates, 

rops, tram-rails, &c. The directors of Fernhill Col- 
ieries, Limited, report that the net profits for the twelve 
months ended June 30, 1915, were 31,685/., increased to 
44,1271. by the balance brought forward from 1913-14, 
The directors recommend dividends at the rate ot 
7 per cent. per annum upon the preference shares, and 
16 per cent. per annum upon the ordinary shares, 
for the twelve months ended June, 1915; they add 
10,0002. to the reserve, and carry forward 11,127/. The 
output of coal for the past year was 554,646 tons, as 
compared with 672,656 tons in 1913-14. ‘he diminution 
is explained by the fact that more than 30 per cent. of the 
company’s working staff bas joined the Colours. The 
earnings of the Milford Docks Company for the past 
half-year provide interest upon the A debenture stock at 
the rate of 19s. 6d. per cent., as compared with 9s. per 
cent. paid for the first half of 1914. The tonnege of 
vessels entering the docks during the past half-year was 
483,895 tons, as compared with 354, tons in the corre- 
sponding period of 1914. At the 19th annual meeting of 
Messrs. Insoles, Limited, a dividend of 10 per cent. was 
declared for the last year. The chairman (Mr. W. N. 
Lewis) said there was very little | + of the company’s 
output being increased until the war was over. ‘The 
company had to face a considerable expenditure durin 
the next twelve months in the shape of electrica 
haulage for coal to be worked from the Hafod seam, 
as well as for new lamps for the whole of its col- 
lieries. Mr. Lewis also presided at the annual meeti 
of the Windsor Steam Company, 1901, Limited, 
and congratulated the proprietors upon the fact that 
the company was at last able to show a credit balance 
in its profit and loss account. The company’s output 
of coal had been considerably reduced by scarcity of 
labour. During the past financial year the production 
was 416,800 tons, against 491,000 tons in the correspond- 
ing period of 1913-14. The past year closed with a credit 
balance of 5772/., as compared with a debit balance of 
42,7901. twelve months pooviensy. The directors of 
Guest, Keen and Nettlefolds, Limited, in their report 
for 1914-15 state that the accounts show a profit of 
384,400/., to which should be added 270,440/. brought 
forward from 1913-14. The directors recommend a divi- 
dend upon the ordinary shares at the rate of 10 per cent. 
per annum, ther with # bonus of 1s. per share, a 
reliquat of 357,319/. being carried forward. 





Tue tate Dr. Emit Ratuenav.—Dr. Rathenav, the 
well-known director-general of the Allgemeine Blek- 
trizitiits Gesellechaft and of the Berlin Electricity Works, 
died in the last days of June, we regret to see. Though 
most successful as administrator and commercial man, he 
was a trained engineer, and the Verband Deutscher Elek- 
trotechniker owes much to him. Rathenau attained a 
good age, having been born in Berlin in the year 1838. 
He was educated at Berlin, Hanover, and Ziirich ; after 
leaving the Polytechnik, he worked in the Korsig Loco- 
motive Works, and then in the drawing-offices and shops 
of Messrs. John Penn and Son, in London, of Messrs. 
Easton, Amos and Co., and of the English and Con- 
tinental Steam Improvement Company, Returned to 
Berlin in 1865, he was again engaged on mechanical 
engineering until, after the Paris Exhibition of 1871, he 
succeeded in interesting ‘man capital in the Edison 
lam tents, the German Edison Company being formed 
in 1883. The A.E.G. grew out of this concern, and he 
shared the popularity and unpopularity of the A.E.G. in 

days. His honorary degree came from the 
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CoMMUNICATIONS WITH Mexico.—The Commercial In- 
telligence Branch of the Board of Trade have received 
the following tel m from His Majesty’s Consul at 
Mexico City :—‘‘Communications restored with Vera 
Oruz by rail. In my opinion it will be preferable to 
defer shipments of British merchandise for the present 
except by advice of agents here. Communications still 
interrupted between here and northern frontier.” 


Tue Royat Sociutry anp THE War.—The Royal 
Society is compiling a register of scientific and technical 
men in Great Britain and Ireland, who are ae 
give their services in connection with the war. he 
register is classified into subjects, and will ultimately con- 
stitute a large panel of men of standing whose services 
will be available whenever any Government department 
or similar authority requires specialist assistance. The 
register is being co-ordinated with those independently 
compiled by other societies and institutions, but the 
Royal Society would be glad to have applications for 
forms from such members of the staffs of colleges and 
technical institutions as have not yet been registered 
by any society. The Royal Society is also drawing up, 
with the co-operation of the principal societies and in- 
stitutions, a list of scientific and technical men actually 
on active service in His Majesty’s forces. Any names, 
with rank and unit, for this list will be gratefully received 
by the Secretaries at Burlington House. The task of 
forming this register has been much facilitated by the 
assistance of many universities, university colleges, and 
scientific societies, whose help the Royal Society grate- 
fully acknowledges. 








OPPORTUNITIES FOR WOOLLEN MILLS IN AUSTRALIA.— 
Australia yearly produces wool to the value of 24,000,000/., 
and its manufacture, when exported to other countries, 
gives employment, directly and indirectly, to about one 
million people. A witness, giving evidence before the 
Australian Tariff Commiasion recently, stated that the 
value added after the wool left Australia was about 
50,000,000. The same witness said that if Australia 
were to convert her wool-clip into tops, 6,000,000/. per 
annum would be added to its value in the country where 
it was grown. He thought tops could be produced in 
Australia to he sold in competition with Boglish tops 
in England. There was also a growing demand from 
China and Japan for Australian wool. Proceeding, the 
witness called the Commission’s attention to what he 
regarded as the almost imperative necessity of establish- 
ing spinning. mills in Australia, of the conditions 
that would be brought about after the war. The whole 
of the wool industry in France was centred in the Rheims 
and Roubaix-Tourcoing districts, and damage to the 
extent of 14 millions sterling had been done to the mills 
of these districts. In Russia there had also been serious 
damage done to the woollen mill districts. After the 
war, he thought it would probably be found that England, 
America, and Japan would te the only countries left 
with textile machinery. The witness concluded by stating 
that steps should be taken to encourage the industry in 
Australia while the machinery makers of England were 


b 
able to supply the machines. Later on, when the Conti- | William George Fearnsides, M.A. (Canted. ) 
nental countries began to re-establish their mills, the | by 


makers in England, he thought, would be inundated 
with orders. 
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Tue Worwp’s Coat Ourrut.—The Comité des Forges | Mansfeldt Henry Mills. ; 
de France gives the total output of coal throughout the | = 7 ae :—(a) ‘* Boring and 
| fie 8,” y 

| (b) ‘‘American Coal-Dust Investigations,” by } 
nited States, 517,033,649 tons;|S. Rice, chief mining engineer to the United States 


world for 1913 as being 1,339,977,123 metric tons. Of 
this figure, the United Kingdom has contributed 
292,029,360 tons; the U 


The following papers will be 

rilling on 4 

r. Paul Dvorkovitz (vol. xlix., 705). 
Mr. G 


eorge 


Germany, 278,986,154 tons, including over 87,000,000 tons | Bureau of Mines, The programme includes a number of 


of brown coal; Austria-Hungary, 54,112,221 tons, in- 
cluding over 36,000,000 tons of brown coal; France, 
40,843,610 tons ; Belgium, 22,841,590 tons; and Russia, 
33,824,028 tons. 





Tuer InstTITUTION OF Min1NG EncingErs.—The twenty- 
sixth annual general meeting of the members of the 
Institution of Mining Engineers will be held at the 
Hotel Métropole, King-street, Leeds, on Wednesday, 
September 15, at 2.30 p.m., when the following papers 
will be read or taken as read :—l. ‘‘Some Effects of 
Karth-Movement on the Coal-Measures of the Sheffield 
District (South Yorkshire and the Neighbouring Parts 


of Derbyshire and Nottinghamshire),” is ev 
z. ‘“*Compressed Air for Coal-Cutters,” Mr. Sam 


Mavor. 3. ‘‘Gas-Producers at Collieries for obtaining 


| Power and Bye-products from Unsaleable Fuel,” by Mr. 


excursions and visits. 





Prizk Prosiems.—It is rather striking that the prize 
problem for competitive solution, set by the engineering 
department of the Technical High School at Charlotten- 
burg for the year 1915-16, should concern Maxwell’s Corre- 
sponding or Parallel Problems. It is pointed out in the 
notice that, by exchanging electric for magnetic vectors, 
the two sets of Maxwell’s equations can be converted into 
one another. Corresponding problems may also arise 1n 
mechanics, geometrical optics, and on graphical deduc- 
tions. The prize is offered for the best monography on 
the general principles of such parallel a illustrated 
by references to electrotechnics. ‘The department for 
general science of the same college invites competitive 
essays on the Historical Development of the Physical 





Foundations of Radiotelegraphy. 
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PRODUCTION COSTS. 


In no other country has the subject of manufac- 
turing costs received more attention than in the 
United States, and at one period it almost appeared 
to be the view that the whole secret of success lay 
in the adoption of very elaborate and detailed 
schemes of cost accounting. Just as nowadays 
plausible American youths with a minimum of 
practical experience succeed in being taken On as 
‘efficiency engineers,” so twenty years ago did 
the ambitious clerk blossom into a full-fledged 
** costs accountant.” In fact, the accountants’ offive 
threatened to become the dominant department of 
every great industrial enterprise in America. In- 
deed, this ideal has, it must be acknowledged, been 
pretty nearly realised in certain of our own under- 
takings when controlled by public authorities: In 
the case of the Metropolitan Water Board, for 
example, whilst the technical and creative ser- 
vices have been cut down, there has been a 
steady extension of the statistical department, due 
probably to the mistaken belief of the people’s 
elected that the provision of very detailed figures 
will enable even the most ignorant of them to 
More- 
over, although the accountants’ department has 
not hitherto attained quite as marked an ascen- 
dancy in undertakings under private control, 
it can hardly be denied that no small proportion of 
the responsibility for the disastrous trade-union 
policy of limiting the output has been due to the 
stupidity of the ‘‘oftice” in times past. The 
** office,” in short, seemed to concern itself solely 
with what a man got, and not with what he did for 
it. Heavy forgemen, for example, have always 
been paid at very high rates, but have at times 
acquired a somewhat indifferent reputation for 
regularity. Those who work steadily can, how- 
ever, make incomes which would be envied by 
many professional men, and this fact has commonly 
been keenly resented by the office. In one case, 
we remember, a firm was very anxious to secure 
an order, but in place of appealing to the men 
whose irregularity rendered them very unprofit- 
able, they approached their most industrious hand, 
asking him if, in view of his large weekly takings, 
he would not consent toa reduction in his piece 
prices. The workman, knowing that he was by far 
the most profitable employé the firm had, quite 
properly refused, to the intense indignation of the 
‘* office.” In another case the ‘‘ office” came to 
the conclusion that what it pleased to consider the 
unproductive labours of the drawing-oflice were 
extravagant, and insisted on them being reduced 
by 20 per cent., with the result that for every 
hundred pounds saved there, a thousand was lost 
in the shops. Instances of similar short-shorted- 
ness could be 1aultiplied wholesale. 

An accountant is, in fact, a most useful and 
necessary servant, but an exceedingly bad master. 
Much interest attaches accordingly to the note of 
revolt against his domination in American works 
struck by Mr. H. L. Gantt in a paper presented 
to the American Society of Mechanical Engineers. 
The particular point to which Mr. Gantt takes 
objection is the practice of including the whole of 
the overhead charges as part of the manufacturing 
He contends that whilst it is possible to 
determine accurately material and labour costs, 
there has so far been no satisfactory system of 
distributing or attributing the indirect expenses. 

In many cases, he says, the practice has been to 
distribute the total indirect expenses, ‘including 
interest, taxes, insurance, and the like, either in 
proportion to the direct labour, or y in pro- 
portion to this and to the machine hours. Hence 
the whole of the indirect expenses, however large, 
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one-half, the apparent cost of production increases 
tremendously. It is, however, at such times that it 
becomes of extreme importance to know what is 


230| the lowest price at which products can be sold ; 


and the above method of attributing overhead 





charges is then, Mr. Gantt claims, most fallacious. 








As an example he quotes a case in which the cost 
of production, thus reckoned, was 30 cents, whilst 
the article could be bought on the market at 
26 cents, and it was accordingly decided to give up 
manufacturing that particular commodity. Of the 
total cost of 30 cents, however, 12 cents were due 
to overhead charges. The factory was, moreover, 
being run at only one-third of its full output. If 
this full output had been attained, the overhead 
charges would have been but 5 cents, and the 
total cost of production 23 cents. The result of 
giving up the manufacture of this particular article 
was that the overhead changes had to be distri- 
buted over the products still made, thus increasing 
their apparent cost, which might thus, Mr. Gantt 
observes, be brought in excess of the market 
price, and proceeding in this way, one branch of 
manufacture might, on the same basis, be abandoned 
after the other, and the works completely closed. 
Something of the kind, he states, actually happened 
in the case of a factory with which he was con- 
nected. Indeed, such a result is the logical conclu- 
sion of the plan of attributing all overhead expenses, 


however e, to the output produced, however 
small, and Mr. Gantt maintains accordingly that 
the proper principle on which overhead charges 


should be apportioned is as follows : — ‘* The indi- 
rect a chargeable to the output of a factory 
bears the same ratio to the indirect expense neces- 
sary to run the factory at normal capacity as the 
output in question bears to the normal output of 
the factory.” The deficit in the overhead account, 
which, on this basis, will be apparent when the 
factory is not running at full output, should, he 
contends, be charged to profit and loss. As an 
illustration, he takes the case of a manufacturer 
with similar plants in three different cities, and 
assumes that the demand suddenly falls to one- 
third the normal. This is met by closing down 
two of the factories, The remaining factory is run 
as profitably and as economically as ever, although 
the profits may, no doubt, be eaten up by the 
charges on the two idle plants. These charges 
shculd, he claims, not be reckoned as part of the 
cost of production, and, if it is impracticable to 
raise the selling price, must be debited to the profit 
and loss account. Obviously, the argument is not 
affected if the three factories, in place of being in 
different cities, lie side by side in one. 

As a corollary, Mr. Gantt observes that economy 
should be sought in increasing the efficiency of 
existing plant rather than in increasing its size; 
and he believes that in this consideration is to be 
found the explanation of the fact that some of the 
large combinations find it difficult to compete 
with much smaller firms. In short, where products 
are charged with the expense of plant not utilised in 
their production, the cost may be so high as to 
prohibit their sale. Thus, in the supposititious 
case of the three factories instanced above, if the 
overhead cost of the two idle factories was attri- 
buted to that remaining in full operation, the cost 
would probably have been too great to make sales 
possible, and a still further loss would result. 

Mr. Gantt observes that some American firms 
have already broken with the older tradition. The 
first step taken was to separate selling costs from 
manufacturing costs, which are now held to end 
when the seoliode are delivered to the stock-room. 
All expenses subsequently incurred belong to the 
sales department and should be deductions from 

rofits. The previous plan of attributing the 

urden to the actual output was, however, main- 
tained, and this made it difficult to recognise 
whether the works were really being run as effi- 
ciently as the actual circumstances permitted. This 
difficulty was met by establishing a “‘ fixed ” over- 
head charge, independent of fluctuations in the 
output, so that it was possible to give salesmen 
a definite limit as to prices. One consequence of 
this plan is a difficulty in balancing the books, but 
this, Mr. Gantt maintains, should be effected by 
charging the deficit or surplus to profit and loss. 
If an error in business has been made by over- 
estimating the demand for the — and building 
too large a factory, matters will not, in his opinion, 
be remedied by charging the results of this business 
mistake to the cost of production, but the loss 
should be attributed to the department actually 
responsible for it. 

n the discussion following Mr. Gantt’s paper, 
Professor Kent gave an interesting example of 
how unintelligent methods of cost accounting may 
lead to error. A foreman having a large lathe 
idle, and more light work in hand than smaller 
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lathes available, quite properly started some of the 


light work on the heavy lathe, so that the latter 
might earn something towards its keep. In this 
instance, the speaker pointed out, any estimate of 
cost fur future work of the same kind would be 
erroneous, if based on the ‘‘ burden charge” of 
the large lathe, which would not normally be em- 
ployed on work of that character. 





PRESSURESCRAPING OF 
WATER-MAINS. 

ALTHOUGH in laying water-mains allowance is 
always made for a reduction in the capacity of the 
pipe, as well as for a future increase in the 
consumption of water, it not infrequently happens 
that some unforeseen circumstance, such as the 
rapid corrosion and incrustation of the main, 
renders it incapable of supplying requirements. 
Pipes conveying unfiltered water, especially if the 
water is soft and slightly acid, are especially liable 
to incrustation, which usually takes the form of 
nodular growths. The nodules appear to originate 
at some minute defect in the interior coating of the 
pipe, which leads to a corrosion of the metal and a 
deposition of organic material from the water, the 
growth continuing ata more or less uniform rate 
as long as the nodules are distinct. Eventually, 
however, adjacent nodules may unite, and the rate 
of corrosion then diminishes and ceases alto- 
gether when a certain thickness of incrustation is 
reached. Undoubtedly a perfect coating, pro- 
perly applied, would prevent the action, and little 
trouble is likely to be experienced with pipes twice 
dipped in Dr. Angus Smith’s solution before lay- 
ing if the dipping is properly carried out. Many 

ipes in existence, however, have either never 
tam coated at all or the coating has been 
unsuitable or badly applied, so that corrosion 
and incrustation occur and the delivery falls off 
at a surprisingly rapid rate, owing to the in- 
creased friction and decreased diameter. At Tor- 
quay, for instance, the capacity of an uncoated 

ipe, 14 miles long, laid in 1858, was diminished 
by 49 per cent. in eight years. In this case the 
incrustations were removed and the original capa- 
city restored by means of a scraper propelled by 
the pressure of the water in the pipe—a method 
mew we believe, had not been previously em- 
ployed. The apparatus, which was devised by 
Appold, and afterwards improved by Box and 
Froude, consisted of a number of steel scrapers 
kept in contact with the internal surface of the 
pipe by means of springs and pushed along by a 
pair of pistons. Two pistons were, of course, 
necessary to carry the appliance past branch open- 
ings in the main, and the whole was made sufli- 
ciently flexible to pass round moderate curves. 
The same principles are employed in modern 
scrapers of this type; but considerable improve- 
ment has, of course, been made in detail, as a 
result of experience gained in working. 

One important objection urged against scraping 
water-mains is that the operation must be repeated 
at frequent intervals after the first scraping, since 
corrosion and incrustation then pr at a more 
rapid rate, and the life of the mainisreduced. The 
first scraping is always more difficult and costly than 
subsequent ones, since hatch-boxes, for the inser- 
tion and removal of the scrapers, have usually to be 
provided at intervals in the pipe-line, additional 
valves for controlling the water have to be inserted, 
and the scrapers themselves have to be purchased. 
Even so, the cost is slight compared with that of 
laying a new main, and the subsequent operations 
can be carried out with an almost negligible amount 
of trouble and expense. Pressure-scraping is, how- 
ever, quite unsuitable for cleaning small, thickly- 
encrusted pipes, and is rarely used for pipes of less 
than 6 in. diameter, unless a qensiorile pressure 
is available ; such pipes can best be dealt with by 
mechanically-operated scrapers. 

We are led to refer to te subject by a paper 
describing some work carried out by the Ayr oo 
poration, read by Mr. James Macfadzean, B.Sc., 
A.M. Inst. C.E., at the annual meeting of the 
Scottish District of the Institution of Municipal 
and County Engineers. The work was in no way 
unique, but the information given may prove in- 
teresting and useful to other engineers confronted 
with similar problems. The main source of the 
water supply for Ayr is Loch Finlas, from which 
the water is brought through a single pipe-line, 
17 miles long, to a service reservoir near Dal- 
rymple. The first 2} miles of the line is laid with 





18-in. fire-clay pipes, while the following 8 miles 
consist of 16-in. cast-iron pipes, and the remaining 
64 miles of 14-in. cast-iron pipes. It is with the 
scraping of these cast-iron pipes with pressure- 
scrapers, made by Messrs. Glenfield and Kennedy, 
that the paper deals. The main, which was laid 
in 1887, had a calculated maximum capacity of 
2,592,000 gallons a day. No actual measurements 
of the delivery, however, were taken until 1903, when 
the discharge was found to be 2,037,000 gallons, 
and by 1911 this figure had fallen to 1,865,000 
gallons—an amount nearly a million gallons a day 
short of the town’s requirements at certain periods 
in the summer. The deficit was made good by 
pumping from a spring, but this source sometimes 
proved insufficient, so that the town had to be put 
on a reduced supply. To remedy this, and at the 
same time to delay the laying of a new main, it 
was decided to scrape the existing main, by which 
means it was estimated the daily flow would be in- 
creased by about half a million gallons. 

Pressure-scraping was —— in preference to 
power scraping because of the prohibitive cost of 
the latter system and the serious dislocation of the 
supply entailed by its use. Other reasons leading 
to the decision were that pressure-scraping causes 
less damage to the internal coating of the pipes, and 
that the incrustation, which was in the form of 
nodules, was soft and easily detached and of small 
thickness in comparison with the diameter of the 
pipe. An ample pressure of water was also avail- 
able at most parts of the line, so that all the con- 
ditions were favourable to pressure-scraping. No 
provision for scraping was made when the main 
was laid, so that the first part of the work was to 
divide the main into sections, one or two miles long, 
and insert hatch-boxes at these points. Hatch- 
boxes had also to be inserted at the ends of two 
short sections, where the head of about 15 ft., 
necessary to drive the scraper, could not be relied 
upon ; the scraper had to hs pulled through these 
sections by means of ropes or chains. r. Mac- 
fadzean points out that, when inserting hatch- 
boxes, provision must be made for disposing of 
large volumes of water without damage to land, 
roads, or other property, and this point should be 
borne in mind in selecting sites for them. In 
towns the boxes should enclosed in built 
chambers, with suitable drainage arrangements, 
and this construction is desirable, though not 
always essential, in country districts. 

The procedure adopted in scraping each section 
was as follows :—Sheer-legs were erected over the 
hatch-boxes at each end for lifting off the covers 
and handling the scraper, which, for the 16-in. 
main, weighed 3 cwt. The water was then cut off, 
and the section drained by opening all the scour- 
valves, after which the covers of both hatch-boxes 
were removed. The scraper was placed in the 
first box and the cover bolted on, and at the same 
time a plug was placed in the second box to prevent 
the material removed from the section under treat- 
ment from being carried into the next section. 
The water was then turned on and the scraper 
moved off with a low rumbling sound, which was 
sufficient to enable its movements to be followed 
without much difficulty. One man walked beside 
the scraper, and several others were posted ahead 
at intervals in order to locate it if it should escape 
from the first man. Other men were told off to 
close each scour-valve as the scraper reached it, 
and to reopen the valves when the scraper had com- 
any its journey. No time must, of course, be 
ost in shutting off the water after the scraper 
has reached the second hatch-box, especially if the 
drainage from the latter is not very good. At 
Ayr a system of signalling was arranged, but some- 
times field-telephones are employed for this pur- 
pose second hatch-box was then cleaned out 
and the scraper taken out and carted back to the 
first box for a second run, each section being 
scraped twice. The average speed of the 16-in. 
scraper was about 2 miles per hour, and the time 
allowed for having the water turned off was six 
hours every day, so that the men were kept con- 
tinuously employed. 

The 14-in. main was scraped in May, 1912, and 
the 16-in. main in May of the following year. 
This scraping of the small pipe first was aon, ly a 
mistake, and as a result the pressure line dro 
to the level of the pipe in one place, thus hegaking 
up the remainder of the main into a series of in- 
verted siphons. This cut-off the supply from 
certain consumers, and these supplies could only 
be restored by closing down certain valves and 





throwing the pressure back on the main behind. 
It was thus impossible to reap any advantage from 
the operations until the whole of the main had 
been scraped. However, when this had been com- 
pleted the capacity of the main was increased by 
681,000 gallons aday, or 363 per cent., thus bring- 
ing it to within 46,000 gallons a day of its original 
calculated capacity. Another important result was 
that an increase of 30 ft. in the pressure-head was 
ebtained at the point where the main changes size ; 
this raised the hydraulic gradient to a stable height 
above the pipe at all parts. By May of this year, 
however, the — of the main was found to 
have decreased by 276,000 gallons a day, so that 
over 40 per cent. of the improvement due to scrap- 
ing has been lost in two years. The pressure- 
head at the junction of the 14-in. and 16-in. pipes 
had also fallen by 25 ft., so that the main will 
require to be scraped again next year. If the con- 
sumption increases, the intervals between scraping 
operations must be shortened until annual scraping 
is insufficient, when a new main must be laid or a 
new source of supply found. 

The total cost of the work, including hatch- 
boxes, valves, scrapers, &c., amounted to nearly 
341. a mile for the 14-in. main and to 48/. 10s. a 
mile for the 16-in. main. Scraping alone cost 
131. 7s. 11d. a mile for the 14-in. main, and, 
owing to the experience gained in this work, the 
cost of the scraping operations on the 16-in. main 
was reduced to 11/. 19s. 9d. a mile. The cost of 
this part of the work naturally depends largely on 
the number and nature of the obstructions met 
with. If the scraper sticks, it can usually be re- 
started by striking the pipe or setting up water- 
hammer action, and if these expedients are un- 
successful they may be repeated after a wisp of hay 
has been floated down the pipe to make a practically 
water-tight joint. Failing all these means, there 
is nothing for it but to cut the pipe and remove the 
obstacle. No difficulty of this kind was encountered 
during the work at Ayr, though most unexpected 
obstacles are sometimes met with, especially when 
@ main is being scraped for the first time. In one 
case, for instance, a shunter’s pole was found in a 
pipe, and crowbars, pick-heads, and other tools are 
occasionally discovered ; lead from badly-run joints is 
another possible source of trouble. During scraping 
operations spare lengths of pipe, collars, and joint- 
ing materials should, of course, be kept handy in 
order to save time if a burst should occur, or if it 
should become necessary to cut the main. 

Scraping is not usually resorted to unless it has 
become imperatively necessary to increase the 
water supply, as was the case at Ayr. Even then 
the engineer must carefully consider whether the 
increased flow is sufficient compensation for the 
cost of adapting the main for pressure-scraping, 
and for the constantly recurring cost of the actual 
work of scraping, though these are generally trifling 
when compared with the cost of laying a new main. 
This will probably have to be done sooner or later, 
though a number of mains which have been scraped 
annually for many years are still being used. It 
will thus be evident that there is room for some 
difference of opinion as to the merits of pressure- 
scraping, and that it is necessary to consider all the 
circumstances of each case before decidiny to adopt 
it. At the present time, however, the fact that 
capital expenditure by local authorities is being 
discouraged as much as possible gives additional 
weight to the arguments in favour of pressure- 
scraping, since it may enable expenditure on new 
mains to be delayed until a normal state of affairs 
is reached in the future. 





THE CHEMICAL ENGINEER. 

THe engineer is the greatest benefactor of 
mankind, in that he lifts from them the crushing 
burden of continuous, unremitting toil. He also 
exorcises the spectre of famine, which is never 
absent from a fand subject to climatic variations 
and without means of communication. The two 
great blessings of reasonable leisure and sufficient 
food flow from his works, and prepare the way for 
the artist, the man of letters, the pure scientist, 
the medical man, and others. In this way the 
engineer not only supplies the material wants of 
his fellows, but he, in great measure, affords an 
—— to those who attend to the spiritual 
and intellectual needs. The world, however, has 
a short memory, and is generally forgetful of what 
has been done for it by our profession. Only in 
times of stress does it acknowledge its indebted- 
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ness, and express its confidence in our assistance 
for the future. Just now, when we are confronted 
by a great national danger, it is to the mechanical 
engineer and the chemical engineer that the public 
turn. The former is fairly well accustomed to 
being told on ceremonial occasions that he is an 
important member of the national defence ; but it 
is a surprise to the latter to find his existence even 
acknowledged. That chemical engineering actually 
exists is often forgotten, not only by the general 
public, but also by experienced engineers themselves. 
Yet no branch is more promising, none less crowded. 
It is necessary, however, to distinguish between 
the chemical engineer and the engineering chemist. 
The latter is essentially a chemist, devoted to a 
special and certainly important domain of his 
science; his standing has long been recognised. 
He analyses and controls the raw materials, the 
processes, and the final products, and when he is 
given sufficient time, which the manufacturer is 
not over-ready to grant, he tries to improve the 
processes by research and to discover means of 
utilising the waste products. He has to test lubri- 
cants, to advise on rust prevention, and to make 
dangerous operations as safe as can be done. This 
is a wide field of utility, fairly well defined and well 
provided for in the curricula of our colleges. The 
chemical engineer shares some of the duties of the 
engineering chemist. But the design of plant is 
a further sphere of his own, and universities and 
technical colleges cannot do very much at present 
to fit him for his career. His position is firmly 
established on the Continent ; over here he is only 
beginning to acquire the status due to him. 

Pleading for the chemical engineer in his Presi- 
dential address to the Society of Chemical Industry 
in 1899, Dr. G. T. Beilby said :—‘‘ Works opera- 
tions are not merely laboratory operations writ 
large.” The subject was new then, and has 
certainly not yet become stale. When the Society 
of Chemical Industry met at Manchester last 
month, in fact, to discuss, we might broadly say, 
the general industrial problems which the war has 
forced upon the nation, Dr. Beilby addressed the 
meeting upon the same subject. Many a promising 
laboratory process has languished or failed because 
the engineer could not devise suitable apparatus 
and machinery to carry it out on a large scale. 
The engineer may be quite a competent man. but 
the difficulties he has to face in chemical plant differ 
from those he has to overcome in his usual practice, 
and not infrequently exceed them. The laboratory 
chemist deals with grammes or kilogrammes in 
glass apparatus, crucibles of platinum or china, and 
small furnaces. He can easily enlarge and modify 
his apparatus, and fuse on new parts or join them 
by means of rubber tubing and cork. He is aware 
that in the long run very few substances are really 
indifferent and chemically inactive ; for the short 
periods of his actual experiments his apparatus 
may probably be relied on. 

When it comes to devising a plant to deal, in con- 
tinuous operations, with tons of materials, the 
engineer is called in. His experience in engine 
construction, mines, or water-works, even in gas- 
works—though the gas engineer is half a chemist, 
of course—may not help him much, since unusual 
claims are made upon his materials and apparatus. 
An attempt to copy the laboratory apparatus would 
be absurd. Yet the engineer might be pardoned 
if he adopted more than the principle of the plant 
of his colleagues in the laboratory. The history of 
architecture strangely illustrates the conservatism 
of the mind. Some Indian temples were originally 
built in wood, as they are now in China and Japan. 
When the people passed to stone, for want of timber 
or for other reasons, columns, capitals, beams, 
and decorations were still shaped and joined as if 
wood were the material used, and we see in our 
European churches and buildings odd imitations in 
stone or stucco of what had its origin in wood or 
metal. The engineer might be tempted to make 
a large use of glass in his chemical plant. Glass 
alone, for one thing, facilitates constant inspection, 
so that corrosion and clogging can be detected in the 
early stages. Earthenware and china make good 
substitutes for glass ; but, in spite of modern per- 
fections, they are almost equally breakable, and 
remain inferior in so far as they cannot be 
machined, no alterations be made, or joints be 
added to the finished article. Metals will often 
answer, but corrosion by fluids and gases, espe- 
cially at high temperatures and pressures, some- 
times puts metal out of court. ge sums were 
Spent a dozen years ago on a copper-ore extraction 








process ; it failed, because no pipes would stand 


the action of the hot copper chloride. Fused com- 
pounds and metals also play strange tricks, as 
metallurgists well know. Then the chemical engi- 
neer cavnot accept greased stuffing-boxes which 
the mechanical engineer would pass, while ingenious 
expansion joints and gas-tight connections suitable 
for steam may be out of place when escape of 
highly poisonous gases has to be guarded against. 

When the capacity of the plant and the choice of 
the materials have been decided upon, the engineer 
can proceed to the detailed design. There is still 
too much inclination in general to fit a plant into 
a building already erected. A chemical plant 
certainly ought to grow from inside outward, not 
the other way ; plant is not furniture, and every- 
rage ought to be fully settled before the architect 
is allowed to lay his foundations. To plan suc- 
cessfully, the drawing-office ought to remain in 
constant communication with the laboratory on 
the one side and with the moulding-shop, the 
foundry, forge, and machine-shop on the other. 
To obviate endless delay, the expert working out the 
project must grasp the chemist’s standpoint as well 
asthe engineer's. To a certain extent the plant 
should remain flexible, moreover. The chemist, 
more than the engineer perhaps, knows that 
the troubles which the experimental apparatus 
and plant gave him may be eclipsed by difficulties 
which only creep up when the new process has 
been worked on something like a big scale for some 
time. In a recent article on the removal of carbon 
bisulphide from coal-gas,* we quoted a case in 
which the step from an experimental apparatus 
dealing with 10 cub. ft. of gas per hour to an 
experimental plant of a capacity of 50,000 cub. ft. 
per hour proved almost fatal. Alterations in 
chemical plants are exceedingly troublesome and 
expensive, as they may involve the shutting down 
of whole departments. 

The chemical engineer of the future will require 
a thorough training, somewhat on the lines of the 
electrical engineer, who is first an engineer and 
then an electrician. He must be sound in general 
theory, mathematics and physics, statics and 
dynamics, and hydraulics ; the study of materials 
and their testing will claim his particular attention. 
His chemical studies will partly run parallel with 
his engineering studies. As a chemist, he will be 
able to dispense with certain important divisions of 
that science. To enter too deeply into structural 
organic chemistry would lead him away from his 
principal aim ; he will have to devote more time to 
general physical chemistry and to the principles of 
reactions, particularly at extreme temperatures and 
pressures. Lest he be tempted into special chemical 
domains, he ought to become a passable engineer 
before he busies himself much with chemistry. 

So far the college and its workshops and labora- 
tories will be able to offer him most of what he 
desires to learn. But college can only prepare him 
for his real study in the technological university, 
the factory, and there are special features which 
limit the scope of the college training of the 
chemical engineer : the cult of secrecy, which has 
nowhere stauncher adherents than among the 
chemical manufacturers, and the consequent dearth 
of efficient teachers. The professor and man of 
experience are tied down by professional reticence. 
For these reasons lectures to advanced students 
and practical men are not always what they might 
be. The Institute of Chemistry introduced such 
lectures some years ago ; we were disappointed 
by one of the first of them. After all, how- 
ever, the young chemical engineer has to learn to 
think in tons and kilowatts, and months, instead 
of grammes and watts and minutes, and to find 
out what he can do himself, and what he can do 
with the help of others. He may not at once find 
the opening he was looking for. The prospective 
dye-works ae may have to accept an appoint- 
ment in alkali works, or even be side-tracked into 
a cement works or a sugar refinery. It does not 
much matter. If the man has anything in him, 
the year spent in these works will be useful, and 
by the time another vacancy occurs, he may have 
acquired a liking for the specialty that circum- 
stances have forced upon him, or he may have 
discovered a preference for oil-cracking or coal 
distillation—branches of chemical engineering yet 
in their infancy. 

The chemical engineer, not less than the research 











* See ENGINEERING, vol. x. ix., page 228, February 19, 
1915. 





chemist, is the man upon whom the success of a 
new process depends, At present, no question of 
this kind can apparently be discussed without 
reference to Germany. People are tired of being 
lectured upon the triumphs of German chemists. 
Yet we will risk even a word with regard to the 
hackneyed theme of the development of the coal- 
tar colour industry. One can still hear and read 
—not only in the daily Press—that all the founda- 
tions of that industry were laid in this country, 
and that the success of the German chemical 
industry is based upon the picking ‘of British 
brains and upon dishonesty. Why did Perkin give 
up the works at Greenford Green? In answerin 
that question we rely upon Perkin himself, an 
upon the presidential address delivered by his son, 
Professor W. H. Perkin, to the Chemical Society 
last March, quoting not textually, but fairly, we 
hope. In the first instance, Perkin had a natural 
dislike of a commercial pursuit ; scientific research 
attracted him more. ut he could not, at that 
time, obtain in English universities assistants 
trained in organic chemical research, nor could he 
procure suitable plant. ‘‘The products were 
costly, the operations delicate, and in many cases 
chemicals of a very active and corrosive character 
were applied. This necessitated the invention of 
a higher kind of apparatus, and the use of this 
higher kind of plant has had a great influence in 
improving the character of the plant in chemical 
works generally.” 

It is to the chemical engineer quite as much as to 
the research chemist that Germany owes her pre- 
dominant position in chemical industry. In Dr. 
Beilby’s words at Manchester, ‘‘The phenomenal 
development of chemical industry in Germany has 
resulted much more from the large command of 
chemists and engineers of sound professional train- 
ing and ability than from the possession also of an 
even larger supply of research chemists of mediocre 
ability.” Those words were underlined by other 
speakers, theoretical as well as practical men. 

ere is no dearth of good research chemists in 
this country; the difficulty is that the manufacturer 
believes he can do without them. As long as his 
own process brings him a comfortable income, he 
does not see why he should admit and pay an addi- 
tional expert. But when trade stagnates, and com- 
petition becomes alarming, the manufacturer begins 
to feel that his methods and plant may be old- 
fashioned and wasteful. He is, however, dissatis- 
fied when he is advised to make a radical reorgan- 
isation of his methods and owen partly because he 
entertains doubts as to the knowledge of the expert 
being greater than his own, and it is no satisfaction 
to him to be told that he is partly responsible him- 
self for the scarcity of expert chemical engineers in 
his own line. The whole country now suffers from 
the want of many products of chemical and metal- 
lurgical manufacture. If the loud demand for a 

eneral development of chemical industry is to bear 
ruit, the importance of the chemical engineer must 
not be overlooked in the schemes of reorganisation. 





BUILDING STONE OF THE CANADIAN 
PROVINCE OF QUEBEC. 

On two previous occasions the Canadian Depart- 
ment of Mines has published reports giving a 
systematic description of building and ornamental 
stone quarried in Canada, with information indi- 
cating the future possibilities of the industry. A 
third volume has now been issued, limited to the 
operations carried on in the Province of Quebec. 

hile fully appreciating the alertness and enter- 
prise of the mining administration in circulating 
authentic information of the ample resources of 
the Dominion, and acknowledging the necessity 
of making known the possibilities that await 
further exploitation, we venture to suggest that 
the author, or reporter, Dr. Wm. A. Parkes, has 
somewhat overloaded the description with unneces- 
sary detail. Every little quarry opened for local 
consumption, though it may give employment to 
no more than half a dozen men, finds mention 
here. Even abandoned mines that have ceased to 
yield commercially figure in this inventory. Not 
infrequently it happens that the quarry is sublet, 
or mining rights are granted by a parent company 
to restricted portions of a property, and in such 
cases each independent lessee is catalogued, and 
minute differences in the manner of working, or in 
the character of the stone quarried, are insisted 
upon. The work assumes, therefore, something of 
the nature of a trade directory, and becomes weari- 
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some by the frequent reference to minute details. 
In justice, however, to the author, it must be 
said that he has endeavoured to reduce this effect 
by giving, at the end of the description of each 
particular area, a summary of the information from 
which the general character and extent of the 
mining industry can be better gauged. From these 
summaries, and from the geological structure of 
the country, we shall endeavour to construct a 
fair picture of the resources that the province can 
command in this important item of building 
m sterial, ; 

Quebec has been richly endowed in geologic 
times with abundant deposits of various kinds of 
stone, suitable either for building or for decora- 
tion. Beds of sandstone and limestone, capable of 
being easily worked, are widely scattered through- 
out the province. The fissile argillites furnish 
roofing slates in ample quantity, and up to the 
present, (Juebec may be considered as the single 
large depository throughout the Dominion where 
the production of slate on a commercial scale is 
possible. Granites and syenites of various colours 
and excellent durability are to be found amongst 
the ancient rocks on which later worlds were built, 
or are thrust up intrusively amid later sedimentary 
formations. Delicately tinted marbles, the pro- 
duct of metamorphosed limestone, are plentiful and 
easily quarried, and serpentine rocks of richer hue 
and deeper colouring promise large stores of 
decorative stone. Beds of porphyry of consider- 
able width have been exposed ; but their value will 
not be known till time permits a more rigid 
examination. Jasper and calcite and feldspar, of 
iridescent varieties, with many another prized 
stone capable of a high polish, are known to exist ; 
but their economic importance is dwarfed beside 
the more useful stone that supplies building 
material. 

These stones have various geological origins, but 
the main history of the several deposits is not 
difficult to read, though some confusion exists, 
or has existed, in regard to the archwan and 

leeozoic rocks of Canada, arising mainly from an 
important break in the geological record, by which 
the later rocks are separated from those of the 
Huronian and Laurentian systems. - The outline, 
sketched by Dr. Parkes, and which is now accepted 
apparently by the Canadian geologists of the Logan 
school, is exceedingly simple. On the pre-Cambrian 
rocks—a vague term, assigned evidently to the 
batholitic mass of material that formed the primi- 
tive floor for the later Grenville and similarly- 
circumstanced series— can be traced the effects of 
the oceanic waves successively invading and retreat- 
ing from the ar » which is now the southern part of 
the Province of Quebec. Acting through palceozoic 
times, the result has been to cover the flanks of 
the old pre-Cambrian axis with a series of sedi- 
mentary rocks. Butafter the close of the palceozoic 
age the rock formations of the province were com- 
pleted ; for though other ages succeeded in the 
history of the globe, ‘‘ this part of the world was 
never again under water, and in consequence has 
received no further additions.” But in the palceozoic 
era thera were many changes giving rise to recog- 
nisable systems and formations, those of most 
importance in connection with the present subject 
being the Cambrian, the Ordovician, and the 
Silurian. 

During Cambrian time the action of a tidal and 
advancing sea ground the pre-Cambrian rocks to 
fine fragments, providing the material out of which 
was formed the sandstone now found in different 
formations. The limit of the advance of that 

loeocrystic ocean can still be traced by noting the 
ine of the sandstone deposit ; its erosive work on 
the ancient shore is still betrayed by the precipita- 
tion of the finer materials of clay that long hung 
suspended in the deeper water. From the north of 
the St. Lawrence River the sandstone stretches 
southwards to the boundary of the province. The 
materials from which it has been formed have 
varied, and sometimes it is hard and white, and at 
others disfigured by iron stains. At other places the 
stone is fine-grained and homogeneous, and again 
flinty in character. Some is suitable for only 
rough building, but much of it, especially that 
belonging to the Devonian system, is a most desir- 
able material, possessing both fineness of grain and 
uniformity of colour. 

Later in time, when the Ordovician system re- 
_placed the Cambrian, the limestones had their 
birth. In the Beekmantown formation was pro- 


duced the rough brownish dolomite limestone, that 





possesses only local value for foundations. But in 
the succeeding ages, marked by recurring periods 
of advance and withdrawal of the ocean, the Chazy 
and Trenton formations were deposited, producing 
a better grade of limestone, marked by a semi- 
crystalline structure due to the presence of broken 
fragments of calcareous shells and other parts of 
marine organisms. These beds yield some of the 
finest limestones quarried in the province, but are 
not extensive in area. The Chazy is followed, or, 
perhaps, accompanied, by other formations, for 
there is no sharply defined division in the several 
series, giving rise to deposits that differ from the 
receding only by the presence of characteristic 
ossils. Much of the stone encountered 
a semi-crystalline appearance and is highly prized in 
building, but the thinner beds have generally been 
abandoned, or, if worked, only furnish a stone suit- 
able for crushing. Of the more useful kinds for build- 
ing purposes, the chief defect consists in the character 
and amount of thin argillaceous partings, that 
may render the stone quite unsuitable in a climate 
in which the changes of weather are severe. The 
streaked and somewhat ditty appearance of build- 
ings in which this stone is used is due to this 
clayey mixture. Another formation in the same 
series, the Lowville, supplies a limestone very 
compact and of a whitish colour. In some dis- 
tricts, this stone is of such fine grain as to be 
useful for lithographic purposes. 

A line drawn from Lake Champlain to Quebec 
City follows a great break or fault in the earth’s 
crust, and, as might be expected, a great difference 
is noticeable in the rocks and geological structure 
to the east and west of that line. On the east, we 
meet with a northern extension of the Appalachian 
system, whose strata have been much disturbed, 
are traversed by many faults, and now lie in 
highly-inclined positions. During palceozoic times 
the sea spread over this region, but not uniformly. 
There were long wide sounds and deep embay- 
ments, in which were deposited great volumes of 
sediment, that during intervals of emergence were 
eroded, and folded, and faulted during successive 
periods, when the mountain-building forces were 
active. Under these changing conditions were 
formed the strata in which are now found the 
extensive and highly-prized developments of slate. 
Though the workable deposits do not coincide with 
the geographical distribution of the slate forma- 
tion, they constitute a very valuable asset. Un 
fortunately, much of this slate material, at least 
near the surface, is apt to prove either too friable 
and fissile or too hard to be of value as roofing 
slate. But as the examination of the surface gives 
little information of the cleave of the slate, the 
nature of the jointing, and of other peculiarities 
that affect its value, it is not unreasonable to anti- 
cipate better results in the future, and deeper, 
workings of the mines. 

Owing to this same marked fault crossing the 
province, some of the building material is quarried 
under very dissimilar geologic conditions. For 
example, the granites and syenites occur both in 
the ancient pre-Cambrian crystalline area of 
Northern Quebec and in the eastern townships, 
where granite can be obtained from igneous masses 
of later age than the surrounding sedimentaries. 
In the former district huge masses of granite rise 
in bare hills above the general level of the country, 
and can be easily quarried. The stone is abundant 
in quantity, and suitable for architectural pur- 
poses and where great strength is required, as in 
railway piers. he stone is variously coloured, 
often containing large pink and white feldspar 
crystals, or quartz and black mica. In the eastern 
area a typical example of the intrusive granite is 
furnished by the Stanstead quarries, the most im- 

rtant source of granite for building purposes 

in the Dominion. The formation owes its value 
to the excellent sheeting and the pronounced rift 
and grain, which render quarrying operations com- 
paratively easy. The stone is a medium-grained 
grey granite, whose chief constituent is orthoclase 
eldspar, with which is associated a considerable 
quantity of plagioclase. Quartz is present in less 
amount, and black mica is scattered throughout in 
small flakes. The specific gravity is noticeably 
lower than that of some of the limestones, and the 
pore space is greater than is usual in granite. The 
stone can be carved with facility, and the tests for 
crushing strength show a rather low average. 

Besides the granites properly so described, there 
is another class of mineral known locally and in 
the trade as ‘‘ black granite,” possessing economic 








value. These are generally diorites and diabases, 
characterised by the presence of plagioclase feld- 
spar and a dark-coloured mineral, such as biotite, 
hornblende, or pyroxene. These rocks, again, 
have a double origin, appearing either as intrusive 
igneous masses breaking through the palcozoic 
deposits in late Devonian or carboniferous times, 
or among the pre-Cambrian rocks. The Monte- 
regian Hills, a series of ancient plutonic intrusions, 
are the most important source. Some of these 
are apparently denuded laccoliths, and probably 
they represent the substructure of volcanoes, at 
one time in active eruption. The rocks have a 
large content of alkali, and in the main intrusions 
“*two distinct types are found associated with one 
another, representing the products of the differen- 
tiation of the original magma-nepheline syenite and 
essexite.” 

The marbles of Canada, which occur both in the 
pre-Cambrian belts in the northern region and in 
other scattered localities, as well as in the Eastern 
townships, where the stratified limestones of the 
palceozoic age have been rendered crystalline by 
metamorphic agencies, and converted into true 
marbles, take a prominent place in the world’s 
production, and in the near future promise to be 
an important factor in the development of the 
mineral resources of the country. Some of the 
specimens of the pre-Cambrian age are a pure white 
dolomite, scarcely marred by any flaw; and in 
buildings the whiteness of the stone is retained for 
many years without any trace of discoloration or 
of wearing away of the edges. 

The coloured marbles, several of which are very 
effectively illustrated in the report, the polished sur- 
face being admirably represented, are of a very 
handsome and striking character. The fine grain 
and delicate veining on a variegated ground are very 
ornamental, to which the brilliant and glittering 
surface, due to the high polish, contributes. The 
wearing character recommends it as much as its 
pleasing appearance. In buildings erected in 1878 
the edges are still hard and true, and the sharpness 
of the chisel marks is still retained. Of the 
metamorphic marbles, the Missisquoi region pos- 
sesses a very extensive belt of such limestone 
belonging to the Chazy formation. The crystallisa- 
tion has not been complete, but many fine marbles 
are being quarried, and are used both for archi- 
tecture and internal decoration. A kind known as 
‘** black and gold” is much valued on account of its 
handsome appearance and brilliant polish. The 
‘* gold” is due to the presence of veins of dolomite. 

Canada also possesses large deposits of other 
stones, whose economic value has not been deter- 
mined. Among these must be reckoned serpentine, 
large deposits of which are known to exist north 
of the Ottawa River; but the quarries do not 
appear to be in active operation. This rock, of 
secondary origin, has been formed from magnesian 
minerals, such as olivine and hornblende. The 
hardness is less than that of the original, but it 
possesses a semi-translucency and colouring which 
cause it to be prized for decorative purposes. The 
usual colour is green, but a yellow variety is also 
found. Unfortunately, the serpentines are badly 
shattered. Dr. Parkes remarks: ‘‘ I have observed 
no place where a block 6 ft. long could be obtained.” 
In the great pits of the asbestos region the cracks 
and joints are also perceptible, showing that there 
is little improvement with increasing depth. Ex- 
cessive fracturing is likely to prove a strong 
deterrent in the working of these deposits. The 
Orford Mountain affords the most promising out- 
look, where very beautiful stones, with clouds of 
varying shades of green, are encountered. On the 
coast of Labrador iridescent varieties of feldspar 
are known, but in more accessible situations beds 
of red and green jasper await exploitation. Porphy- 
ritic granites and many rarer minerals that ap- 
proach the nature of semi-precious stones will be 
worked in the future, but at present little is 
known of these beyond their existence. 

In addition to describing the stone, the localities 
in which it is found, and the methods of quarrying, 
Dr. Parkes has given the results of various physical 
tests to which selected imens have been sub- 
mitted. These tests enable him to give the specific 
gravity, the pore space, the ratio of absorption, the 
coc fficient of saturation, the crushing strength, and 
the results of some other systematic experiments. 
The testing of stone is admittedly a difficult and 
uncertain operation. Since the properties vary 
within very small areas, inferences may mislead ; 
the result of the experiment applies rigorously only 
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to the fragment submitted to actual test. The 
accidental errors are generally large, in some cases 
the conclusion is- obviously erroneous, in others 
suspicious, and occasionally it has been found im- 
possible to obtain similar values on repeating the 
test.. The accuracy will not be uniform, and some 
of the data, such as those referring to weight and 
specific gravity, will be more trustworthy than 
those in which the final result is complicated by 
the introduction of more elaborate factors. But 
when the examination is carried out methodically, 
under similar conditions, the results are fairly 
comparable among themselves. Thus the experi- 
ments on pore space, conducted by measuring the 
increase in weight of a known mass before and 
after saturation, enable us to say that the lime- 
stones of Quebec are very dense and compact rocks, 
that the carboniferous sandstones have a high 
porosity, and they generally permit us to adopt a 
scale expressing the relative density. . 

The ratio of absorption, in which a time scale is 
introduced and the atmospheric pressures are 
varied, is of more doubtful interpretation. The 
author admits that such ratio may have little 
practical value in itself, though it should be in- 
forming to know the degree of rapidity with which 
water is absorbed up to complete saturation, and 
the behaviour of the various stones under different 
conditions. If these experiments throw light on 
the frost-resisting properties of building stone, 
they are valuable, and especially valuable in 
Canada, where great variations of temperature 
are experienced; but it is not easy to see 
the direct connection. Similarly, the deter- 
mination of a ‘‘coefficient of saturation” that 
would indicate the point at which a stone might 
be regarded as free from the injurious action of 
frost would be highly appreciated, but experts 
are not able to agree on this critical figure. The 
testing would show that but few of the lime- 
stones are immune from the effects of frost when 
used in foundations below the level of the ground. 
Sandstones give a slightly better result, and 
granites, especially the so-called ‘‘ black granites,” 
give very favourable figures. Marble is not a 
satisfactory material for outdoor work, but slates 
give no cause for anxiety. The effect of frost on 
stone can hardly be determined by direct experi- 
ment, but as it is desirable to ascertain what 
injury may be anticipated in those stones whose 
coefficient of saturation indicates an insecurity, 
specimens have been frozen and thawed forty times 
by means of artificial cold, and then crushed, the 
crushing resistance being compared with that 
obtained before freezing. There are obvious dif- 
ferences between the method of experimenting 
and the natural conditions under which the stone 
is frozen, and many factors enter to make the inter- 
pretation of the result doubtful. The general con- 
clusion is that artificial freezing, forty times 
repeated, does not affect to a measurable degree 
the granites or black granites. The dolomitic 
crystalline limestones also show no weakening 
effect. The argillaceous limestones are adversely 
affected, and the crushing resistance of the car- 
boniferous sandstones is diminished. The actual 
crushing strength, before freezing, together with 
the transverse and shearing strength, can be con- 
veniently shown in tabular form. The figures 
give the approximate average strength in pounds 
per square inch :— 











Character Average Average Average 
of Crushn g Transverse Shearin 
Stone. Strength. Strength. Strength. 
Ib. Ib. Ib. 

Black gra vite 39,000 2200 2150 
Granite = .-| 80,000 2442 1800 
S‘ate .. aie 30,/ 00 5000 1700 
Sindstone .. 20,010 + 1800 1500 
Marble oe 20,000 2000 1300 
Limestone .. 3000 2000 


The resistance to corrosion in a number of speci- 
mens was determined by submitting inch cubical 
blocks to the action of carbon dioxide and of oxygen 
for a space of four weeks. The change in weight 
was thought to serve as a measure of the probable 
weather effect, and the alteration in colour might 
be taken to indicate the influence of atmospheric 
‘mpurities acting throughout long periods of time. 
So far as the test is reliable, the igneous rocks show 
no appreciable change, but some of the limestones 
became discoloured. Such tests must be very 
incomplete, 
Drilling and chiselling tests were also devised 








with the object of ascertaining the relative ease 
with which different samples could be dressed or 
worked. In the one case, the depth of the hole 
made by a drill, working under known conditions 
for a certain number of seconds, was measured ; in 
the other, the loss of weight in the stone occa- 
sioned by the action of a chisel driven against the 
surface at a known angle was determined. 

In both these cases the result depends as much 
on the efficiency of the tool as on the character of 
the stone, and hardly expresses the degree of ease 
likely to be experienced in working. The results, 
however, of these, as of all previous experiments, 
are set out in elaborate appendices that are well 
worth the study of the engineer and architect. 








ELECTRIC COPPER.SMELTING. 

ELECTROMETALLURGY, the branch of applied elec- 
tricity upon which the most glowing forecasts were 
lavished thirty years ago, has proved disappointing, 
and has taken a develupment as if electricity were 
determined to insist upon a distinction between sidé- 
rurgie (metallurgy of iron) and métallurgie in genera), 
on the lines of the French language. The electric 
iron, steel, and alloy furnaces have acquired a firm 
footing and a certain preponderance, and alumi- 
nium, the metal of the future half a century ago, 
has become as useful and cheap as it was hoped. 
But aluminium is hardly a metal of the metallur- 
gists, and electrometallurgy in general scarcely exists 
so far. Something has been done; but it is, on 
the whole, more correct to speak of things 
attempted than of things achieved. 

Electric smelting of copper has repeatedly been 
tried. Three classes of ores have to be considered : 
native copper ; oxides, carbonates, and silicates ; sul- 
phidic ores. They are fused or smelted in the ordi- 
nary practice for the purpose of being concentrated 
or turned into a matte, a product retaining all the 
copper and all the precious metals present in the ore, 
but rid of most of its sulphur, arsenic, &c., which 
escape, and of iron, gangue, &c., which are re- 
moved with the slag. The fusion of native copper 
does not require any additions, except a flux for 
the gangue ; the electric furnace, with its neutral 
atmosphere, should be suitable for this melting. 
The oxides, silicates, and carbonates are mixed 
with coke, and the furnace atmosphere is reducing. 
One of the primary drawbacks of this arrangement 
is that iron is reduced as well as copper; the 
electric furnace should answer in this case also. 
The sulphidic ores (pyrites) are generally mixed. 
Copper sulphide rarely occurs alone ; chalcopyrite 
is a double sulphide, Cu,S, Fe, 8,, containing 
about equal weights of copper, iron, and sulphur ; 
in most ores, iron and lead sulphides, &c., are 
also present. When these pyrites are heated 
as they are, they lose about one-third of their 
sulphur, and little is gained thereby, as they 
remain otherwise unchanged. When the ores are 
first roasted, copper and iron are partly converted 
into oxides, and the iron oxide passes subsequently 
into the slag, whilst copper sulphide and the 
noble metals remain in the heavier concentrated 
mass. The roasting of the ore can be dispensed 
with by mixing oxides with the sulphides to 
start with, or by forcing air or oxygen into the 
blast-furnace through tuyeres. This latter pro- 
cess is called true pyritic smelting when it com- 
bines roasting and smelting without the addition 
of coal. The fusion and separation of the charge 
into matte and slag may, in the three cases men- 
tioned, require the use of reverberatory instead of 
blast-furnaces, and as the main requisite is the 
rapid generation of heat, the electric furnace might 
compete with the reverberatory furnace. Both are 
wasteful, but the electric furnace is not quite so 
terrible a heat-eater as the reverberatory furnace. 

In Bulletin 81 of the United States Bureau of 
Mines, Dorsey A. Lyon and Robert M Keeney 
describe an extended series of experiments of their 
own on electric copper-smelting. All these experi- 
ments were made with- Michigan ores, and the 
Michigan smelting practice is singular, because 
native copper predomiuates there. Other copper 
ores are smelted in Michigan as well, however, and 
the experiments cover the three of ores 
which we distinguished above. We will first deal 


with the smelting of native copper, or rather of 
concentrates of native copper. 

The native copper is not melted alone, but 
mixed with the concentrates of ores containing not 
more than 3 per cent. of cop 


r, and rich in silica 





,or in iron; no fluxes are 


en required, and the 


smelting and the refining may be effected in the same 
reverberatory furnace, or the refining may sub- 
sequently be carried out in a smaller reverberatory 
furnace. by ay Men are now built of a 
capacity o i . (one c e 24 hours), 
with hearths 16 ft. by 35 ry blown into 
the fused mass, and the cuprous oxide afterwards 
reduced by poling. The slags may contain up to 
30 per cent. of copper; this percentage cannot be 
reduced without we the purity of the poled 
copper (which should be of a conductivity 100), and 
is acqui in, since the slags are always re- 
smelted in a low-pressure blast-furnace together 
with coal or coke, limestone and iron oxide or 
silica, to gain a copper of 90 or 95 per cent. 

All these operations are carried out on a scale 
which will render electric competition very difficult, 
even on a large scale, while the experiments b 
Lyon and Keeney were made on quite a small 
scale. The furnace was of the Siemens type, a 
brick crucible of a capacity of about 1 cub. ft., 
11 in. square, with vertical walls and a hollow 
bottom of carbon and tar, through which the lower 
electrode of Acheson graphite, 2 in. square, pene- 
trated. The upper suspended electrode was 2.8 in. 
square, and was provided with a holder made up of 
two iron plates, 4 in. by 8 in.; to these was bolted 
laterally a copper plate, 9 in. by 3 in., and a lug at 
the other end of this plate was soldered into the 
copper cable ; this connection gave satisfaction, 
the joint being sufficiently removed from the fur- 
nace not to melt the solder. Single-phase currents 
were used of 550 volts primary, and about 75 volts 
and 600 amperes secondary, as a rule, at 60 cycles. 
The concentrates smelted contained up to 37 per 
cent. of copper, 33 of silica, and 22 of iron (as 
FeO); the proportion of alumina, up to 12.4 per 
cent., was high. Fourteen runs were made with 
basic (lime or hematite added) or acidic charges of 
only 22 lb. of concentrates ; a run lasted about 
30 minutes; in the last run of 160 minutes the 
furnace was kept charged, and was tapped three 
times. 

This last continuous experiment yielded the best 
copper, of 99.5 per cent. purity as a maximum, 
The percentage of sulphur (about 0.25) and of 
arsenic (0.02) did not fluctuate much; but the 
iron percentage rose to 15 in one instance, though 
it was generally of the order of 2 per cent. It 
was, of course, to be feared that the current would 
reduce iron as well as copper, but it would appear 
that the iron percentage can be kept down ; and 
that a copper of 98, or at least 95, per cent. 
should be secured. Limestone and hematite 
proved about equally effective as a flux, and the 
addition of hematite did not increase the iron 
proportion in the copper yield. These statements 
sound fairly satisfactory. But the experimenters 
take rather optimistic views as to very essential 
points. It is stated that the copper passing into the 
slag need not exceed 0.5 per cent., and the copper 
loss by volatilisation need not exceed 1 per cent., 
though it would be high when the slag was highly 
acidic (more than the monosilicate) and contained 
much alumina. As, however, from 3 to 56 per 
cent. of the copper was unaccounted for in the 
various experiments (it should be mentioned that 
perfect cleaning of the furnace after each experi- 
ment was not attempted) these figures mean little. 

Again, it is stated that the electrode consump- 
tion need not exceed 10 lb. per ton of charge ; it 
actually was 34 1b. on theaverage. The same applies 
to the power consumption; it varied between 
1100 and 2400 kw.-hours per ton of ore, but 
should not, the experimenters say, exceed 625 kw.- 
hours in a furnace of 750 kw. All those estimates 
are too uncertain to be of value. In one respect 
the experiments were decidedly unsatisfactory. It 
is often asserted that the slags from oxidic and 
sulphidic copper ores, mixed with coke and quartz, 
can easily be utilised for making ferro-silicon in 
electric furnaces ; five experiments failed, possibly 
because the slag contained relatively large per- 
centages of alumina (up to 16.5), lime (16.5), and 
magnesia (35). On the other hand, the fact that 
electric smelting produces very lit'le slag (0.023 ton 
per ton of concentrate smelted, against 0.813 ton of 
slag in the reverberatory furnace) renders it advan- 
tageous, especially with continuous working, for 
which the experimenters suggest a furnace of the 
type used in Sweden for iron-ore smelting, a smelt- 
ing chamber, overtopped by a feeding shaft and 
provided with three suspended electrodes (for 
three-phase working). Such a 750-kw. furnace 





would be cheaper than a reverberatory furnace, it 
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is estimated, with power at 0.5 cent per kw.-hour, | 
and more expensive with power at 0.75 cent per, 
kw.-hour ; this margin is not wide. 

We pass to the smelting of sulphidic ores. In 
ordinary blast-furnace practice the ore is mixed 
with coal, and the question for the electrometal- 
lurgist is, how far coal can be dispensed with 
by the substitution of electric heat, in cases where 
ore is plentiful and coal scarce. Chile is such a 
country, and the well-known experiments which 
Vattier conducted in 1903 at the Givet Works of 
the Compagnie Electrothermique Keller et Leleux, 
were made on behalf of the Chilean Government. 
In these experiments the furnace was a 25-ton 
shaft-furnaece, fitted with two electrodes 1 ft. 
square (also two smaller electrodes for preheating). 
Eight tons of mixed ores were used ; the chief ore 
contained 7 per cent. of copper as pyrites, 9 per 
cent. of sulphur, with a gangue of micaceous copper 
oxide, lime, and silicates; the other ores were low- 
grade copper ores. The average composition of the 
charge was 5.1 per cent. of copper, 28.5 per cent. 
of iron, 7 6 of manganese, 23.7 of silica, &c., and 
the resulting matte contained 47.9 per cent. of 
copper, 23 of sulphur, 24.3 of iron, 1.4 of manganese; 
only very little copper (0.1 per cent.) went into the 
slag. Vattier kept the electrodes above the slag, 
and thus relied on arc heating. Schilowski (1912) 
dipped his electrodes into the slag. The ‘‘smothered 
arc’’ was also applied by Stephan, of the Girod 
works at Ugine (Metall und Erz, 1913, page 11), in 
his Girod furnace to smelt mixed ores from the 
Congo ; his black copper contained up to 95 per 
cent. of Cu, up to 21 per cent. of Fe, and 11 per 
cent. of cobalt ; the lower the furnace temperature 
the purer was the copper, but also the poorer the 
copper yield; he expended 500 kw.-hours and 
8 kg. of electrodes per ton of ore. 

The experiments of Lyon and Keeney were made 
with mixtures of a low-grade copper ore, rich in 
sulphur, a siliceous ore (bearing gold and silver), 
and some roasted ore, the copper percentage in the 
pyritic ore being as low as 1.3, while 44 per cent. 
of iron, 48 per cent. of sulphur, and 2 5 per cent. 
of silica were present; the silicoous ore was prac- 
tically free of sulphur, but contained 1.28 oz. of 
gold and 3.2 oz. of silver per ton; limestone was 
added as a flux. The smelting was performed in 
the first-described furnace, which was covered to 
keep the air out and fitted with a condenser for 
the sulphur vapours. In the twenty experiments 
made, the furnace was tapped when the charge was 
fused, after 20 minutes or more; but as the fusion 
was not always noticed at once, more electric 
energy was consumed than was necessary. About 
60 per cent. of the sulphur was volatilised ; the loss 
of copper by volatilisation was quite small, and 
only very little gold was lost in this way, but the 
silver loss was noticeable. The matte produced 
retained most of the noble metals, together with 
about 1 per cent. of copper, and up to 25 per 
cent. of iron and 53 per cent. of sulphur. There 
was no agent present to oxidise the iron sulphide. 
The current consumption and electrode loss were, 
as in the former experiments, several times ‘‘ what 
they need be.”’ But one does not feel so certain as 
the observers that practical werk would be much 
more economical than the laboratory experiments. 

It will be understood that these just-mentioned 
experiments do not concern pyritic (or semi- 
pyritic) melting in which all (or part of) the heat is 
generated simply by burning the sulphur with the 
aid of the blast. Pyritic smelting was not tried, 
but the problems are discussed on the basis of the 
‘* Priaciples of Copper-Smelting,” by E. D. Peters, 
1907, a book to which frequent references are 
made throughout the account. The experimenters 
consider that the shaft furnace above referred to 
would answer for pyritic smelting, and that the 
chances of electric copper-smelting appear on the 
whole brighter than those of electric iron-smelting, 
though a good deal more experimenting would be 
requiced. We accept this latter conclusion. It is 
rather striking that Lyon and Keeney, in common 
with other Americans, do not speak of the United 
States in general as a country of cheap hydro-elec- 
tric power. Europeans are liable to overrate the 
general importance of water-power in the United 
States ; but the caution of American writers is also 
due to the fact that everybody who goes into the 
question finds out that the power item is not so 
predominant, nor water-power so cheap as it would 
appear. Thereis, however, a good deal to be done 


on the scientific side before commercial working 





ean be undertaken. 





NOTES. 


EXPERIMENTAL DEMONSTRATION OF AMPERE’S 
CURRENTS 

At about the same time that Sir J. J. Thomson 
explained the reasons which had induced him to give 
up the idea that free electrons are the carriers of the 
current in electric conduction through metals, the 
originator of the much-contested principle of rela- 
tivity, A. Einstein, read before the German Physical 
Soviety a paper on ‘‘The Experimental Demonstra- 
tion of Ampére’s Molecular Currents,” based upon 
experiments which he has been conducting in con- 
junction with W. J. de Haas, in the Reichsanstalt. 
When Oecersted discovered that magnetic effects 
were produced by electric currents as well as by 
permanent magnets, Ampére ascribed the magnetic 
effects to molecular electric currents. According 
to modern theories these molecular currents, like 
all the electric currents, are formed by electronic 
charges in motion. There were certain objections 
to this view already in Ampére’s days, as Einstein 
pointed out; according to Maxwell, any electronic 
system should moreover radiate, and thus 
gradually lose its magnetic moment, and accord- 
ing to Curie-Langevin, the magnetic moment 
should be independent of the temperature, and 
hence still exist at absolute zero, which some 
physicists would not admit. Thus there were 
arguments for and against the Ampere currents, and 
the direct experimental proof of their existence 
constituted a certain advance. LEinstein’s reason- 
ing may be summed up as follows. The experi- 
mental proof is possible because every rotating 
electron has an impulse-moment of the same direc- 
tion as the magnetic moment, to which it bears a 
certain ratio independent of the frequency of the 
rotation. Mechanically, the magnetic molecule of 
a body behaves like a spinning top, whose axis is 
always parallel to the magnetic axis. When the 
magnetic state is changed, the orientation of the 
top, and hence the impulse-moments of the mag- 
netising electrons are also changed. This change 
of the moment must give rise to a corresponding 
moment of another kind, theoretically defined in 
sense and magnitude, and this latter moment 
will be mechanical—i.e., the body will begin 
to rotate when the magnetic moment is changed. 
Thus a rod of soft iron should begin to spin 
about its vertical axis when submitted to rapid 
alterations of magnetisation in an alternating elec- 
tric field. The rod had a length of 7 (or 16) cm., 
and a diameter of 1.8 mm.; it was suspended by 
a glass fibre, 0.2 mm. in thickness, within a field 
formed by two coils, one above the other, so that 
the rod occupied a central symmetrical position. 
In the final quantitative experiments with the longer 
10d the two coils were replaced by one coil, through 
which alternating currents of 1.45 amperes were 
circulating at frequencies ranging from 45 to 55 

r second ; to dimnatinneunene generator was 

iven by a continuous-current motor fed with accu- 
mulator currents at 120 volts ; the magnetic field had 
an intensity of 260 gauss. The observed rotations 
of the rod were of the right direction and magni- 
tude, and the confirmation of the theory was quite 
satisfactory. In a certain way the investigations— 
which involve a new method of determining the 
e/m for electrons, moreover—are confirmed by 
H. A. Lorenz; at any rate, in the May number of 
the Verhandlungen der Deutschen Physikalischen 
Gesellschaft, Einstein adds that Lorenz had drawn 
his attention to a slight mistake as to the phases 
of the currents, which mistake, however, does not 
affect the main result. 


Coa IN FRANCE. 


The war has wrought material changes in the 
coal supply of France, both as regards import and 
home production. Both the production and the con- 
sumption have been steadily increasing for a number 
of years, a very considerable margin being left for 
import, amounting, broadly ——- to about one- 
third of the consumption. e production during 
1913 amounted to 40,129,410 tons, and the imports 
comprised 18,693,123 tons of coal, 3,070,036 tons of 
coke, and 1,086,045 tons of briquettes. Of the 
imports of coal during 1913, 1,257,431 tons came 
from England, 3,656,669 tons came from Belgium, 
and 3,482,287 tons came from Germany. Of coke, 
the bulk, 2,392,897 tons, came from Germany, and 
most of the briquettes were supplied by Belgium. 
During the same year, France exported 1,304,409 
tons of coal, and rather more than 200,000 tons 
each of coke and briquettes. During the last 








quarter of a century both the production and the 
consumption have nearly doubled. The require- 
ments of the different branches of industry and of 
other consumers during 1913 were as under :— 


Per Cent. 
Sundry industries ... 29.4 
tic consumption 19. 
Iron works, &c. .... = a aa 180 
Railways... 46 ial ae ia 14.0 
Mining industry ee feet 8.0 
Gas works ... 7.4 
Merchant navy im 26 


The German occupation of large portions, as much 
as three-fourths, according to German statements, 
of the rich coal-mining districts of the depart- 
ments Nord and Pas de Calais, which in 1913 
yielded 27,519,734 tons, has temporarily caused 
a very serious reduction of the home supply, and 
the output of the balance of French coal and 
lignite fields has also been materially hampered 
by the war, about one-third of the hands, prob- 
ably, having been called to the front. Towards 
the end of last year steps were taken to supply 
more hands and make good the heavy shortage, 
and according to the Comité Central des Houilliéres 
de France the working during the present year has 
been about normal, whereas the production during 
the latter half of 1914 only amounted to 9,347,713 
tons, against more than double, or 20,438,792 tons, 
during the first half of the same year. Also the 
imports of foreign coal during 1914 receded 
materially, amounting in the aggregate only to 
15,344,550 tons, of which 10,760,000 tons come 
from England, the balance being divided between 
Germany and Belgium, rather more than half to 
the former country. Owing to the temporary 
occupation by the Germans of certain important 
industrial districts—for although only small in area 
these districts contain a number of large industries 
—the consumption naturally has been materially 
reduced. Still it is for the present year estimated 
at from 40,000,000 to 45,000,000 tons, whereas the 
home production may not exceed 20,000,000 tons, 
leaving half the quantity required to be supplied 
by imports from foreign countries. The war has 
put Germany and Belgium out of court in this 
connection, and although American coal is begin- 
ning to find its way to Europe on an increased 
scale, the freights are a serious consideration, so 
it looks as if France mostly would have to depend 
— England as far as making up her shortage 
of coal is concerned. As a matter of fact English 
coal exports to France are on an increasing scale, but 
here, too, railway and ship’s rates are much higher, 
and the transport conditions generally are not so 
easy as in times of —_ As a result prices for 
coal have risen considerably in France during the 
last twelve months, though not so much as in some 
other countries. The increase, as far as the three 
leading sorts are concerned, is some 33 per cent. 
since the war broke out. Both the State and 
municipal authorities are grappling with the coal 
problem ; the former has relieved the import of 
coal from duty and other uniary burdens, and 
a special Coal Commission is regulating the order 
of delivery from the French coal-mines, and local 
bodies—those of Paris naturally more than any— 
are endeavouring to accumulate supplies for the 
forthcoming winter. 


Tue SuprosED ALLOTROPY OF ZINC. 


Some chemists and metallurgists are sceptical 
about alleged allotropies, and the recent investiga- 
tion of C. Benedicks and R. Arpi, of Stockholm, 
into the supposed allotropy of zine will confirm 
them in their scepticism. Studying the electric 
resistance of zinc, H. Le Chatelier first noticed 
some apparent transformation point in zinc near 
350 deg. Cent.; Ménkemeyer and others placed the 

int at a lower temperature, near 300 deg. Bene- 
icks then, in 1910, discovered a second point near 
170 deg., which M. Werner questioned. Last year 
E. Cohen, to whom we owe the remarkable tin- 
pest researches, presented to the Amsterdam 
Academy an account of experiments, according to 
which a zinc of lower specific gravity (7.105 against 
7.13) was obtained by cooling the molten metal in 
solid carbon dioxide, and then leaving it in a hot 
saturated solution of zinc sulphate for days, subse- 
quently removing any basic salt possibly formed by 
a treatment with hydrochloric acid. This chemical 
treatment, one cannot help feeling, might loosen 
the zinc, and the other observation, by Cohen and 
Heldermann, that Schoop’s sprayed zine contained 
two allotropic modifications of the metal, seemed to 
admit of the simpler assumption that the sprayed 
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metal was oxidised. Repeating former experiments 
of theirs, Benedicks and Arpi (Zeitschrift Anor- 
ganische Chemie, vol. Ixxxviii., page 237, August 6, 
1914), found that the purest zine they could obtain 
did not show any transformation points at all, but 
that such points appeared when impurities had pur- 
posely been added to the zinc. Like Le Chatelier and 
most of the others, they rely on determinations of 
the electric resistance ; but they adopt a novel 
method of plotting the result, more delicate than 
plotting simply re-istances against temperature. If 
A be the resistance curve, then they draw a straight 
line B near A at the average slope of A, and they 
plot A—B as ordinates against the temperatures 
as abscissee. Their zinc was the purest metal from 
Kahlbaum; it contained 0.008 per cent. of im- 
purities, half of which was cadmium, the rest lead, 
iron, and a trace of copper. They took this metal 
as their pure zinc, and prepared an impure zine by 
fusing the pure metal, under a surface layer of the 
chlorides of potassium and lithium, together with 
0.5 per cent. either of cadmium or of lead, or of 
both of these metals. Specimen strips were cut 
with the saw out of the cast metal, or the metal, 
preheated to 150 deg. Cent., was drawn into wire 
of 0.9 mm. in diameter, 140 mm. in length ; this 
operation was quite easy, and the wire was ve 
flexible when annealed at 350 deg. Cent. The 
specimens were slowly heated in a Heraeus oven, 
and several series of very many observations were 
made at temperatures up to 407 deg. It resulted 
that the pure zinc gave quite a regular curve, not 
showing any of the supposed transformation points. 
When cadmium had been added to the metal, two 
or three inflection points made their appearance 
(at 350 deg., 150 or 160 deg., 270 deg. Cent.); 
the addition of lead made little difference, as was 
to be expected in the case of a metal of so high 
an atomic weight (Pb = 207.1, Cd = 112.4, Zn = 
65.37), while the addition of both these impurities 
gave rise to marked irregularities near 300 deg. and 
155 deg. Cent. Benedicks and Arpi further observed 
that Werner’s own data would give their curve, if 
plotted on their method. Thus the above stated 
conclusion seems justified that the electric resist- 
ance test—one of the most delicate applicable— 
at any rate does not reveal any allotropy in pure 
zinc at different temperatures. In other cases of 
alleged allotropy, the presence of gaseous impuri- 
ties is by no means out of question. The researches 
of Kohlschiitter should remembered in this 
connection ; he produced deposits of silver, gold, 
&c., by cathode volatilisation, and found that 
the appearance and properties of the deposits 
greatly changed with the nature of the residual 
gas—hydrogen, nitrogen, argon, helium, &c.—in 
the vacuum tube. 


LITERATURE. 


—_>—_—— 
Sewage Purification and Disposal. B 
KersHaw, M. Inst.C.E. Cambridge: 

Price 12s. net. | 
Tus is one of the manuals of the Cambridge 
Public Health Series, designed to place before the 
medical profession, bacteriologists and laboratory 
students, municipal engineers and architects, the 
facts that have been collected from experience and 
research on all subjects connected with problems 
atiecting public health. The selection of the author 
is happy; he has been engineer to the Sewage 
Disposal Commission since its inception, some 
years ago, and in this capacity has enjoyed 
exceptional opportunities for conducting special 
experiments, and of watching the results of sewage 
treatment under numerous and varied conditions. 
In the reports issued by the Sewage Disposal Com- 
mission much valuable information is embodied, 
and the author is necessarily familiar with these 
digests, which are here turned to admirable account. 

Owing to the unsavouriness of the subject the 
public, as a rule, have little notion of the magnitude 
of the operations involved in sewage disposal, or 
the methods of working. Under favourable con- 
ditions the municipal authorities of a moderately- 
sized town will be called upon to make provision 
for three or four million gallons a day, not by any 
means uniformly distributed through the 24 hours, 
but liable to great variation, and in times of storm 
lor a greatly increased amount. The annual average 
cost for sewage disposal per head, or per million 
gallons, may not appear a large amount, but when 
multiplied by a very large factor it results in a 
sum whose importance cannot be denied. There 
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is room for both extravagance and economy in 
management, and the problem is sufliciently large 
to attract and deserve very considerable attention. 
Inasmuch as ignorance and extravagance usually go 
together, we may be grateful to Mr. Kershaw for 
this comprehensive and illuminating survey, in 
which he shows the character of the problem, details 
the necessities that have to be met, describes the 
machinery that has been devised, discusses the 
difficulties that are likely to occur, considers 
the variations introduced by time and locality, and 
demonstrates the degree of success attained by 
various schemes. 

The system of sewerage has been of gradual 
development, built upon the facilities originally 
intended for the removal of surface water. The 
introduction of water-closets, giving rise to an 
overflow from cesspools, with a continual discharge 
of increased sewage into rivers, brought about com- 
= of pollution of streams, with demands for 
egislation of a restrictive character. The Rivers 
Pollution Commission dates back to 1868, and before 
that period sewage purification, as understood at 
the present day, did not exist. From the findings 
of that Commission, the Local Government Board in- 
sisted that water-carriage of untreated sewage should 


ry|not be permitted, and that a complete system of 


sewage treatment should be effected on land. The 
Local Government Board might propose, but it 
was not so easy to dis of sewage when land 
a either unsuitable by its nature or pro- 
ibitive by its price. A middle course was adopted, 
in which it was sought to contrive a process of 
purification that yielded a tolerably harmless 
effluent, dischargeable into streams without injury 
to riparian frontagers or vested interests. Experi- 
ments had proved so successful that many applica- 
tions were made to constituted authority for loans 
to construct artificial plants, and by 1898 the 
Sewage Disposal Commission came into force ‘‘ to 
place the artificial processes of sewage treatment 
on a stientific basis, whilst land treatment of 
sewage was also dealt with, special regard being 
given to the bacteriological point of view, as this 
side of the question had not been discussed by the 
1868 Commission.” From that time onward, 
practically every small town has been provided 
with sewers and sewage-disposal or purification 
works. 

Villages have presented, and continue to pre- 
sent, difficulties, owing to the initial cost of the 
undertaking, the low rateable value, and the 
length of sewers necessary to connect comparatively 
few houses. It must, however, not be overlooked 
that an unrestricted water supply to a small com- 
munity means sooner or later the construction and 
maintenance of sewers and purification works. To 
avoid such expenses, recourse has been had to cess- 
pools and to devices that have not been devoid 
of inconvenience and even of danger. The proper 
treatment of these the author discusses at some 
length, referring in particular to the system re- 
commended by Dr. Poore, and put into operation 
at Andover. After personal inspection of this 
method, Mr. Kershaw admits that Dr. Poore’s 
claims of providing a successful and economical 
treatment of sewage, avoiding costly and exten- 
sive drainage, were justified, but success depended 
upon adequate supervision, usually difficult to 
obtain. Efficient administration and ready obedi- 
ence must be forthcoming, and if these are 
absent, the only remedy in ordinary cases lies in 
the provision of sewerage and purification works. 
The ‘erection of these latter in villages need not 
be costly, not greatly exceeding 1/. per head of 
population. The composition and strength of 
sewage, together with the influence of trade 
wastes arising from breweries and local industries, 
will influence decision in the selection of a scheme 
suitable to the locality and circumstances. To aim 
at perfection is not necessary ; all purification is 
relative, and is limited only by the expense incurred 
and by the degree of mischief that may result. 
Existing local circumstances must decide the point 
at which sewage effluent becomes innocuous. 

A chapter is devoted to the different systems 
adopted for the collection of sewage, and its dilu- 
tion by rain-water. In the so-called combined 
system all rain-water collected from street surfaces 
or house roofs is received into the foul-water 
sewers ; in the later introduced or “‘ partially sepa- 
rated” system an attempt is made to divert much 
of the rain-water into separate surface - water 
sewers, under conditions that permit it to be dis- 





charged into river or stream without further treat- 





ment. The ‘‘entirely-separated” system, favoured 
by some authorities, is admirable in theory, but 
impossible of realisation. It aims at excluding the 
whole of the rain-water from the sewage, but no 
scheme has been found thoroughly efficient, and in 
districts where the entirely-separate system pre- 
vails, sewage outflow is noticeably increased in 
stormy weather. A great initial expense is 
incurred in sewer construction, but this might be 
warranted if the object in view could be secured— 
namely, to prevent the road detritus from reaching 
the sewage works, and thereby increasing the 
quantity of sludge, whose destruction or removal 
is both difficult and expensive. The sludge trouble, 
into which the author enters in great detail, is so 
onerous that he thinks the efforts of sanitary 
engineers will be directed more and more to the 
devising of precautions to prevent the accumulation 
of mineral material in sewage, and in this way 
reducing the weight of sludge to be handled. 

With the fourth chapter the author enters on 
the subject of purification, which in its earliest 
stage consists in the mechanical removal, by 
screening, of all coarse floating solids. When land 
treatment of sewage first came into operation, and 
even now in some cases, crude sewage was distri- 
buted on the land direct from the outfall sewer. 
Such a plan is uneconomical where artificial filters 
and contact beds are in use, and it is now preferred 
to remove the larger suspended matters by screens 
before grit settlement and tank treatment. Screens 
remove only the grosser solids floating on the 
sewage ; and to get rid of the heavy particles of 
grit that travel along the invert of the sewer, grit- 
chambers have been devised as a preliminary treat- 
ment, followed by percolating filters or contact beds. 
The mechanism of settling-tanks and the factors 
that influence tank settlement are fully described. 
Mr. Kershaw looks with some favour on chemical 
precipitation tanks, though this method is now 
somewhat discredited. The view taken here is, 
that whilst it would be unreasonable to expect 
chemical precipitation to produce a tank liquor 
suitable for discharge in large volume into small 
streams, it frequently forms a very valuable pre- 
liminary to modern Aitration processes, especially 
where the absence of smell is desirable. Septic 
tanks, notwithstanding some evident drawbacks, are 
regarded favourably. It is considered that the settle- 
ment and partial liquefaction of suspended matter 
in the sewage outweighs some obvious nuisances, and 
that it is a distinct advantage to equalise the 
strength of the sewage, which the long stay in the 
tanks ensures. There is little difference as regards 
cost between these different forms of tank treat- 
ment, when the expense of the subsequent filtra- 
tion is taken into account. Local circumstances 
and the facilities available for the dis 1 of sludge 
will be the determining factors. In addition to 
these normal types and general principles, parti- 
cular forms of tank designed to meet special cases 
are also sufficiently described. These forms include 
the Travis, the Dortmund, the Fieldhouse, and the 
Imhoff tanks. 

What to do with our sludge is one of the most 
troublesome problems that face the engineer. So 
many variables enter into its constitution and 
amount, and so many local conditions have to be 
considered, that little guidance can be had from 
experience in approximately similar circumstances; 
but Mr. Kershaw shows what has been attempted 
and achieved, and what are the special difficulties 
that have to be encountered. In different parts of 
the country the quantity will vary greatly, and the 
design and purpose of the grit-chambers are factors 
of great importance ; but, speaking broadly, it 
may be considered that every million of gallons of 
sewage treated daily by sedimentation will produce 
15 to 20 tons of sludge per annum ; with chemical 
precipitation this weight will probably be doubled, 
and with septic-tank treatment may possibly be 
halved. 

The land treatment of sewage necessarily borders 
closely on tillage and iculture, but some con- 
fusion is likely to arise if one main distinction is 
overlooked. The object to be sought in sewage 
farming is not to obtain a revenue on capital 
invested, but to ensure the production of a high- 
class effluent. Profit is of less consideration than 
adequate purification The method is one that is 
eminently satisfactory if due precautions are taken 
to prevent an excessive discharge of sewage, and 
the soil and subsoil have been carefully selected. 
be Excessive ” is an elastic term, but under the 
; best conditions it would probably be unwise to 
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treat more than 30,000 to 60,000 gallons per acre 
per day, and this indicates that a very considerable 
number of acres may be needed in the neighbour- 
hood of large towns, or precisely in the position 
where the price of land is likely to be high. If 
land can be acquired at 100]. per acre, a sewage 
farm may pay for the cost of labour and manage- 
ment ; but at a higher price, authorities must be 
satisfied with having secured the proper purifica- 
tion of the effluent. The cost of land will be the 
main factor in deciding between the relative merits 
of land treatment or artificial treatment. 

Where land will receive only a comparatively 
small quantity of sewage per acre, an alternative is 
provided by the use of contact beds—that is, water- 
tight tanks filled with some hard, durable material, 
as clinker, coke, &c.—with which the liquor from a 
tank is brought into contact at regular intervals. 
After a time the liquor is run off, and the bed 
allowed to rest, when it is refilled, and the same 
cycle of operations repeated. The chemical and 
biological action is somewhat obscure, but the 
process is quite satisfactory, though the details 
that secure efficient and economic working are 
many, but may be fully realised from the descrip- 
tion given here. Contact beds were the fore- 
runners of percolating filters, and the earlier form 
has in some cases been displaced by the latter. 
The main difference is that in the percolating 
filter the liquid to be treated is applied con- 
tinously, and not intermittently. This is per- 
missible, because, in the percolating filter, the 
liquid is moving down continuously by gravity, 
whereas in a contact bed the liquid is at rest 
during fermentation. The sewage is usually 
sprinkled in a fine spray over the surface, affording 
a better chance of thorough oxidation, and this 
chance is further improved by the slow trickling 
through the filter, which may be 8 ft. or 12 ft. 
deep. Mr. Kershaw’s analysis of costs is unusually 
thorough and satisfactory, and we accept his dictum 
that when a good effluent has to be produced from 
a strong sewage, the percolating filter is the 
cheapest method. Ina normal instance the cost of 
treatment per million — per annum was 
3l. 4s., or ls. per head of the population. In Bir- 
mingham the cost of treatment was 10d. per head ; 
but various circumstances have to be taken into 
account, and, as the author shows, exact compari- 
sons are difficult, and apt to prove delusive. We 
congratulate the author on having made an un- 
attractive subject interesting by the evidence of 
expert knowledge and wide experience. 
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O1-Bornine Locomorives.—Oil-burning locomotives 
are now employed upon the mountain section of the 
Grand Trunk Pacific Railway. The locomotives are of 
the most modern type and are working traffic (from Jasper 
to Prince Rupert) on 719 miles of main line. This is 
the first instance in which oil-burnivg locomotives have 


been used upon an extensive scale in Canada. Large 
oil-storage tauks have been erected at various points 
along the line for storing the necessary fuel. The Grand 


Pacific Company’s steamships Prince George and 
Prince Rupert, which run from Prince Rupert to Vic- 
toria, Vancouver, and Seattle, are also oil-burners. 





AGRICULTURAL Macuinery.—The exports of agricul- 
tural machinery have shown no recovery from the depres- 
sion under which they have been labouring since the 
outbreak of the war. The value of the shipments in July 
was only 23,866/., as compared with 162,022/. in July, 
1914, and 159,136/. in July, 1913. In the seven mont 
ended July 31, this year, the value of the exports 
dwindled to 127,309/., as compared with 1,018,921/. and 
832,066/. in the corresponding periods of 1914 and 1913. 
De ion prevailed all along the line, but the falling-off 
in business was less markec in New Zealand than in 
any other quarter. 





Tue Erract or LIGHTNING ON TELEGRAPH* Lings.— 
We read in L’ Industrie Electrique that in a recent meet- 
ing of the French Academy, M. Ziller stated that eve: 
year during the summer ceason a number of telegrap 
poles and insulators were destroyed, and overhead lines 
damaged by lightning. No steps were taken with a view 
to prevent such accidents, owing, without doubt, to the 
prevailing opinion that lightning struck in a hap-hazard 
way, and no means were available to guard against it. 
But these accidents could be prevented in a very simple 
way. He had ascertained that poles carrying one single 
line were more liable to be struck by lightning than those 
carrying a number. The to) phical location of a pole 
appeared to play no part in the occurrence, since poles 
located on a comparatively low level, and beneath high 
trees, had been shattered, whilst the neighbouring trees 
—-. There were never any accidents to main over- 
head distribution systems containing a number of wires, 
and the poles alone were struck which carried a branch 
wire from the main system to a railway signal or another 
apparatus connected to earth. The effect of lightning 
was always the same; the insulator h was broken 
clean off, and the wood pole was cracked from the lower 
end of the iron bracket carrying the insulator, the crack 
spevensing in width as it approached the foot of the pole. 
The head of the pole always remained intact. The 
lecturer advocated as a remedy the insertion in the cir- 
cuit of the lines connected to earth of a device offering a 
low self-induction, such as a coil of wire having about 
50 to 60 turns. 





Tue Untrep States Steet Conroration.—The United 
States Steel Corporation has now been in operation for 
thirteen years—viz., from 1901 to 1914 inclusive. In 
1901 the total amount of stock and funded debt was 
1,383,319,500 dols.; in 1914 the aggregate had been 
increased to 1,495,615,324 dols. The total assets of the 
Corporation were returned in 1901 at 1,546,544,234 dols. ; 
in 1914 they had expanded to 1,792,233,493 dols. The 
eens capacity of the blast-furnaces owned by the 

rporation amounted in 1901 to 7,440,000 tons; in 1914 
the aggregate had grown to 16,748,800 tons. The steel 
ingot capacity stood in 1901 at 9,425,000 tons, and in 
1914 at 19,188,400 tons. In 1901 the steel productive 
capacity was 7,719,000 tons; in 1914 it had advanced 
to 13,842,900 tons. The number of blast - furnaces in 
1901 was 84; in 1914 the total had risen to 125. The 
number of open-hearth furnaces in 1901 was 136; in 
1914 the total had grown to 298. The number of 
mer converters was 35 in 1901 and 33 in 1914. The 


(Physiography) of Western Australia. By - | Corporation has during its existence expended upwards of 
JutTson. Perth: Fred. W. Simpson, Government 1,000,000,000 dols. in increasing its productive capacity, 
Printer. and it is now practically twice as large as it was thirteen 
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years ago. In 1901 its annual pig-iron production repre- 
sented 43} per cent. of the whole corresponding uc- 
tion of the United States; and it eontrolled 66} per 
cent. of American steel ingot production. The totais for 
1914 showed a percentage of only 434 per cent. of pig- 
iron, and 48} per cent. of steel ingots. In 1901 the 
ortreme wages paid per employee amounted to 717 dols.; 
in 1914 the corresponding amount was 905 dols. The 
average wages paid per ton of finished products, which 
stood at 14? dols. per ton in 1901, had risen last year to 
18 dols. per ton. it 








ALCOHOL FOR INDUSTRIAL PURPOSES 
IN RUSSIA. 


Tue Russian Ministry of Finance has 
national competitions in respect (1) of methods of u 
spirit or alcohol or their products, and (2) of new sub- 
stances for denaturing spirit or alcohol. As regards the 
first-mentioned competition, prizes of 60,000, 30,000, and 
10,000 roubles respectively will be awarded for the inven- 
tion of a novel means of adapting alcohol for prepara- 
tion of such a product as shall, by its nature, absolutely 
differ from the spirit from which it is made, ¢.g., vinegar, 
ether, chloroform, &c. Three prizes, of 50,000, 20,000, 
and 5000 roubles respectively, will be awarded for the in- 
vention of a novel method of utilising spirit for the pre- 
paration of a product (e.g., a pharmaceutical or perfumery 
preparation), of which spirit or its products (sulphuric 
ether, &c.) will a. as one of its component parts or 
dissolvent, providing that spirit cannot be extracted 
profitably from the product. Three prizes of 30,000, 
15,000, and 5000 roubles respectively will be awarded for 
the invention of a novel method of utilising spirit 
in uctions where spirit or its a would 
serve as temporary intermediary dissolvents of either 
of the extracted or precipitated materials, ¢.g , in the 
manufacture of smokeless powder, artificial silk, &. 

Further prizes, ranging from 75,000 to 5000 roubles, 
will be awarded for the invention or perfection of 
apparatus for the utilisation of spirit as motive power, 
fuel, or illuminant. The competition of new sub- 
stances for denaturing spirit or alcohol is being organised 
with the object of extending the use of spirit for technical 
purposes, and accordingly three prizes, of 30,000, 15,000, 
and 5000 roubles respectively, are offered for finding 
novel denaturing materials for improving the existing 
methods of denaturing, which, whilst guaranteeing the 
free use of denatured spirit, would obviate any possi- 
bility of using it as a beverage. 

Applications in respect of both of these competitions 
should be addressed to L’Administration Générale des 
snpete Indirects et du Monopole de I’ Alcool, Tutchkoff 
Naberezhnaia, Petrograd, not Jater than January 1/14, 
1916, and must be accompanied by samples. Such ap- 

lications should be made in the Russian or French 

guages, and be enclosed in a special envelope bearin 
an inscription or device of some sort, the name an 
addrets of the applicant being submitted under separate 
cover, bearing the same inscription or mark. Inventors 
| reserve the right of benefiting by their inventions 
and of } pear. emselves with Letters Patent. pies 
of the full text of the conditions for participating in the 
two competitions above referred to may be obtained by 
United Kingdom firms interested on application to the 
Commercial Intelligence Branch, Board of Trade. 


inter- 
& 





Tue Ca.LtenDAR Stream Tasies —Professor H. L. 
Callendar, F.R.S., was the first to call attention to the 
fact that the various empirical fo: mule for the properties 
of steam, which were in common use up to very recent 
years, were inconsistent with thermodynamic principles 
and with each other. At the same time, he pointed out 
how self-consistent formule could be derived from the 
data available, and his formulz2 have been used by Pro- 
fessor R. Mollier in preparing the tables now favoured 
in Germany. The issue of a set of tables prepared b 
Professor Callendar himself, and adapted ma use wit 
British weights and measures, will be welcome to English 
engineers. tables, which are published by Mr. 
Edwin Arnold at the price of 3s. net, give temperatures 
both in the Fahrenheit and Centigrade units, heat quan- 
tities in foot-pounds and in calories, and pressures in 
pounds per square inch and in kilogrammes per square 
centimetre. ey cover the properties of saturated 
steam from pressures of ;/; lb. per sq. in. up to 500 Ib. 
= sq. in., and from temperatures of 0 deg. Cent. up to 

deg. Cent. A special table gives the properties of 
superheated steam up to temperatures of 500 deg. Cent. 
or 932 deg. Fahr. A new feature is the inclusion of 
certain of the properties of under-cooled or super-satu- 
rated steam. steam diagram, from which the pressure, 
entropy, total heat, and specific volume of steam in any 
condition can be determined at sight, is included in a 
tuck in the cover of the volume. 





Paper-TRADE DrrEcTORY OF THE WoRLD.—A copy of 
Phillips’s Paper-Trade Directory of the World for 1914-15 
has come to hand from the publishers, Messrs. 8. C. 
a and Co., of 47, Cannon-street, E.C. The work 
includes lists of the paper-mills of the world given in 
alphabetical and numerical order, and arranged under the 
countries in which they are situated, together with a 
classification of the various makes of paper. Other im- 
portant features are lists of wood-pulp mills, buyers of 
paper, &c., millboard-makers, leather- board makers, 
enamellers, paper-stainers, box and bag-makers, stationers, 
and others connected with the trade, as well as lists of 
registered water-marks of the various mills and stationers, 
members of the Paper-Makers’ Association, and the 
executives of the leading Canadian, American, and Con- 
tinental associations. The whole of the work his been 
re-set in new type, and no effort has been spared to make 
the edition as complete and up to date as possible, though 
the work of revision bas been particularly difficult owing 
to the war, and sections allocated to Austria-Hungary, 
Germany, and Belgium have naturally suffered from this 
cause. An introduction — in the Russian language 
is an innovation that will doubtless be appreciated, and 
the only improvement we can suggest is that, in future 
editions, the excellent glossary of trade terms should also 
be printed in Russian, in addition to the six other lan- 

ages in which it now appears. The price of the 

irectory, which is strongly bound — boards, 


and contains over 900 pages, is 15s. 
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THE AUSTIN TRAILING- TRUCK FOR LOCOMOTIVES. 


CONSTRUCTED BY THE LIMA LOCOMOTIVE CORPORATION, LIMA, OHIO, U.S.A. 
42 
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In recent issues* we have described in full detail 
several types of locomotive trucks which have been 
brought into use in the United States with the object 
of enabling the load on the truck-wheels to be equal- 
ised with that on the adjacent driving-axle. To these 
types we now propose to add another—namely, the 
Austin trailing-truck, which is being made by the 
Lima Locomotive Corporation, of Lima, Ohio, U.S.A., 
a firm which is represented in this country by Messrs. 
Halcrow and Co., of 18, Coleman-street, London, E.C. 
Forty of these trucks are in use on passenger loco- 
motives on the Great Northern (U.S.) Rai » on 
three freight locomotives of the Georgia Railroad, and 
a freight locomotive for the Crossett Lumber Com- 
pany. It. is also being adopted in the construction of 
eight Mikado type engines for the Denver and Salt 
Lake Railroad. 

Plate XV., which we publish this week, shows the 
Austin truck as fitted to the above-mentioned locomo- 
tive of the 2-8-2 type, constructed for the Crossett 
Lumber Company. This engine has cylinders 22 in. in 
diameter with a 26-in. stroke. 4-ft. 3-in. coupled wheels, 
2-ft. 6-in. leading wheels and 3 ft. trailing-wheels. The 
boiler barrel is 5 ft. 4 in. in diameter, and contains 281 
tubes, 18 ft. 6 in. long and 2 in. in diameter, giving a 
heating surface of 2710 sq. ft. The fire-box has a 
heating surface of 170 sq. ft., making the total heating 
surface 2880 sq. ft., while the fire-grate is 8 ft. 6 in. long 
by 6 ft. wide, givin an area of 51 eq. ft. The boiler 
pressure is 175 1b. The engine is fitted with a special 
arrangement of Joy valve-gear, the motion being trans- 
mitted to the valve-spindles through rocking-shafts, 
as will be seen from Figs. 1 and 2. The total weight 
of the engine in working order is 197,000 lb., of which 
146,000 lb. is carried on the coupled wheels. Parti- 
culars of the wheel-base of the engine are given in 
Fig. 2; but it may be added that the total wheel-base 
of engine and tender is 60 ft. 3} in. The tender 
carries 5000 gallons of water and 9 tons of fuel, and 
its weight loaded is 109,000 Ib. 

_ As will be seen from the reproductions of photographs 
in Figs. 7 to 10, on Plate XV ., and Figs. 11 to 14, on the 
present page, the truck frame is built up of flat bars, 
with the axle-boxes housed in steel castings which 
form part of the frame. As in the Rushton-H 

trucks, described in our former articles already re- 
ferred to, the axle-boxes can be easily removed from 
their housings, an edvantage not » it may be 
noted, by the Cole truck, in which the axle-box forms an 
integral part of the truck-frame. The latter design 





* See pages 621, 650, and 701 of our last, and page 108 
of our current volume. The first three of thece articles 


— to trailing-trucks, and the fourth to a leading 
uck, 


a 





gained something in lightness at the expense perha 
of repair facilities. The axle-box housing of the 
Austin truck resembles to some extent the Hodges 
pattern in the fact that it has two tall vertical wings 
above the box, which form a cradle for the spring- 
buckle. 

The most interestin 


. . 


feature of the Austin truck is 
the spring rigging. he springs are connected by 
stirrups at the trailing end to a stiff cross equalising- 
beam. The engine weight is transferred to this 
cross-beam by two three-point hangers. For these 
hangers the double suspension-pins are on the cross- 
beam. At their lower ends the hangers have ball- 
heads, working on inverted cups, which form part 
of a bracket-frame stretching across the engine. At 
the front end the springs are likewise connected 
with an equalising cross-beam and three-point hangers 
are provided. The balls at the lower end of the 
hangers in this case, however, work in cups formin 

part of longitudinal equalisers, by which the truc 

rigging is coupled up with that of the drivers. The 
hangers are com of two parts sy together. 
This hi allows compensation for the forward and 
backward movement due to the radial motion of the 
truck. 

The method of cross-equalising, while it may in 
cases tend to cramp the ash-pan arrangements, 
obviates the employment of the skew equalisers 
or links present in other designs. In add:tion to 
the self-centring tendency of the three-point rus- 
pension, the truck may be provided with a pring 
centring control at the back end. It will be 
seen that this form of truck is simple, and requires 
no supplemental frame at the rear end of the locomo- 
tive, so that the journals can be bi ht well in 
towards the wheels, as in some of the designs pre- 
viously mentioned. A point to be noticed is that the 
radius-pin and the radius-bars are in the same hori- 
zontal plane as the centre of the axle, in which 
particular the Austin truck differs from some other 
patterns. 





Sarety Guiass.—We have received from the Triplex 
Safety Glass Company. Limited, 1, Albemarle-street, 
Piccadilly, a photograph showing a glass which 
was fitted to an Auster wind-screen on a Crossley car 
attached to the Royal Flying Oorps. A shrapnel shell 
exploded fairly close to the car; the glass in question was 
struck by eight shrapnel bullets, but one only just got 
through. © glass is still ey cats ant cos, 
and, except for the one small hole, sufficiently sound to 
continue its work for an indefinite period. The ‘* Triplex” 
safety glass panel in question is only yy in. thick. The 


in 
makers inform us that “‘ Triplex” safety glass is being 
largely used in H.M. Navy for bridge-screens, skylights, 





port-holes, side-lights, illuminators, &c, 





Fig. 8. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS. 


‘ We give below a ~ data on several ons 
oreign engineerin, ects, taken from 0 
Trade Journal. Bins information concerni 
egy ee aw ng ee et, i 

na ch, Board of Trade, 73, Basinghall-street, London, 


Canada; The office of H.M. Trade Commissioner in 
Canada ayerts that tenders are invited by the Ministry 
of Public Works for the ing out of wharf extension 
works at the entrance of t ission River, at Fort 
William, district of Thunder Bay, Ontario. 

yg ee J LH be received at 
the Department of Public Works, Ottawa, where also 
copies of the specification and forms of tender may be 
obtained. The date for the receipt of tenders is not 
stated. Each tender must be accompanied by a marked 
cheque equal to 10 per cent. of the amount of the offer, 

payable to the yay | of eps Any Local 
representation is necessary. copy specification 
and form of tender may be inspected by United Kingdom 
contractors and manufacturers interested at the Com- 
mercial Intelligence Branch. 


South Africa : The Office of H.M. Trade Commissioner 
for South Africa reports that tenders are invited by the 
Johannesburg Manicipal Council for the supply and 
delivery of two (or, alternatively, one) water - tube 
boilers, complete with superheaters, mechanical stokers, 
and draught plant. Copies of the specification, condi- 
tions of contract. and form of tender, together with blue 

int, may be obtained from the Controller of 8 
Monici Offices, Plein-square, Johannesburg, 
sealed tenders, on the proper forms, will be received by 
the Town Clerk at that address up to noon on Sept- 
ember 30. A copy of the geese may be consulted 
by United Kingdom manufacturers at the Commercial 
Intelligence Branch. The Office of H.M. Trade Com- 
missioner for South Africa also reports that, according to 
information received from the Commissioner of Customs 
and Excise at Pretoria, the municipal authorities of Kast 
London (Cape Province) propose to raise a 
253,000/. for an additional water supply system in the 
King William’s Town District. It is also proposed to 
ask the consent of the ratepayers to raising a sum of not 
more than 210,000/. for the carrying out of a sewerage 


Australia: H.M. Trade Commissioner for Australia 
reports that — arONave Ofc) Sie Ue 
Department o' ence (Navy ce), as ws: 
to noon on October 25 for the supply, delivery, as 


ereetion of -station plant and Ve ey or the 
Common th Naval Dockyard, too Island, 
Sydney, N.S.W. (2) Upto noon on October 27 for the 
supply and delivery of about 160 machine-tools for the 
Commonwealth Naval Dockyard, as above. Copiesof the 
specifications and forms of tender, together with plans, 
may be obtained from the Director of Navy Contracts 
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Navy Office, Melbourne, a deposit of 25/. being required 

in the case of (1), which will be refunded on receipt of a 

bond-fide tender and the return of the documents. A copy 

of each of the documents may be consulted by United 

a og manufacturers at the Commercial Intelligence 
ranch. 


New Zealand ; H.M. Trade Commissioner reports that 
tenders are invited by the Timaru Harbour Board for the 
supply and delivery of twelve dredge-buckets. Copies 
of the specification and plan as | be obtained from the 
Harbour Board Office, Timara, .Z., at which address 
tenders will be received up to noon on September 21. A 
dep» sit of 20/. in cash or a marked cheque must accom- 
pany each tender. A copy of the documents may be 

telligence Branch. 





consulted at the Comm Tn 


France: The British Vice-Consul at Caen reports that 
tenders are invited by the Department des Ponts eb 
Chaussées, Caen, for the carrying out of works for the 
protection of the left bank of the canal between Caen 
and Ouistreham. The estimated cost of the undertaking 
is about 49.000 francs (about 1815/.), and a preliminary 
7 ag of 350 francs (about 13/.) must accompany the 
tender. 


Russia: H.M. Commercial Attaché at Petrograd 
reports the publication, in the official Bulletin of Laws, 
of Decrees authorising the municipal au ities of 
Saratov to raise two loans, one of 1,020,000 roubles, to 
be devoted to carrying out road-paving works at that 
town, and the other of 800,000 roubles, for the extension 
of the local water supply system. The loans are subject 
to the usual proviso that all orders for material and 
equipment must be given to Russian firms unless special 
authority to make purchases outside Russia is obtained 
from the Ministers of the Interior and of Commerce. 
(Rouble = 2s. 144. at par.) 


Spain: The Gaceta de Madrid notifies that gore are 
invited by the Direccién General de Obras Publicas, 
Ministerio de Fomento, Madrid. for the construction of 
strategic railways:—(1) From Estada and Tamarite to 
Balaguer ; and (2) from Gibraleéa, via Paimogo, to the 
Portuguese frontier. The lines will be of metre gauge. 
The minimum weight om lineal metre of the rails to be 
used will be 30 kg. (66 1b.). The trains must have 
a speed of at least 25 km. (about 154 miles) per hour. 
Projects for electric traction will be considered. The 
projects will received at the Direccidn- , as 
ahove, up to February 19, 1916, in the case of (1), and 
November 20, 1915, in the case of A; The Gaceta may 
Le) Ited at the Oc cial Intelligence Branch. 


United States of America (Alaska): H.M. Consul at 
Portland, Oregon, reports that much interest is aroused 
concerning the supply of material that will be required 
for the construction work in connection with the Govern- 
ment railway in Alaska. Keen competition is antici- 
pated to obtain this business. There are numerous low- 
grade ore deposits lying along the course which this rail- 
way will take, and it is expected that in course of time 
there will be a considerable demand for mining machi- 
nery of large size to work these properties. 

Brazil: The Diario Official, Rio de Janeiro, publishes 
a Decree authorising the Companhia Estrada de Ferro 
Sio Paulo—Rio Grande to arrange for the strengthening 
and repair of bridges on the Paranagu4— Ponta Grossa 
section of the Parana Railway. The cost of the works to 
be undertaken must not exceed 1,063,546 milreis (about 
55,4002. at current rate of exchange). 

Uruguay: The Diario Oficial, Montevideo, publishes 
a Decree appointing a Commission to draw up a scheme 
for the utilisation of the waters of the Republic for irri- 
gation purposes. It is stated that the extension of the 
cattle-grazing areas is of national interest, and that one 
of the means towards this end is the permanent irriga- 
tion of the land. 








WORM-GEAR.* 
By F. W. Lanonester, M. Inst. C.E. 
(Continued from page 204.) 

The Lanchester Worm - Generating and Cutting.—It 
has already been pointed out that the problem of cutting 
worm-gear of the hollow worm or Hindley type cannot 
be treated on a symmetrical basis. 

In the Lanchester gear the actual worms and wheels 
are each hobbed on a special machine, the subject of 
Letters Patent No. 13,433, 1897, illustrated in Figs. 14 
to 17. In this machine the cutter-head and are 
both ee rotated, the machine being fitted with 
change-gear wheels to give the ratio desi The hobs 
or cutters are generated initially on the same machine as 
that on which the gears are finally cut. The process is 
essentially unsymmetrical, the worm form being first gene- 
rated by a single tooth or fork cutter (Fig. 17), nm the 
form so prepared then ed in a milling-machine, 
backed off, and “‘corrected” to form the master-hob, of 
which the actual working tools are copies. 

From the master hob so obta‘ned a counterpart blank 
in tool steel is cut, which is similarly gashed and backed 
off, the cutter so produced being likewise only employed 
for the production of working tools. The original pair of 
master-cutters is never used except for the production 
of working cutters. 

In the case of standards for which it is anticipated 
large quantities may be required, the original cutters are 
termed the “grand master-cutters,” and are only used 
for the production of master-cutters, which, in turn, are 
employed only for making working cutters; the inter- 
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changeability of the gears is thus ensured. Generally 
speaking, thie elaboration is scarcely in view of 
the fact that one pair of master-cutters may be made 
résponsible for at least 50,000 pairs of. gears without 
serious inaccuracy being introduced. Each set of working- 
cutters is good for from 1000 to 2000 sets of gear. 

The actual machine is one of the most elementa 
simplicity ; its design was very carefully considered wi 
a view to the avoidance of all sliding surfaces or adjust- 
ments of a nature liable to introduce . The 
machine consists essentially of two parallel spindles A and 
B (Figs. 14 and 15), connected by er pat ge an a 
spur-train of gearing being employed, and a third spindle 

riven by fine pitch screw or worm-gear from the spindle 
A and moun in a swivelling frame D, whose motion is 
concentric with the spindle A, and by means of whose 
motion the cutter-head E is fed towards the spindle B. 
This feed motion is operated by gravity, the swivelling 
frame D being loaded by a suspended weight F, consisting 
of about half a ton of slab weights. The feed is controlled 
by means of a screw acting permissively, the screw allow- 
ing the weight to descend gradually until an independent 
stop is reached, which is set to give the required depth 
of cut. This gravity type of feed mechanism has many 
advantages: firstly, it is entirely free from backlash, and 
chattering is almost unknown ; secondly, the stopping of 
the feed does not involve the accurate throwing out of the 
feed mechanism, and the depth of cut, regulated by 
the separate screw-adjusted stop, is absolutely certain 


and probably accurate to {9,9 in.; thirdly, it is entirely 
unaffected by wear. 





The action of the machine is the same whether used 

















for initiating or 
the worm or the wheel ; the tools and blank having been 
set up and the depth-stop set, and the swivelling-frame 
raiced to clear the work, the machine is set to work, and 
is automatic in its action till the cut is completed. In 
the roughing and finishing of a gear, whether worm or 
wheel, three settings are necessary, and where quantities 
are concerned and the supply of material is available, it 
is convenient to arrange three machines to work in a 
—namely, roughing, rough finishing, and finishing. It is 
always possible, but not usually to be recommended, to 
dispense with the rough finishing, and complete the job 
at two —q « 

Owing to the fact that during the cut the swivelling 
frame D has angular motion about the driving-spindle A, 
a certain amount of inaccuracy is introduced into its 
motion ; itis with a view to reducing this inaccuracy that 
the driving-worm is made of comparatively fine pitch. 
The motion does not result in any inaccuracy of the gear, 
owing to the fact that the angularity of the teeth is such 
that the cutter clears itself as it advances deeper and 
deeper into the work, but itis ni to reduce the error 
of motion to the least conveniently possible to avoid having 
an unnecessarily great contained angle of tooth face. In 
the case of a worm whose tooth le is insufficient the 
fouling of the entering cut leaves its mark in a quite 
self-evident manner at one of the extremities of the 
worm; a slight foul of this kind. though generally 
avoided, is of no real importance as affecting the efficiency 
or durability of the gear. 

Figs. 16 and 17, on page 229, are reproduced from 
photographs of the Lanchester gear-cutting machine en- 

on different operations. The left-hand view in 

ig. 16 shows the hobbing of a worm, while the right- 

hand view illustrates the process of hobbing a wheel ; 

Fig. 17 represents the initial process of generating a 
worm. 

The Testing of Worm-Gear.—The most important 
direction in which it is desirable to test worm-gear is to 
determine its efficiency under various conditions of load 
and speed. Where the efficiency of any piece of mecha- 
nism is high, such tests, to be of y | real service, must 
be carried out with a —_~ great degree of accuracy. 
Thus, where an efficiency of 97 per cent. or thereabouts 
(as in a well-designed worm transmission) is obtained, it 
is to employ methods having an error of 1 per 
cent. more or less. Any such error may be legitimately 
looked upon as a 33 per cent. error in the measurement 
of the power wasted in transmission. If the tests are to 


mepuetneing its own tools or for cutting 





tell us anything of a nature useful to the engineer in the 





improvement of his methods of generating, or to enlighten 
him as to the best conditions under which worm-gear is 
to be employed, he must be able to detect with corteinty 
variations in the amount of power lost of a far less magni- 
tude than this. It might, in fact, be said that unless the 
loss of power can be determined to within about 5 per cent., 
the method of test must be looked upon as unsatisfactory. 
Thus, 96 per cent. as a good average worm-gear 
efficiency, the loss of power is 4 per cent., and the deter- 
mination should be within an error of one-fifth of 1 per 
cent. This is the d of accuracy obtained as certified 
by the Director of the National Physical Laboratory by 
the new Daimler-Lanchester testing-machine. 

The machine itself is described in the Appendix to 
the present paper. It will suffice to say here that in 
moe the new machine is an instrument for the 

irect comparative measurement of two torques acting 
about axes at right angles, or, more generally, about axes 
making any angle with each other, but unsuited to cases 
where the torque axes approach the parallel. It is evi- 
dent that in any transmission where there is no slip 
the efficiency is given by the ratio of the torques of the 
driving and driven elements divided by the gear ratio (or 
multiplied by the gear ratio if it is expressed in the 
inverse form). Thus, if the efficiency were perfect, the 
torque ratio and ratio would be identical ; or if, for 
example, the efficiency were 0.5, the torque of the driven 
element would be 0.5 of what it would be on the basis of 
perfect efficiency ‘ 

In the Daimler testing-machine the gear-box ¢ontaining 
the gear under test is mounted on double gymbals, and 
the power input and output are taken by universally 
jointed shafts; for any given conditions of running it is 









































found that there is a neutral axis about which the torque 
is zero ; this is at right angles to the plane of the resultant 
torque, and is determined by the adjustment of a sliding 
jockey knife-edge. This knife-edge and the centre of the 
double gymbal mounting define the line of zero torque, 
and when the floating system is in equilibrium the posi- 
tion of the knife-edge gives the torque reading required. 
At every reading the machine is brought to its zero posi- 
tion about both co-ordinate axes ; it is steadied by appro- 
priately arranged dashpots. The power transmitted by 
the is restored to the driving shaft through the 
medium of a bevel gear and slipping belt. 

_ The total ——_ transmitted is in every case measured 
immediately before the torque ratio is read and gives the 
measure of the total power transmitted ; any error that 
may creep in between the times of reading the transmis- 
sion torque to determine the horse-power and reading the 
torque ratio to determine efficiency owing to changes in 
the external conditions, such as the slip factor of the 
belt, is of no importance, owing to the fact that the 
=P of efficiency for such small changes of load or 
8 as are liable to occur are quite negligible. 

Many facts of considerable importance both to the 
designer and to the user have been elucidated by the 
recent tests by the new method. Not the least impor- 
tant of these is the marked difference in behavour that is 
found to exist between the ordinary paralel type of worm 
and that of the Hindley type—+.e., the Lanchester gear 
on which the majority of the tests were made. These 
tests confirm some previous roughly-made tests carried 
out by the ordinary methods by the Daimler Company 
at the time they first adopted the worm drive on their 
rear axle. Summarised, it appears that at the best the 
parallel worm can scarcely reach the efficiencies shown 
as a regular thing by the Lanchester gear; at the worst 
the efficiency of the lel gear falls 3 or 4 per cent. 
lower, this being particularly the case at heavy loads. | 
would appear that the oil film begins to break down in 
the case of the parallel worm at loads that the Lanchester 
sustains without loss of efficiency. The comparative 
behaviour of the Lanchester and the parallel worm 1s 
illustrated typically by the two curves given in Fig. 18. 
The upper pair of curves relate to the Lanchester gears, 
the lower pair to of the parallel type. —~ 

A second fact brought out by these tests is that the 





* This applies to the actual cases of parallel worm 
tested ; the author cannot vouch for other makes of worm. 


though there seems no reason to suppose that the results 








would be materially different, 
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loss of efficiency at reduced speeds is far less than pre- vegetable origin. The lower curves represent results 
viously sup ; at the lowest useful motor-car speeds | obtained from mineral oils. The main conclusions to be 
it rarely f much below 94 per cent., and it is quite drawn (apart from indications as to the suitability of the 
exceptional to record efficiencies below 93 per cent. | lubricant) are:—(1) That, in general. mineral oils are 


A third fact brought out is the great variation in’ inferior to animal or vegetable oils ; (2) that the viscosity 


~ ~- ~ 


A fourth fact brought out is that the best efficiencies 
are obtained with a certain perceptible tooth clearance ; 
the said best clearance in an ordinary motor-car 
appears to be about 7, in. (somewhat less than 4 mm. ). 

A fifth fact of importance is that in the chester 
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gear the efficiency is best with quite heavy loading ; 
there is virtually no falling off in efficiency due to over- 
loading—at least unless carried far beyond the point at 
which the bronze slowly yields. a 

Lastly, it may be noted that the heavier loads are 
carried with the best results at high speeds of revolution. 


(To be continued.) 





Messrs. CammMett. Larrp anp Co., Limitep.—A site, 
ccmprising about 12 acres, has been placed at the dis- 
p’sal of Messrs. Cammell Laird and Co., for the erection 
of a national engineering factory at Nottingham. The 
Corporation has agreed to take it on lease at a rental of 
300/. per annum, and to place the site at the dis of 
His Majesty’s Government during the war and for six 


efficiency due to differences in the lubricant employed, | of the oil is little or no guide in the selection of an oil | months after its conclusion, free of cost. The Govern- 
and the individual character of the diagrams or curves | for the purpose in question; one might almost as well | ment is to have the option of purchasing the land on 


obtained when different lubricants are submitted to test. try to judge the value of beer or any other beverage by 
Thisis clearly exemplified in the curves given in Fig. 19. | the viscosimeter ; (3) that the efficiency may be lowered 


terms to be agreed. The proposed factory will provide 
employment for 4000 men, and no time ig to be lost in 





The two upper curves are typical of oils of animal or | by the presence of too much lubricant in the gear-box.{__ | ite erection. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELEOTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views in the Specification Drawings is stated 

i Tk sek ; hala o nomad te igatialion wae 

Where inventions are communicated from abroad, the Names, &c., 


ORs eemmreme jens acres as 


~ , Chancery-lane, W.C., at 
The date advertisement Complete 
‘cen nes ees - 
theladvertsoment of ft acgpance ofa Compete Spntonton, 
joe neice at the Pu eprontion to tha grant #f 8 
cool en ong af aU 


ELECTRICAL | enone 
ae 4 C. J. Beaver, Ha EZ. A. Clare- 
oy Insulated Cable. 


ont, Voltag 

fl rol October 5, 1914.—This invention has reference to high- 
voltage insulated cables where it is desirable to increase the 
radius, and hence the cross-sectional area of the conductor beyond 
what is necessary to attain the desired yn a capacity 

in order to minimise the stress on the insulation in the porn 
bourhood of the conductor, and thus reduce the otherwise neces- 
sary thickness of the insu insulation, and and this invention has for its 
object to save the waste of a involved in enlarging the croes- 
sectional area of the cable, t the same time to secure on the 





(20549) 


one hand the pommny | flexibility, and + Se ‘ws security from 
distortion necessary in a pa mt ng By In such a cable 
intended for high-vol of ‘nent importance that 

while securing sufficien’ ev pe = Ab for practical —— the 
conductor 1 , > be ble of ing ceeey distorted from ite 
circular shape uctor in a cable according to this inven- 


tion eonsiete @ of Py a 5 hollow core A in the — of a ye -_ 
of lead or other suitable metal, oo oa = 

the core spirally, and (3) a thin tube O Cuteide ‘et 
the copper strands. The conductor is insulated with insulating 
material of any suitable kind and according to any suitable 
method now in use. (Accepted June 16, 1915.) 


Fe po 14. A. Taylorand P. W. Gray, York. Range- 

Finders. (2 Figs.) June 10, 1914.—The present invention 
relates to improvements in range-finders and like instruments of 
the type in which the adjusting element to be deflected to sight 
the object, the range (for instance) of which it is desired to ascer- 
tain, is directly moved by the displacementofacam. According 
to this invention, a scale indicating varying values of refraction 
is provided, over which a movable member is adapted to be dis- 
placed to adjust the pivot of the arm on which the telescope is 
mounted. The usual telescope 30 is mounted on brackets 31 on a 
lever arm 82. A spirit lever 33 or the like is provided, so that the 
instrument when in the zero position may be levelled up truly. 
The range-finder is mounted on a base 34, provided with the usual 
feet 35; the arm 32 carries at its outer end a roller 36 engagin ing 
with a cam 37 dina oom s 88 —— 
with the base 84. This cam, hereafter to be called the range and 
Ht ht cam, is mounted on a spindle 39, to which spindle is fixed 

circular dial 40 suitably divided and engrav 

‘ helg hts.” Le a = is cut toa ithmic curve, and the 
conle’ 40 is gradua' nd to the logarithmic coefficient 
of observed ** Nelghta” A second scale mn is adapted to move 
about the dial 40, and is preferably in the form of an annular ring | w 
divided and engraved for “‘ ranges,” its graduations being 
similarly logarithmic. This annular ring 41 is preferably friction- 
tight upon the circular dial 40 and is clampable thereto by means 





30 























of milled finger-nut clamps 42. The annular ring is elott«d at 43, 
p AS ST yh rough the slot and is provided with a milled 
ing-nut 45 so that Ld 44 can be seoured in any desired 
— within predetermi limits, relative to the annular ring 
tr. The pin 44 is secured to an arm 46 on a sleeve 47 
freely about a bush 48 on the casing. This sleeve 47 is formed in- 
tegral with a cam, and is termed the curvature and re cam. 
This cam is so cut as to correct both for curvature of the earth 
and also for refraction. This cam 49 co-operates with a roller 50 
mounted on the end of the lever 51 pivoted at 52 to the fixed 
of the base 34 of the instrument. The end of the lever 51 is 
formed as 4 trunnion 58 to carry the pivot 54 for the lever 32. 
Consequent Wy it will be seen that relative motion between the 
roller 50 and the centre point 55 cf the cams 49 and 37 will cause 
the pivot 54 of the cam 82 to be raised or lowered. The slot 43 is 
preferably provided with a short ecale having indications suchas 
will show ‘‘ mean” “ increase" or ‘‘ reduction” of correction. 
It will be seen that depending on the position of the pin 44, in the 
slot 48, the height of the pivot 54 above the fixed base of “the in- 
strument will be varied to correct the inclination of the ——— 
30 for i vat & ” Hanes ry ety - 4 a 
annu 41 is at outer pe ran 
values and co-operate with a fixed index 66 on the 


body of the den hy The second os 57, oe height 
index, is marked on this annular to co-operate 
with the circular scale 10. Ganga it will be seen that 








a petie between the range ring 41 and the circular 
seale 40 is ned for any particular height of the instru- 
instance, ee eee members 
of the milled screw 42. When 


PRINTING AND ALLIED MACHINERY. 


16,062/14. Lin 
London (Merger 
mit beschrankter Baftung, nm, Germany 
menenenee, oe. ] Suave 25, "Toa i ~ 
pograph e-casting e 
postiodite construction in which lines of matrices and expansible- 
wedge space-bars are presented in a conveyor or elevator in front 
deuue and after a cast has been made in that mould and 

inst the line of matrices and space-bars, the conveyor conveys 
composed line, still comprising the matrices and space- 
directly to the distributing mechanism, without the intermediary 
of other carriers or conveyors. The composed line is then pushed 
os of the conveyor into the distributing mechanism, and — 
pen pny space-bars are separated from the matrices an’ 
descend to cir oaauaio e, while the matrices continue on from 
the distributor to be distributed each into ite = channel, 
according to the character of the formative cavity thereof. The 


ved 
from the matrices during 


and Machinery, Limited, 
——— - Fabrik Gesellschaft 


y= relates 
machines 


their journey from rom the conveyor to the distributing mechanism. 

The invention oan in the —— with ‘a distributor 

mechanism adapted posed line of ustable 
bars ten nd into its individeal ak - 8-5-9 éstiver 
elements each into ite res ve magazines or 

channel, of a ribbed rail to which the adjustable teth onthe 

matrices are attached by means of a on the the ei | eocen 


Ts and metrics, a chute for receiving the 
ie ribbed rail and means for releasing the space- eae from the 


ribbed rail when they are over the chute. 1 represents the |G diff 


eect 
i 


as 
3 


'y 
rives a pinion N which geara 
shaft Planet-wheels 
together, turn freely on a stud 
he planet-wheel G gears with 
ion D is also 
with a aieratian O keyed to the 
shaft B, by which the — dere transmitted to the si -arm by 
ik A. heel device prevents wheel kK 
in the it een ae Se Som be 
restored by gravity to open “on” position. In the example shown, 


Fig. 1. 


Wee 
: 
5 
ark 


wheel I F, which is pote ne to the shaft 
keyed to the shaft E, and 
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the free-wheel device consists in known manner of a disc Y 
secured to = — K and a pin y sh to move in a groove 

eccentric to The planet-wheel H ars with the sun- 
wheel J, which is oneidly ~~ gg § to a wheel L ; the wheels J and 
L turn loosely on the shaft E. The diameter of the planet-wheel 


ers from that of the planet-wheel H by an amount depend- 


conveyor serving to receive a line of matrices com; from the | ing on the required reduction ratio between the shaft B and 
a 2, interspersed with expansible space-bars. After the =. The wheel L gears with a pinion M, to the spind!e O of 
line of matrices and space-bars has been received in the ich is secured two-armed lever 8. Weigh cranks T 


of the conveyor I, the latter presents it in front of one of 

the moulds 4, which, in well-known am may be carried in a 
rotatable mould-wheel 5, — when the composed line is then 
2 the mould, the Ia tter is filled with metal to form a 
slug, bearing on its front edge a counterpart of the line of 


10 kd 
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characters presented by the matrices of the composed line. 
After the slug has been cont, the —— 1 ascends so as to move 
ite head, carrying the composed 'h the path indicated 
by dotted lines, and at ayer y end of tints trave oe of the — 
of the space-bars not already d 
} nd normal positions, abut against a ee 
us caused to positively lower the wedges and 
a within the composed line. es atten this this aon 
line of matrices and bars is pushed out of the 
head of the conveyor 1 by a pusher 7, and the matrices, by reason 
of the toothed combinations with they are, as well known, 
ee eens engage with a ribbed rail 8, while the space-bars, 
aving no euch toothed combinations, fail to engage with the 
= 8 and descend by oo Soe a chute 9 into their re- 
ctive magazine. leads the matrices suspended 
t ereon into the so-called distributor-box 10, which is provided 
with the usual vertically reciprocating finger 11, ee to ee 
each matrix as it, in turn, takes its mee: lace at the he 
end of the line. The matrices thus raised by ey ite 
— ht into engagement — the well-known ‘Mistribu 
which carry them along the equally well-known permu 
—— bar 12, from which matrices become Getached: - 
each arrives over the channel allotted to it. The dis- 
tributing screws are not represented in the drawings, but there 
are shown a few matrices 13 travelling along the distributing 
= - dys Fd: ae — Soe —— 
y pusher 7, in case re migh' a 
conten J - them to stick to the matrices, there are preferably 
provided two cams 14 located immediately over the chute 9, and 
8o arranged that during the of the line of matrices and 
space-bars towards the distributor-box 10, the lugs of any space- 
bars which have not already left the line en with the in- 
clined undersurfaces of the cams 14 and are there ', depressed so 
that the space-bars cannot further remain in the line. The two 
cams 14 are secured one on either side of the distributing rail & 


vancing | im 


part | and in themselves are similar to other cams already 


the art for separating space-bars from com lines 
towards the distributor. (Accepted June 30, 1915.) 


RAILWAYS AND TRAMWAYS. 


6520/14. emens Brothers and Raitway Sig and 
L. de M. G. Ferreira, London. 
(2 Figs.) March 14, we Pe a invention relates rae for 


ing railway signals of the kind io which — 
antes a tn cetrie ‘chetoemagmenlo napempieed s te 
t but 
when one = of the epicyclic system is held stationary by 
excitation of the electromagnet, the revolution of the A. & is 
reduction gearing to the 


certain travel has been accom 
interrupted over a switch. 





aa freely on pins X placed at each end of the lever S, so that 
when the latter rotates in a clockwise direction, brake-blocks Z 
secured to the cranks T are pressed by y centrifugal t lorce against a 
fixed brake-ring U, and prevent the speed of “a1 O from 
ee an excessive value. An armature disc placed 
ite the pole of an electromagnet R, which in 
shown is tubular, and serves, when the el 
Fn the rotation of the spindle O, with it of the 
pinion M, spur-wheel L, and sun-wheel J. 'Pins V, secured to the 
cranks T. engage in holes in the ri" = and cause any move- 
ments of r of the spi 0 to through the 
arms S and cranks T to the armature Q “tdonpend June 16, 1915.) 


gp nae ny BOILERS, EVAPORATORS, &c. 


4. James Howden and Co., Limited, and 

ume, Glasgow. Boiler [4 Figs.) 
June 19, 1914. This invention relates to a combined forced draught 
and induced-d: — installation for boiler furnaces of tha 
which permits the utilisation of the discharge from a in — 
way ofa -duct having controllable branches for leading 
the discharge hd way of an air-heater to the boiler furnace for 
forced-draught ~~ or into the chimney for induced- 
draught purposes, or simultaneously to the furnace and the 
chimney, the branch through which the discharge passes when 
the furnace is working under induced draught opening into a 
double conical pase yomege. The invention consists in an installation 
of the — a Seeger ore set forth, an essential feature of which 
is the of the double conical formed by a 
Venturi Poy a from the chimney within which it is 
located. The d -duct 1 of a fan-casing 2 (or of each of 
several fan-casings) extends above the boiler or boilers) adjacent 


aa example 
et is energised, 








to the furnace front, so as to secure the advantages of accessi- 
pam bp compactness, and has a branch 8 (or branches) for lead- 
to the boiler furnace for forced-draught purposes, 

by way of an air-heater in the —— as is usual in the Howden 
-d | system, and has also a branch 4 (or branches) 
leading to base or side of the chimney 5, and terminating in 
an adjustable nozzle 6 presenting a redu orifice opening in'o 
the chimney 5. Coaxial with the nozzle is a double-conical pipe 
or Venturi t tube 7 within the chimney, which pipe, in conjunction 
with the nozzle, forms an ejector levice serv ng to induce the 
flow of the gases upwards within the chimney. As the Venturi 
tube forms a separate unit within the chimney, free expansion 
is allowed of that part which is most subject to changes of tem- 


the ge due to admixture of hot combustion productsand cold 


Dam 8 are vided for regulating the flow through the 
80 that, it desired, the flow through either > branch 
cut off, ing as induced 


accord 
(Accepted June 16, 19165.) 
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THE PANAMA CANAL.—No, XVI. 
Tue CristoBaL TERMINAL. 

Havine dealt with the general port facilities at 
the Pacific or Balboa terminal of the Panama 
Canal, in the last three articles of this series, we 
will now proceed to an account of the Atlantic 
port, which is situated at Cristobal. At this port 
the new facilities being provided at the present 
time, or in the future, are to consist of long piers 
jutting out from a mole, with certain other 
wharves, coaling and oil-fuel plants, &. The 
small map, Fig. 272, subjoined, shows the arrange- 


being done by the Panama Railroad. The wharf A 
has a length of 426 ft. and is provided with a shed. 
The wharf B is 1073 ft. in length, with a shed 
918 ft. long by 80 ft. wide, in front of which is a 
clear deck, 22 ft. wide. The wharf C is 398 ft. 
long, which results in a breadth of some 300 ft. 
for the dock, which is formed between the wharf B 
and the pier D. This latter is 1042 ft. long by 
209 ft. wide, and carries a shed about 870 ft. long. 
The pier F and the head-wall E will be generally 
similar to the foregoing. The work, which is 
shown in fall lines in Fig. 273, is completed and 








in operation. A view, giving a good general idea 














Fie. 271. 


way, with I beams, encased in concrete, supporting 
a reinforced-concrete floor. The shed has a front 
wall, of reinforced concrete, 30 ft. high, and a rear 
wall, 34 ft. high, with end walls. The inside clear- 
ance is 25 ft. to the lower chord of the roof-trusses. 
The main trusses are supported on steel columns, 
which also carry longitudinal girders running on 
each side down the building. Intermediate trusses 
are supported by the longitudinal girders. There 
is light longitudinal bracing below the monitor 
and elsewhere between the trusses. The outer 
columns rest on the concrete-filled caissons driven 
to rock. The inshore columns rest on concrete 





GENERAL View OF THE WHARVES AT CRISTOBAL TERMESAL, 





SHOWING RELA 





iq. 272 LOCATION PLAN 
ON OF OIL DOCKS TO CANAL CHANNEL. 











ment adopted for the piers. The mole is over 
1000 yards long, and juts out at right angles 
The worst 
winds at Cristobal are from the north, and at 
certain times of the year are very bad, causing 
heavy seas. The mole will protect the shipping 
from these, as it will be accommodated at the piers 
The piers, of which 
there may ultimately be five, are set at an angle of 
ayer no more 

built, though 
the wharf accommodation has been extended 
along the shore line parallel to the approach 
1 accommodation now under 
construction, or finished, consists of the wharves 
A, B, C, and E and the piers D and F, as shown 
in Fig. 273 on page’ 232, which is a reproduction 
of part of Fig. 272 on a larger scale. The work is 


to the shore and the Canal channel. 


on the lee, or southern, side. 
45 deg. to the mole. For the 
than the two inner ones are to 


channel. The princi 





of the piers and wharves, is given in Fig. 271, on 
the present page. 

The construction of all the wharves and piers 
is more or less similar. 
part supported on steel caissons filled with con- 
crete, with steel rail reinforcement. The wharf B, 
with a deck width of 75 ft. 6in., has a railroad 
track running along the water front, and two 
depressed tracks at the back inside the shed 4 ft. 
below floor-level, so that the car floors come on a 
level with the shed floor. The arrangement is 
shown in Fig. 274, on 232. The width of 
the shed is 80 ft., and as the sunk tracks 
are 8 13 ft. centre to centre, the width of the 


ware 
occu 
of 





They are for the most 


ouse floor becomes 534 ft., about 26 ft. being 
ied by the depressed tracks. The front part 
e deck and superstructure of this wharf is 
supported on 227 4-ft. caissons, spaced 17 ft. each 


footings built on timber piling. The roof is of 
24-in. concrete slabs, reinforced with expanded 
metal. The floor and deck consist. of 8-in. concrete 
slabs, on which are laid 4-in. vitrified bricks on a 
3-in. cushion of sand. The floor and deck of the 
wharf will carry a load of 1000 lb. per sq. ft. The 
front wall is furnished with steel roller doors 18 ft. 
high by 20 ft. wide, and placed 34 ft. apart. .Un- 
loading masts for carrying blocks and tackle extend 
to a height of 65 ft. above mean sea-level from all 
the columns on the front of the building. These 
masts are connected by light longitudinal girders 
and supported by stays carried back to the roof 
trusses. The arrangement can be seen in Fig. 274. 

The pier D rests on 287 steel caissons filled with 
reinforced concrete. These caissons are s 
30 ft. apart in a longitudinal direction, and 27 ft. 
apart in a direction across the pier. The floor load 
capacity is the same as in the wharf B, but the 
floor is supported by built-up plate girders instead 
of rolled beams. The main longitudinal girders are 
48 in. deep, the web-plates being § in. thick. Each 
flange is formed of two6-in. by 6-in. by }-in. angles, 
and a 14-in. by }j-in. cover-plate. e whole is 
encased in concrete so as to make a beam 18 in. 
wide. The main transverse girders have webs 36 in. 
deep, of plate in. thick. The flanges are of 
6-in. by 6-in. by §-in. angles and 14-in. by }}-in. 
cover-plates. ese are also encased in concrete, 
making the thickness 18 in. The stringers are 1 ft. 
wide, of concrete reinforced with }-in. bars. The 
tracks are supported on longitudinal members in 
every case. ere is a track outside the shed on 
each side of the pier, and two tracks running down 
the centre of the building. 

For dry-dock accommodation the old French dry 
dock at Mount Hope will be retained. This dock, 
which can be seen in Fig. 272, has a usable length 
of 300 ft. and width of 50 ft. at the entrance, and 
a depth of 13 ft. overthe sill at mean sea-level. 
Oil-fuel accommodation at the present time at 
Cristobal amounts to about 195,000 barrels, and 
consists of two 42,000-barrel tanks belonging to 
the canal, and three Union Oil Company tanks. 
The former are 93 ft. in diameter and 36 ft. in 
height. At Mount Hope .there is land available 
for between 40 and 50 tanks, and several additional 
sites are already leased. At present the oil is 
being handled by pumping stations to the wharves 
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on the old French canal, which have 30 ft. of water 
ongside. There will ultimately be three outl 


al 

with 12-in. po eee to the pumping 
station. The wharves on the old French canal are 
shown in Fig. 272. The a can supply 
oil at the rate of 1200 per hour per vessel. 
This station will also have connection to a tank at 
Gatun, which it will be able to supply at a rate of 
400 barrels per hour. The coali lant, which 
forms the most interesting part of the Cristobal 
equipment, demands so much space for an adequate 
description that we are unable to deal with it in 
this article. Our succeeding article will be devoted 
to it entirely. 





COMPARATORS FOR THE INDIAN 
GOVERNMENT. 


(Concluded from page 211.) 


In our last article we completed our account of 
the 4-metre comparator, and we now have to deal 
with the 24-metre comparator, the use of which we 

uctory remarks. 


explained in our in 


General DesoriPTion OF THE 24-MeTRE 
ComMPaRATOR. 


This instrument, of which a general view* is given 
in Fig. 57, on 233, in ite essential features con- 
sists of a series of seven microscopes solidly mounted 
on iron i embedded in a cement wall at 
intervals of 4 metres in a straight line. Beyond 
the two end microscopes are movable and adjust- 
able pulleys for suspending the invar tapes in 
catenary, so that these two microscopes can be used 
for observing the division marks. On the wall 
underneath the microscopes is a railway, on which 
runs a carriage which supports the s ard 4-metre 
bar while it is being used for measuring the dis- 
tance between each pair of microscopes. In addi- 
tion, to the rear of the wall, on the ground, a deep, 
narrow tank is formed in concrete = Fig. 58). 
This is for use in connection with the heater and 
central pump on the 4-metre comparator, described 
already, for raising the temperature of an invar 
tape ——a in order to obtain its temperature 
coeflicient. e tape in this tank is observed by 
two additional microscopes, carried on the rear of 
the brackets ing the two extreme microsco 
above mentioned. No other fittings were provided 
for this tank, as it would very seldom be used, since 
the temperature coefficient of an invar tape would 
remain sufficiently constant, although its length 
would require frequent checking. The usual field 
apparatus might be used for yyy the tape in 
the tank, and the ends might left just clear of 
the water, as the error caused thereby in a length of 
24 metres would be negligible in a material of such 
low expansion as invar. Fig. 58 shows clearly this 
arrangement, together with one of the sleepers 
supporting the railway on the top of the wall, and 
the position of the standard bar under the micro- 


Figs. 59 and 60 give a general elevation and plan 
of the 24-metre comparator-room. At the left- 
hand end will be noticed an extension of the 
concrete wall which forms a siding for the 4-metre 
bar carriage, enabling the latter to be run clear 
of the comparator proper when observations are 
being made on the 24-metre tapes. The sleepers 
meee he 0 to 3 form thissiding. The first micro- 
scope is seen between sleepers 4 and 5. These 
sleepers are 14 metres apart, so that there are three 
slee between each microscope and the next. 

e rails themselven each consist of 1-in. dia- 
meter steel rods, each 4 metres long, so that all 
joints come in the middle of a sleeper. The 
method of holding and adjusting the rails is seen 
clearly in Figs. 61 and 63, on page 234. Each rail 
where it passes over a sleeper is in contact with 
three screws, by means of which it can be accurately 
aligned, one screw supporting the rail vertically and 
two antagonistic screws controlling its horizontal 
position ; and where a break in the rails occurs 
these screws are fitted in duplicate, as seen in the 
side elevation of the sleeper in Fig. 63, so that one 
set of screws is bearing on the end of each rail. 

The Tape-Supports.—When a tape is being ob- 
served it is a under the two end micro- 
scopes by its being passed over two pulleys (see 
Figs. 68 and 69) and attached to two weights. 


* This view on See ~ Fn capeeed, o> 
> is coun jor to its shipment to Indi 

eoaent wall relersed to in the deswiption wee net 
provided for this temporary erection. 
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The tape is thus suspended in catenary under a 
constant tension. For these observations the car- 
riage is run on to the siding at the left end of the 
comparator, but to do this it is necessary that the 
left-hand pulley should be movable. The pulleys 
are lightly designed and made in aluminium, and 
are supported on ball-bearings carried in an over- 
hanging forked bracket. This bracket is fixed to 
a long sleeve and nut working ona central screw. 
This sleeve is drop into two slots on projec- 
tions from a base-plate casting which is embedded 
on the cement wall. A thumb-screw through the 
forked bracket, resting ona central projection from 
the base-plate, prevents the bracket from turning, 
and provides a vertical adjustment for the pulley, 
thus enabling the marks on the tape to be brought 
into focus under the microscope. The central 
screw, mentioned already, drops into position, abut- 
ting at both ends against two stops carried from 
another pair of projections on the base-plate. 
Tho rotation of this screw therefore transverses the 
sleeve, and with it the pulley and the end of the 
tape across the comparator. It will be noticed 
that the pulley is only retained in position by 
vity, so it may be removed and replaced in a 
ew moments, and always without disturbing its 
adjustment. 
4-Metre Bar-Carriage.—The carriage, which 
is well shown in the pho ph reproduced in 
Fig. 70, page 234, consists of an H girder carried 
on two wheels, 2} metres apart, running on the 
rail balow the microscopes. These two wheels are 
carried, each by a pair of ball-bearings, on axles 


the webs of the girder, as seen in 

the centre of gravity of the | oe 

axles of the wheels, and the design is stable and 
id. A cast bracket attached to the middle of 

this girder carries a third wheel on the second rail, 


ig. 61. 








| 


fitted between the top flanges of the girder, the vided at the right-hand end of the 
wheels themselves projecting through holes cut in| 
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as also shown in Figs. 61 and 64. Thus, when the 
carriage is in position with the end-marks on the 
standard bar under any pair of microcopes, the three 
wheels all come over three separate sleepers. The 
joints in the 4-metre rails are also staggered and 
arranged in such a way that no joint is undor 
a wheel when the bar is in position under a pair of 
microscopes, as may be noticed in the photograph, 
Fig. 70. The bar is therefore rigidly supported 
directly from the concrete wall, and the strength 
of the rails is not a factor in the steadiness of the 
bars. Figs. 62 and 63 are respectively a plan and 
elevation of the left end of the carriage. Fig. 65 
shows the two plates forming the ends of the 
carriage, from which also the various adjusting- 
handles are supported. 

As in the 4-metre comparator, the standard bar 
is again supported on two rollers at its ‘‘ Airy ” 
points. These two rollers are supported from the 
carriage in such a way that they can both be raised 
and moved transversely by screw adjustments. 
Each of the rollers is carried on a spindle sup- 
perted from a pair of cranks, which are, in turn, 
rigidly connected with the spindle, whose axis is 
A B (see Fig. 62) The uppermost hand-wheel in 
Fig. 62 operates through a screw upon a bell-crank 
lever, which moves this spindle longitudinally 
against the tension of a strong spring acting on its 
end (see the section on the line A B, in Fig. 66). 
Similarly, the lowest hand-wheel in Fig. 63 acts 
through a screw on another crank, and so raises 
and lowers the ¥ ey in this case gravity taking 
all backlash. ese two adjustments are also pro- 
e. 

These longitudinal motions of the rollers enable 


Thus | the bar under examination to be brought parallel to 
er is below the | each pair of microscopes, and also brought correctly 


into the field of view, while the vertical adjust- 
ments enable the bar te be focussed and brought 
parallel to focal planes of the series of microscopes, 
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Fie. 57. Generat View or 24-Metre Comparator as TEMPORARILY ERECTED IN ENGLAND. 


which are adjusted to be co-planar; but a third 
adjustment ie required for moving the bar longi- 
tudinally along the comparator. A coarse adjust- 
ment is made by simply pushing the carriage along 
by hand. A fine motion can be given by means of 
the uppermost of the three hand-wheels seen in 
Fig. 63, which hand-wheel is only fitted at the left- 
hand end of the carriage. A small casting sur- 
rounds the axle of the left-hand carriage-wheel, 
and can be clamped to it by means of a thumb- 
screw. The longitudinal adjusting-screw then 
works in a nut, free to swivel on a lug on this 
casting, and, consequently, when the casting is 
clamped, the motion of the hand-wheel imparts a 
slow rotation to this wheel of the carriage. 
_ The Microscopes.—The microscopes are all carried 
in tubes, split and clamped at both ends, and 
rigidly fixed on the sugpersing castings. No move- 
ment for focussing the microscopic objective is 
provided. Before being clamped the focal points 
of the microscopes are arranged to be collinear ;* 
* This is beat done by focussing one microsco; 
dust particles floating on a trough of water, and 





|after this is adjusted focussing the microsco 
would only introduce errors. The eye-pieces can 
focussed on the micrometer lines, however, to suit 
the observer’s eyesight, by the usual quick-screw 
eye-piece adjustment fitted on prismatic field- 
p tt 


All these instruments were specially designed, 
and were supplied by Messrs. Zeiss, the general 
design being similar to the larger microscopes on 
the 4-metre comparator. A piece of plane glass 
was fixed below the objectives at an angle of 
45 deg. to illuminate the divisions on the bars or 
tapes being observed, and small glow-lamps in pro- 
tecting tubes were fitted opposite these reflectors, 
supported on small brackets secured to the side 
of the main castings. For the seven microscopes 
above the carriage-way the objectives had a clear 
aperture of 13 mm. (4 in.), and were used at unit 
| magnification, the working distance being 87.5 mm. 
(34 in.), the same distances separating the objec- 


turn focussing each of the other mi on a similar 
trough with water connection through a pipe with the 
first trough. 




















tives from the micrometer-scale plate. The eye- 
pieces gave a magnification of ten, and the micro- 
meter-screws were $ mm. pitch, the drums being 
divided into fifty divisions, each approximately 
2 mm. apart and equivalent to 0.01 mm. e 
two microscopes above the tank were made with 
long invar tubes of 30 mm. external diameter, to 
avoid change of focus with change of temperature 
due to convection from the hot tank below. These 
ebjectives are again used with unit magnification, 
at a working distance of 12 in. The eye-pieces and 
micrometers are the same as the seven smaller 


microscepes. 

The Telescope and Oollimator.—Various precau- 
tions have to be taken when using the hot tank, 
and comparing readings on a 24-metre tape in this 
tank with readings taken on a tape in air with the 
two extreme short microscopes. At each end of 
the comparator we are dealing with a pair of micro- 
sco whose focal points are separated by a con- 
siderable vertical distance and also by a consider- 
able horizontal distance, both, however, transverse 


to the tapes or the axis of the comparator. Con- 


sequently, small in these distances do not 
affect the readings. Fa of microscopes is 
rigidly attached to iron castings carried on a solid 


cement wall. It will be seen therefore that 
rotations of the cement wall about certain axes 
at either end will have important effects on the 
readings. Rotations about the axis of the com- 
parator are immaterial and therefore need not be 
measured, but rotations about the vertical, or 
about horizontal axes transverse to the comparator, 
or perpendicular to the tapes, will introduce large 
errors. Now, owing to the cement wall being 
heated on one side and near its base, such rota- 
tions are extremely probable, and must be measured, 
so that the necessary corrections can be made. 
It should be remembered that it is not required 
to compare the actual lengths of the two ta 

directly. All that is wanted is to measure the 
alterations in the length of the tape being heated, 
by comparing it with another tape kept at a nearly 
constant normal temperature. Owing to possible 
movements of the wall, the bench-marks under the 
two end microscopes cannot be relied upon ; but a 
tape opposite the bench-marks must be used as a 
sendaed tan reference. It will be noticed, there- 
fore, that only the relative rotations of the two 
ends of the wall are involved, and not the actual 
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rotationZofZeither end. Further,‘the optical axes 
of each pair of front and rear microscopes should 
be vertical, but the planes through each pair of 
these axes, although approximately parallel, need 
not be adjusted with the greatest accuracy. Con- 
sequently, a collimator, fixed rigidly to the casting 
carrying the two microscopes at one end, and a 
telescope with a vertical and horizontal micrometer 
scale fixed at the other end, both instruments with 
axes parallel to the tapes, give all the readings re, 
quired. The telescope is shown in Figs. 71 to 73, 
and the collimator in Figs. 74 and 75, page 235. 

A Nernst lamp is fitted at the right-hand end of 
the collimator tube, behind an opal glass ruled with 
cross-lines held in a cell with the usual four screws 
for centering The lens has a focal length of 
40 cm., and is carried in a cell, which screws on to 
the body tube and thus allows for focussing. 
This method of focussing is convenient in use, 
and has the advantage that it is not likely to be 
accidentally disturbed. It has, however, one dis- 
advantage. Small alterations in the length of the 
body tube are almost certain to take place owing to 
the proximity of the hot tank and the heat from the 
lamp. But the optical axis is moved by any rotation 
of the lens, and so no re-focussing can be done in 
the middle of aset of readings. However, extreme 
accuracy of focus is not essential. The tube has 
an internal diameter of 40 mm., and rests in two 
V's formed by two pairs of adjustable screws, each 
screw being at 45 deg. to the vertical. Holding- 
down screws are fitted between each pair of a 

y 


























porting screws. The collimator is therefore 
aligned horizontaily to throw a parallel beam of 
light on to the telescope 24 metres away. 

The telescope is made and supported ina similar 
way, the objective being interchangeable with that 
of the collimator. The construction of the micro- 
meter eye-piece is, however, novel. 

Since only small departures from the central 
position have to be read, it has been possible to 
do without the usual dovble slides and design 
a simple movement free trom all backlash and 
shake. The micrometer dise consists of a piece of 
plane glass ruled with two pairs of crossed lines 
for bisection by the collimator cross-lines. This Fie. 70. 
glass disc is carried in the plane C D at the left 
end of a short tube carried inside the main tube | fact, the glass disc is carried in a tube connected | the small spring-box fixed to the main tube. The 
of the telescope. This short tube is supported in| with the main telescope -tube by means of a| glass disc is, however, prevented from moving by 
the plane A B in a gimbal ring. The glass cross- Hooke's oint. Referring now to the section on|the two micrometer-screws. Two small hard-steel 
lines are therefore free to move sideways in any|C D in Fig. 73, the glass disc is pulled upwards pins, pointed at both ends, rest at one end in 
direction in the field of view, but are prevented |and to the right by “ ing attached at one/|conical holes at the ends of the two micrometer- 
from rotating about the axis of the telescope. In|end to the e and at the other to the end of | screws, and at the other end in two conical holes 
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in a small piece of hard steel fixed below the 
scale. These pins are in line with the axes of 
the micrometer -screws when the cross-lines are 
in their central position. It is then apparent 
that for small movements the telescope - lines 
can be moved by either micrometer-screw with- 
out disturbing the reading of the other screw. 
The screws are fitted with heads divided into 
100 parts, and the threads are 4 mm. pitch. 
The required correction for the horizontal read- 
ing is given quite closely enough by the simple 


formula © = 3. in which a equals the shift of 


the lines in millimetres, as measured by the tele- 
scope micrometer, d the distance between the axes 
of the front and rear microscopes, and D the distance 
apart of the two pairs of microscopes—viz., 
metres. The value of d is 280 mm., so that the 
correction for one division on the micrometer heads, 
corresponding to a value of a of 0.005 mm., works 
out as 0.000,058 mm. nearly, in the case of the 
horizontal screw ; while one division on the vertical 
screw corresponds to a correction of a little over 
twice this amount. 

Under each of the seven microscopes filling half 
the field of view is fitted a small polished invar- 
steel plate, carried by adjusting-screws from iron 
brackets fixed to the main supporting castings. 
Fine lines are engraved on these plates for use as 
bench-marks for comparison with the standard bars 
on the moving carriage, and in the case of the pair 
of end microscopes also for use in comparing with 
the tapes. The arrangement is shown in Fig. 67. 


Tue Stanparp Bars. 


The bars obtained for use with the comparators 
above described were five in number, and were 
supplied by the Société Genevoise, of Geneva. 
First there is the primary standard, a 1-metre bar, 
which it was finally settled should be made of pure 
nickel. This decision was reached in view of the 
great expense of a platinum standard, and also as 


PROFILE OF {METRE BAR. 
Fig.79. 45 5-15-—4 


24|for use in the tanks of the 4-metre comparator. 
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Then, as it was impossible to procure a 4-metre bar 
in bey nickel, two secondary standards, 1 metre 
and 4 metres long respectively, were made from 
one ingot in a 42 per cent. nickel-steel alloy. 
Finally, as the connecting link between these stan- 
dard bars and the invar tapes, two invar bars of 
1 metre and 4 metres were obtained. The bars are 
all of -section (see Figs. 76 to 79), the two 4-metre 
bars being of rather more elaborate shape than the 
1-metre bars, to give greater stiffness for the same 
weight of metal. The upper flanges of the 4-metre 
invar bar are cut away at the extreme ends, as divi- 
sions have to be engraved on the edge of this bar, so 
that it can be used against the bench-marks in the 
24-metre comparator. The other bars are finished 
square with full section, as they are only required 


The 4-metre nickel-steel bar is seen in the photo- 
graph, Fig. 70, in position on the carriage. The 
neutral axis of the bars in both sizes is arranged to 
coincide with the upper surface of the central web, 
so as to permit of all measurements being made on 
the neutral axis on the lines engraved on this web. 
The 4-metre bars are engraved at every metre to 
permit of comparisons with the metre bars. 





INDUSTRIAL NOTES. 

With reference to the difficulty in the South Wales 
coal-fields, the Press Bureau issued last Tuesday a 
statement to the effect that Mr. Lloyd , Mr. 
Runciman, and Mr. Henderson have had conferences 
with representatives of the South Wales coal-owners 
and miners. The coal-owners, having a desire to meet 
the difficulties of the situation, as explained by the 
Ministers, and with a view to a final settlement, 
expressed their willingness to to the following 
proposition, if accepted forthwith as a settlement :— 

*“*The award to stand, and the main ment 
based on it and on the Cardiff settlement to be signed 
forthwith. After this has been signed, the owners 
undertake to conclude with the Federation, on behalf 
of their members, another ent, which is to be 
regarded as being supplemental to the princi 





it is possible to this bar to England periodi- 
gally for comparison with the Britlah standards, 





and to run for the same 





| from July 22, 1915, to enginemen, pumpmen, mecha- 


nical staff, stokers, and banksmen, who perform work 
on afternoon and night shifts, and who are not 
included under Clause 13 of the principal agreement.” 
The men’s representatives unanimously undertook 
to recommend this proposal to the workmen for 
acceptance. The men’s representatives asked that 
the next determination of w: under the principal 
ment should operate as from July 22, the date 
of resumption of work. The coasl-owners offered 
September 1, and eventually both parties agreed that 
any change shall date from August 21. 

A conference of the delegates was held at Cardiff on 
Wednesday last, when it was decided that the new 
agreement should be signed. A clause is to be inserted 
in the award dealing with the case of the crafteman 
in regard to the “‘ bonus turn.” 





The new regulations which have been issued by the 
Ministry of Munitions for the guidance of a 
and men in “ controlled ” industrial establishments 
are as follow :— 


Mounitions or War Act, 1915, 


Rules for controlled establishments relating to 
order, discipline, time-keeping, and efficiency, *P- 
proved by the Minister of Munitions, and posted by 
the owner in accordance with the Munitions (Order- 
ing of Work) Regulations, in pursuance of Section 4 
(5) of the Munitions of War Act, 1915. 

1. Apvlication.—These rules shall apply to every 

rson employed in the . . , being a controlled estab- 
ishment under Section 4 of the Munitions of War 
Act, 1915, and Schedule II. of the Act. The posting 
of these rules conspicuously in the establishment in 
accordance with the regulations shall be deemed due 
notice of their contents to persons employed therein. 

2. Reguarity and Diligence.—Every person em- 
ployed in the establishment, whether on time, piece, 
or otherwise, shall attend regularly and work dili- 
gently during the ordinary working hours of the 
establishment, and a reasonable amount of overtime 
(including week-end work) if uired, unless he has 
previous leave of absence for holidays or otherwise, or 
is prevented by sickness or some other unavoidable 
cause, which shall be immediately reported. 

3. 8 ion of Restrictions.—No person employed 
shall insist, or attempt to insist, on the observance, 
either by himself or by any other —— employed, of 
any rule, practice, or custom tending to restrict the 
rate of production on any class of work, or to limit the 
employment of any class of person, or otherwise tend- 
ing to restrict uction or employment. 

4. Sobriety and Good Order.—No [peers employed 
shall (a) be the worse for liquor in establishment 
or bring intoxicating liquors into the establishment. 
(b) Refuse or neglect to obey the lawful orders of 
any person having authority over him. (c) Create or 
take part in any disturbance in the establishment, or 
use abusive or otherwise interfere with 
or annoy any other person employed in the establish- 
ment. (d) Tear down or deface any tions, 
rules, or other notices posted in the establishment in 
pursuance of the Munitions of War Act. 

5. Saving for Other Shop Rules.—Nothing in these 
rules shall affect any other a“ rules ie by the 
owner of the establishment, or his power to im 





which they will agree to pey the ‘bonus turn’ ea 


fines for breach of suoh rules, subject to the 
of the Truck Act. Provided that no fine shall be im- 
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under any such other rule for any offence which 
been brought before a Munitions Tribunal. 

Any person convicted of a breach of any of these 

rules is liable on conviction before a Munitions 


Tribunal to a fine not exceeding 3/. for each offence. 





The Chief Inspector of Mines has issued his general 
report for 1914. It states that in view of the heavy 
depletion of mine labour due to recruiting in the last 
five months of the year, owners of mines under the 
Coal-Mines Act were asked to return :— 

(1) The number of persons ordinarily employed 
during the period January to July. 

(2) The number employed on the last pay-day in 
December. 

The returns in question show that for the period 
January to July, 1914, the number of persons ordi- 
narily employed at the 2988 mines under the Coal- 
Mines Act was 1,133,746, or an increase of 5856 on 
the figures (1,127,890) for the year 1913, but that on 
the last pay-day in December, 1914, the number of 
persons employed had fallen to 981,264. The number 
of persons employed at the 564 mines under the 
Metalliferous Mines Act was 23,709, or a decreare of 
3703 persons as com with the year 1913. Of the 
1,133,746 persons working at the mines under the Coal 
Mines Act, 915,381, or 80.7 per cent., were employed 
below ground. Of the 218,365 surface workers, 6576, 
or 3.01 per cent., were females. This is an increase as 
compared with 1913. The number of young persons 
under sixteen employed below ground in these mines 
was 53,402, or 5.83 per cent. of the underground 
workers. The total number of surface and under- 
ground workers under sixteen was 77,304, or 6.82 per 
cent. of all workers. At the mines under the Metal- 
liferous Mines Act, 14,426 persons, or 60.8 per cent., 
worked below ground, and of the 9283 surface 
workers 148, or 1.6 per cent., were females. 

At the quarries under the Quarries Act there were 
78,908 persons employed, of whom 50,074 worked 
inside the actual pite or excavations, and 28,834 out- 
side. Compared with 1913 there is a decrease of 1192 
in the number of inside workers, and of 809 in the 
number of outside workers, making a total decrease 
of 2001 in the number of persons employed at quarries. 
The persons employed occasionally at quarries are not 
included in the above " 

The total output of minerals at the mines under the 
Coal Mines Act was 279,085,473 tons, of which 
265,643,030 tons were coal, 2,374,068 tons fire-clay, 
7,241,481 tons ironstone, 3,268,666 tons oil-shale, and 
558,228 tons sundry minerals. Adding 21,363 tons 
from open quarries, the total output of coal was 
265,664,393 tons, which is a decrease of 21,766,080 
tons on that of the previous year. The decrease of 
the coal production in several inspection divisions as 
compared with the previous year (including the small 
quantities obtained from quarries), is as follows :— 
Scotland, 3,609,154 tons ; Northern, 6,291,149 tons ; 
York and North Midland, 6,140,697 tons; Lanca- 
shire, North Wales, and Ireland, 1,920,959 tons; 
South Wales, 2,950,565 tons ; Midland and Southern, 
853,556 tons. 

The total output of minerals at the mines under the 
Metalliferous Mines Act was 2,973,536 tons, of which 
1,743,011 tons were iron ore. The total quantities of 
stone and other minerals obtained from the quarries 
under the Quarries Act was 44,893,993 tons, of which 
5,323,410 tons were iron ore. Adding to the produce 
of mines and of quarries over 20 ft. deep 437,926 tons 
obtained from shallow open workings, there was a 
total output of iron ore of 14,745,828 tons. 

At the mines under the Coal Mines Act there were 
1182 separate fatal accidents, causing 1219 deaths. 
Compared with 1913, there is a decrease of 38 in the 
number of accidents and of 534 in the number of 
deaths. 

The returns under Section 1 of the notice of acci- 
dents, 1906, show that the total number of non-fatal 
accidents ocourring during the year, which disabled 
for more than seven days, was 158,541 at mines under 
the Coal-Mines Act, by which 158,862 were 
injured. Compared with 1913 there is a decrease of 
18,327 in the number of persons injured at mines 
under the Coal-Mines Act. The death-rate of the 
underground workers at the mines under the Coal- 
Mines Act was 1.19 per 1000 persons employed, as 
against 1.74 in 1913. The death-rate of surface 
workers was 0.61 per 1000 employed, as against 0.79 
in the previous year. The death-rate of the under- 
ground and surface workers ax a whole was 1.08, as 
against 1.55 in 1913, being the lowest on record for 
the United a These rates have been calou- 
lated on the numbers employed January-July, 1914. 


According to # note received through the High 
Commissioner for Australia, the whole trend of legis- 
lation in the Australian Commonwealth is in the 
direction of encouraging the development of local 
manufacturing industries. The tariffis framed in a 
way calculated to assist the Australian manufacturer 
a | to induce the people of the young Commonwealth 
not only to produce the raw material, but to have it 








made into the complete article in Australia, instead 
of sending it abroad to be manufactured and then re- 
pure by Australians. There may be articles 
which Australia will always find it profitable to pur- 
chase from abroad, but it eh pore recognised that 
there are many manufactured articles imported which 
might well be made in Australia. 
e number of manufacturers in the Commonwealth 
has increased by over 4000 during the last ten 
and there are now over 15,500. he term “‘ factory ” 
is applied to any workshop or mill where four or more 
persons are —— or power is used. These fac- 
tories are classified chiefly under the following 
headings :— 
Class of Industry. 
Treating raw material, the product of agri- 


Number of 
Factories. 


cultural and pastoral pursuits 907 
Process in stone, clay, glass, &c. 732 
Working in wood jas a 1812 
Metal works, machinery, &c.... 1814 
Connected with food, drink, &c. 2366 
pomune and textile ... Ae = 

paper, prin a 
Vehicles and ay &e. 1396 
Furniture, bedding, upholstery 719 
Heat, light, and power ‘i 426 


The chief motive-power is steam, but the principal 
towns electric-power stations, owned either by 
the Government or by the public bodies or private 
companies. From these many factories find it con- 
venient to derive their motive-power. 

The total horse-power of the engines used in the 
factories of Australia has been given as 442,154. Of 
this total, steam represents 313,085; gas, 48,677; 
oil, 8142 ; and electricity, 72,250 horse-power. 

During the past five years the number of estab- 
lishments using mechanical power has increased over 
354 per cent., the actual horse-power of the engines 
used > eee by over 82 per cent. during the same 

riod. 

The average number of persons employed in the 
Australian factories was 257,494 seven years ago. 
Last year it was 337,101. Thirty-five per cent. of 
these were in New South Wales, 35 in Victoria, 12 
in Queensland, 8 in South Australia, 5 in Western 
Australia, and 3 in Tasmania. These figures repre- 
sent about 700 per 10,000 of the mean population 
of the Commonwealth. 

The total increase in the number of hands employed 
from 1908 to 1913 was 79,607. The greatest increases 
were recorded in the metal and machinery works and 
the clothing and textile factories. 

Twenty-five per cent. of the total number of factory 
hands are employed in the clothing and textile 
factories. 

In all the States of the Commonwealth the employ- 
ment of female labour in factories is regulated by Act 
of Parliament. The number of hours for women is 
limited in every State to 48 per week, and overtime is 
only allowed by permission of the department, and then 
= to a limited extent. 

he proportion of female to male workers in the 
factories throughout the Commonwealth is about one 
to three. The employment of women is, however, 
largely confined to a few trades. 

he percen of children in factories to the total 
number of employees is 4.08. 

In apprenticeships, indentures must be entered into 
specifying the conditions of the employment, and 
apprenticeship must not exceed seven years in dura- 
tion and becomes inoperative at twenty-one years of 
age, or, in the case of women, on marriage. 

Arbitration courts and w boards have the power 
to limit the number of apprentices and to specify the 
terms of apprenticeship. 

The total value of the output of Australian factories 
in 1913 was 161,560,763/., of which amount 96,407,477/. 
represents the value of the raw material used. The 
difference between these two amounts, 65,153,286/., 
therefore represents the amount by which the raw 
material was enhanced in the process of manufacture. 
The total amount paid in sdlenten and wages in the 
factories —— the year was 33,606,087/. 

Approximately 60 per cent. of the value of the out- 
put of the manufacturing industries of the Common- 


wealth is represented by the raw material used, 2 per | ®P! 


cent. by fuel and light, 20 per cent. salaries and 
wages, and 17 per cent. all other expenditure, in- 
terest, and profits. 

The value of land buildings occupied as factories in 
the Commonwealth in 1913 was 36,872,720/., and the 
plant and machinery, 37,256,958/. 


A correspondent to a Danish paper brings some 
interesting though distressing information on the state 
of the Belgian industry, and the great amount of 
unemployment which prevails in Belgium. There are 
no official statistics, but a number of particulars have 
been obtained through various channels. The German 
Government has appointed a central committee which 
has instituted sub-committees in the different dis- 
tricts ; these organisations, however, have been able 
to do little more than give orders and forward reports, 








As regards the coal-mines in the four districts of 
Namur, Luxemburg, Liége, and Hainault, it is known 
that the hands employed do not in the aggregate 
exceed 20,000, whilst in times of peace they number 
about 150,000. Since the German invasion a year ago 
the whole of these mines have only produced some 
3,000,000 tons, whilst the production under ordinary 
conditions would have amounted to 25,000,000 tons. 
Work does not proceed satisfactorily anywhere, owing 
to the fact that at least 75 per cent. of the labour 
employed in the mines is unskilled in this branch, 
having been recruited from other industries. The 
marble industry at Dinant is ato standstill, and the 
quarries, where formerly 10,000 men were employed, 
are now entirely idle. In the mines at Borinage there 
has been a conflict between the masters and the men ; 
since the latter were unable to obtain any outside help 
and were faced with dire want, they had to give in after 
three days. The stocks of coal are somewhat large, 
although several German companies take heavy quanti- 
ties and pay satiefactorily. Both the large and the small 
metal factories either work with a reduced number 
of hands or lie quite idle. The linen industry is 
almost at a complete standstill; it is one of great 
importance to Flanders, and the Germans are endea- 
vouring to get it started again. The sugar factories 
at Thienen, Antwerp, and other cities, which, it was 
anticipated, would not resume work until the war was 
over, were expected to start again on September 1. 
It is the general opinion amongst people who know 
the real situation that matters will not mend in 
Belgium as long as the German occupation lasts. 





A COMPULSORY SYSTEM OF COMBINED 
CIVIL AND MILITARY TRAINING. 
To THe Eprtor or ENGINEERING. 

Sir,—In a two-part letter, published in ENGIngERinc 
of dates August 13 and 20, Mr. Peter Swan announces 
the need for national service, declares that this can be 
secured only in ‘‘a compulsory system of combined civil 
and military training,” and produces a detailed scheme. 

Mr. Swan has earned the thanks of your readers, for 
truly there is general perplexity and much questioning at 
present on the subjects with which he deals, and all are 
eager to consider any well-defined modifications of existing 
systems of civil and military training, in the hope that 
some sure way to improvement may be disclosed. 

The mottf of Mr. Swan’s composition is his conviction 
that ‘‘the voluntary system (so-called) of recruiting and 
enlisting has failed to secure the right man or the neces- 
sary numbers,” and that only the wilfully blind refuse to 
see that national service must be enfo: abt once as ‘‘ the 
— means of ensuring peace and prosperity in the 
uture.” 

While it is admittedly difficult to hold views differing 
materially from those which determine the trend of the 
thesis, there is room for hesitating to adopt without 
reservation either the preamble or the programme. 

Thus even if we admit that ‘‘as all money is made by 
labour of some kind, it is essential that any scheme of 
compulsory training should not merely increase the 
fighting power of the individual, which makes him of 
more value to the community, but should increase his 
economic value by making him a better citizen,” there 
is the feeling that “better” is not quite the appropriate 
adjective, and the doubt as to whether ‘‘ betterment” in 
its larger sense can be obtained only by combining 
purely mili and technical training.” It has to be 
noted that while the writer himself disclaims any ‘‘ desire 
to create an imperial military machine, such as Prussia 
has made in Germany,” it seems as if in principle and in 
detail he is heading that way. . 

Germany has shown what can be done by a highly- 
drilled nation, but is there not more of warning than 
example in that terrible showing? Slack we may seem to 
have , self-indulgent, smugly self-sufficient, and in- 
dividually selfish, but are we decadent at the core? Let 
the heroic deeds in Flanders, at the Dardanelles, and on 
the King’s highway testify. Have we failed so com- 
pletely, as Mr. Swan implies, to answer the Nation’s 
call? Who hesitates to believe that we shall hear un- 
heeding Lord Kitchener’s exhortation : ‘‘ Let each man 
of us see that we spare nothing, shirk nothing, shrink 
from nothing, if only we may lend our full weight to the 
impetus which shall carry to victory the cause of our 
honour and of our freedom ?” 

In view of these considerations, I refuse to accept pro- 
posals for a root-and-branch reconstruction of our educa- 
tion on Prussian lines, if not in the malignant Prussian 
irit. 

Had Mr. Swan aimed at approving, in advance, such 
firm, perhaps drastic, action as Government might bring 
to bear on our, now registered, human resources in their 
relation to the demands of the moment, he would have 
secured whole-hearted support on every hand. But bis 
scheme hardly touches immediate needs. The system he 
would introduce is meant to be permanent, and of general 


—-. : 
he starts with the little folks at school. He sub- 
jects them to doctors, who prescribe physical exercises, 
with rudimentary military drill, not games, “for the 
systematic scientific development of the growing body. 
Of course, this is not entirely absurd. **Rewards and 
oy = are to be given for improvement”—presumably to 
octors. 
On completing his twelfth year, Mr. Swan’s little man 


joins the ut class, and fits from its drill and dis- 
cipline. He becomes comudagiy expert with the rifle.’ 
On leaving school at fourteen, he mes a cadet in 
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kind of continuation school which s to his pri 
ere occupation as a civilian, but in which very high 
attention is given to gymnastics, drill, and shooting. 
There is nothing oufré in this. Dr. Kerschensteiner, of 
Munich, has anticipated Mr. Swan. : : 

It is amusing to learn that ‘‘the continuation class 
must not be hard upon the pupils, except to the slackers 
amongst them,” who are not to get half a chance, seeing 
that ‘‘the classes would be controlled by military 
teachers” empowered to punish, and —— le only to 
the War Office. There are some of us who are not quite 
convinced that the military authorities could handle 
Mr. Swan’s ition. 

At the end of the seventeenth year our youth would 
enter a military technical college, and, according to his 
tendencies, would be trained for some one of the many 
departments of military or naval work. 

At the age of eighteen ‘‘every young man should be a 
wage-earner, and of some assistance to his parents,” . . . 
and 80 on. ; 

Please pardon my quoting so freely. With much of 
what Mr. Swan has written everyone is sure to sympa- 
thise. Perhaps it may be that, as a schoolmaster, I do 
nod want to be supervised, or, as Mr. Swan would have 
it, dis bya military person. But this defensive atti- 
tude does not keep me from confessing that our school- 
work wants sharp revision and considerable renewal. 
So much stress is laid on the things that can be seen and 
heard that the true life of a school, with its effect on will 
and character, runs the risk of being neglected. The 
personal influence of the teacher is a very subtle thing, 
and might escape the inspecting major, to whom auto- 
matic obedience and precice military deportment are 
supposed to make special ap real. : 

Tom quite in agreement with Mr. Swan on the import- 
ance of increased physical train ng in our schools, and I 
am convinced that nothing but good can come from 
extensive courses of well-ordered military drill and rifle- 
shooting. 

I — wr to think that, as things are, many youths 
remain too long at school, do imperfectly too many things, 
and are too slow in I a sense of responsibility. 
Accordingly, Mr. Swan’s dictum, that at theage of eighteen 
every young man should be a -earner, does not 
appear unreasonable. At any rate it would be well that 
soon after fandamental school attainments have been 
seen to, very keen regard should be paid to developing 
specific qualities available for the work-a-day world, and 
so far as my experience points there is hardly any 
youth to whom careful training in workshops and labora- 
tories is not of immeasurable service whatever his life’s 
occupation isto be. 

One lesson the war has brought home. Hundreds of 
khaki-clad young men who had been my pupils have 
come to see me during the past year. number 
of them, when with us, were classified as dull, and, from 
the examination standpoint, failures. Yet how well they 
looked, how earnest they were, how fully alive to the 
perils which threatened our country, and how glad 
merely to shake hands and say a cheery good-bye. find 
this is the thought brought to me day by day: ‘‘ Was 
our formal system of school work, with its fixed lists of 
subjects and fixed standards of acquirements, just the 
very we co offer to so many youths of such 
sp'endid though remarkably concealed promise ?” 

No. Ins’ of the overthrow recommended by Mr. 
a -— the War wo yw rn ee we oe ood 

uture a closer personal tion between staff and pupi 
a clearer view as to the values of specific lines of trai 4 
& freer provision of courses suitable for individual ipo 
an increased attention to genuine exercising mi 
and body, a wider study of the important aspects of 
human life and effort, a steady growth of corporate 
feeling rather than of personal ambition and a pervasive 
sense of responsibility. Yet hard physical and military 
drill will not be neglected. 
Yours truly, 
Joun G. Kerr, 
(Headmaster, Allan Glen’s School, Glasgow). 





To THe Eprrog oF ENGINEERING. 

Stz,—It is a pleasant surprise in these days to find 
anyone writing to an engineering paper in the strain of 
your correspondent, John E. Grant. Mr. Grant admir- 
ably exhibits the ridiculous monstrosity of unlimited 
armaments. In the root of the series he sees its whole 
expansion, which, I am afraid, is precisely what most 
engineers believe themselves directly interested in not 
seeing. 

From a national point of view engineers may doubtless 
feel today that they deserve well of their respective 
countries. But if cher. regard themselves as human 
beings, and not just machine-making machines, can they, 
in the face of the fiendish ingenuity which has le 
the present war possible, deny that engineering has 
become a disgrace to civilisation ? 

And now we have the curious spectacle of young men 
going out to fight, while old men, who e the war 
(who make all the wars), remain at home devising ‘‘com- 
pulsory systems of training,” and more and more effec- 
aa ways of destroying, not themselves, but one another’s 
offspring. 

It is too much to hope that we may ere long begin to 
realise that we must turn our energies into saner channels 
if we are not to be the means of annihilating everyone 
upon this planet who wears clothes? 

I am, Sir, yours truly, 
JOHN Sirs. 





To THe Eprror or ENGINEERING. 
Sir,—It is with considerable hesitation that I ask you 
© spare me the space in which to reply to Mr. Grant’s 





letter of the 26th ult., for the question he raises can hardly 
be inafew words. _ ; : 

Only a very small minority will, I believe, agree with 
Mr. Grant that ay readiness - do —_ 

revent aggression. e teachings and experience o! 
Elston are against him ; and as regards the present war, 
the published official correspondence shows that Ger- 
many’s greatest anxiety was to ensure the neutrality of 
Great Britain before committing herself irrevocably to 
war. So clearly is this seen that there can be no doubt 

statesmen would have postponed or abandoned 
their designs if they had not hoped or believed this 
country would at the last minute tear up the binding 
“‘serap of paper ” and look on whilst Belgium and France 
were being conquered. : b 

Wars there will be till the end of time, and in every 
one of them there must be an aggressor and a defender. 
Peace can be maintained only by strength in defence, and 
this war has shown that the attacker runs much greater 
risks and requires ter forces than the defender, a 
circumstance which in future will be a weighty deterrent 
on aggression ; but there must be steady, unremitting 
preparation for defence, for weakness everywhere is 
provocative of attack. F 

Mr. Grant refers to the taxation of industries, and 
expresses the belief that inflated land values will be the 
cause of “* men walking the streets willing but unable to 
find work.” Whilst ing that unearned increment is 
a legitimate source of revenue, I do not admit that the 
cost of land here has ps the growth or introduc- 
tion of industries, although the increased cost of land 
> have put a limit to the growth of a particular town 
or locality. are much heavier jens than this 
on industry, the heaviest being the restrictions on the 
employment of capital by “party” legislation, and by 
short-sighted, self-im trade-union rules and regu 
tions, object of which is to prolong the job whatever 
it may be, and the result of which is to increase the cost 
of production, thereby a foreign competition and 
loss of business or employment here. Ce 

“Fluid” capital cannot be caught, nor can its invest- 
ment be compelled in any country. Neither will it “‘ be 
sold before the slumps ;” for it is liquid now, and can be 
called upon from one day’s to one month’s notice. It can 
be transferred from this to any other country in a moment 
by wire, and is beyond the grasp of any tax-gatherer. 

As regards foreign investments, the fact that much 
money was wasted in foolish purchases of land at inflated 
values by people who had no knowledge of land or its 
management, does not affect the truth of the statement 
that capital employs labour, and by leaving this country, 
causes labour to follow. My contention is that this 
capital could have been induced by wise legislation to 
remain and employ labour here, thereby increasing the 
prosperity and population of this country and lightening 
the general taxation ; for it is men, not places or things, 
that earn money and pay taxes. 

It is only equalising the burden as between producers 
(capital and labour) in this country and pues pro- 
ducers in foreign countries, and by increasing the national 
security, that investment of capital can be promoted. 

Your columns, however, are not the place for an essay 
on e‘emental political economy, and with many thanks 
for the liberal use of them you have given me, 

T am, Sir, yours faithfully, 

September 1, 1915. Peter Swan. 





“SHELLS ; MORE SHELLS.” 
To THe EpiTor or ENGINEERING. 

Srr,—I note that your correspondent, “‘ Lieut. late 
R.G.A.,” asserts with some show of authority that we 
(British) are ‘‘stil/ sticking solely to forged-steel shells,” as 
a result of the “‘ red tape” predominance in the councils 
of the munitions authorities, which are es still 
more legal and commercial than practical an engi- 


neering point of view. If, again, this be an ineers’ 
war, as we have been so are assured by the Minister 
of Munitions himself that it is, where do the engineers 


come in, or are they to continue to take a back seat (as 
they rally have to in all public matters), and 

over in favour of political jacks-in-office, lawyers, 
and purely theoretical or commercial men, to the loss and 
inefficiency of the public service? An engineer friend 
writes me asking if I am quite certain that the Germans 
are using cast-iron shells, which shows that he, at any 
rate, has either not read my last letter, or has failed to 
grasp the meaning of the words therein. 

Most certainly the Germans are using cast-iron shells 
for high-explosive work, as the large number of cast-iron 
German shells and fragments thereof sent from the battle- 
ground to Woolwich Arsenal snfficientl 
which any high official there may be di 
addition, the French foveg learned by dearly-bought 
experience, and not being imbued by red tape and 
‘**use-and-wont,” as we British continue to be) are now 
using large numbers of cast-iron shells for high-explosive 
work, most — shells = actually being me by 
engineers and founders in this country, ci in 
Sheffield and Scotland (to my knowledge), dithoush r Hg 
firms are debarred from serving their own country in 

same manner. Personally, I may say that my own 
company has been asked to make and supply similar cast- 
iron shell-casings for the French, but this it is pre- 
cluded from doing by the want of the i 
— men, and 

io 

have y pointed out in previous letters to the Press, 
and to the ister of Munitions himself, on indisputable 
authority, that every uvailable foundry in Germany is 
working ni and day almost, making innumerable 


testify, and 
to deny. In 


machine 
it is fall up and to over- 


night 
cast-iron shells for the enemy and for the destruction of | the fi 
the wire entanglements and entrenchments of the Allies; 





y’ 
with other work for the British Government. I ft 





and, although Mr. Lloyd George has himself stumped 
the country and called upon e engineer to help to 
make and “‘still more ‘shells,” using only “the 
tools he has got,” his efforts are apparently to remain so 
far futile, because (according to ‘* Lieut. late R.G.A.”) 
“‘red-tape offers a far more strenuous resistance to the 
progress of our troops than does the whole of the Germanic 
Sorces opposed to them.” 

Your correspondent has so well explained, in the last 
three phs of his letter, the advan to be 
gained b he adoption of cast-iron shells for high explo- 
sive ‘are—and that, too, from his own practical expe- 
rience, he says, in the field—that I, as a mere engineer 
a need not enl further on the subject. The 

ter of Munitions, however, having assured Parlia- 
ment and the country, in his well-remembered burning 
words, that no form of red tape would now be allowed to 
stand between the old powers that be and the absolutely 
efficient service of the country in the requirements of 
millions of shells for the deluge and annihilation of our 
enemies, I would respectfully suggest that in this engi- 
neers’ war it is for the engineering profession as a whole 
to insist, th h its recognised public journals, that this 
promise be fulfilled in its entirety. 

Perhaps I may be allowed to say that out of the shoals 
of letters which I have received from prominent engi- 
neers, chemists, metallurgists, and others from all parts 
on this subject since my communications and suggestions 
appeared in the some two months or more the 

y adverse note appeared at the start in the editorial 
columns of your principal engineering on contem- 
porary, which directly led to controversy on the part of 
others and myself in its with, I trust, some 
admitted success. uently, I naturally and cour- 
teously sent a letter to your said contemporary on 
same date, written in somewhat similar terms to that 
which pone in ENGINEERING on the 20th inst., but 
which, I am sorry to have to say, has not been published. 

Were it not that I am being urged to continue my 
advocacy of this vital matter, on the plea that what has 
been found to be good enough for French and the 
Germans ought to be omen’ if not infinitely better, 
for the greater engineering British nation, I would cease 
from troubling you further, but it is principally because 
of this pressure, and especially teve that the 
best interests of the country at the present time demands, 
that I earnestly ask you to give the said suggestions 
your influential editorial support. 

Yours, &c., 
James Keiru, Assoc, M. Inst. O.E., M.I. Mech. E. 

Dunottar, Brondesbury, London, N.W.., 

August 1915. 





To THe Eprtor or ENGINEERING. 

Str,—With reference to the correspondence which has 
been appearing in _ recent issues on the above subject, 
and with particular reference to the letter of ‘ Lieut. 
late R.G.A.,” in the current issue, I would like to ask 
what means mechanical engineers can make use of to 
——— to the notice of the Government and of 
* ard of —— such — fre — ~ poe with. 

ere is no central authoritative body capable of speaking 
on behalf of mechanical engineers. 

Most firms engaged in mechanical engineering are now 
working for Government in one way or another, and 
suggestions made by them direct are, notwithstanding 
the In pee conditions obtaining, still looked upon in 
official circles, as they always have been, as impertinences. 
_ “Lieut. late R.G.A.” states in his letter that for tear- 
ing down wire entanglements, or scattering the 
of trenches, chunks of cast iron are just as effective as 
chunks of fo’ steel, with which statement everyone 
will agree, and yet there is absolutely no means of drum- 
ming this simple fact into the thick head of what Sir 
Oliver Lodge calls ‘‘ well-meaning but ignorant official- 
dom,” and the war will, almost without doubt, go on to 
its end without such an obvious and simple remedy for a 
great deal of our shell shortage being adopted. 

At the recent special meeting of the Institution of 
Mechanical Engineers, I endeavoured to point out the 
responsibility resting on the Council of that body to take 
upon itself the duty of acting in such matters on of 

mechanical engineering industry of the country. If 
the Institution had taken, or even if now it could, or would, 
take up such a position as would enable it to make sug- 
gestions and correct blunders of ye character, 
which the lay composition of the rd of Munitions 
renders it ——— to avoid, there is no ter service 
it could possibly render to the country. attitude of 
the Council of the Institution towards such matters has 
from the commencement been one of non posswmus, which 
has resulted in the Institution bei gated, both by 
the Government by its own mem into that black- 
ness of obscurity which its futility deserves, whereas it 
might have occupied a proud and enviable position, and 
asserted its right for all time to represent and act for the 
profession of mechanical i ing in this country. 

Tam, yours —— 
E. W. Perrer. 


73, Queen Victoria-street, London, E.C., 
August 31, 1915. 





Tue Suez Canau.—During the first six months of the 


ry | current year 1750 ships passed through the Suez Canal, 


r and transit dues to the amount of 

» 755, The mding movement in the first 
half of 1914 was 2571 ships, and the amount paid was 
2,604.2552. If we deduct the number of German, Keto, 
and Turkish ships which passed through the canal in the 
first half of 1914, and also aliow for the dues paid by them, 
to be 


e for 1915 are little below what has 
regarded as the normal level, ra 
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NEW GRAVING DOCK AT FERROL 
DOCKYARD. 


Wuen the Sociedad Espajiola de Construccion 
Naval was formed, with the association, in an ad- 
visory capacity, of the well-known Armstrong, 
Brown, and Vickers Companies in this country, the 
aim was not only to build a new fleet in Spain and 
to educate Spanish workmen in the various es 
associated with naval construction, but to place 
the Government establishments at Ferrol and 
Cartagena in a satisfactory condition for the repair 
and maintenance of the new fleet. We have, in 
ENGINEERING, given reports from time to time of 
the progress of the construction of warships and 
have illustrated the types of battleships and smaller 
craft built. We have also published illustrations 
and descriptions of the new constructional machine 
shops at Ferrol, and this week we give drawings 
and photographic illustrations of the new graving 
dock constructed at the Ferrol Dockyard. This is 
only one item of the extensive maritime works 
carried out, including, as these do, the deepening of 
the entrance channel to the dockyard and the build- 
ing of necessary wharves, &c. For all this work 
Sir John Jackson, Limited, were associated with 
the Advisory Committee, and this firm designed 
and carried out the work. Originally the prin- 
cipal dock at Ferrol was the San Julian, which 
had a length of 475 ft. 7 in. and a length on 
the bottom of 409 ft. 6 in. ; the breadth at entrance 
was 78 ft. 9 in., and the depth at high water on 
the sill was 47 ft. 11 in., the difference between 
high water at ordinary spring and at ordinary neap 
tides being 3 ft. At lowest neap tides, however, the 
depth on the sill was only 26 ft. 8in. It will be recog- 
nised that, apart altogether from the disadvantage of 
having only one dock, this San Julian Dock was 
not adequate for accommodating the modern ty 
of battleship, and the new dock completed by Sir 
John Jackson, Limited, is therefore an important, 
as well as a necessary, acquisition to the Ferrol 
establishment. In addition there was a slipway 
having a length of 524 ft. ll in., with a cradle 
262 ft. 4 in. in length, suitable for accommodating 
ships up to 1000 tons, and on this the torpedo- 
boat-destroyers may be raised for hull-cleaning and 
repairing. It may be added that at Cartagena 
there is a floating-dock with a capacity of 6000 
tons, as well as a dry dock having an extreme 
length of 492 ft. and a length on the bottom of 
429 ft. 9 in, The width of the entrance at the top 
is 98 ft. 5in., but at the bottom it is only 
49 ft. 2 in., and the depth on the sill at high water 
of ordinary spring tides is 31 ft. 8in. The width, 
it will be seen, is not suitable for the beamy battle- 
ships now built for naval fleets. 

The new dock is situated on the site of the two 
old, small dry docks, Nos. 1 and 2, in the east 
part of the arsenal. It lies in between the posi- 
tions occupied by the older docks. This can he 
seen in Fig. 1, annexed, which shows an early 
stage in the construction of the new dock, looking 
towards the entrance, and in which the two older, 
and much shorter, docks can be seen in the middle 
distance. The entrances of the old docks can also 
be seen in Fig. 2, on the same page, which is a 
view looking in the opposite direction from Fig. 1, 
and which shows the work at about the s- me stage. 
The position of the old dock No. 1 is als indicated 
in the plan of the new dock given in Fig. 7, on 
Plate XVI. In carrying out the work, the first 
necessary step was the clearing of the site of a 
number of buildings, including the pumping- 
station which served the old docks. A start 
was then made with the excavation of the rear 
end of the new dock, as shown in Fig. 1. The 
work was mostly carried out by hand labour. The 
site is situated on a foundation of shale rock, 
intersected here and there by thin strata of quartz. 
When this was reached blasting was employed, and 
the material, as before, removed by ae The 
shale formed a good bed for the permanent works, 
and no difficulty was experienced with the founda- 
tions. 

The front part of the site and the two old graving- 
docks were, of course, open to the basin, and to 
permit work to start at this end a cofferdam was 
constructed, cutting off the whole area of the work 
from the basin. The method employed was to 
begin the tipping of a bank from the pier-head to 
form the far end of the cofferdam, as shown in 
Fig. 2. When this bank had been carried a little 
way out, an open-trestle structure was constructed, 
following the line of the future cofferdam, The 
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Fia. 1. 


View purine Earty Stace or Work, LOOKING TOWARDS ENTRANCE. 














trestle was built on piles driven from a barge, and 
was carried 1ound to meet the pier-head again at 
the other end, as shown in the foreground of 
Fig. 2. A light railway was built on the trestle, 
and material was brought from the excavation 
at the rear end of the dock, and tipped on 
either side of the trestle. By this means a com- 
plete cofferdam was built up, as shown in Fig. 2, 
the trestle being embedded in the bank. The 
water was then pumped from the inside, and 
work carried on at the front end of the dock in 
the dry. 

Contemporaneously with the construction of the 
cofferdam, trenches were sunk at the rear end of 
the dock for the building of the walls. The end 
trench was made first, as shown in Fig. 1. After- 
wards, trenches for the rear end of the side walls 
were taken out. The material from these trenches 
was all employed, either in tipping the cofferdam, 
in filling the old graving docks, or in filling an area 
of the basin in front of the machine-shops. The 
trenches were timbered, as shown in Fig. 1 and in 
Fig. 3 on page 239 ; Fig. 3 being a view taken in a 
trench for one of the side walls. The concrete 


work was then proceeded with, and the rear end 





+ 


Fie. 2. View at Entrance, sHowING CoFFERDAM. 


of the dock was completed before the excavation of 
the front part was complete, as is shown in Fig. 4, 
on page 239, and Fig. 14, on page 242. The walls 
and floor of the dock throughout are of Portland- 
cement concrete, with granite altars, steps, and 
culvert faces. This is shown in the cross-sections 
of the dock given in Figs. 8 to 11, on Plate XVI. 
The cement employed was all manufactured in 
Spain, and has given excellent results. The granite 
was obtained locally from quarries on the side of 
Ferrol Harbour, and was dressed on the dock 
works. As far as possible shingle obtained from 
the local beaches was employed for the concrete, 
the balances being made up of crushed stone. 

The work at the front end of the dock was 
rendered more complicated owing to the existence 
of the old graving docks. After the cofferdam had 
been completed and the water pumped from inside 
it, the trenches for the side walls of the front end 
of the new dock were commenced. It will be clear 
from the plan of the dock, given in Fig. 7, on Plate 
XVI., that these walls had to be built almost on 
the site of the side walls of the old dock. When 
the trenches were started the old docks had 
been largely filled up. The filling was com: 
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Fig. 3. Trimperep Trencu ror Sipe WALL. 








Fie, 4, 














Fie. 5. Caisson READY FOR FLoatina. 


pleted and concrete and granite ashlar walls were 
built across the entrances, as shown in Fig. 7. 
In sinking the trenches for the new side walls 
much old maso was encountered, and had to be 
removed; the old masonry pier-head wall, of 
course, ran across the site of the entrance to the 
new dock. On account of this old masonry wide 
and somewhat irregular trenches had to be sunk, as 
shown in Fig. 14, e 242. When they had 
reached the correct depth the concrete walls were 





put in as before. While this was going on the new 
dock entrance was being built, more or less, in the 
open, behind the cofferdam. With the side walls 
and the new pier-head walls completed the re- 
mainder of the material was excavated from the 
front end of the dock and the concreting of the 
floor completed. 

During the progress of this latter work, a ner 4 
caisson, which is illustrated in Fig. 5, annexed, 
was being built further up the dock. Its position 














Rear Env or Dock, NEARING COMPLETION, 


in the dock during construction is shown in Fig. 15, 
on page 242. The caisson, which forms a perma- 
nent feature of the dock, was built by the 
Sociedad Espafiola. When the entrance had been 
completed, water was siphoned into the dock over 
the cofferdam and the caisson was floated into 
position at the entrance. The caisson and the 
pumping machinery having been tested and every- 
thing found in order, the cofferdam was then re- 
moved by dredging, the dredged material being 
taken to sea. The caisson is shown in position in 
Fig. 12, on Plate XVI., and Fig. 16, on page 242. 
The work was commenced in July, 1909, and the 
tests were made on October 28, 1912, well within 
the time specified in the contract. After the dam 
had been removed the works were opened on 
May 7, 1913, by H.R.H. Princess Isabel of Spain, 
and the battleship Espafia was put into the dock, 
as shown in Fig. 13, on Plate XVI. 

The, lay-out of the new dock is well shown in 
Figs. 6 to 11, on Plate XVI. Its main dimensions 
are as follow :— 


Length on top from extreme stemto Ft. In. 
cope-line of in _ vm - ® § 
Length at level of keel-blocks from 
outer caisson-stop to stem ... a ee, 
Length at cope from stem to outer 
caisson-stop. .... -~ oe — a 2 
Length of entrance on apron ... va 75 «66 
Maximum width of dock at cope level 114 10 
wa -_ atcopeatentrance.. 101 9 
” 0 on floor of dock 68 11 
- - - entrance 78 69 
depth of dock below water 
level at usual flood tide aa + 41 5 
Depth of water on sill of entrance at 
usual flood tide ... mu * wo on & 


The dock entrance is formed with a caisson 
groove in the side walls and floor, and an outer 
stop at the outer end of the entrance, in accord- 
ance with the latest British Admiralty practice. 
The arrangement can be seen in Figs. 6, 7, and 8. 
The caisson has a length of 104 ft., a height of 
50 ft. 04 in., and a draught in ballast of 21 ft. 7? in. 
The breadth of the floating-chamber is 26 ft. 10? in., 
and of the upper chamber 15 ft. lin. The raising 
and lowering of the caisson is carried out auto- 
matically by a series of valves which allow the 
water to flow in or outas may be necessary. There 
are no pumping arrangements in connection with 
the caisson. 

The pumping-station for emptying the dock is 
situated near the entrance, as shown in the plan, 
Fig. 7, on Plate XVI. It contains two 3-ft. diameter 
centrifugals, which are capable of emptying the 
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dock in five hours on a falling tide. In addition to 
the dock, Sir John Jackson, Limited, also carried out 
other works, including the dredging of the whole of 
the basin to a level of 84 metres below low water. 
About 1,000,000 cubic yards of rock were removed. 
Other work carried out was the construction of six 
fitting-out jetties in the basin, and a new timber- 
unloading jetty at the shipbuilding yard, the piling 
of the launching ae for the new battleships 
Espafia and Alphonso XIT., and repairs to existing 
quays and buildings. The construction of the 
dock itself was carried out for a lump sum, and 
there were no extras or alterations in design. 
The chief agent for Sir John Jackson, Limited, 
was Mr. Albert Brooks, M. Inst. C.E., who, how- 
ever, left for other work the firm had in Canada, 
and was succeeded by the late Mr. Robert Prechous, 
A.M. Inst. C.E., who had Captain Aristides Fer- 
nandez as assistant engineer. 








German lron Inpustrizs.—The German Wire Con- 
vention is understeod to be contemplating a further rise 
in quotations in tember, for which purpose a meeting 
will be called to fix the details. The Sieger! 

pany has commenced sales for the fourth quarter 
of 1915, and has raised the prices for various descrip- 
tions. The Linden Steel Works, at Remscheid, are 
paying a dividend of 25 per cent. for the financial year 
1914-15, against 12 per cent. for the preceding year, and 
have at the same time very materially increased the 
writings-off, from 251,413 marks for the year 1913-14 to 
1,341,000 marks for 1914-15. 





Tue CasaBLaxcA (Morocco) Exxrsition.—General 
Lyautey, says La Lumiére Electrique, has taken the 
auspicious initiative of organising at Casablanca an 
exhibition, the object of which is to point out to the 
Moroccan population what the industrial and commercial 
resources of France really are, and to demonstrate at the 
same time the fact that, notwithstanding the pressure 
exerted against the invader, the country is in a position 
to supply all the products required by Morocco, which 
hitherto camefrom Germany. The Exhibition is to open 
next Monday, the 6th inst.; it will remain open for 
two months. The French Chambers of Commerce and 
the various industrial and commercial associations have 
heartily responded to the call made by General Lyautey, 
and all the specialities of the French industries will 
represented. 





Tue Japanesk Navy.—Japan contemplates a new 
naval construction expenditure of 2,333,332/. in 1915-16. 
For 1916-17 the estimate is 3,604,849/.; for 1917-18, 
2,681, 8641. ; and for 1918-19, 636,0477. The total expendi- 
ture proposed in four years is considerably over 9,000, 0000. 
‘The naval estimates for the current financial year have 
bsen approved by the Japanese Diet. The estimates 
will defray in part the cost of three battleships of 
39,000 tons each—one, to be named the Yamasbiso, 
to be built at Yokohama; another, the Ise, to be built 
at the Kawasaki yard; and a third, the Hyuga, built 
at the Mitsu Bishi yard. The estimates will further 

artly provide for the cost of four first-class torpedo- 

t destroyers of 1000 tons each, two of which are 
being built in England, as well as for the cost of 
four second-class torpedo-boat destroyers and two sub- 
marines of 700 tons each. The keel of the Ise was 
laid on May 5, and that of the Huyuga on May 11. 
The three battleships are to be pushed furward vigorously, 
and the eight destroyers and the two submarines are 
to be completed by the close of 1916. The two torpedo- 
boat destroyers which are being built in England are 
to be named the Urakaze and the Kawakazi. 





Tue Prortrs or German Liwirep Liapiurry Com- 
PANIES DURING THE YEAR OF War.—The balance-sheets 
of German limited liability companies up to the end of 
June, 1915, are now so far available that a comparison 
can be mace between the year which has been marked 
by the war, and the preceding year. The limited liability 
companies which have published their balance-sheets 
from August, 1914, to the end of June, 1915, comprise 
3788 companies with an egate nominal share capital 
of 13,670,000,000 marks, which shows an increase com- 

ared with the previous ear of (400,000,000 "marks 

carhings and profits have materially affected by 
the war, although less, perhaps, than might have been 
expected, As regards writings off, they show a reduc- 
tion as compared with Se owes year of 0.51 percent., 
or in figures about 4,000,000 marks. Some of the large 
and well-consolidated firms have laid by reserves, 
but on the whole there is a decrease. The effect of the 
war shows itself to a considerably greater extent in the 
amount of net profits, which in the aggregate have 
receded some 300,000,000 marks, 2.46 m for every 
100-marks share capital. Notwithstanding this reduc- 
tion, the average net profit percentage cannot be con- 
sidered unsatisfactory, inasmuch as it amounts to 11.18 

r cent. against 13.64 per cent. for the preceding year. 


he average dividend for the 3788 companies referred to 
reduction in money of 


amounted to 6.65 per cent., a 
168,000,000 marks, against 8.86 per cent. for the preced- 
ing year, a decrease of 2.21 per cent. The dividend, 


, is still 1.65 per cent. above the official rate 


NOTES FROM THE NORTH. 
; Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Considerable fluctuations 
fests place in the price of Cleveland warrants in the 
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WE give below a few data on several colonial and 
i i i from the Board of 


; - ( w pig-iron market on Thursday last, one month’: 
pee em we A ——— — Gus Breech: iron in the aang realising from 66s. to 65s. 104d. oer 
Board of Trade, 73, Basinghall-street, ion, E.C. ton. Three mon iron was dealt in at 66s, 74d. r ton; 


but while cash prices remained unc no 8S 
was done. The transactions amounted tq some 2500 tons. 
At the close ae stood at 65s. 6d. cash; one 
month, 65s, 11d.; three months, 66s. 74d. In the 
afternoon business continued steady, although a trifle 
quiet, and 1500 tons were dealt in, mainly in one month’s 
iron, at 65s. 10d. per ton. Closing sellers’ cash rates were 
still quoted at 65s. 6d. per ton ; one month, 65s. 11d.; and 
28 days, 65s. 9d. On Friday forenoon a sharp fall in price 
took place, and business was restricted to one lot of Cleve- 
land iron, the cash rate for which was only 65s. per ton. The 
closing sellers’ quotations were 65s. 1d. cash, and 65s. 6d. 
one month. A rather better tone ruled at the afternoon 
session, and something of the morning’s loss was regained 
although no business was done. At the close sellers were 
quoted 65s. 3d. per ton cash, 663. 7d. one month, and 
66s. 6d. three months. Monday morning’s market was 
completely idle, but a further rise in prices took place, 
the advance amounting to 3d. per ton, which showed 
closing sellers 653. 6d. cash and 65s. 104d. one month. 
One cash warrant was dealt in in the afternoon, for which 
65s. 5d. was paid, but beyond this no other business was 
done. At the close sellers were quoted 65s 54d. cash, 
and 65s. 94d. one month. Idleness prevailed again 
yesterday (fuesday) morning, and while buyers’ prices 
were nominally 2d. per ton lower than on the previous 
day, closing sellers lost a trifle also, and were quoted 
65s. 44d. per ton cash and 65s. 9d. one month. No business 
was done at the afternoon session either, and prices re- 
mained unaltered from the morning. This (Wednesday) 
morning prices were a trifle easier, and dealings were done 
at 65s., and later 64s. 10}d. cash, and at this figure 1500 tons 
changed hands. Closing sellers’quotations for cash were 
64s. 104d per ton. At the 


Australia: H.M. Trade Commissioner for Australia 
reports that sealed tenders, on the pro forms, will 
be received by the Victorian Railway Commissioners, 
Spencer-street, Melbourne, up to 11 a.m. on October 6, 
for the supply and delivery of (1) ts and rugs for 
ae hag &c. (Contract No. 29,102); (2) two 12-in. 
gap-lathes, including tools, gears and accessories (Con 
tract No. 29,113); and (3) twenty V double side-tipping 
wagons (Contract No. 29,130). 


New Zealand: The Imperial Trade Correspondent at 
Dunedin — that the Bay Town Board, controlling a 
suburb of Dunedin, purposes expending about 6000/. on 
the extension of the present water supply, drainage, and 
electric-lighting systems, and the construction of a 
retaining wall. 

South Africa : The office of H.M. Trade Commissioner 
for South Africa reports that tenders are invited by the 
Johannesburg Municipal Council, up to noon on Oocto- 
ber 9, for the supply and ee me at the a gene- 
rating-station, of a water-purifying plant with a capaci 
of 75,000 gallons per 24 hours. — 
Spain: The Gaceta de Madrid publishes a notice, 
issued by the Ministerio de Fomento, authorising Don 
José Echevarria Lavin and others to utilise the waters of 
the Rio Cares, in the district of Posada de Valdedén, 
Province of Leon, at the rate of 3400 litres per second, 
for the production of electric power for lighting and 
other industrial uses. The necessary works must be 
completed within five years from the date of the conces- 
sion. The Gaceta also publishes a Royal Decree autho- 
rising the Ministerio de Fomento, Madrid, to call for 
tenders for the supply of locomotives and rolling-stock 
required for the State railway from Betanzos to Ferrol. 


Cuba: An extraordinary issue of the Gaceta Oficial, 
Havana, publishes a law authorising the Executive Power 
to contract with one of the railway companies of Cuba foz 
the construction of a braneh railway line, 10 km. (about 
6 miles) long, which will connect the town of Quemado de 
Giiines with Caguaguas, whence an existing railway runs 
to Rancho Veloz and Corralilla. 


Colombia: The Diario Oficial, Bogatd, publishes a 
notice, issued by the Colombian Ministry of Public 
Works, approving the plans submitted by the Compajia 
del Ferrocarril del Pacifico for the construction of the 
section between Paimira and Buga of the Pacific Railway. 


Brazil: The Diario Official, Rio de Janeiro, publishes 
a Decree authorising, on the recommendation of the 
Ministry of Public Works, a revision of the contracts 
entered into with the Sio Paulo-Rio Grande Railway 
Company. The company undertakes to complete the 
section between Hansa and Porto Unido within a period 
of three years, and the section between Jaguariahyva 
and 8. José within one year. The company also agrees 
to construct and open to traffic within a period of fifteen 
years the remaining lines of its concession; the respec- 
tive works will be commenced within three years, pre- 
ference being given to the Paranapanema branch of the 
8. José-Ourinhos line. 


Siam: With reference to the call for tenders by the 
Siamese Royal Railway Department (Broad Gauge), for 
the supply and erection of a steel bridge over the Meh 
Wang on the Northern Line, the Acting British Consul- 
General at Bangkok has forwarded a list of the names of 
foreign—t.e., non-British—firms which have submitted 
tenders in this connection. United Kingdom bridge- 
| mer oe may ——- pon = Nye Lay & with 
particulars of the prices quoted, weight of bri -» ad 
the Commercial Intelligence Branch. ” 


., and for one month 65s. 3d. 
afternoon session prices were firmer, and a further busi- 
ness of 1500 tons was done at 65s. 1d. cash and 65s. 3d. 
one month. The close of the market showed an advance 
in closing sellers’ — the quotations being 65s. cash and 
65s. 4d. one month. 


Sulphate of Ammonia.—Sulpbate of ammonia still 
remains at the high figure and continues steady in the 
demand. For prompt delivery Glasgow, the price is 
142. 15s. per ton, and at Leith, 154. 


Scotch Steel Trade.—Week by week the Government 
control of works engaged in the production of war 
materials is becoming more and more an actual fact, and 
it is with the greatest difficulty that private consumers 
can get delivery of sections for mercantile work. Indeed, 
the output of the majority of the rolling-mills in the 
West of Scotland is almost exclusively restricted to shell- 
bars for the British and allied Governments. Thin plates 
are much in demand, and the mills engaged in rolling 
these are pressed to the utmost extent. It is well, 
perhaps, that export inquiries are few in number, for the 
scarcity of skilled labour becomes daily more acute. As 
it is, makers have had to refuse various orders of this 
class, which in normal times might well have been 
described as ‘‘ good lines.” Work other than Government 
contracts continues high in price, especially for angles, 
for which there is an extraordinary demand. ‘The fact that 
makers can only undertake a very limited amount of ordi- 
nary mercantile work is beginning to make itself felt, more 
particularly where important work is concerned, use 
even when it is possible to do the work there is always the 

uestion of delivery, which can never be guaranteed. So 

ar as Government work is concerned—and in some direc- 

tions the demands are more urgent and more insistent 
than ever—the new regulations for the distribution and 
rolling of orders is being found to work well, and is a 
great help in the speedy delivery of urgent work. In 
regard to prices, plates are a trifle easier in comparison 
with section, but as yet there is no question of shading. 
Boiler-plates for home or export range from 10/. 15s. per 
ton to 11/.—less, of course, the 24 per cen. discount ; 
while ship-plates and angles are 101. 5s. to 1M. 15s. 
ngs have even been quoted up to 11/. per ton, but most 
probably the makers naming this figure are well booked 
up with Government orders, and have neither time nor 
desire for other business. : 


Malleable-Iron Trade.—It is unlikely that there will be 
any abatement of the boom in the malleable-iron trade 
for some considerab’e time to come, and makers are still 
fully employed in the production of large quantities of 
iron ond steel bars for Government purposes, both for 
our own and our Allies. Besides this, a considerable 
number of unsolicited orders are continually coming to 
hand, quite sufficient to — — moving comfortably 

ome 





GeRMaN SUBMARINE CONSTRUCTION IN Betgium.—The 
French journal La Nature reproduces a statement from 
the Dutch newspaper Telegraaf, according to which the 
keels of nine submarines have been laid down at Hoboken, 
near Antwerp, since March 19. The men employed in 
the construction of tho buats number 800. e main 
entrance to the yard is on the northern side. Since the 
aerial attack carried out by the British, the-Germans 
have taken measures inst a renewed attack. Above 
two parts of the y they have built a roof formed 
of steel plates, covered by sand The yard ‘is, 
further, closed in by a thick wall provided with iron 
doors which can be instantly cl from the inside. 
By these means, the boats and the men are efficiently 


: heed : . )even in n times. For elivery ‘“‘Crown” bars 
an oak oe Oe pe ng ay is more-|are quoted at 11/. to 111. 10s. per ton, less 5 per cent. 
is important, since two very lai tanks containing discount, and net for export 100. 16s. 


naphtha and engine oil are close "le The smaller of| Fire at Addiewell Oil Works.—Last Wednesday an 
these tanks is on the northern side, the other is to the | alarming outbreak of fire. involving considerable damage 
south and in the ground; it measures 8 m. (26 ft.) in| and loss, took at Young’s Oil Company’s works, at 
length, 6 m. (19 ft. 8 in ) in width, and 4 m. (13 ft.) in| Addiewell. Originating at a point where the hutches of 
depth. Between thisand the river are located two build- | spent shale come out from the retorts, the fire spread 
ings, the canteen, and the ambulance. There is, further, | with alarming rapidity, and in a very short time the 
a small bay between the “‘naval yard” and the Cockerill | woodwork of a | platform, carrying the railway from 
yard. which the Germans have almost entirely covered | the breaking-machines to the retorts, was a mass of 
over by means of tree trunks tied , 80 as to afford | flames. Shortly after the outbreak, the works’ fire- 
a ge to the Cockerill yard. ey have found use | brigade was reinforced Fe fire-engine and a detach- 
for a building called ‘‘ La Chapslle,” in which they have | ment of men from the inburgh Fire Brigade, and 
mounted anti-aircraft guns. The hulls of submarines | the firemen at once made every endeavour to prevent 
alone are built at Hoboken; the whole of the machinery | the fire spreading to other departments, in which they 





of discount. 





and outfit is manufactured in Germany. were completely successful. ree of the retort-houses 
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were destroyed, the woodwork at the eastern end of the 
retorts, and a large gas-pipe, which carries the return gas 
from the ucers to retorts. It is pa eee to 
estimate the amount of the damage, bub it probably 
take some weeks to replace the material destroyed. 


Scotch Pig-Iron Trade.—A much better feeling now 
srevails in the local pig-iron trade, and while prices 
Coes recovered slightly, the depression of the past few 
weeks has considerably eased off. The home demand 
shows a considerable improvement, but the export trade 
is still a long way ind, and without any appreciable 
ap ce of any increase in the immediate future. 
Hematite is in fair demand, the og for good orders 
being . at 105s. per ton, while for smaller lots 
102s. 6d. 1s 
variation in price, and is still quoted as follows :—Clyde, 
Calder, Gartsherrie, Summerlee, and Langloan, 85s. (all 
shipped at Glasgow); Eglinton, 80s., and Glengarnock, 
86s. (both at Ardrossan) ; Dalmellington 81s. (at Ayr) ; 
Shotts, 83s., and Carron, 86s. (both at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—It is expected that the 
Government’s advice to householders to fill their cellars 
as early as possible will give an impetus to the house-coal 
trade. South Yorkshire merchants have been urging the 
same precaution for some weeks, and though only a month 
has to elapse before the increased prices come into force, 
much can be done to reduce the difficulties of the 
coming winter if those householders who have not yet 
responded wili promptly do eo. The bulk of the 
output at the house-coal pits is going into consumption. 
The demand from the country and from the South has 
slightly improved. Gas companies are acquiring stocks 
for winter use. Shippers are also making larger calls 
upon the market, France being a good customer. The 
steam-coal market presents a more settled appearance. 
Maximum supplies are going to home consumers, and 
shipments are improving, despite the damping effect of 
export restrictions. A few differences exist between 
masters and men in to new wage agreements, but 
these are being satisfactorily settled by private con- 
ference. Greater activity prevails in cobbles and nuts 
The demand for slacks is not quite so active, but an early 
expansion in trade with the cotton industry is looked for. 
Coke still shows some weakness. Steel-making coke 
is quoted at about 30s. per ton delivered, and blast- 
furnace coke at 20s. to 21s. per ton on rail at the ovens. 
Quotations:—Best branch hand-picked, 20s. to 2ls.; 
Barnsley best Silkstone, 17s. 6d. to 18s. 6d.; Derbyshire 
best brights, 17s. 6d. to 18s. 6d.; Derbyshire house, 15s. 
to 16s. ; best large nuts, 14s. 6d. to 15s. 6d.; small nuts, 
14s. to 15s.; Yorkshire hards, 16s. to 17s.; Derbyshire 
hards, 16s. to 17s.; best slacks, 11s. to 12s. ; seconds, 
9s. 6d. to 10s.; smalls, 8s. to 9s. 


Iron and Steel.—Though buying of pig-iron is very 
much below the expectations of producers, both orders 
and inquiries are on an increased scale, and a further 
improvement is looked for in the near future. The reduo- 
tion of output has not been without-an effect on prices, 
but basic material is not in such large request as it was 
&® month or two ago, and makers are considering 
the advisability of —— more of their furnaces 
for the production of foundry and forge. Hematite is 
a steady market at unchanged prices. Deliveries 
are of a much more acter, and though 
contract tonnages have considerably increased, 
a fair margin is still leftfor open market purchases. The 
current quotations are :—West Coast hematite, 116s. 6d.; 
East Coast mixed numbers, 102s. 3d.; Lincolnshire No. 3 
foundry, 73s. 8d.; Lincolnshire Songs, 1 8d. ; a 
shire No. 3 foundry, 72s.; Derbyshire forge, 71s. ‘ 
bar-mills have plenty of work. Prices for finished iron 
generally are unaltered. Any new movement is likely 
to be in an upward direction. Requirements of scra 
have been fairly well met, and prices are more favoura 
to buyers, ticularly as regards w ht-iron stuff. 
The outstanding feature of the heavy industries is 
the slackening in the armour-plate branches. Enormous 
orders have been received, but owing to the greatly 
extended plant these have been dealt with in record 
time, and unless fresh calls are made, a period of 
quietude is likely to ensue in the armour-plate depart- 
ments. Some little improvement is reported in the outlook 
in railway steel, orders from abroad being more numerous. 
Work is plentiful in all the lighter branches of the steel 
trade. orders have been received from France, Russia, 
India and South Africa. Makers of high-speed steel 
still have the test difficulty to cope with orders, but 
their anxieties have to some extent been relieved by the 
improved — of tungsten. Much of the new machi- 
nery for shell-making has arrived and is being installed. 
More skilled labour is wanted. Some of the crucible 
furnaces are standing idle on this account. Steel billets 
are in strong demand both on war and com 
account, and prices are fully maintained. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIpDLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Quietness rules on the iron 
am vey little ees eee ~ 

ro! ta eeling prevails that ing is a 
hand, and Nd ag wed to believe that a fairly sub- 
stantial purchase would be quickly followed brisk 
business. Just at present the transactions 
confined to sales of small by second-hands, makers 
holding aloof, declaring that cost of production will not 


ing asked. Makers’ (No. 1) iron shows no | ag 





permit them to sell at prices merchants are prepared. to 
accept. Output of pig is practically absorbed, so that 
amy increased requirements wculd necessitate with- 
drawals from stocks, which would thus further strengthen 
the already strong position. No. 3 g.m.b. Cleve- 
land pig is 65s. 6d., at which figure a little business 
has been put through, notwithstanding the attempt 
of buyers to fix the quotation at a rather lower 
price. Producers who can be induced to quote do not 
name below 66s. 6d. for the ruling quality. No. 1 is 
as scarce as ever, and firms with any of this quality to 
dispose of ask up to as much as 71s. 6d. Buyers, how- 
ever, consider the price mg om! exorbitant, with the 
result that purchases of No. 3 are being made to use for 

rposes to which No. 1 is usually put. No. 4 foundry 
is realising 65s., and is in fairly good uest. No. 4 
forge is on sale at 64s. 6d. About 64s. is given as the 
quotation for both mottled and white iron, but very little 
is available for sale, as furnaces are working so well that 
the make of these qualities is small. 


Stock of Pig-Iron.—Official returns give the stock of 
No. 3 Cleveland pig in the public warrant stores at 
end of August at 142,069 tons, 2351 tons having been 
withdrawn during the month. There are warrants in 
circulation for 127,900 tons of Cleveland pig. 


Hematite Iron.—Little new is ascertainable concerning 
the East Coast hematite branch of trade. Inquiries on 
home and foreign account appear to lead to little busi- 
ness, but ucers are rather confident that tiations 
with Sheffield consumers will ultimately result in con- 
tracts being made, and they anticipate further sales to 
customers in Italy. Both makers and merchants are 
sellers of Nos. 1, 2, and 3 at 96s. 6d., which is regarded 
as the general market quotation. Some of the latver are 
stated to have sold at ; but, on the other hand, there 
are producers who quote up to 97s. 6d. Thus values keep 
very high in comparison with those ruling for Cleveland 
pig. 


Foreign Ore.—The state of affairs in the foreign ore 
trade is somewhat peculiar. Most users have large and 
steadily increasing stocks, but with the huge current con- 
sumption, and the threatened difficulty in the way of 
maintaining imports, they are fully alive to the possi- 
bility of shortage at an early date, and are keen to 
arrange for deliveries over the autumn and winter. In 
view of much freight difficulty, however, sellers are 
not disposed to commit themselves beyond the present 
month. Though this week’s sharp upward move- 
ment in freights was by no means unexpected, it has 
cal some excitement and has materially stiffened 
prices of foreign ore. Definite quotations are not easily 
fixed, but at least one transaction has occurred on the 
basis of 26s. 6d. ex-ship Tees for Rubio of 50 per cent. 

uality, and that must now be regarded as the minimum 
y my despite efforts of buyers to keep the price at 
less. Freights Bilbao-Middlesbrough are fully 11s. 9d. 
Imports of foreign ore to the Tees during August reached 
159,351 tons. 


Coke.— Coke shows further downward movement. 
Most local consumers are no longer necessitated to buy, 
and they will not place orders except at much reduced 
rates on those that have been paid. Aver blast- 
furnace coke is now obtainable at 25s., delivered at Tees- 
side works, and consumers consider even this figure a 
good deal too high. 


Manufactured Iron and Steel.—Pressure for delivery 
of Government orders keeps manufacturers of practically 
all descriptions of finished iron and steel very busily 
employed, so much so that ordinary commercial inquiries 
are neglected. Pricesare firm. Common iron bars are 11/.; 
best bars, 11/. 7s. 6d. ; best best bars, 11/. 15s. ; packing- 
iron, 8/.; iron ship-plates, 102. ; iron ship-angles, 11/.; iron 
ship-rivets, 127. 103. to 13/.; steel bars (basic), 102. 153.; 
steel bars (Siemens), 11/. 15s.; steel ship-plates, 10/.; steel 
shi; les, 91. 15s. ; steel strip, 10/. 15s.; steel hoops, 111.; 
steel joists, 9/. 17s. 6d.; heavy sections of steel rails, 9/.; 
steel railway sleepers, 10/.; and iron and steel galvani 
corrugated sheets, 24 gauge, in bundles, 187. ts less 
the usual 4 cent. and f.o.b.; railway material net, and 
all other descriptions less the customary 2} per cent. 


Shipments of Iron and Steel.—August shipments of 
iron and steel from the Tees fell short of w was at 
one time looked for, due very largely to difficulty in 
arranging suitable ton and to some extent to scarcit 
of labcur. Loadings of pig last month totalled 43, 
tons, as cem with 55,938 tons for the previous 
month and 31,870 tons for August last year. 





Lioyp’s RecistTer or Surppine.—The returns of vessels 
above 100 tons totally lost, condemned, &c., for the first 
quarter of the oe year gives for British ships 99 units 
of a total of 218,776 tons, equal to 1.07 per cent. of the 
vessels owned, and 1.14 per cent. of the tonnage owned. 
Of these, 91 were steamers of a total of 128,367 tons net 
1,317 tons gross, being 1.06 per cent. of the steamers 


rs 


L essels, 
29,895 tons, percentage of vessels owned 0.76, and of 
owned 1.29. 


NOTES FROM THE SOUTH-WEST. 
_ Cardif.—The coal trade has continued quiet, with 
little inclination on the part of either buyers or sellers 
to enter <—< fresh business. A ay more hopeful 
view has, however, been taken of labour difficulties in 
the South Wales coal-field. The tonnage position is 
led as unsatisfactory, and it is feared t unless 
there is substantial mugworemens in this respect, collieries 
will experience considerable difficulty in avoiding tem- 
pees sto) Pree at their pits. Business in small steams 
been but prices have experienced no material 
change. The best Admiralty steam-coal has been, 
to some extent, nominal ; ary qualities have been 
uoted at 248. to 253.; best bunker smalls at 19s. to 
cargo smalls at lls. to 123. per ton. The best 
household coal has realised 233. to 24s.; good households 
made 21s. to 22s.; No. 2 Rhondda large has brought 
20s.; and No. 2 smalls have been quoted at 12s. 6d. 
. The latest quotation for patent fuel is 
ton. Special foundry coke has realised 
; foundry coke, 36s. to 40s.; and furnace 
per ton. As regards iron ore, Rubio bas 
25s. per ton, upon a basis of 50 per cent. of 
and charges, including freight, insurance, &c., to 
iff or Newport. 
Colliery Difficulties. — Some interesting observations 
were made by Sir George White at the annual meeting at 
Bristol of the Main Colliery Company. Sir George said 
the business of the oy financial year included eleven 
months of war, and , therefore, been attended with 
many misfortunes. The war had ge hit the 
Colliery Samer harder m many coal- 
owners in South Wales, beca: unlike the Rhondda 
Valley coal, the company’s uction was of a cha- 
racter which did not command any sale to the Admiralty, 
so that four-fifths of the output had to go to France. In 
the early stages of the war it was simply impossible to 
ship use insurance rates were about twice the 
value of the coal, while later the company had to exer- 
cise great caution in its sales in consequence of the dislo- 
cation of French markets. The result was that the output 
went down rapidly, and from that cause and holidays the 
pits were practically idle for a total of 75 days durin, 
the year. As the result of the year’s working, the com- 
pany had made a net profit of 4670/. only, 80 that it could 
not pay a dividend; but it had set aside 17,0002. for 
renewals and depreciations. The profits on the working 
of the collieries for the past seven years amounted to. an 
average of only 4}d. per ton. During the same period 
the company paid in wages 1,102,000/., or 7s. 3d. per ton, 
which was equivalent to about three-fourths of the aver- 
age selling price of its coal. Out of the remaining fourth 
the company contributed rates and taxes to the amount 
of 37,740/., or 3d. per ton ; and then with royalties, stores, 
renewals, and other charges there was little left for the 
shareholders. 


Bristol.—The docks committee of the Bristol City 
Council has received a posal through the Board of 
Trade from the Weston, Olevedon, and Portishead Light 
Railway Company to construct) a landing-st: and 
other works on the foreshore of the Yeo at Wick St. 
Lawrence. The committee, as the local harbour autho- 
rity, has approved the project, subject to the statutory 
rights of the Bristol Council being protected and main- 
tained. The sanitary committee of the Bristol City 
Council has been discussing proposals for a reduction 
of local expenditure in accordance with a circular notice 
sent out by the Local Government Board. a result 
of this discussion one-third of the electric and gas lamps 
in Bristol will cease to be used 





_ Merropouitan Munitions Commitrxz.—It will be of 
interest to the engineering world, and to manufacturers 
generally, to learn that the organisation of the Metro- 
politan Munitions Committee is now practically comple 
and that most excellent work is being done. A cen 
office has been established at Alexandra House, Kings- 
way, with Mr. Cecil Partridge as general manager and 
Mr. Ireland as chief engineer, with a competent staff and 
commodious premises. The jurisdiction of the Com- 
mittee extends over the whole of the Metropolitan Police 
area, which has been divided into ten districts, each 
under a district manager, associated with an assistant 
and # munitions engineer. The following gentlemen 
have been appointed as district managers :— 


District. 


Name. Address. 
Northern oe *. A coe -~ ¢. Finsbury Pavement, 
rook (actin; . (temporary add 
North-Western Mr. E. T. Ruthven 346, arr Kilbure. 
Murray - N.W. 
Southern... .. Mr. A. ©. Cramb Town Hall, Croydon 
South-Eastern . Mr. W. G, Head.. Borough Hall, Royal Hill, 
Greenwich, 8. E. 
South-Western . - & C. O. Grim- 6, Ecoleston-place, 8. W. 
Eastern 


w 
. c. Newton “> 217, Bishopsgate, 


East Central and part Mr. L. Harlow .. 64, Bank: , S.E. 
South-Eastern _—— 
Western -» Mr. R. 8. Downe Carnegie Library, Ham- 


mersmith, W. 
Poplar and Stepney Mr. G.M. Gill .. East College, 
Mile End, E. (temporary 


address 
Outer Eastern -. Mr. 8. H. Wood .. Gas Works, Beckton, 


ng | Any information likely to be of use in connection with 


the production of munitions, and all inquiries, offers of 
Gromises, Of ‘tools, plant, of services, » should be 

irected to the General , Metropolitan Munitions 
Committee, Alexandra House, Kingsway, or to one or 





other of the district managers, ing to the district, 
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AGENTS FOR ‘ ENGINEERING.” 
eer ae ne ay Sydney 


N.8.W. +. Willmett and Co., Townsville, North @ y, 
land. W. ©. , Adelaide, South 


McGill-street. 
Epursur¢s : John Menzies and Co., 12, Hanover-street. 
Paris: Boyveau and Ohevillet, 22, Rue de la Banque. 
For Subscriptions and Advertisements, Librairie B. 
} 58dis Quai des Grands A Paris. Also 
for Advertisements, Agence Havas, 8, Place de la 


Giaseow : William Love. 
Isp, Calcutta: Thacker Spink and Co. Bombay: Thacker and 
Oo., Limited. 


Iraty : U. Hoepli, Milan, and any post-office. 

LIVERPOOL : lor, Landin 
ZEALAND Gord foe nod Gotoh t Piepelneny Limited, Welli 

: on an . elling- 

, Auckland, and Ohristchu: . 

Oammermeyer’s Boghandel, Oarl Johans 


SourH Arrica: Oentral News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Oape Town, Port Eliza- 
beth, Bloemfontein, Durban, and their various 
and bookstalls 
Town : Wm. Dawson and Sons, 31, Long-street. 

Tasmania : Gordon and Gotch Proprietary, Limited, Launceston ; 


Hobart. 
Unrrep States, New York : W. H. Wiley, 482, Fourth Avenue. 
Chicago : H. V. Holmes, 957-958, Monadnock Block. 
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THE BRITISH ASSOCIATION. 


Next Tuesday, September 7, the British Associa- 
tion will assemble at Manchester, to disperse again 
on the Saturday of the same week, September 11. 
For the first time in the history of the Association, 
so far as we are aware, the meeting—the eighty 
fifth—will not extend over Sunday, from Selgee 
day to Wednesday. Considering, however, that 
the Saturday has for many years practically been 
an excursion day, on which very few Sections 
deliberated, the number of days available for 
sectional proceedings will only be reduced from 
five to four. Some Sections, in fact, have habitu- 
ally disposed of their work in four days, and to 
those the change will not be important in this one 
resi It will, of course, be in others. 

hen the last main contingent of British Asso- 
ciation members landed at Freemantle, West 
Australia, last year on August 4, war had not yet 
been declared by the British Government. But 
by the time the re-embarked party and the other 
contingents assembled at Adelaide, the war had 
become general on land and at sea, and the Austra- 
lian hosts and the Association authorities had to 
consult, whether it would be desirable and possible 
to carry the four weeks’ programme through. It 
was fully carried through in a manner and spirit 
which have lastingly endeared the hosts to their 
guests. The country is still in the throes of 
this horrible war. fore a year had gone by, 
universities, colleges, and institutions had as many 
members of their staff and students in the Army 
as on the attendance lists, and the grave question 
arose whether or not the meeting for the present 
year should be abandoned. It was eventually 
decided by the Local Executive Committee in con- 
sultation with the Council of the Association to 
hold the scientific meeting, but to curtail, if not 
altogether to stop festive entertainments, social 
features, and excursions. That decision has met 
with general approval. It would have been a 
pity to break the uninterrupted sequence of 84 
annual meetings since 1831, while there was hope 
that the Manchester meeting would afford an 
opportunity, hardly to be equalled in these days, 
of uniting in conference scientific men of all 
branches in order to help in the organisation of the 
resources of the country for the service of the 
State. That hope, there is good reason to believe, 
will be realised. No body has done more than 
the British Association to popularise and to co- 
ordinate scientific research, and it would generally 
have been regretted if the Association had abdi- 
cated its functions just in this year. 

It will be the fourth time that the City of Man- 
chester has welcomed the British Association. Man- 
chester, which had only become a parliamentary 
borough by the Reform Act of 1832, first. enter- 
tained the Association in June, 1842, when Lord 
Francis Egerton presided over 1315 members. 
Nearly twenty years later, Dr. (Sir) William 
Fairbairn took the chair on September 4, 1861 ; 


| 3138 members assembled in that year. When Sir 


Henry Roscoe, still with us, delivered his 


aon | address on August 31, 1887, 3838 members, com- 


oe 92 foreigners, met together; both these 


were records. The number of foreign 
scientists was exceeded at Cambridge in 1904, 
when the total membership of 2789 included 121 
visitors from abroad, and the total attendance 


246 | figure was eclipsed last year in Australia, when 


altogether 4924 members enrolled. 

us the Manchester attendances have always 
been of the biggest. It looks almost as if Dr. 
Arthur Schuster, the President elect, would 
preside over one of the smallest meetings next 
week. By the end of July about 660 old members 


250 | had signified their intention of attending, and only 


179 local members had entered their names on the 
list. The numbers generally swell in the last 
few days however, and the local participation will 
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probably increase a good deal, since a special 


encouragement is offered this year to scientists, 
students and teachers, by reducing the terms of 
the associate membership. Many foreign visitors can 
hardly be expected. 

Though Manchester ranks fourth in population 
among the great cities of the United K om, it 
is sometimes reckoned second after London and 
before Glasgow and Liverpool, when Manchester 
with its 714,000 inhabitants and Salford with 
230,000 more are regarded as one ; members 
may feel inclined to do this, since the invitation 
to the meeting comes from both these corporations. 
The population of Greater Manchester exceeds one 
million ; the same may be said of the other two 
big cities, however. In the popular opinion Man- 
chester is so much the centre of trade, of cotton- 
spinning, dyeing, and printing, and of chemical and 
engineering works, of the glass, rubber, and paper 


-| industries, that one is apt to regard it as essen- 


tially a modern town, and to forget that Man- 
chester is, in fact, one of the oldest settlements in 
England. There was a Mancenion in pre-Roman 
days near the confluence of the Medlock—which, 
visiting members may consider, divides University 
Manchester from business, hotel and railway sta- 
tion Manchester—and the Irwell, which forms the 
historical boundary between Manchester and Sal- 
ford. Remains of Roman Manchester are rare, 
and not conspicuous. In 689 Manchester was the 
temporary residence of King Ina and Queen Ethel- 
burga. The Domesday Book records two churches 
—St. Mary and St. Michael—in the borough of 
Mancestre. The Gresleys held the Manor of 
Manchester ; Thomas de Gresley granted the great 
charter of Manchester in 1301. The manufacture 
of ‘* Manchester cottons” was introduced in 1352, 
Flemish artisans settling in the district about this 
time. The ‘‘cottons” were really mixed woollen 
cloths, having a warp of wool, linen, or silk with a 
weft of cotton ; the cotton yarns and threads were 
oe hand, not being strong enough to stand 
the of the healds in weaving. ‘Manchester 
woollen manufactures were in 


t repute lon 
before the Hargreaves, Askweighs, Ooom ton, an 
Cartwright invented carding machinery, the jenny, 
the mule, and the power-loom. 

In the time of Henry III., Leland described 
Manchester as the fairest and best built town in 
Lancashire. At present Manchester might be 
conceded distinction in that line, if at all, more on 
account of its fine modern buildings and institu- 
tions than for the sake of interesting or beautiful 
relics of medieval architecture. Several churches 
—notably, St. Mary’s Cathedral—can claim Saxon 
foundations ; but the city churches and halls are 
not archwologically so interesting as the castles and 
halls of the country around. Chetham’s Library, 
the old Baron’s Hall. of the De la Warre, successors 
to the Gresleys in the manorial rights, is opposite 
the Cathedral. Politically as well as economi- 
cally, again modern Manchester overshadcws old 
Manchester. The town played a part in the 
early days of the Civil War, and in during 
the Jacobite rebellions of 1715 and 1745. But 
the Manchester of George I. counted only 8000 
inhabitants, which had increased to 20,000 
1759, and then to 300,000 by 1851, and histori- 
cally one associates Manchester chiefly with the 
Labour and Free Trade movements and the anti- 
Corn Laws of the nineteenth century. The Man- 
chester Ship Canal was opened in January, 1894 ; 
the sea-borne and barge traffic of that year 
amounted to 925,600 tons, that of 1914 to 5,424,732 
tons ; the latter figure was a little smaller than 
that of 1913—viz., 5,780,161 tons. 

When the Association met in Manchester in 
1887, headquarters were in Owens College, which 
was founded by John Owens in 1846, and was still 
marked under that name on the members’ tickets, 
though the Oollege had formed the centre of 
Victoria University (comprising Leeds and Liver- 

1) since 1880. The same buildings, now styled 
niversity simply on the tickets, will again 
accommodate the Association this year; the re- 
ception-room will be in Whitworth Hall, and 
most of the Sections will have their rooms in the 
College. Section F, Economical Science and 
Statistics, whose topical discussions promise to 
prove one of the most attractive features of the 
meeting, will deliberate in the Chamber of Com- 
merce. Sections L and M, Educational Science 
and Agriculture, will meet in the High School, 
which is close to the University. The President's 
address and the evening discourses will be deli- 








vered in the Free Trade Hall, as they were in 1887, 
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on the Tuesday, Thursday, and Friday this time, 
however. 
The preliminary programmes of the sectional pro- 
i which we give on page 247, are incomplete 
and uncertain. If we keep Section F apart for the 
moment, the Sections in which our readers are 
particularly interested have not made any i- 
cular arrangements for discussing War problems. 
We gave an outline of the programme of Section 
G, Engineering, on e 216 of our last week’s 
issue. Professor Hele-Shaw’s address will, no 
doubt, bear upon the War. The War will also 
come up in papers on automobiles and the war, 
and on the attachment of horses to vehicles. But 
the main subjects of the papers on the agenda, 
gaseous explosions and gas-engines, their thermal 
efficiency, specific heats, and thermal conductivity 
of gases; strengths and durability of iron and 
steel, torsion stresses; electric oscillations and 
capacity of radiotelegraphic aerials ; and engineer- 
ing at the Municipal School of Technology, bear no 
direct relation to the War. 








THE LIQUEFACTION OF CARBON 
AND THE ELECTRIC ARC. 

Carson is the only one of the better-known 
elements which seems to resist all attempts of 
liquefaction. The solution of the problem would 
scientifically be most important, and it excites 
popular interest. For, people say, if carbon were 
once liquefied, it would probably crystallise, and 
crystallise in the form of diamonds. For this 
reason, a preliminary communication which Pro- 
fessor O. Lummer, of Breslau, made in 1913 on 
some experiments of his with the electric arc was 
at once exploited by the daily Press, much to his 
annoyance. Further experiments of Lummer appear 
to prove, however, that the positive carbon of the 
electric arc would superficially fuse under certain 
conditions. The full account of these researches is 
hardly available in this country. As, however, 
Professor G. Oesterheld, of Basle, was able to 
demonstrate Lummer’s experiments at the annual 
meeting of the Swiss Chemical Society, held at 
Solothurn in February, this year, and to describe 
some experiments of his own concerning the same 
problem, we will notice these researches, though 
we remain sceptical. 

It has long since been recognised that the tem- 
perature of the electric arc does not appear to vary 
when the current intensity and the arc length are 
varied between wide limits. The temperature of 
the are being not directly determinable, the cri- 
terion on which this statement is based is that the 
brightness of the arc, which is practically the 
intensity of the radiation from the crater of the 
positive electrode, does not appear to vary, at 
atmospheric pressure at any rate, under the con- 
ditions mentioned. The constancy of the radiation 
intensity has been explained by the assumption 
that carbon is volatilised —apparently without 
fusing—in the arc, and that the arc temperature 
would correspond to the boiling-point or the sub- 
limation temperature of carbon. If that be so, 
the temperature should depend upon the pressure 
of the arc atmosphere, and should be lowered 
when the pressure is lowered, and raised when the 
pressure is increased, as in the case of other boiling- 
points. Experimenting with homogeneous carbon 
electrodes, Lummer found that the arc temperature 
did not vary when the current intensity was varied 
between 10 and 68 amperes, and the arc length was 
changed between 1 mm. and 18 mm., as long as 
the arc burned in an atmosphere at atmospheric 
pressure; but it did vary when the pressure was 
changed between 0.1 and 22 atmospheres, and, 
further—this is the most important point—when 
the current intensity was lowered below a certain 
minimum. The partial liquefaction of the positive 
electrode was observed at this very low current 
strength—not at any unusually high intensity. 
The phenomena are complex, of course. 

In the first instance, Lummer had to make 
exact measurements of the total radiation from the 
arc, or rather the positive crater, and that in- 
volved the question whether carbon radiates as a 
black body or as a grey body.* Working with the 





* In their recent investigations on ‘* Estimation of 
High Tem ture by the Method of Colour Identity ” 
(Physical Society Proceedings, April, 1915), C. C. Pater- 
son and B. P. Dudding define a grey body as one which 
gives same radiation curve as a body at the 


ie y . 
same temperature, except that all the ordinates (intensit 
of radiation) are ph omen i 


in the same ratio. 





Lummer-Brodhun spectro - photometer, Lummer 
found that the ordinary carbon filament of a glow- 
lamp radiated like a grey body, and that the rela- 
tion between the brightness per unit area H and 


the absolute temperature T wast'=(71)” ,where 
x was approximately constant only for “small in- 


tervals. e x decreased, in fact, as the tempera- 
ture was raised, rapidly at first, but seemed to 
assume a constant value of 8.5 when the tempera- 
ture exceeded 2700 deg. Cent. absolute, as the 
following figures will show :— 

Deg. Oent. absolute = 


33, 28.5, 92.5, 19, 16.2, 14, 12, 10, 9.3, 88, 85, 85, 85 
Observations could not be carried above 2900 deg. 
Cent., and extrapolations were not advisable. The 
radiation from the positive crater also proved to be 
of grey-body nature, and Lummer concluded, under 
certain assumptions, that the crater temperature is 
4200 deg. Cent. absolute at atmospheric pressure. 
When the pressure was reduced to 0.1 atmosphere, 
the temperature of the positive carbon went down 
to 3940 deg. (always Centigrade absolute), and the 
intrinsic brightness was then reduced to 0.59 of 
the brightness at ordinary pressure. When the 
ressure was increased to 22 atmospheres, the 
rightness increased to eighteen times its value of 
atmospheric pressure ; the corresponding ee 
ture would be 6000 deg., or, assuming black- 
radiation, 7500 deg., and probably exceed thus 
the estimate made for the temperature of the solar 
photosphere. 

As regards the current intensity, Lummer found 
that it did not much affect the crater temperature 
at all the pressures. That, however, should not be 
interpreted to mean that the temperature corre- 
sponding to every pressure was a sublimation tem- 
perature. For the constancy held only as long as 
the current intensity was kept above a certain 
minimum, which varied with the pressure. When 
the current was reduced below that minimum, the 
temperature of the positive electrode rose locally, 
at any rate, when the pressure was kept within the 
range 0.2 and 2 atmospheres. That sounds para- 
doxical ; the point is that the conditions of the 
electric discharge and the area of the incandescent 
portion change. As long as, at ordinary atmo- 
amen pressure, the current intensity remained 
above the critical value, the current density (per unit 
area of incandescent electrode) remained fairly 
constant ; but the area of the incandescent portion 
increased with in ing current intensity. When, 
however, the current intensity fell below that 
critical value—which is considerably smaller than 
the normal arc current—the area of the incandescent 

rtion decreased noticeably, whilst the current 

ensity in this reduced portion rose, and the top of 
the electrode became fluid. The change of the 
temperature with pressure would then have to be 
ascribed to an alteration of the conditions of the 
electric discharge by the change of pressure ; the 
nature of this alteration is not yet sufficiently 
understood. 

When projected under a nification of 30 
diameters, the top of the positive electrode appeared 
liquid, and hexagonal specks (graphite ?), about 
0.1 mm. in diameter, seemed to dart about in the 
liquid like little fishes. The liquid mass itself was 
only faintly luminous, and did not ap bright 
on Lummer’s splendid photographs. hs tunes 
rature of the liquid mass could not be measured ; 
it was probably above 4900 deg. Cent. absolute. 
The re-solidified liquid carbon was proved to be 
graphitic by chemical and other tests. Lummer 
thinks it possible that a fusion of carbon, which he 
observed within the pressure range of 0.2 and 
2 atmospheres only, in atmospheres of air, nitro- 

m, oxygen, and carbon dioxide, may occur at 

igher pressures as well. 

e mentioned already that Oesterheld was able 
to demonstrate this apparent fusion of carbon in 
the electric arc, which he placed in a vacuum at 
— from 0.06 to 1 atmosphere. Oecesterheld 

imself stated that the triple-point, solid-liquid- 
gaseous carbon, should be near 0.2, possibly below 
0.1 atmosphere, according to the phase rule, and 
that carbon should have quite an appreciable vapour 
tension at its melting-point. Accepting this, arc- 
heating, which represents an extreme case of 
superficial heating, should be unsuitable for melt- 
ing large bulks of carbon. He himself, there- 
fore, went back to the often-tried resistance 
heating in his own experiments, taking care 





not to ventilate his furnace, but to keep the 
carbon surrounded by a cushion of its own 
vapour. He also raised the intensity of the heat- 
ing current very rapidly. We do not know parti- 
culars ; Oesterheld did not actually melt a carbon- 
rod, however, but showed afterwards that the 
carbon looked as if it had been fused or partially 
fused. Similar claims were made by La Rosa in 
1909, who observed also the bending of his hot 
carbon rod under its own weight, and were ques- 
tioned on the strength of further experiments by 
V. P. Watts and C. E. Mendenhall in 1911.* Their 
temperature did not exceed 2800 deg. Cent.; but 
they considered that the presence of impurities 
and of hydrocarbons in the carbon electrodes 
would account for the softening and other effects. 
La Rosat tried to meet this objection by further 
researches and by accentuating, with Tammann, 
that the amorphous state is a phenomenon of under- 
cooling and melting is a gradual diminution of visco- 
sity; his specially purified carbon, he maintained, had 
fused, not at the surface, but in the interior, at the 
higher temperature and pressure prevailing there. 
But according to Lummer and to Oesterheld, high 
pressure is not only not desirable, but directly 
detrimental in experiments on the fusion of 
carbon. Lummer’s experiments are certainly in- 
teresting. But incipient or partial fusion of carbon 
electrodes, in which hydrocarbons and mineral im- 
purities may play an important part, cannot estab- 
lish the fusibility of carbon. e want fusion of 
big lumps of something like pure carbon. 





INVENTIONS AND THEIR INTRO- 
DUCTION. 

THERE are a large number of people in the world 
who are possessed by the idea that they and the 
bulk of humanity are being exploited. They 
assume that every man who is successful in attain- 
ing a position of precedency, in which he controls 
large undertakings, has done so by appropriating 
the results of the labours of men of greater know- 
ledge than himself, and that his own ability lies in 
a talent for ‘‘ gathering where he has not strawed.” 
This idea was put forward in a humorous and good- 
natured fashion by Mr. Justice Parry, at a dinner 
of the Institution of Mechanical Engineers, when, 
in a bantering way, he applied this popular idea to 
the assemblage before him, and called them pub- 
lishers of other people’s inventions. There is no 
doubt that this view is seriously held by thousands 
of people, and that it is a source of comfort and satis- 
faction to many who prefer to ascribe their modest 
position to the truculence of those above them 
rather than to limitations imposed by Nature. Such 
persons delight to imply —even if they do not state— 
that the important and prosperous people in engi- 
neering businesses are not the engineers, but the 
proprietors, the managers, and the general business 
men who run things—in short, the publishers. 
The engineer is an obscure individual who does 
the work, but gets neither the credit nor the profit. 
He is a sort of tame designer on the third floor, 
the publishers being the important parties, who 
obtain not only the profit, but also the credit. 
Sometimes this sort of idea is held openly, some- 
times in a sneaking sort of way, but held very 
widely it is. 

The basis of popular errors is not usually wrong 
reasoning, but inaccurate premises, and in this case 
the fallacy arises from the assumption that an 
engineer is an unpractical being, a sort of scientific 
poet incapable of dealing with the practical side of 
a business. If that were really true, there might 
be something in the idea that the heads of engi- 
neering businesses are publishers of other people's 
inventions. Of course, few people would subscribe 


to this picture of the engineer when it is put into 
words, but, nevertheless, it fairly represents the 
being which floats in a nebulous way in their 


minds when they are trying to belittle the men 
who hold commands in the industrial army, and to 
suggest that their position is due only to happy 
accident or to the unscrupulous adoption of other 
people’s ideas. That this view is widely held is 
evidenced by the chatter addressed to manufac- 
turers telling them how much better and more 
scientifically this, that, and the other are done in 
Germany. In the phrase and in the chatter there 
is a sort of covert sneer at the practical man who 
runs businesses and does things, and an exaltation 

* Physical Review, vol. xxxiii., page 65. 

+ See Enctnrerina, vol. xciv., page 435. 
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of the supposed engineer, the person with the 
brains who invents things and makes. their doing 
possible. 

This notion, as we have said, is based on a wrong 
definition. The engineer is not less the person 
who invents things than the person who does them. 
The doing is just as difficult as the designing and 
inventing, and the man who runs a complicated 
engineering manufacturing business is not less, but 
more, of an engineer than his designers and draughts- 
men. All too often the most brilliant engineering 
suggestions require years of work to make them 
of practical value, and the manufacturer who 
faces the expense and organises this work has 
at the end contributed not less, but more, than 
the original inventor. It is comparatively easy 
to make suggestions. The Admiralty are prob- 
ably aware of this just now in connection with 
warfare on submarines. No doubt some of the sug- 
gestions made to them are sound, but they are only 
suggestions, and, assuming any of them adopted, 
the Admiralty engineers who took them, and by 
trial and hard work licked them into useful shape, so 
far from merely applying the work of the inventor, 
would really be supplying the engineering to the 
crude notion of a designer. Spite of all this, in 
normal times the daily Press constantly tell us of 
the short-sighted and ostrich-like policy of the War 
Office and Admiralty, which refuse to have any- 
thing to do with brilliant suggestions for saving 
10,0001. a year, or making ourselves supreme on 
sea and land, which are constantly proposed to 
them. Again we have the covert, or open, sneer 
at the practical man, while all the time the true cir- 
cumstances are that the inventor is coolly requesting 
the services of busy engineers to work out and 
render practical his raw notions. 

We have no wish to be rude or unfair to the 
inventor and designer type of man. No doubt, 
many of the people who try to get their own par- 
ticular fads through the doors of the Admiralty 
building are inspired postmen, but apart from this 
class there are many men able engineers, who 
are yet pure designers. We have all heard of the 
tame expert who is kept indoors as much as 

ible. We have even met him. He pursues 
is airy career in many an incarnation, and on 
many a top floor. He is an engineer, and makes 
a very important contribution to the work of 
the nation, but still not so important a one as 
a man who gets things done. A man may be 
able to design excellent centrifugal pumps, but 
if he cannot get them made, he is lacking in a 
side of engineering which is more, not less, impor- 
tant than designing. A pump will pump, but a 
design will not do anything, and we can do better 
with a pump, even if badly designed, than with 
a good design, but no pump. If the man who 
makes and sells the pump gets more money out 
of it than the man who designs it, it is because 
he does the more important work. He is in every 
sense an engineer, and there is no justification what- 
ever for calling him a publisher. 

Our present time of stress is an excellent one 
for bringing home to us the relative values of the 
various sides of engineering activity. What we 
now require is to have things done. For in- 
stance, in the Journal of the Institution of 
Mechanical Engineers for last February there 
appeared an invitation for the submission of 
designs for a mechanical bomb-thrower for trench 
work, and in the March journal it was announced 
that several schemes had been sent in. We 
know nothing of them, and they may all be 
good, but clearly one will be the best, or certain 
points in many will be superior to the correspond- 
ing points in the others. This is where the prac- 
tical man, the shop engineer, the manufacturer, 
must come in. He has to judge the merits of the 
various types, has to adopt one or a combination of 
several, and has to get the throwers made as quickly 
as possible. This latter activity, especially at 
present, requires judgment, common-sense and 
energy, and in the end, when the bomb-throwers 
reich the trenches in Flanders, this practical man, 
this publisher of other people’s inventions, will, 
in our opinion, have coutributed more, not less, 
to the matter than the original designer. 

In all this we do not suggest that the designers 
of the bomb-throwers are not themselves people 
capable of carrying the thing through from the blue 

rints to the trenches. They may be, for men com- 

ining designing and publishing ability are not 
uncommon. All engineers have something of each 
virtue, but most tend to one side or the other. 


When an engineer has much of both, he usually 


rises to an important position. Most engineers do 
not rise to important positions, and most do not 
deserve to. Our particular talent may be design- 
ing or publishing. In either case we may do our 
little for our profession ; but never, if a designer, 
should we suppose the publisher is doing a less 
important oak thee we are. Similarly, although 
we have protested in this article in favour of the 
publisher, we do not wish him to believe that his 
colleague, the designer, is of no importance. Both 
are ni The publisher is top sawyer, but 
he cannot do much if the man in the pit lets go. 





A LESSON FROM THE “ LUSITANIA” 
DISASTER. 


By Witttam Hoveaarp. 


AccorpIne to the findings of Lord Mersey, the 
Lusitania was hit by one torpedo on the ee Pew 
side, below No. 5 lifeboat—that is, abreast of the 
forward of No. 4 boiler-room. Another tor- 
pedo is believed to have struck immediately after 
the first on the same side of the ship, and probably 
in the same region. The ship at once took a heavy 
list, estimated by some eye-witnesses to about 
15 deg., then heeled over more slowly until on her 
beam ends, and sank about 18 minutes after the 
attack had occurred. 

The engines were almost at once put out of com- 
mission by an inrush of water, and ceased working. 
Hence the speed could not be checked, and even 
when the ship went down she still had some way 
on. This made it difficult to launch the boats, 
but the inclination of the ship enormously increased 
this difficulty, and, by accelerating the foundering, 
shortened the time available for lowering the boats. 
The heel, therefore, which, as will be explained, 
contributed to, and perhaps directly caused, the 
loss of the ship, was also the chief cause of the 
enormous loss of life. It is obvious that the heel 
was due to the presence of the side bunker bulk- 
heads, without which the flooding would have been 
symmetrical ; but it may not be generally realised 
how great the heel was that must necessavily have 
been produced even under the most favourable 
circumstances by the explosion of one torpedo in 
the assumed locality. e shal] consider this point 
in some detail. 

Boiler-room No. 4 was 80 ft. long, and on each 
side were two wing bunkers of 40 ft. length, 
separated by a transverse water-tight partition 
bulkhead. The upper boundary or crown of the 
bunkers, as also of the boiler-room, was formed by 
the lower deck. The main transverse bulkheads 
that bounded the boiler-room fore and aft were 
carried water-tight to the main deck ; that is, the 
deck next above the lower deck. Let us assume 
that the explosion of the first torpedo caused two 
side bunkers and an adjacent boiler-room—pro- 
bably No. 4—to be flooded almost immediately, 
and, further, that the crown of the bunkers was 
broken through, and water thus gradually admitted 
to the lower-deck space immediately above, enclosed 
between two main bulkheads. This assumption is 
believed to correspond to the conditions of ‘‘ least 
probable damage.” 

Making due allowance for the consumption of 
coal on the voyage, the presence of a free water 
surface in the flooded compartments, and the d 
of permeability of the boiler-room, a simple calcu- 
lation shows that the ship must have taken a heel 
almost immediately of at least 10 deg., and that 
ge as water was admitted above the lower 

eck, this heel must have increased to at least 
20 deg. Whether the ship would heel over still 
more and, perhaps, finally capsize as the result of 
one torpedo attack, would depend on whether water 
could find its way into other compartments through 
side-lights, ports, doors, scuttles, &c., about which 
we have no exact knowledge. It may be asserted, 
however, that the ship would be in a very critical 
condition, and the flooding of an adjacent boiler- 
room, or engine-room, which might occur if the 
torpedo hit near the main transverse bulkhead, 
would probably prove fatal. 

Now let us examine what would have happened 
under the same circumstances to a ship like the 
Titanic, subdivided on the purely transverse sys- 
tem. Under the above assumption that only one 
torpedo struck the ship in such a place that no 
transverse main bulkheads were damaged, one 
boiler-room extending from side to side would be 





flooded, and the ship would settle bodily. The 





stiffness would be considerably reduced, due to the 
free surface of the water in the flooded compart- 
ment, but the ship would remain upright. Even if 
two adjacent boiler-rooms were flooded, the ship 
would still Mae gr ty her stability, and be perfectly 
safe, provided the main bulkheads bounding the 
flooded section were intact. If the ship had gone 
down, which does not seem at all fikel , she 
would probably have remained upright till the last 
moment, when she might perhaps have taken a 
final lureh. The process of sinking would in any 
case have taken much longer time than if the ship 
had at once heeled over, there would have been no 
difficulties in lowering the boats, and it would have 
been much easier to save the passengers and crew. 

In the case of the Lusitania, a second to 0 
would undoubtedly cause the loss of the ship if one 
torpedo had not already produced this result. We 
do not know what actually took place when the 
ship was sunk, but the flooding of the engine-room 
seems to show that one of the torpedoes, perhaps 
the second, damaged the engine-room bulkhead, or 
that it exploded directly abreast of the engine- 
room. The attack of a second torpedo would prob- 
ably also prove fatal to a ship like the Titanic, 
depending, however, on the location and nature of 
the damage, but, taking all chances into considera- 
tion, the Titanic would be much more likely to 
survive torpedo attack than the Lusitania. 

It may be asserted, therefore, that longitudinal 
bulkheads as fitted in the Lusitania constitute a 
real danger and that all and any longitudinal walls 
are as such objectionable because they, in case of 
flooding of the side compartments which they form, 
must produce transverse inclination. ven & 
moderate inclination of some 5 deg. will be dis- 
turbing to the service and demoralising to the 
pen we and crew. ()n the other hand, it must 

admitted that longitudinal walls possess certain 
advantages. They will in many cases of damage 
prevent the water from reaching the internal spaces 
and tbus not only limit the inflow but also serve 
to maintain the working efficiency of boilers, 
engines, and other —— elements of the ship. 
In the case of the Titanic, for instance, in her 
collision with the iceberg, it seems quite likely 
that had she possessed a wing bulkhead close to 
the outer shell, or an inner bottom in the da: 
region, it would have prevented, or at least delayed, 
the foundering of the ship, and, generally, in light 
cases of collision, especially where the damage is 
due to a ripping blow, such walls might often save 
a merchant vessel. 

Longitudinal divisions, however, cannot for prac- 
tical reasons be fitted extensively in merchant 
vessels other than e@ passenger steamers. In 
battleships and other warships, where it is 
of the greatest importance to maintain the vitality 
and fighting efficiency even in damaged condition, 
it is necessary to fit longitudinal walls not only near 
the outer shell but also further inboard. ngi- 
tudinal bulkheads, moreover, are required in war- 
ships for a proper utilisation of the internal space. 
Since then longitudinal subdivision is from one point 
of view objectionable, and from another desirable or 
necessary, it should be used in such a way that ite 
ill-effects are reduced or entirely eliminated. This 
may be accomplished in at least three ways—(1) b 
fitting the longitudinal wall close to the outer shell 
and subdividing the intervening space minutely so 
as to make the heeling effect insignificant ; (2) by 
a corresponding wing-compartments on oppo- 
site sides of the ship in permanent connection with 
each other so that they become virtually central 
compartments ; and (3) by pumping water into the 
side nape opposite to those damaged. The 
first method is suitable for large merchant-ships and 
a alike. Abreast of boiler and engine-rooms 
an independent wing-bulkhead should be fitted 
from 4 ft. to 6 ft. from the outer shell, but beyond 
the machinery spaces a double-bottom construction 
is generally preferable, because it occupies less 
space. The subdivision of the wing spaces should 
be such that flooding of two adjacent compartments 
or cells will only producea heel of 1 deg. or at most 
2deg. In merchant vessels there will be no neces- 
sity for fitting additional side bulkheads at a greater 
distance from the outer shell since the bunkers can, 
without difficulty, be arranged transversely as in the 
Titanic, but in warships various military and tech- 
nical considerations render it necessary to fit such 
bulkheads. In auxiliary cruisers, like the Lusitania, 
intermediate between warships and merchant ships, 
it may be desirable to fit side bunkers in order to 





obtain ‘‘ coal protection” against artillery fire. The 
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inclination produced by flooding of the large side 
compartments so formed will be excessive, and must 
be compensated for by the second or third method 
referred to above. The second method, by which 
compartments on opposite sides are interconnected, 
seems more simple and rational than the third, 
which depends on the application of mping 
power. lt must be borne in mind that when side 
compartments are effectively interconnected they 
may safely, like central compartments, be made 
very large, and hence few in number. For in- 
stance, if the side bunkers of the Lusitania had 
been cross-connected they might have been twice 
as large—i.e., of the same length as the boiler- 
rooms. The cross-connections, in order to be 
«fective, must, of course, be of ample sectional 
area, and must always be open ; they may consist 
of pipes fitted across the ship, or, perhaps better, 
of ducts constructed as part of the double-bottom 
structure. A combination of both methods may in 
many cases present the best solution. 

The dangers from longitudinal divisions here 
pointed out are well known, and the proposed reme- 
dies contain nothing new, but evidently there has 
prevailed a false evaluation of these dangers, as 
well as of the concurrent advantages. The war has 
thrown light on this point. It has shown that 
under-water attack, by torpedoes and mines, is 
much more likely to occur than was generally sup- 
posed before the war. Longitudinal bulkheads, as 
fitted in the Lusitania, where they were more than 
one-sixth of the breadth of the ship from the sides, 
and without inter-connections, aggravate the dangers 
from under-water attack, and it must be borne in 
mind that the protection which side bunkers pro- 
vide against artillery fire is of an uncertain nature. 

The pernicious effects of longitudinal subdivision 
have been nowhere more clearly exhibited than in 
the numerous losses of warships by submarine 
attack that have occurred during the present war. 
Battleships and cruisers alike have succumbed to 
such attack by capsizing, often with an appalling 
loss of life. The immediate effect of under-water 
explosions has almost invariably been a great heel, 
which has increased more or less rapidly and 
accelerated the foundering, leaving little time or 
opportunity for the saving of life. This mode of 
foundering is, indeed, so common that it is by 
many considered as unavoidable and as inherent in 
all warships. In reality it is typical only of longi- 
tudinally subdivided ships, which alone take a 
statical heel due to flooding. The way in which 
ships subdivided on the pure transverse system are 
lost is essentially different. Such ships may, indeed, 
also take a heel, but it does not occur till at the last 
moment, after the stability is completely destroyed, 
and generally after a protracted process of bodily 
sinkage in the upright position. Then the ship may 
take a sudden lurch before going down, although, 
as seen in the case of the Titanic, such a lurch does 
notalways occur. As already explained, this mode 
of foundering will pirnaower afford much more 
favourable conditions for the saving of life. 

Summing up, we arrive at the following conclu- 
sions :— 

1. That the principle of transverse subdivision 
should be considered as fundamental in the design 
of all vessels, merchant ships as well as warships, 
simply because the longitudinal stability is always 
much greater than the transverse, and in sea-going 
ships is generally about one hundred times as t. 

2. That longitudinal subdivision is intrinsically 
pernicious, on account of the small transverse 
stability of all ordinary vessels, and should be used 
only where absolutely necessary. 

3. That all wing or side compartments, where 
such must be fitted, should either be so small that 
their heeling effect when flooded will be negligible, 
or, if that is impracticable, as may be the case in 
warships and auxiliary cruisers, they should be in 
permanent connection with corresponding com- 
partments on the other side of \the ship, so as to 
eliminate the heeling effect automatically. Pro- 
vision may be made, in addition, for pumping 
water into the side em me pgs In pure mer- 
chant vessels no side bunkers or other longitudinal 
compartments of so large volume as to require such 
means of compensation should be allowed. 





_Tue German Sige, Union.—According to a provi- 
sional report the Union dispatched, during the month 
of July, 252,000 tons of goods, against 318,952 tons in the 
preceding month. Half-finished goods amounted to 
about 60,000 tons, railway material to 116,000 tons, and 
sections to 76.000 tons. The greatest decrease was in 
railway material, 





NOTES. 
ANTWERP’s Water Suppty Durine THE SIEGE. 


Unver ordinary conditions the town of Antwerp 
receives its supply of water from the pumping and 
filtering station at the River Nethe, some 10 miles 
from the town, erected about thirty-five years 

Thence the water proceeds to the reservoirs 

at the suburb Leuthaagen, and from these it is 

umped into the local system of pipes. In addition, 
Srin ing-water can be raised from wells at the 
houses of the Altstadt part of the town; but as it 
comes from a shallow depth, it is by no means 
irreproachable. Further, some artesian wells 
give a rather salt water; and, finally, there is a 
fresh-water canal, which principally supplies the 
breweries. During the siege the management of 
the water works was brought face to face with a very 
difficult task, which was accomplished in the follow- 
ing manner :—As the water works lay in the district 
through which the enemy advanced, only the water 
fromthe Shelde could be relied upon for distribution, 
but, owing to the influence of the tide, the Shelde 
water is both salt and muddy. It was therefore 
necessary to give this water time to settle before it 
entered the pipe system. For this purpose, a 
large dry dock, capable of holding some 30,000 
cubic metres, was pumped empty two hours after 
the commencement of each tide, experience having 
shown that the Shelde water at this time contains 
the smallest percentage of salt. After the necessary 
clearing process, which was accelerated by adding 
a solution of alum, the water was pumped succes- 
sively into three other docks of an egate capa- 
city of 45,000 cubic metres. In the first dock the 
water was sterilised by the addition of chloride of 
lime, and from the last dock it was pumped into 
the pipe system of the town. The pumping from 
the large dock into the three smaller docks, and 
from there into the town pipe system, was effected 
by several small tug-boats, which otherwise served 
for fire-extinguishing purposes in the harbour. 
This emergency water-supply installation was 
erected in August, 1914, and on September 27 it 
was brought into use, the water works on the Nethe 
having been compelled to cease operations owin 
to the advance of the enemy. It then transpir 
that the pipe from the docks to the pipe system 
was not large enough, so that the water could not 
be sent to the higher stories of the houses. On 
account of the bombardment, the installation of a 
new and large pipe-line from the docks could not 
be completed, and it was then decided to send the 
water to the reservoir station at Leuthaagen, and 
to pump it from there into the pipe system of the 
town by the means of the powerful pumping-plant 
of that station. The water obtained in this manner, 
naturally, was not fit for drinking, and the people, 
by poster, &c., had to be warned against drinking 
it unboiled. After the fall of Antwerp, the proper 
water works, which had suffered a good deal, were 
promptly repaired, and on October 25 the tempo- 
rary supply from the docks was discontinued. 


Tue Manvuracture or Coke By-Propucts 1n 
THE UnrTepD STatTEs. 


An industrial field, which Germany watches with 

rticular interest, is that comprising the by-pro- 

ucts from coke manufacture, both in England and 

erhaps even more in the United States. A 
Gaute report dealing with the latter country 
states that the American importation of these articles 
before the war was principally from England and 
Germany, for certain sorts exclusively from the 
latter country. The home production of these auxi- 
liary products up to the outbreak of the war was 
only in a state of development in the United States, 
but since the war broke out endeavours have been 
made to accelerate, as much as possible, the building 
of factories which can provide auxiliary coke pro- 
ducts so as to be independent of imports from 
foreign countries. Whilst all imports from Germany 
have been stopped since the war began, the import 
of sulphate of ammonia from England has only 
been possible to a limited extent, because the pro- 
duction of this commodity in England has been 
much handicapped by shortage of sulphuric acid 
and of labour. Before the war Japan was the 
principal buyer of English sulphate of ammonia, 
and England seems disinclined to neglect this 
latter connection for the benefit of America. This 
production of sulphate of ammonia in America is 
only small compared with thedemand. Benzol and 
toluol were not manufactured at all in America 
before the war. The consumers were supplied 





at cheap prices from Germany, where the manufac- 
ture of hens auxiliary products is most advanced, 
so that there was little occasion for America to 
take up this manufacture. Now that importation 
from Germany has ceased, America has been com- 
= to erect works for the production of benzol. 

the districts of the large steel works special 
efforts are being made to remain independent of 
im after the war, and benzol works are being 
built. Some difficulty has, in the meantime, been 
os in the completion of these works. 
A Westphalian firm, which makes a speciality of 
erecting benzol works, and which iad been 
entrusted with a large order for the Lackawanna 
Steel Company, has, from patriotic reasons, de- 
clined to complete the installation as long as the 
war lasts. e Lehigh Coke Company had also 
commissioned the same German firm to build a 
benzol works with a capacity of 1300 gallons per 
day, and at a cost of 350,000 dols. For these 
works only the foundations have been laid, and 
they will, in any case, not be finished before the 
end of the war, so that the Lehigh Coke Company 
is for the present debarred from deriving any 
benefit from the present market position of benzol 
in the United States. The Carnegie Steel Com- 
pany, which also had entered upon an agreement 
with this Westphalian firm for the erection of 
benzol works, the completion of which, however, 
has been postponed for the same reasons, have 
annulled their agreement and are now attempting 
to finish the factory themselves. It is, however, 
questionable whether they will succeed in doing 
this without delay, as the construction of such 
works is connected with some important patents, 
which are controJled by the Westphalian firm. 
The price for benzol in the United States has 
risen from 20 cents to 1 dol. per gallon since 
the war broke out. 
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———.——_ 
Preventing Losses in Factory Power Plants. By Davip 

MorraT Myers. New York: The Engineering Maga- 

zine Company, 140, Nassau-street; London: Arthur 

F. Bird, 22, ford-street, W.C. [Price 3 dols.] 
Like ‘‘ the blessed word Mesopotamia,” the word 
‘* efficiency ” carries comfort to many minds, par- 
ticularly in America. There a new profession has 
arisen, the members of which, operating in different 
fields, profess themselves ready to put any business 
upon a paying basis within a few months, and to 
gather up profits from the unconsidered trifles 
along with which they formerly leaked away. No 
doubt they can achieve something, for we all 
know that ‘‘new brooms sweep clean,” and that 
a fresh pair of eyes can always find something 
to criticise, and probably to improve, in an estab- 
lishment that has been in existence for long. The 
methods and systems in use were probably quite 
efficient when hey were evolved, but circumstances 
always tend to alter, while systems are remarkably 
stable. Hence the two grow out of harmony, but 
their discordance strikes a new comer far more 
forcibly than it does one who has been present 
during the gradual change. The professor of effi- 
ciency, therefore, finds material to work upon, and 
if he has abundant energy and much self-will, he 
may impose new methods on all concerned. Whether 
these methods will be the best that could be devised 
depends upon the skill and knowledge of their 
author; often they involve multitudes of card- 
indices and filing systems, whereby all manner of 
data are compiled, but omit to provide the intelli- 
gence to deduce the correct conclusions from the 
mass of information accumulated. 

The right method to pursue is, of course, first, 
to deduce the scientific — underlying the 
operations pursued in the works, and then to 
instal a tus, or instruments, which will enable 
those who have no knowledge of the principles 
to carry out their work on really scientific lines. 
Efficiency in manufacturing operations really 
depends upon separating the various stages and 
confiding ium to those who are capable of carry- 
ing them out. There are three chief departments : 
The first comprises the very few who are —_ 
of doing really intellectual work. It is their - 
ness to understand the operations, not only prac- 
tically, but also theoreti - y> ~s4 to — — 
for ing them out in the right way. the 
incbudes these who undertake the mechanical part 
of the work, and from whom little or no thought 
is expected, as they receive ample instruction as to 
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what they are to do, and how it is to be done. The 
third class is intermediate between the other two, 
and requires only a moderate amount of intelli- 
gence, its function being to insist upon the wy 
tions being carried out both in the letter and the 
spirit. In many works, however, there are de- 
partments which, once theyare properly established, 
need little change, and in which it is obviously 
unnecessary to retain the permanent services of a 
highly skilled man. The power plant is an example 
of such a department, and the object of the book 
before us is to set forth how such a plant should 
be properly organised to in with, and then 
provided with instruments which will reveal im- 
mediately any falling-off in efficiency and the 
cause of the decline. The author evidently knows 
his subject fully, for he explains each successive 
point with great lucidity. There is really very 
little in the book which a skilled engineer does not 
know, but there is an immense amount that very 
many engineers do not realise, and if the lessons 
set forth were learned and put in practice by those 
connected with power plants, they would result in 
the saving of immense sums every year. The book 
is addressed expressly to owners and managers of 
manufacturing industries, and shows them the 
sources of loss which are to be suspected, and the 
means by which they may be located and cured. 

Chapter I. deals with the determination of exist- 
ing losses, while Chapter II. points out the effi 
ciency which is available and the wastes which 
ordinarily occur. Chapters III. and IV. discuss the 
boiler plant in detail, with its many sources of 
loss, while Chapter V. is devoted to steam-piping 
and engine plant. Next, preventable losses in the 
engine plant are considered Dg se’ VI.), several 
types of engines beingdiscussed. The heatingsystem 
occupies the next twochapters, while Chapter IX., 
upon which the author lays great stress, is devoted 
to enforcing the importance of the human factor. 
Chapters X. to XVII. deal with its boiler plant 
in various aspects, after which come modern types 
of prime movers; and, lastly, there is a chapter 
discussing the use and value of reports on power 
plants. 

It will be seen that the work covers the subject 
very fully, and, further, it will be understood that 
it deals with the working, and not with the design, 
of the individual features of the plant. Owners 
will find it worth their while to read it and to 
recommend it to their managers and foremen, for 
it will show them where to look for likely losses, 
and how to remedy them. The author is full of 
enthusiasm for his subject, and although he appears 
to practise as an efficiency expert, he givés away 
his knowledge freely, endeavouring to raise in the 
mind of his readers a conviction that considerable 
savings can be effected in the cost of motive power 
if they will only take the proper means to detect 
the sources of losses, and will exercise the neces- 
sary vigilance to prevent them: recurring. Imme- 
diately the present war is over manufacturers will 
need to look very narrowly to their outgoings, for 
their incomings will often be small indeed. 
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INSTITUTION OF NaAvaL ARCHITECTS SCHOLARSHIP, 
1915.—The Institution of Naval Architects Scholarship 
has been awarded by the Council of the Institution to 
Mr. T. S. D. Collins, of H.M. Dockyard, Pembroke. 
The Scholarship is of the value of 100/, per annum, and, 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 18. 
Heavy orders for steel from domestic sources have 
been coming in during the past few days, with the 
promise of continued activity, because of the close 
pag of output to capacity. Idle blast-furnaces 
will be blown-in as soon as possible, Pig-iron took a 
sudden start ; over 300,000 tons have been sold or con- 
tracted for during the week, and quotations have 
advanced nominally at least from 50 cents to 1 dol. 
Steel-making irons, of course, lead. Full productive 
capacity will soon be employed, and over-full, because 
at present prices a number of furnaces will be operated 
which heretofore have not been counted. Coke is very 
active, and a strong upward tendency is apparent. 
Some business has been refused at current rates ; not- 
withstanding all the warning afforded by common- 
sense and past experience, a great many consumers 
have been taken by surprise, especially railroad com- 
ies. A great deal of rail-making capacity has been 
iverted from rails to large, round shapes for the 
manufacture of shells, billets, and bars; some rail- 
road companies which have been holding back orders 
for a long time are now trying to place them. The 
Russian Government has placed orders for 200,000 
tons of steel rails; France, 30,000 tons; Baltimore 
and Ohio Railroad, 17,000 tons ; the Reading Rail- 
road, 8000 tons. In peace times European orders 
were filled at 20 dols., now 30 dols. and over is paid 
willingly ; within a week steel billets have advanced 
in Eastern markets from 22.50 dols. for open-hearth 
to 32 dol. asking prices, though less money is taken. 
The Italian Government wants 15,000 tons of billets, 
and an Eastern manufacture is after 25,000 tons. 
Pittsburgh and Youngstown mills cannot accept any 
more quick-delivery business. Eastern shipbuilders 
have contracted for the building of fifty ships within 
a few months and are offered more work than they can 
ibly do. Steel car plants are now working to the 
imit of capacity with a resulting rush of orders for 
steel plate which has sent asking prices up a trifle. 
The Westinghouse people have ordered 4000 tons 
of 14-in. rounds from the Pennsylvania Steel Com- 
pany for rifle barrels for early delivery and a similar 
quantity for next year’s delivery. The Carnegie 
Steel Company will furnish 5500 tons of 3}-in. rounds 
for shrapnel ; an order for 25,000 tons rounds will 
soon be placed with a newly-organised concern near 
Philadelphia. Large rounds are sold at 24 to 3 cents. 
The volume of foreign and domestic business is grow- 
ing rapidly, and the future of prices and desired de- 
liveries are uncertain. (General trade has improved 
under many converging influences. and a strong upward 
tendency in prices seems to be influencing demand. 





Tue Tron AnD Steg InstiTuTe.—The autumn meeti' 
of the Institute will be held at the Institution of Civ 
yao Great George-street, Westminster, on Thurs- 
day and Friday, September 23 and 24, commencing at 
10.30 a.m. on the 23rd and at 10a.m. on the 24th. Inthe 
al of Mr. Greiner, Mr. Arthur Cooper, LL.D. 
immediate Past-President), will preside at the meeting. 

following is the list of papers that are ex to be 
submitted for reading discussion :—(1) ‘* Influence 
of Oxygen on some Properties of Pure Iron,” b 
Wesley Austin, M.Sc. (2) ‘“‘ Note on the Carburisation 
of Iron at Low Temperatures in Blast-Farnace Gases,” 
by Mr. T. H. Byrom. 
on the Specific Resistance and Chemical Constitution of 
Carbon Steels,” by Professor E. D. Camnbell. (4) 
‘* Effect of Chromium and Tungsten upon the Hardening 
and Tempering of High-S Tool-Steel,” by Professor 
C. A. Edwards, D.Sc., and Mr. H. Kikkawa. yg eg 
phorus in Iron and Steel,” by Mr. W. H. Hatfield, 
D.Met. (6) “The Magnetic i Cemen- 
tite,” by Professor K. Honda and Mr. H. Takagi. (7) 
ur in Malleable Cast Iron,” by Mr. R. H. Smith. 
(8) ‘Iron and Nitrogen,” by Professor N. Tschischewski. 


_ Pig-Inon in Germany.—The production of pig-iron 
in y continues to increase, and has for Jay. for 
the first time after the declaration of war, exceeded 
1,000,000 tons, amounting to 1.064,899 tons, against 
993,496 tons for June, 1914, 587.990 tons for August, 1914, 
1,564,345 tons for July, 1914, 1,648,818 tons for July, 1913, 
and 1,653,051 tons for October, 1913, the last the record 
figure in the matter of production per month. The produc- 
tion per day in July amounted to 34,352 tons, against 
18,925 tons per day for August, 1914. The production 
during July comprised :—Foundry pig, 216,477 tons; 
Bessemer pig, 16,772 tons; Thomas pig, 654.479 tons; 
=. S. pig, 158, 





.029 tons ; and 


A os. 


puddle pig, 19,142 tons. 

rease in p applies to most of the dif- 
ferent districts concerned. At the meeting of the Pig- 
Tron Union, held on August 20, the report stated that 
the sales for the third quarter had closed. The demand 
continued very active, so that the works of the uni 
were taxed to the limits of their capacity. The deman 
was particularly lively for hematite pig-iron, pig-iron 
containing manganese, and steel iron, on account of the 
om activity of the Martin works, whilst the demand 

ad decreased for pig-iron containing phosphor. The 
no change. The quan- 
ly represented 62.51 per cent. 





foreign business has eee 





subject to the regulations governing ite award, is tenable 
for three years, 28 cvace 


tities despatched during Ju 
allotmen 


is not expected 


(3) “Influence of Heat-Treatment | 8°". 


THE PROGRAMME OF THE BRITISH 
ASSOCIATION MEETING. 

In another part of this issue we deal with general 
questions concerned with the meeting at Manchester 
next week of the British Association. Appended are 
notes on the p' me of the various sections. 
In Section A, Mathematics and Physics, Sir F. W. 
Dyson, the Astronomer Royal, will ide, and an 
astronomical discussion on Spectral ification of 
Stars and the Order of Stellar Evolution will be 
by Professor A. Fowler. As Professor A. 8. Edding- 
ton is Recorder of the Section, star streaming wi 
hardly be excluded from the discussion. The other 
subjects should not prove less instructive. Professor 
F. Soddy will open a discussion on Radioactive Ele- 
ments and the Periodic Law, Professor O. W. Richard- 
son & discussion on Thermoionic Emission, and Pro- 
fessor A. N. Whitehead will read a paper of Time, 
Place and Relativity—all highly controversial matters, 
by contrast with which the communication by Pro- 
fessor W. H. Bragg and Mr. W. L. Bragg on X-Rays 
and Crystal Structure will hardly call forth much 
difference of opinion. Committee reports will be 
presented on Seismology and the Determination of 
Gravity at Sea. 
In Section B, Chemistry, Professor H. Brereton 
Baker will take the chair. Discussions have been 
arranged on Smoke Prevention, on Combustion, and 
on Homogeneous Catalysis ; demonstrations of Liquid 
Crystals will be given by Professor W. J. Pope and 
of Active Nitrogen by the Hon. R. J. Strutt, and 
some recently-discovered original diagrams explaining 
John Dalton’s atomic theory will be exhibited. Mem- 
bers will also be able to inspect the apparatus b 
means of which Joule determined the mechani 
equivalent of heat. 
The Geological Section, C, over which Professor 
Grenville Cole will preside, has a long list of papers 
of geological character, especially on the geology of 
the district, prepared in connection with special excur- 
sions. Of more particular interest to the engineer will 
be communications by Professor W. G. Fearnsides, on 
a Contour Map of the Barnsley Seam of Yorkshire ; by 
Dr. G. Hickling, on the Micro-Structure of Coal ; 
and by Professor C. A. Edwards, on Twinning in 
Metallic Crystals. Professor W. J. Sollas will brin 
up the subject of the Restoration of Fossils by Seria 
Sections. Discussions are arranged on Radioactive 
Problems in Geology (by Professors Sir KE. Rutherford, 
J. Joly, and T. V. Holmes), and on the Classification 
of Land Forms (in conjunction with Section EK, Geo- 
graphy), by Professors J. D. Falooner, Cole, J. W. 
Gregory, Hickling, and P. M. Roxby. A communi- 
cation on the Antiquity of Manin Britain will be made 
by Professor W. Boyd Dawkins. 

Section D, Zoology, will, under the presidency of 
Professor E. A. Minchin, who took partin the visit to 
Australia last year, discuss communications on mate- 
rials collected over there and on the journey, a 
fessors W. A. Herdman, J. H. Ashworth, A. Dendy, 
L. B. Poulton, and others. The papers on the Rela- 
tion of the Phylogeny of the Parasite to that of the 
Host, by Mr. Launcelot Harrison, and on Bilhazia in 
Egypt, by Colonel Lieper, will introduce other colonial 





Mr. | and war problems ; and Professor Meek will bring up 


the question of the Distribution of Fish and the more 
eral subject of the Future of Scientific Literature 
in Relation to the War. In the discussion on Chromo- 
somes and Heredity, Professors KH. W. MacBride, 
Dendy, M. Hartog, and Gwynne Vaughan are to take 


Section E, Geography, of which Major H. G. Lyons 
will be President, will also discuss Australian Prob- 
lems in connection with papers on the Geographical 
Considerations Arising out of the Visit to Australia in 
1914, by Mr. O. J. R. Howarth (Assistant Secretary 
of the Association); on the Central Lakes of Aus- 
tralia, by Professor J. W. Gregory ; the Growth of 
Cities in Australia, — R. N. Radmose Brown ; 
and the Burrinjuck Dam and the Yanco Irrigation 
Area, by Mr. J. McFarlane. Dr. Rudmose Sree 
will also discourse on Spitzber before the War ; 
Mr. Roxby on North China and Korea; Dr. F. Oswald 
on a Recent Visit to the Caucasus Among papers of 
local interest will be those on the Distribution of the 
Population in the District Round Leek, by Mr. R. 
Curtis ; on the Rainfall of Lancashire, Cheshire, by 
Mr. T. Edwards ; and on Lake Movements in Lake 
Vyrnwy, by Mr. J. Parry, who will also bring up the 

lorestation question again, in continuation of a paper 

he read at Southport in 1903. Mr. A. R. Hinks will 

speak on the Map on the Scale of 1: 1,000,000. The 

— discussion with C on Classification of Land Forms 
already been mentioned. 

Section F, Economic Science and Statistics, has 

tly Poa furthest in making special arrange- 
ments for the discussion of important topic problems 
under the presidency of Professor N. R Scott. The 
Means for the Promotion of Industrial Harmony will 
be discussed on Wednesday by two employers, two 
representatives of labour and two coonomslebs On the 





of t, The businessof August 
| 10 be much behind that of July, 





Thursday, Outlets for Labour after the War, with 
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special regard to the lacement of Men by Women 
in Tolerttlen a be E wae a consid idered, the 
report pre ing supplemen y papers on 
. ontapennt for Ssebees of His Majesty’s Forces 
Partially Incapacitated by the War” (by Major Tudor 
Craig) ; and on ‘‘ Land Settlement for Ex-Service Men” 
(by Mr. Christopher Turner). The delivery of the 
presidential address on Friday is to be followed by a 
Conference on the Effects of the War on Credit, Cur- 
rency and Finance. On Saturday the Report of a 
Committee on Industrial Fatigue will be presented. 

In Section H, Anthropol 'y, the Presidential 
address by Professor C. G. Seligman, M.D., will be 
followed by a discussion on The Influence of Ancient 
Egyptian Civilisation on the World’s Culture, to 
which Professors G. Elliot Smith, Seligman, and 
Fiinders Petrie (Egyptian Jewellery), Dr. Alan 
Gardner (A Common Parent for the Pheenician, Greek, 
and Sabean Alphabets), Professor Giuffrida Ruggeri 
(Early Neolithic and Copper-Using Peoples of 
E Rb Miss Margaret Murray (Regal arriage 
on atrilineal Descent), and Mr. A. M. Hocart (The 
Quest of Immortality) will contribute. Racial Dis- 
tribution in the Balkans—an almost hopelessly-in- 
volved problem, we shuld think—will be discussed in 
conjunction with Section E by Professor Elliot Smith 
and others. Mr. R. M. Dawkins will speak on the 
Greek Element in Asia Minor ; Mr. W. H. R. Rivers on 
Ceremonial and Descent in Ambrim ; and the Rev. H. 
Dakisfield Astley on Aurignian Man in Norfolk. An 
excursion will be made, under the leadership of Lord 
Shuttleworth, to the Roman Camp at Ribchester, 
which has been explored by Professors Haverfield and 
W. B. Anderson, of Manchester. On behalf of Pro- 
fessor E. Manouvrier, of Paris, Professor A. Keith 
will opan a discussion on the Application of Anthropo- 
logy wo Military Art, dealing with the desirability of 
classifying troop; to certain anthropological characters. 

The discussion on the Physiological Condit'ons 
Necessary for the Maximum Efficiency of the Factory 
Worker, which was projected by Section I, Paysiology 
(President, Profs or W. M. Bayliss), will hardly take 
piace, it is feared. Of the less technical papers, we 
may ment‘on those on Fundamental Facts of Vision 
and Colour-Vision, by Dr. T. W. Edridge-Green ; on 
Kinematograph Filins, by Professor T. Graham Brown; 
and on the Liquid Pressure Theory of Muscular 
Contraction, by De. Sarah M. Baker, who will brin 
up the same subject with regard to the Circulation o 
Sap in Plants, in Section K, Botany. The proceed- 
ings of this section, in which Professor W. H. Lang will 
preside, will be too technical for the general member, 
apart from the discourse by Mr. W. Lawrence Balls 
on Cotton. 

In Section L, Educational Science, Mrs. Henry 
Sedgwick will preside. Four important discussions 
are plaoned :—On Methods and Content of History as 
a Subject of School Study (by Professors F. J. C. 
Hearnshaw, Ramsay Muir, T. F. Tout, J. E. Morris, 
and J. A. White); on Military Training in Schools 
(by the head masters of ne School and of Man- 
chester Grammar School, a r. A. A. Somerville) ; 
on Education of Women in Relation to Careers (by 
Mrs. Courtney, Miss Haldane, Miss R. Oldham, Miss 
Charlesworth, and Miss Escott); and on Education 
and Industry (by Sir William Mather, Professors 
H. E. Armstrong and J. C. Maxwell Garnett and 
Mr. J. Graham). Each of these discussions will take 
up one morning ; no other papers are to be read. 

Section M, Agriculture (President, Mr. R. H. Rew, 
C.B.), will receive reports on the Influence of the War 
upon Supplies and the Use of Fertilisers (by Professor 
J. Hendrick and Mr. E. T. Halman), and will discuss 
the Influence of War upon the Future of British 
Agriculture, and the Economics of Milk Production, 
in connection with various papers. among which we 
notice those by Mr. A. D. Hall on Scientific Aid to the 
Caltivator, by Professor T. B. Wood on Scientific Aid 
to the Stock-Feeder, and by Mr. W. J. Malden on 
Labour-Saving Machinery. The papers by Professor 
J. Hendrick, on Composition and Uses of Seaweeds, 
and by Professor C. Crowther and Mr. A. G. Ruston, 
on the Plant as an Index of Smoke Pollution, should 
also be mentioned. 

The two evening discourses will be by Mr. H. W. T. 
Wager. F.R.S., on the Behaviour of Plants in Re- 
sponse to Light, and by Dr. A. R. Sampson, F.R.S., 
on a Census of the Sky. As the President will deliver 
his address on the Tuesday, and as the Lord Mayor 
of Manchester will entertain members at the School 
of Technology on the Wednesiay to witness demon- 
strations of special interest connected with the war, 
all the evenings of members will be occupied. This 
Wednesday visit is not to have any festive or recrea- 
tive character. Following ey the precedence of 
the Australian meeting, a large number of popular 
lectures adapted to the working classes will be given 
in Manchester and the towns of the neighbourhood ; 
three of these lectures will be delivered in Man- 
chester, two each in Salford and Oldham, and one 
in Rochdale and in Bolton. These lectures are an old 
feature of the Association meetings, but are not 
intended for members, though much appreciated by 


them as well. Among the lecturers will be Father | 
A. L. Cortie, 8.J., Professor H. H. Turner, Mr. A. R. 
Hinks, Mr. Vaughan Cornish, Dr. W. Rosenhain, 
Professors Stephen Paget, Stirling, F. W. Gamble, 
and B. Moore. There will be no excursions, apart 
from special sectional arrangements; but a large 
number of works and public institutions will be open 
to members. 

The general officers of the British Association are : 
—President-elect, Professor Arthur Schuster. D.Sc., 
Soc. R.T., late professor of Physics at the Victoria 
University ; treasurer, Professor John Perry, F.R.S.; 
— secretaries, Professors W. A. Herdman, 

-R.8., and H. H. Turner, F.R.S.; assistant secre- 

» Mr. O. J. R. Howarth, M.A.; chief clerk 
and assistant treasurer, Mr. H. C. Stewardson. The 
local treasurer is Alderman Edward Holt, and the 
local secretaries are Professor V. J. Hickson, F.R.S., 
and J. C. Maxwell Garnett, and Councillor E. D. 
Simon, M. Inst. C E. 





THE SOUTH AFRICAN RAILWAYS AND 
THE WAR. 

THE ee of the general manager of the South 
African Railways and Harbours for the year ended 
December 31, 1914, recently issued, contains a state- 
ment to the effect that apart from the execution 
of work directly relating to the working of the 
lines, the railway workshops have undertaken work in 
connection with guns, armoured trains and motors, 
ambulance trairs and cars, transport motors, con- 
densing plante, searchlights, X-ray appliances, pon- 





toons, and many other military appliances. In fact, 








casemates covered over by a roof which slopes down 
towards the w ends ; the sides and ends of the 
casemates have loop-holes for the firing of small-arms. 
Observation-stations are provided in the roofs of the 
two casemates, as shown in the view. A platform is 
built over the central portion of the wagon, and on 
this is mounted a 12-pounder quick-firing gun carried 
on a central pivoted mounting; the gun can fire round 
a complete circle. A semi-circular shield, which re- 
volves with the gun, protects the gunners against fire 
from the enemy. 

Another illustration of the ingenuity displayed by 
the engineers of the South African railways is afforded 
by the view, Fig. 3, showing a locomotive tender-frame 
joined to a locomotive bogie, and carrying a platform 
on which is mounted a long-range 4.7-in. gun. The 
gun is surrounded in front and on the sides by a turret- 
shaped protection built up of steel plates, and provided 
with a sheet-steel roof. In the front semi-circular 
plate is cut the embrasure and aiming-gap, the embra- 
sure allowing an elevation of about 25 deg. above 
horizontal. The gun and turret can revolve on the 
tender’s platform. This latter, except at the ends, and 
for a portion of the length corresponding approxi- 
mately with the length of the turret, is provided with 
sides made of iron plates which are hinged at the middle 
of their height for lowering down the upper half when 
required. The view, Fig. 3, shows the arrangement 
with the gun in the running position. The cantilevers 
and jacks by which the mounting can be steadied 
laterally when necessary are also shown. Fig. 4 illus- 
trates a similar combination of a tender-frame and a 
locomotive bogie, armed with a 6-in. long-range gun, 
also in the running position. 





Fic. 1. 4.7-In. Guns Mountep on Fieip CarriaGes WITH STEEL WHEELS. 


the railway workshops have to a certain extent served 
as the Woolwich Arsenal of the Defence Force. Five 
‘armoured trains” have been constructed and 
manned by employees of the Administration ; these 
trains were found to be of great assistance, as, in 
addition to the duty of patrolling the railways in 
areas where movement of rebels was taking place, and 
repairing the line where it had been damaged, they 
were utilised in assisting the forces in their endeavours 
to get into touch with the enemy. The trains were 
commanded by officers of the department, whose 
knowledge of train-working operations proved of 
great assistance. 

A striking illustration of the special military work 
carried out by the South African Railways is afforded 
from the views, Figs. 1 to 5, on the present and 
next pages, which we have selected from the report 
in question. Fig. 1, reproduced from the report, is 
a view of 4 7-in. long-range guns mounted on a field- 
carriage. The illustration shows the trail to be built 
up of heavy plates and angles riveted together, the 
wheel centres being discs with six circular openings, 
provided with a rim formed of riveted angles. The 
guns @ om to be similar to that of Fig. 3, which 
we shall refer to later. For sighting, a small foot 
platform is provided at the side of the trail; it is 
shown turned back in the illustration. For continued 
firing against a fixed target these guns so mounted 
would no doubt prove most efficient. They probably 
lack mobility, and also the means for sapidie: varyi 
lateral aiming, but their fitting out effords a proof 
of the resourcefulness of the South African Railway 
staff, for which they deserve all praise. 


One of the five “‘ armoured trains,” above alluded | PT 


to, the ‘‘ Trafalgar,” is shown in Fig. 2. This is 
two-bogie wagon, such as is used for the carriage of 
rails, long bars, and tree trunks. The wagon may be 
said to be divided longitudinally into three parts—a 
central and two end ones. On the two end ones, and 





directly above the bogie-trucks, are built armoured 


In the course of the South African campaign, and 
more especially in the operations carried out in the 
territory which was formerly known as German 
South-West Africa, a large amount of tem | rail- 
way work had to be executed by night. In order to 
render this possible the South African Railways 
devised the transportable electric lighting plant 
shown in Fig. 5. The current was supplied from 
machines carried in the last wagon of a train. The 
same wagon was fitted at its rear end with a scaffolding 
which supported a long cantilever arm of light con- 
struction, provided with the necessary leads and 
reflectors. The track, ss will be seen, is laid on steel 
sleepers. The view reproduced was taken on the 
Prieska-U pington line. 





ALASKAN TimperR.—The Alaskan Engineering Com- 
mission, which is to build a United States Government 
railway from Seward, on the Pacific Coast, to Fairbanks, 
in the interior (a distance of 471 miles), has received 
authority from the American forest service to cut 
85,000, 000 ft. of timber in the Chugach National Forest 
for use in the construction of the new line. This pro- 
ceeding is in conformity with an Act of March 4, 1915, 
which authorises the Secretary of Agriculture to permit 


e Alaskan Commission and the United 
States Navy Department to take, free of charge, from 
the nati forests, earth, stone, and timber for use in 


Government works. The proposed new railway runs 
through the Chugach National Forest for several miles. 
Forest service employees in Alaska are marking the 
timber which is to be cut. The cutting is to be done so 
that only mature trees are taken, young trees being left 
uninjured ; the condition of the forest will thus be im- 
ved. The cut of 85,000,000 ft. will be the largest 
amount of timber ever felled in the Alaskan forests in one 
operation, but will have little effect upon the stock of 
timber. The two national forests of Alaska contain about 
78,000,000,000 ft. of marketable timber, and it is esti- 
mated by the forest service that 800,000,000 ft. could 
be cut every year for ever without jessening the pro- 








ductivity of the forests. 
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WORM-GEAR.* 
By F. W. Lancnester, M. Inst. C.F. 
(Concluded from page 229.) 
APPENDIX.+ 

t on the Efficiency of Daimler-Lanchester Worm- 
Gears Tested by the National Physical Laboratory. 

The gears were cut by the Daimler Motor Company, 
L‘mited, and the tests were carried out at the company’s 
works at Coventry, in a ial machine made for the 
pur and used for experimental work. The machine 
itself is illustrated in ie. 20 and 21, below, and a 
table af references to the more important parts is 





bar. The box was first balanced in both directions 
without the balance-weight, and the torque in the 
driven shaft obtained by noting the e-weight 
lifted at the 24-in. radius. The torque on the driven arm 
was then balanced by sliding the weight alone the bar 
until the box was balanced about the axis X X. If W 
is the balance-weight and S the distance along the bar 
from the arm, W x 24 = torque of driven shaft, W x S 
= torque of driving shaft, and if there were no friction 
W x S/W x 24 = +, the gear ratio. To overcome the 
friction W S has to be increased to W S! and S/S! will 


then be the efficiency ¢, or e = 24 x xi . It must be 


| noted that the shift of the point of application of the | 





between the worm and wheel, and therefore the torque, 
could be adjusted to any desired value. The driving- 
belt had only to supply the mechanical losses in the a 

ratus. The a tus was driven by a four-cylinder 
petrol-motor, speed of which could be varied to give 
a range of from 400 to 1500 revolutions minute of the 
driving-shaft. The was observed by a tachometer 
driven from the driving-shaft, the instrument being 
checked and a slight correction applied to its read: 

The three gears tested were left- worms with the 
worm running in an oil-bath under the wheel. The tem- 
perature was observed by means of a thermometer fixed 
in the top. of the casing close to the top of the worm- 
wheel, and = in such a position that the oil was 
thrown off the wheel on to the bulb. This arrangement 








REFERENCE TO Figs. 20 anp 21. 


A Worm-gear case. 

B Ball bearings carrying case allowing 
movement in cradle. 

C Oradle consisting of two circular 
discs coupled by bridges. 

D Oross knife-edge. 

E Adjusting wheel. 


F Dial. 


K Balan 


printed under the latter figure. Fig. 22, on this 
page, is # diagrammatic sketch of the whole arrange- 
ment. The worm-box a is mounted on ball-bearings, so 
as to have freedom of motion about the axis of the 


driving-shaft XX and the driven shaft Y Y. 


driving and driven shafts are connected to the worm- 





G Rod carrying weight. 

H Anti-friction rollers. 

c ce arm with knife-edge on 
upper face. 

W Weights. 





Fia. 20. 
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load is not large. For example, if r 


would vary from 6.452 in. to 6.186 in. 





4 3 8 = 6 in-, 
and with 90 per cent. efficiency, S' = 6.67 in., so that 
0.67 in. corresponds to a change in efficiency of 10 per 
cent. The efficiency measured during the tests varied 
The | from 93 to 97 per cent., and for the gear given above S! 


In actual work a 











shaft and wheel-shaft in the box by means of universal 
joints so arranged that any turning moment about either 
axis is eliminated when the box is in the balanced con- 
dition. An arm is attached to the box in the direction of 
the X X axis, but the balance-weigkt is not attached to 
this directly, but to a bar fixed at right angles to the 
arm in @ direction parallel to the Y Y axis, and 24 in. 
therefrom. The balance-weight is adjustable along this 





* Paper read before the Institution of Autumobile 
Engineers. 
+ Somewhat abbreviated, 


variation of 0.01 in. from the mean position would make 
the box turn in one direction or the other about the axis 
X X, and consequently the determinations of efficiency 
are probably correct to 0.2 per cent., which is sufficient 
for practical purposes. 

Referring again to the diagram, Fig. 22, it will be seen 
that the drive is taken by means of a shaft b to a bevel- 
box c with the large wheel driving the pinion, and that 
the shaft d carries a pulley from which a belt is taken to 
@ pulley on the driving-shaft. This tende to drive the 
driving-shaft at a slightly higher speed than the driving- 





belt f, and by altering the tension in the belt ¢ the pressure 
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probably gave a fair indication of the working tem- 
perature, except at low speeds, when the oil did not 
appear to be dows off with sufficient velocity to keep 
the bulb covered. f 

The tested were all of the same over-all dimen- 
sions, but had ratios of 8/33, 8/35, and 9/34. The steel 
worms were 3 in. in diameter at the throat, and the 
one wheels were 9% in, in diameter and 

in. wide; the depth of the thread was 7; in. The 
ahs gear had heen run in the machine for abuut 40 hours 
and the 8/35 gear for 8 hours on previous tests, which 
would be equivalent, respectively, to about 1000 and 
200 miles of running in actual use; the 9/34 gear had been 
previously run for a considerably longer period, which 
would probably be equivalent to about 2000 miles of 
actual running. ubricant used was a mixture of 
non-mineral oils, and that removed from the gear-box 
after the tests of the 8/33 gear was examined in the com 
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TESTS OF WORM-GEAR 
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: . 4ig.4/. Fig. 28. 
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97 97 i Temperature °C. Temperatmre TC. 
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35 } a 96 : 
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. wa 
NS “NN . / 
§ 94} — 90|-preaaars oe Teech . Ceo eb ae : 
—_—— 7200 Ld. © a3 ing 94 
wnm——- 7727 Lb. iS “be 
----—- 2780 Lb. 
500 7000 1500 7) 500 7000 92 
7500 
- . 2 tll 20 40 60 80 100 0 500 1000-1500 
esse” ‘per Min. of Worm Share. Revi per Min. of Worm Share. (soz) Temperature C. Reviper Min .of Worm Share. 
y’s chemical laboratory and found to contain a small Ftg.81. Fig.82. Fvg.33. 
pace he of carbonaceous material and a trace of iron, ‘9 6/33 GEAR. ee (35 GEAR. oo” 9/34 GEAR. 
but no copper. The presence of the iron may be due to 97 97 
a slight abrasion of the worm or the ball- ings, or \ 
may be scale from body of the casing. The oil re- Mc 
moved from the boxes after the tests of the other gears he Ns 00 REX 
was examined at the National Physical Laboratory, and Sse 9 OOR PM) _ | - TR pst. 
found to contain a very small amount of copper, as well m4 J * a Le. ot 
as small quantities of carbonaceous material and iron.| J op », oN 00k F. 
Its viscosity was also determined by Redwood’s viscosi- i baat Sy 4 
meter, and the figures obtained for the oil from the Rd R ~pa Se = . 
8/35 gear were , 88.5, and 50.5 at temperatures of 951 al _prvabaosnninei 0s  _4OORPM. 
30 deg., 60 deg., and 90 deg. Cent. respectively, while y om Sb 2 
those for the oil from the 9/34 - were 245, 90.5, and } 900OR PM. 
53 at the same temperatures. © principal results of 3 
the tests are shown by the diagrams reproduced in S 
Fige. 23 to 33, on this page. se Sa pe 
The efficiency of the worm-gear itself should depend ox a oad 
entirely on the condition of the oil film between the worm 
and the wheel, and the value should remain sensibly 
constant as long as this film is perfect. The values 
obtained in these teste, however, are, to a certain extent, 93 8 | B 
varied by the journal and thrust friction losses in the o 7000 2000 90008 7000 2000 3000 0 1000 2000 
worm-shaft, and donot depend alone on the friction of the tanec Pressure on Teeth, Lb. Pressure on Teeth Lb, Pressare on Teeth Lb. 
gear. The fall in efficiency of the gear at slow speeds is 
noticeable in every case (see Figs. 23 to 26 and 30), and remembered, had not had nearly as much running as the | on the Loop system, is said to be stronger and cheaper 


may be due in part to the reduction in the pw mee of oil 
carried round by the worm. The fall in efficiency is also 
noticeable when the pressure on the teeth is small (see 
Fig. 30), and the reason for these lower values may be 
looked for in the journal friction and oye | action of 
the worm and wheel in the lubricant, both of which losses 
do not vary asthe pressure. A fall in efficiency due to 
rise of temperature is also apparent in Figs. 27 to 29; but 
this is much smaller than would be expected with the thin 
lubricant used. In the worst cases it amounts to 1.3 per 
cent., although the temperature of the oil was sometimes 
100 deg. Cent. 

‘The conclusion to be drawn from these tests is that the 
efficiency of the gears lies between 93 and 97 per cent. 
in circumstances ; and, taking the normal running 
speed of the worm as 1000 revolutions per minute, the 
efficiency of the lies between 95 and 97 per cent., 
falling only slightly below the lower figure when the 
temperature approaches 100 deg. Cent. igh-tempera- 
ture running appears to lower the efficiency when the 
temperature again es ; hut it is probable 
that the original condition of the oil film would soon be 
re-established and the efficiency again become normal. 

The general slope of the efficiency-speed curves is 
similar with different loads for the 8/33 gear, except for 
the very light load, where the efficiency is lower and 
nearly constant, as shown by the dobtted line in Fig. 24. 
The curves for the 8/35 and 9/34 gears are similar in 
shape asa rule, but there is a rather remarkable excep- 
tion in the case of the 8/35 gear, with a pressure of 
1200 lb. on the teeth, as shown by the full-line curve in 
Fig. 25. The rise in efficiency at 1000 revolutions per 

the observation 


other two. The gear was run with a tooth pressure 
of 1200 lb. after the test at 2780 lb., and the efficienc 
was then found to be lower than before; but the 
at 1000 revolutions per minute still appears, as shown in 
Fig. 30. curves connecting temperature and effi- 
ciency (Figs. 27 to 29) show a similarity in all cases, no 
case of a rise of efficiency with an increase in temperature 
being recorded. This would seem to show that the vis- 
cosity of the oil was most suitable at fairly low tempera- 
tures. The above-mentioned figures for the viscosity, 
however, show a very considerable variation with t 
temperature, and the alteration in efficiency is in no way 
comparable with the change in viscosity. The pressure- 
efficiency curves, Figs. 31 to 33, indicate that the effi- 
ciency is very nearly constant except when the pressure 
is very 

The report was signed by Dr. R. T. Glazebrook, 
Director of the National Physical Laboratory. 





Reinrorcep-Concrete Roan Founpations.—A book- 
let illustrating and describing their system of reinforced- 
concrete road foundations has reached us frm the Loop 
Road Reinforcement Company, of 663, Caxton House, 
Westminster, S.W. The reinforcement consists of steel 
rods laced tegether with wi the rods being placed 
at the centre and at the top and bottom of concrete slabs 
and running parallel with the direction of the road. In 
another system the rods are laid at an a eS Se. 
with the direction of the road, and we erstand that 
this method, which greatly increases the transverse 
strengtb, has been adopted by the War Office and 


minute is most marked, snd ; was re-| approved by the Road Board for a mili road made 
peated, and proved to be quite correct. This gearshows | in very ground in the Isle of Ely and County of 
a very considerable drop in efficiency at the low-speed | Cambridge. It is claimed that the reinforcement dis- 


end of the high-pressure curve shown by the fine-dotted 


line in Fig. 25; and it would appear that the load of 
2780 lb. on the teeth was too heavy for the gear in its 





condition at the time of the test, 


This gear, it will be 


} mg ome 4 ne I Eee Stat aes area of 
‘oundation, consequen uces the tendency 
to local subsidence. Consid economy may also be 
effected by its use, since a 6-in. concrete slab, reinforced 











than a 9-in. slab of plain concrete. Other points men- 
tioned in connection with the system are that the rein- 
forcement is easily handled, can be laid in half sections, 
can be effectively replaced after trench openings have 
been made, and is not liable to become displaced when 
the concrete is putin. 





Tue Panama Canat.—During the first six months’ 
working of the Panama Canal 496 ocean-going v 
with an aggregate displacement of 2,367,244 tons, 
through the great waterway, The total of 496 ships was 
made up as follows:—United States coastwise, east 
bound, 97; United States coastwise, west bound, 109; 
United States Pacific Coast, to Europe, 66; Europe to 
United States Pacific Coast, 16; South America to 
United States and Europe, 69; United States and 
Europe to South America, 31; United States Atlantic 
Coast to the Extreme East, 48; Extreme East to the United 
States Atlantic Coast, 2; miscellaneous routes, 13; vessels 
without cargoes, 45. Traffic from the Pacific Coast 
to the Atlantic Coast of the United States comprised 
nitrates, canned fruit, fish, lumber, sugar, ores, &c. 
The movement from the Atlantic to the Pacific Coast 
of the United States comprised coal, iron, 
machinery, &c. Nitrates formed the > item 
in the traffic from the West Coast of South America 
to the Atlantic Coast, 204,441 tons having been 
shipped through the canal during the six months, 
the greater ing to the United States. Ship- 
ments from the Mlentio Coast of she United States 


151,745 tons ; of this quantity, 83,081 tons were shipped 
from the Ailantic secboard of the United ‘States and 
68,664 tons from the United Kingdom. 











Sept. 3 1915.] 


ENGINEERING. 








“ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELEOTED gD ABSTRACTS OF REGENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


number in the Specification Drawings is stated 
em yt Ar amy? mentioned the Specification is not 


as nm from abroad, the Names, é&c., 
0 pener enh on in ttalics. 
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on any of the in the Act. 
ELECTRICAL APPARATUS. 


trolling 

The invention consists in a system for the 
of electric motors in which system the of the 
mechanically controls a switch-arm or the like, and the move- 
ment of the control or reversing gear controls a further switch- 
arm or the like, the two switch-arms or the lik e— it-- 
that when the motor is rotating 
direction, and the reversing gear 


ze 
if 


running, a special resistance wthat is, a additional to 
the colleen -control resistance) is au intro- 
duced into the armature circuit of the motor. In the exam! = 
shown, of the 


the stator one. -over switch 2 
motor indicated by 1 phen ny be from the control-lever 7 by 
means of the pivotally-mounted slotted plate 6 as soon as the 
control-lever is moved a small amount out of the central position. 
The starter-arm 12 con resistance 20 is always moved in 
the same direction through 13 when the lever 7 is put 
over to the right or left. An tional resistance 11 is put in 
which is short-circuited by a switch 10, which can, for instance, 
be actuated by the magnet 8 as long as the Tae —- — 
driving action. By interrupting current thro 
winding 8 the switch 10 is o by Ad 
resistance 11 brought into 
ance takes place w 
control-lever is put in the braking position. The lever7 operates 
the two-way switch 8 and the motor 1 operates the two-way 
switch 4 by way of, for instance, a friction-clutch 56. There are 
thus four possible positions for these two switches. The rotor 
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may revolve in a clockwise direction, and the lever 7 may be 


weeastattes, et small amounts of the metal do vaporise in spi 
of the gas . This v metal is carried by the currents 
in the gas and is ted on the walls of the globe, or on the 
reflector which is inside the globe, in the form of a dark 
which absorbs more or less light, and thereby reduces the 
useful life of the lamp. Now it has been demonstrated that 
owing to the gas having been subjected to of an electric 
it iteelf upon 


theaction 
the v. me be caused to d dg 
Fy 


ie 


may 
bodies which are [my in 
happens with the dust in dust-removing systems 
depen in arc lamps formed from the ucts of combustion. 
invention condiahe in arranging a 


ee 


rising 
pass through or near the screen on which the 
It —¥ — bulb contains a reflector above the fila- 
ment, the scree is arranged between the filament and reflector. 
The bulb 1 is filled with a suitable gas, and the . us body 
consists of a closely-wound spiral 2 of tungsten wire. The stem 





8 of the lamp carries a number of filament-supporting wires 4, -— 
other wires 5 which are used to support the reflector 6 and scree 
or grating 7. As shown, the wires 5 pass h holes in the 

reflector, ae} are bent to form shoulders on which the reflector 

reste, the ends of the wires being attached to screen. The 
reflector consists of a circular disc of porcelain, and the oaten 
consists of crossed metal wires supported on a metal 
about the same diameter as the reflector. The screen 7 is e RY 
trically connected to ad gop lead wire 8, the negative lead 
wire 9 being’ insula ted from the screen—for example by a oo 
quartz sleeve. Similar insulation - provided on the fi 
su ng =a 4 where ow Vg hmm gy rough the screen. Although 
only one screen is shown in drawing, it may be more con- 
venient when bayonet sockets are provided for the lamps to 
provide two screens | suffi from one 
another to avoid any risk of short ci t, Ht connect cne 
screen to the one lead wire and the other screen to the other 
Jead wire, so that it is immaterial how the lamp is placed in the 
socket. Where the screw socket is em a only one screen 
need be provided on the lamp if the wiring of installations is 
carried out so that the screw shell wi!l always be connected to the 
same pole (Accepted June 30, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


14,106/14. The British Thomson-Houston Com- 
A London & Electrie Company, 
Ae: Gas Gomqvonsess. (4 Figs.) June 

ll, 1914. ~ . gee Baye: L. ~ 4d motor-driven — 
pressors, n part to turbine-driven compressors de- 
signed for handling gas in the manufacture of illuminating gas 
and coke. Briefly —_ the invention comprises a motor- 
driven compressor, e parte of are so constructed and 
that a single casing suffices for both, the casing being 

ney A supported, in order to obviate destructive distor- 
tional stresses due to tem 


‘h, 





ture 
ion 5 of the casing is divided in a vertical into rij right and 
Fete hand sections so facilitate @ te casting and nies — 
the surf: of the annular walls o! 

immediately es the at ns 


passage e 
Eat the casing sod atter the ould be carefully machined 
yh — 7 ae 


to 





either to right or to left for, say, clockwise or 
running. The rotor may revolve in a counter-clockwise direc- 
tion, and again the lever may be either to —_ or to left. 
lever is = Be clockwise direction, the motor is run 

Se ee then, sub. to the arrangemen 
15 hereinafter ai ge in Sates as 


i 


clockwise direction and ~ lever 7 is 
counter-clock wise When ‘oter is running i 
clockwise direction, and lever is set ye clockwise run: 
the resistance 11 is short-circuited. 
motor is running in a oe say ge 
is set for counter-clockwise 


motor is at rest, or substantially so, 

with the com’ ed switches 8 and 4, 90 
e and the resistance 11 sho: 

motor in whiehever one of the four Boy the 
might be left. The switch is 

14, which can be set so that 
after the of the motor is such 


s 
a 


pay ot Pee BM to one, Se for —.* u 
- cent. maximam speed. | iho 
direction ith the cu omen starting rein a. 
it is perder to ps ect regenerative » the resistance 11 
is automatically brought into in ith the resistances 
20, so that the much greater 
is nn a Ay 
motor is » 


Es 
ir 


required as is known for 
po hn nd braki 
the direction in which 
1915.) 


Praisarily be esarbed: also divided 

or sections, the joint bs of the shaft in upper and tower 

or sections, the x | yoy he made to prevent | 

The various section the casing are flanged, and e: 

tending ik on the: AA. are aateing bette The lower halt 

of the < casing portion is Srovided with poy ed mw ee = 8 anda 

d passage 9. The turbo-compressor, instead of being sup- 
on a foundation by feet or equivalent vee is mounted 
on the inlet conduit 10 and the way se con- 


the shaft, 
of yielding laterally 
amount when for any reason the steam-iniet pipe 12, 
or the steam-exhaust conduit eg oe and contracts. 
Due to the fact that the Ssoceneeune i mounted direct! 
on the conduits, any expansion and contraction of the latter wi 
result in bodily moving the same by a —_- amount as distin- 
guished from distorti Since the turbine forms a 





not | This is done to bs the 
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control of a pilot- 
Gpeemersere. 


th 


latter 
bine portion of the casing, 


SSceeadiband Gee cm portion of the casing, are divided 
in the plane of the shalt into w and lower parts or sections. 
unit when the part 

ions of the casing 
and hence they ean bo treated os'e 
pee teeont pene ae cee ef eas pane nt 

r lower ts) ng jeces y 

united, pene econ. te Se Tae te eee pe oS 
ratus without disturbing the other, as is sometimes desira 
Exhaust steam is away from the turbine by the outlet 42. 
(Accepted June 16, 1915.) 


7189/14. Sir A. T. Dawson G. T. , Lon- 
Breech Mechanism of 16 Figs.) * March 
= 1914. —This invention relates to breech ty the kind 
two cranks mounted in the breech-screw carrier, one 
of th these cranks serving to unlock the breech-screw, and the other 
to withdraw it yeaa as in the breech-screw carrier before being 
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254 
crank-pinion (herein called the unlocking crank- ) for 
eff - the (ooking and unlock! movements of wy 
screw, D! represents the crank of pinion, and D2 represents 
the pin of the said crank. E ts the crank- 


pinion (herein 
called the withdrawing pinion) for effecting the withdrawing 
and forward movements of the breech-screw. E} ts the 
crank of this pinion, and E? sepgumngte Se pin of this crank. F 
represents a ring in which the -screw is slidably mounted. 
In the example shown, the crank-pinions D, E are of the bevel 
type, and are driven from a double bevel pinion OC! (or by two 
separate pinions) carried by the carrier axis-pin O, the wi 
drawing crank-pinion E being arranged close to the axis-pin, but 
not immediately behind the -screw. When the breech 
screw is locked, as shown. a roller (constituting the crank-pin D2) 
on the unlocking crank D! with aslot f1in an arm F! 
forming part of the ring F. A roller (constituting the crank. pin 
E2)on the withdrawing crank E! is at this time out of engage- 
ment with its slot B! in the breech-screw. When the axis-pin C 
is rotated to unlock the breech-screw, the unlocking crank-pi 
D is angularly displaced in a clockwise direction (when viewed 
from the rear), and the crank-pinion E is the o 
site direction when viewed from the right- side. This angu’ 
movement of the crank-pinion D unlocks the breech-screw through 
the intermediary of the ring F, and when this operation has 
been completed the roller E4 on the withdrawing crank E! enters 
slot B! in the breech-screw, so that continued movement of the 
carrier axis-pin displaces the breech-screw into the fully with- 
drawn position. During this operation the roller D2 on the crank 
D! has moved clear of slot f1, the formation of this slot being 
such that when the unlocking is completed and the roller E? is 
in position for withdrawing, the roller runs idly in ite froove. 
thus retaining the breech-screw against rotation until it is with- 
drawn into é ent with the guides on the carrier. Oon- 
tinued movement of the axis-pin C then swings the carrier into 
the open ition. The breech-screw, when fully withdrawn, is 
supported in the carrier, and is retained in tion by means of 
a plunger catch. During the closing and locking of the breech 
the above-described operations are reversed. (Accepted June 30, 
1915.) 


21,177/14. Societe Anon 
lissements Hotchkiss 


yme des Anciens Etab- 
et Cie, St. France. 
uns. (65 Figs.) April 3, 1914.—The present inven- 
tion relates to tripod-mounts for machine-guns, com ing, as is 
usual in this kind of mount, a pair of adjusteble front lege and 
an adjustable rear leg. The object in view is to so construct the 
mount that it may be made to assume two definite positions, one 
for firing lying down and one for firing sitting down. Broadly 
speaking, this result is achieved, according to this invention, by 
80 arranging the pivoted front legs as to enable them to assume 
either of two predetermined positions, and by eo forming the 
non-pivoted rear leg as to be capable of assuming either of two 
predetermined lengths co nding to the sele tions of 
the front le In a given position of the legs, the mount is ad- 
justed for firing sitting down, whilst in the other it is adjusted 
for firing lying down, the fork-pivot remaining substantially 
vertical fo both positions, thus enabling theoretical sweeping fire 
in either one of these positiona. The step-bearing A of the mount 
carries a machine-gun B of the Hotchkiss or other type ; it is 
provided with three legs, a, a!, a%. The front legs a, a! are 
hinged at a®, a4, and carry at their upper ends the heels a’, a6, 
which enter notches a7, a‘ of the step-bearing A, and give the 
mount the determined positions as to height corresponding to the 











different kinds of firing. They bear against the ground by means 
of the skates a", a)”, and carry near the centre fixed sleeves 
a}, a!2, to which the stay a!3 is hinged. The front lege a, a) are 
connected hee gree! by a cross-shaft, formed of two parts screwed 
together, fitted to rotate at the lower end of the step-bearin; 
A. At the ends of the shaft are — a5, a4 for the 
legs. The leg a2 comprises a sliding tube an carrying the 
usual spade a!° and the usual seat ) A eplit ring a!6 fixed on 
the leg a? serves, by means of a screws d handle, to lock the tele- 
scopic tube a!4 in ite two extreme positions, shown in Figs. 1 

2. The tubes a®, alt each carry * stop-sleeve. One of the 
sleeves is provided with a notch, in which a rib, formed on the 
other sleeve, engages, 80 as to determine the position of the two 
tubes a2 and a4 relative to each other, when they occupy the 
position shown in Fig. 1. The fork-pivot C is mounted in the 
stop-bearing a in the usual way. When it is desired to fire lying 
down, the heels a5, a® of the legs a, a! are in the notches 
a’ of the step-bearing A, the sliding tube al4 being completely in- 
serted into leg a® (Fig. 2). The skates a!°, a!5 are fixed on the 
ground, and the gun is then ready for firing. When it is desired 
to fire seated, the heels a, a6 are engaged in the notches a’ of the 
step-bearing A, the sliding tube a4 being drawn out to its full 
extent, and locked in position, as is the seat, the position of 
which has been “. the subsequent operations being the 
same as for firing lying down. (Accepted June 16, 1915.) 





RAILWAYS AND TRAMWAYS. 


1 4. J. W. Cloud, London. Filuid-Pressure 
tus. (2 Figs.) June 12, 1914.—This inven- 
tion relates to fluid-pressure braking apparatus of the kind com- 
g @ triple valve, or the like, adapted to control communica- 
tion between a reservoir, or other source of fluid under pressure, 
and a brake cylinder, and between the latter and the atmosphere, 
in accordance with the variations effected as desired in the pres- 
sure obtaining within a train-pipe or ite equivalent. The nt 
invention has for its object to provide, in connection with the 
rapid admission of air to the brake-cylinder in taking up the 
slack of the brakes, two or more restricted rates of flow after the 
slack has been taken up and the predetermined re reac! 
in the brake-cylinder. According to this invention, the rate of 
flow of air to the brake-cylinder is arranged to be controlled by 
means of a simple form of valve device forming a part of a triple 
valve in in the I 7 leading from the seat of the slide- 
valve of the triple valve to the ting mechanism, this valve 
device being capable of being set in two or more different posi- 
tions, determining through ports therein or elsewhere in the 
triple valve, the desired rates of flow cf air to the brake-cylinder. 
The triple valve 1 is shown as comprising the usual triple-valve 
piston-chamber 2, in which is located the usual triple-valve 
and slide-valve, neither of which are shown, but whi are 
arranged to operate in the usual manner to control the supply of 
fluid under pressure from the source of fluid, such as the auxil 
reservoir, to ~ “omy y--4 — its release — = latter in 
response to variations in train-pipe pressure. In arrange- 
ment shown, a regulating valve 3 is il.ustrated located in a pas- 
sage leading from the seat of the slide-valve to the e or 
pipe connected to the brake-cylinder. The valve 3 compr! a 
movable abutment 4, subject on one side to the pressure existing 
in the brake-cylinder, which is communicated to that side of the 
movable abutment 4 through a passage 5, the opposite side of 
the movable abutment 4 being exposed to spring pressure, the 


Fig.1. 
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movable abutment 4 being thus held in ite raised position when 
the brake-cylinder pressure is less than that of the spring, there- 
by lifting the valve 3 and permitting a free of fluid under 
pressure from the usual port 6 leading from the seat of the slide- 
—e to the ee — + iers to mga ger A 

y-pass passage 8 may pro aroun e valve 3, adapted 
to permit of a restricted flow of fluid from one side of the valve 3 
to the other when the valve is in ite closed position. In the pas- 
sage 6 leading from the seat of the slide-valve of the triple valve 
to the brake-cylinder—that is to say, in the passage 6 leading to 
the passages 5 and 7 and constituting a + around the regu- 
lating valve 3—is a rotatable plug-cock 9. The plug-cock is 
arranged to be manipulated by hand from the outside by means 
of a key adapted to engage with a suitably-formed portion 10 pro- 
jec beyond the lower portion of the triple-valve casing, and 
comprises a tapering-body portion 11 located within a suitable 
sleeve or bushing 12, and normally held in efficient relation there- 
to for the purpose of effecting a fluid-tight joint by means of a 


18 arranged within an annular cap 14 , or r- 
wise secured, in the triple-valve casing. The -body por- 
tion 11 of the plug-cock is shown as provided with a bifurcated 


passage 15, one portion 16 of which is of somewhat greater croses- 
sectional area than the other portion 17, so as to permit of a 
emeneny bei opened around the regulating valve 3 of 

ifferent c: area. Instead of two passages 16 and 17 
of different size,a number of passages may be provided, if de- 
sired, so as to permit of a still greater variation in the size of the 
passage leading around the ting valve 3 to the brake- 
cylinder. Although the regulat: plug-cock 11 may be closed 
entirely, if desired, a a ay gen may be opened at the same 
time as the regulating valve is admitting air rapidly to the brake- 
cylinder in taking up the slack of the brakes without disadvan- 
tage, but the regulating plug-cock determines the rate of flow to 
the brake-cylinder in accordance with the position to which it is 
set after the regulating valve has closed the larger opening to the 
brake-cylinder. (Accepted June 16, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 


21,882/14. H. E. 
Construction. 


Yarrow, Glasgow. Submarine 
{4 Figs.) November 2, 1914.—The pee 


& | relates to submarine vessels, and consists in the device by w 


the structure is divided in an approximately central horizontal 
longitudinal plane into two parte, which are ultimately riveted, 
bolted or otherwise secured together. This arrang t very 
much facilitates the process of construction, since work can be 
carried out simultaneou-ly on each part of the structure, and the 
c 0 
I ———3 











(2/882) 


drawbacks due to want of space for the workmen to in, 
and difficulties due to the limited access to the various parts are 
also obviated thereby. The division need not extend throughout 
the entire length of the vessel, but only at certain sections where 
it is most important to be able to expedite the work of construc- 
eens & oe Se Se ee ae 
plane of division, upper part remov: portion 
may be again divided into two or more sections at OC and D. 
(Accepted June 16, 1915.) 


hed | shown, consisting of proj 





STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


yaeaiis. A. W. Bennis, Bolton. Furnace-Grates. 
(2 ] June 26, 1914.—The present invention relates to im- 
provements in furnace-grates, with the ob: to imcrease the 
effective life of the same. A ding to P invention, 
bars or links in a chain-grate are mutually interconnected inter. 
mediate their ends to one another by means engaging or shroud. 
ing one another on all sides additional to their pivotal intercon- 
nection end to end, so that the b of a link at or near the 
link-rods or pins will not cause the ing down of the link or 
bar, and consequently necessitate immediate repairs. The links 1 
are provided with 7 interengaging parte in the form 
adapted to with on the neighbouring link ti, 

engage recesses 3 on the ne’ k. The 
links have holes at either end, so that they may be threaded on 














link-rods 4 in the usual manner. Any suitable number of studs 
and corresponding depressions can be arranged on the sides of the 
links of the chain-grate as desired, the number being adapted to 
the length between the centres of the pivotal ions,of the links. 
The projections and corresponding dep ons may be dis d 
in the manner shown on the drawings, or, alternatively, all the 
projections may be at one side and the depressions on the other. 

e arrang it of the t invention can be directly adapted 
to the general forms or disposition of links in use on chain-grates. 
It will be seen that the present invention has the advantage that 
the chain-grate may run under load for a considerable time, even 
though it may have among its component parts several broken 
links, as the links are prevented from falling away from the main 
chain and causing a jam through meeting with some projections 





or roller. (Accepted June 30, 1915.) 
TEXTILE .MACHINERY. 
18,570/14. Eadie Brothers and Co., Limited, and 
T. Powrie, Paisley. Self-Contained Spindles. 


(6 Figs.) 12, 1914.—This invention of improvements in 
connection with self-contained spindles such as are employed in 
spinning and like machines relates to means for holding and 
moving the retaining or holding-down hooks used with self-con- 
tained spindles in order to prevent the spindles from being acci- 
dentally removed from the bolsters or other parts in which they 
are mounted. According to this invention, a flapper or plate is 
shaped to surround a convenient part of the bolster-carrier or 
other part of aself-contained spindle on which it is to be mounted, 
and is secured in position thereon while remaining free to be 
turned up and down thereon by being provided with a screw 
made to enter a hole provided in the bolster-carrier or other part 
to receive it with freedom sufficient to allow the flapper or plate 
to be moved in the manner uisite in use. a is the bolster- 
carrier of a self-contained spindle, and b is the flapper or plate 
applied to it in order to carry and move a retaining or holding- 
down hook. c is the spindle-blade mounted in the bolster-carrier 
a, and d is the warve mounted on the spindle-blade c. The 


Fig.1 





) 
bolster-carrier a is provided in the part to be surrounded by the 
r b with a projection ¢, and the flapper b is 


correspondin 4 gular in part, so 
rectangular part 2 @ the bonlancnntter 
f ng 





a will prevent 
: Tat — rear . 
opening f in the per b is made so muc! 

part ¢ that the flapper ) may be 


retaining-hook 
screw- 


i that the movements of the flapper b requisite in use are per- 
mitted, while the bolster-carrier a@ and screw A together limit the 
movements permitted to the flapper b. The b is shaped so 
as ordinarily to be at rest by its weight with hook mounted 
in it over warve d or other part of the spindle over 


which it is required to project: (4ccepted June 30, 1915.) 
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THE ACTION OF A UNIFORMLY 
DISTRIBUTED LOAD. 


By B. C. Laws, B.Sc., A.R.C. Sc., Assoc. 
M. Inst. C.E., M I.N.A. 


Tus problem arises in the design of, amongst 


others, such structures as floating-docks, ships, | 


caissons, and dock-gates, where the material is or . 


may be exposed to hydrostatic pressure. In prae- 
tice we generally find that the plating forming the 
individual parts of the: exposed structure is of a 
rectangular shape, or may, for the purpose of 
investigation, be divided up into portions of rectan- 
age! shape, usually fixed or held by riveting along 
its edges. 

It ios not been found possible to determine by 
any process of rigorous mathematics the actual 
distribution of stress in the material, nor has 
experimental research enlightened us much. 

c calculations it is customary to base our argu- 
ments on the assumption of Young’s modulus E, 
This assumption may be taken as being substan- 
tially true for plates in which the ratio of breadth 
to length is numerically small, the plates being held 
at the ends and free at the sides, in which case the 
problem may be reduced to that of an elementary 
beam or strip of plate, in which the filaments of the 
material are assumed to be free to expand or con- 
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Fig.1. 
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tract laterally, and such that if p be the longitu- 
dinal radius of cuivature, the transverse radius of 


curvature is o . p, where 4 denotes Poisson’s ratio. 


In practical construction this condition may be 
said to be only approximately realised, and the 
more the ratio of transverse to longitudinal dimen- 
sion is increased the less is it.realised, until ulti- 
mately the lateral freedom of action of the filaments 
is destroyed ; the beam (plate) then remains practi: 
cally flat in the transverse direction, and the lateral 
strain becomes nil. The modulus of elasticity will 
undergo a change from E and may for convenience 
be designated the ‘‘ apparent” modulus, and de- 
noted by Ea. The value of Ea under various con- 
ditions is considered as follows :— 

Consider the elementary block O contained within 
the plate a b cd, under the action of forces which 
cause the plate to stretch without bending, and 
such that p, p,, poande, e, ¢, are the principal 
stresses and strains on the block, as shown in Fig. 1. 


Then :— 
Eic=p- Mth, Bap -2*%; and 
Cc 
E. ¢ = p.- 2th. 
Cc 
Suppose p,=0, then p and p,, the tensile stresses 


due to the pull on the plate, are given by :— 
E.c=p- \; Be =p,-?;E.eg= -P tM, 
¢ Cc ¢ 
e+e 


(a+£); 
¢ 
o-1 


Again, suppose the plate were supported—with- 
out being fixed—at its edges and loaded in such a 
manner that its principal curvatures coincide in 
direction with p and p,. If p and p, denote the 
corresponding radii of curvature at 0 (say), and jp, 
the normal strain, then :— 


E 


and therefore :— 


_ E.g/ a 
Pp fa 4(¢tt)im= 





E. o 
oe 





aQ=- 


_ é —— 
o 3p,° 27 


E + at+n 
o , 
where ¢ = thickness of the plate, and qs Vis Yo are 


3 E. ” 5 and 


¢ =¢ 
2p e 
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ELASTICITY OF THIN PLATES UNDER the correspondins principal stresses, and there- between 


ore :-— | 
= Sienlst 1 ); = Ff“ (24 dq ); 
=~ 3 (e?-1) .” iN = 3 (et-1) A 26 Cp ‘| 
1 1 
=0: -... Spain 
d2=Y3 Me 2(e — 1) 


Now if abed represent a plate fixed all round | 

its edges, and subject to a uniformly distributed | 

load, the case would assume a combination of the 

ar om, my of ‘simple stretching” and ‘‘simp): 
nding,” and we have :— 

Principal stress across the plate | 


E.o ¢ tj) 1 
= = : -+ \ 
ers o—1 {(e+ +) +3 sah 
Principal stress along the plate 
a _EK.oe e tj1 1 
=mtn= 5-9 {(ate)+5(—+ " )}. | 


By the aid of these formule we will analyse the | 
modulus of elasticity in specific cases :— 
(1) A narrow beam fixed at ends and free laterally : 
¢ | 


e+ s,) | 


q=- 
¢ 
and 


p+a=E( 


i.e., modulus of elasticity = E. 


B/L, very small, and B/L = unity, 


and between 


B/L= unity, and B,L, very large, 
we are unable to determine theoretically the value 
of the ‘‘ apparent” modulus of elasticity (Eq). 

We may reasonably assume that thero is a 
continuous and uniform variation in the value of 
Ea from E. -* to s. A“ and vice versa ; and if we 
i Gm 
start with this assumption, we are able to obtain a 
general formula giving the value of Eg for all con- 
ditions of linear dimensions of the plate as follows, 
remembering that this value will be the same for 4 
plate in which B/L = n (say) as when L/B = n. 

Hence, taking Eq to vary along a straight line 
ab (Fig. 2) between the points representing 
B/L = 0 and B/L = 1, the curve of variation of 
Ea for values of B/L > 1 « drawn as shown 
by bce in the same figure. e curve is tangential 
at infinity to the line ad, drawn varallel to the 


i. o? 


base line, and distant from it R 
oe 


21° 
The equation to ab is given by 
E. = E.c(o+n)_E.o (o +n). 
1 o-1 


The equation to bce is given by 
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Scale of n. 
(2) Beam fixed at ends only, and so wide that | E, = E-o(m.¢ +1) 2 Bef (e+2) 
lateral strain is prevented :— : n (o#-1) o—1 n 
==S and p+ 9= oq (e+ 2) — . = 8-¢ {o + (nor x) 
E.o? om: = 


t.€., modulus of elasticity = 


o-1 
(3) Beam fixed all round the border, and breadth 
= length (square plate) :— 
(e+9,), 


o 
- l - 
(4) Beam fixed all round the border, and breadth 
= 0, 


o 


1 


6 =¢, and p += © 5 


ies, modulus of elasticity == E 


much > length, so that we may consider 


(2) above, and 
- E. 0? 
Modulus of elasticity = (5 —}- 


(5) Beam fixed all round the border, and breadth 
very small compared to length. This case is tanta- 
mount to(4) above, but we now take the formula :— 


(a+), 


Modulus of elasticity = 5 < 
Summarising the above, we have, if B and L 
denote the breadth and length respectively of the 
plate :— 
(a) For a beam (plate) fixed at the ends only, 
the ‘‘apparent” modulus of elasticity increases 


-o 
from E when B/L is very small to — j When 


B/L is very large. 
(6) For a beam (plate) fixed all round the edges, 
the ‘‘apparent” modulus of elasticity increases 


from ©: when B/L is very small to ©? 


o-1 o-—l 
when B/L is unity, and diminishes again to = _°” 


o-1 
when B/L becomes very large. 
In the present case we are only concerned with 


EK. o 
Ara" Bot 


t 
q + 2p, 
or, 





(6), but for cases intermediate to those cited 
therein —viz. :— 


p 
and e, = 0, this case in the limit is tantamount to | of 


| sccceding as nis < or > unity, where n = B/L is 


| 


| ARCHITECTS. 


the surface linear dimension ratio of the plate. 





THE JAPANESE SOCIETY OF NAVAL 


Srnce our last report (July 24, 1914) of the 


| proceedings of this energetic body, two interesting 
| general meetings of its members have been held, 


besides several smaller meetings convoked for the 
of discussion of some special subject. One 
e general meetings took last November, 


the other in May of the mt year. In 

the language difficulty is responsible for delay in 
| Bresentiong the earlier papers to our ere, 
although in the case of one of the pai Dr 


| Yokota’s, Tokio Imperial University—the author 
‘himself solved this difficulty by publishing his 
| communication in English. 

The subjects and authors of the papers dealt with 
last November are as follow :— 

**Steel Castings as Material for Shipbuilding,” by 


Mr. B. Nagamatsu. 
‘** Actual Examples of Cracks on a Stern-Frame and 


Rudder Casting,” by Mr. M. Hara. 
* On the Sti of Ropes used on Board Ships,” by 
Mr. K. Minato. ~ 


**General Expression for Stress Components in the Two- 
Dimensional Problem of Elasticity,” by Prof. 8. Yokota. 
**Some Trial Results of Marine Diesel Engines,” by 


Mr. O. Takakishi. 
**On the Microscopic Investigation of Iron and Steel 
for Ship and Engine Building, ” by Dr. M. Tsutsumi. 


ing Applications of Liquid Oxygen,” by 


Messrs. R. Royer and I. Saba. 
Sree, CastTines ror SHIPBUILDING. 


Mr. Nagamateu’s paper relates to the numerous 
difficulties in obtaining sound steel castings for 
stern-poste, rudder, and other important parte of 
ship structure; dealing, on the one hand, with 
methods of minimising these difficulties, and, on 
the other, with modes of conducting tests so as best 
to ascertain defects, and that with the expendi- 





ture of as little work as possible. To these ends he 
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Fig. 29; while in February, 1914, it was found 
advisable to add a web on both sides, as sh i 
Figs. 37 to 39. These and other defects had the 
following pathological history :— 

The A A’ cracks remained the same for two years, B B’ 


increased 1}in. in three months ; then no c 
creased 28 in. in sixteen months. D was thought serious 


END VIEW OF 
STARBOARD SIDE. 
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tained) showed a negligible quantity. Mr. Hara 
and others considered this stranding could have 
had little influence on the defects discovered, 
which must be traced rather to faulty design. The 
cracks C in the lower part of the rudder-stock, 
A A’ in the bottom. gudgeon, and D in the arch of 
the casting, shown n Fig. 29, were considered dan- 
gerous; a new rudder 
was therefore obtained 
from England, and a 
newarch piece from Mur- 
oran. Mr. Hara took the 
opportunity offered to 
make full investigation 
into the nature and ex- 
tent of the cracks in the 











castings removed, by 














discouragement of the use of steel ings for such 
structures. He wonders whether the rolled-steel 

lates, adopted in the Blue Funnel steamers some 

teen years ago, and described in Mr. Wortley’s 
Institute of Naval Architects’ paper in 1900, might 
not be expected to give better results in the arch- 
piece of the stern structure. Further, he is an 
advocate for the use of the single-plate rudder in 
place of the cast-steel rudder, and gives as examples 
of his preference such forms as those recently 
fitted in the Imperator and the Ceramic. 


Tue Srrenotu or Roprsgs. 


Mr. Minato’s paper on the strength of ro 
contains. some interesting information regarding 
materials still used rather largely throughout Japan, 
and economically valuable on account of their low 
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Fic. 40. Srrucrure or a Screw-Suarr witH 
Excess or Carson. 


uire a patch ; later it was s 
t has not increased since. 
onths. G, 2 ft. 4in. in length, was discovered 
3 1¢ caused considerable 


reased 2 in. in length during 5} months | the stern, galvanic action of the propeller-blades, 


mining the plate there 
trouble with the tap dean. 


In 1912 the Shin 


fur 00 adieu yo Maru stranded at Woosung |In further investigations, Mr. 


on a sandy bottom ; there was no 


, d, and calculation of stress due to | 
overhang of stern (so far as this could be ascer- 
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Cracks In STERN-FRAME AND Rupper or 8.8 ‘Suinyo 





Fic, 41. Deap Mitp Sree. rrom a FRactTURED 


Borer-PLate. 


trengthened by drilling holes at doubtful places. Cracks hidden 
E increased 1 in. 


} in. to 1 in. below the surface were thus revealed, 
undetected by surface examination ; these were so 
placed and of such nature that vibration of 


\shock during riveting, navigation stresses, &c., 
| would widen them and expose them on the surface. 
Hara es some 
comparisons between Lloyd’s requirements as to 
| scantlings and the actual sectional areas provided 


| in the castings of the Shinyo Maru, and expresses | 








Marv.’ 
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Fie, 42. Deap Miip Steet rrom a Screw- 
Suart. 


rice. These materials include cotton, rattan, palm- 
bre, fibre taken from beneath the pine bark, and 
some varieties of vine. Compared with manilla and 
hemp ropes, as tested by the author, these materials 
give the following tensile strength in pounds per 
square inch :— 


Manilla 7833 Palm fibre ... 2144 
Hemp 7477 Pine fibre 1853 
Cotton 5758 Vines... 1072 to 
Rattan 1228 4262 





Of bamboo fibre, and its uses for rope, Mr. Minato 
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has little tosay. Although still largely employed in 
China, and quite a feature amid the Chinese ship- 
ping at Shanghai and elsewhere, the bamboo fibre 
is, to-day at least, practically not used in Japan. 


Tue Microscopic INVESTIGATION OF IRON AND 
STEEL. 


Dr. Tsutsumi holds the position of Chief Engi- 
neer Surveyor to the Marine Bureau of the Teish- 
insho (Department of Communications). In his 
paper, after dealing with the general principles 
of the metallography of iron and steel, he gives 
many examples of defective materials used for 
engines and boilers, which failed either in the 
course of construction or while in service. To 
excess of slag and to overheating the failures are, 
for the most part, traced, the overheating resulting 
in ghost-lines, épines, Neumann’s lines, and segre- 
gation of cementite. Dead mild steel, of which 
there is a large quantity in Japanese markets, 
difficult to trace to its source of manufacture, comes 
in for a good deal of the author's attention ; 
several instances of its failure are recorded, and 
the material is banned as untrustworthy, and par- 
ticularly wanting in tensile strength; excess of 
slag is a feature frequently to be noted in its struc- 
ture. 

Selecting a few of his most conspicuous ex- 
amples, we reproduce, in Figs. 40 to 43, three of 
Dr. Tsutsumi’s micrographs. Fig. 40 shows the 
structure of a screw-shaft with an excess of car- 
bon. Its chemical analysis gives C 0.44, Si 0.036, 
Mn 0.51, 8 0.06, P 0.01. In the figure the magni- 
fication is 225 diameters; the surface is etched 
with picric acid and caustic soda, and the segrega- 
tion of cementite (appearing dark), due to over- 
annealing, is clearly marked. Fig. 41 is a sample 
of dead mild steel, magnification 75 diameters, from 
a boiler-plate (4 in. thick) which, after eight years’ 
service on a small steamer, fractured its whole length 
of 5 ft. under an hydraulic test of 145 lb. per square 
inch, giving, by calculation, a tensile strength of 
7 tons per square inch. Etched with nitric acid, no 
pearlite is visible ; épines, a kind of internal flaw, 
are very prominent. 

Fig. 42 is another sample (magnification, 75 dia- 
meters) of dead mild steel from a screw-shaft. The 
material was originally taken out of a wrecked 
steamer, and after being turned down from 9 in. 
in diameter to 7 in., was fitted in a smail wooden 
vessel, in which it did service for over three years, 
finally fracturing at the fore end of the fore brass 
sleeve. Analysis gave C 0.06, Si 0.025, Mn 0.41, 
S$ 0.025, P 0.053. The black parallel lines here 
apparent (A and B) are what are known as 
Neumann’s lines. Summarising his paper, Dr. 
Tsutsumi holds that many structural defects may 
be avoided by better heat treatment. Better design 
and better workmanship might, he thinks, obviate 
some of the failures traceable to fatigue. He holds 
that the engineer who wishes to be a master of his 
profession should make good use of modern micro- 
scopic methods of investigation. 


Tae Two-Dimensionat Prosiem or Ecasticiry. 


It is impossible to give here any useful summary 
of Professor Yokota’s paper dealing with the 
mathematical theory of elasticity, but we hope, at 
some later date, to be able to publish at least a long 
abstract of it. 





Japan’s Foreign TraDE AND THE Wakr.—Official 
Japanese statistics dealing with the first four months of 
the present year show the marked influence of the War 


upon Japan’s imports from Europe. For comparison’s 
sake the figures are appended for the first four months of 
1913 and 1914 :— 


1913. 1914, 1915. 

Yen Yen Yen 
Great Britain 42,366,144 36,984,379 18,375,673 
Germany 20,417,119 20,486,348 3,267,803 
Sweden 1,325,671 1,939,138 2,664,599 
France 2,040,191 1,693,123 1,197,879 
Belgium 2,730,844 2,692,927 114,514 





Conrracts.—Messrs. Wm. Johnson and Sons (Leeds), 
Limited, state that they have received an order for eight 
tube-mills of the largest size for the New Modder G.M. 
Co., Johannesburg. The mills are 20 ft. 6 in. long by 6 ft. 
in diameter, and are of the “combined” type—z.e., ball 
and tube-mill in combination.—The Lima Locomotive 
Corporation, Lima, Ohio, U.S.A., whose London agency 
is in the hands of Mr. James Halcrow, 18, Coleman- 
street, have lately received orders for fifty-four large 
locomotives, amongst which were fifteen Mallet-type 
locomotives for the Western Maryland Railway, twenty- 
five consolidated-type for Pennsylvania Li est, and 


THE BRITISH ASSOCIATION. 


In spite of all difficulties the meeting of the 
British Association, which is being held this week 
at Manchester, promises well. Though the some- 
what scanty display of notices directing members 
to the reception and section-rooms indicates, per- 
haps, that crowds are not expected, more than 
1100 members of all classes had been enrolled by 
Tuesday afternoon, and the reception-room had 
— its familiar, busy aspect. The hand-book of 
e Manchester meeting of 1887 was the smallest 
issued in modern years. This year a small book 
had once more been planned, because so many 
recent hand-books had been inconveniently bulky. 
But it seemed a pity to reject the interestin 
contributions on the history of Manchester a 
Salford, on the university, art galleries, museum, 
libraries, schools, on social features, the Literary 
and Philosophical Society, various institutions, the 
Bridgwater Canal and the Ship Canal, and, as a 
consequence, the book, which is edited by Mr. 
H. M. McKechnie, has run into 150 pages, together 
with its appendix on the local programme and list 
of works open to members. 
The provisional programme, issued on Tuesday, 
is, as we expected, longer than the preliminary 
programme which we epitomised last week. Some 
of the Sections will not meet on Saturday, and 
will therefore hold afternoon as well as morning 
sessions, which some of the other Sections will do 
likewise. Afternoon meetings are not, as a rule, 
well attended, however, and the arrangement will 
interfere with the visits to works, especially as 
most of the works will only be open on one or two 
days at a specified hour. But the programme 
could not otherwise be disposed of. In Section B, 
Chemistry, Professor W. A. Bone will take the 
eg chair in the place of Professor H. B. 
aker, who is at the Front. 


Tue InaveursaL MEETING. 


The inaugural meeting was held in the Free 
Trade Hall on Tuesday evening, when last year’s 
President, Professor Bateson, retired in favour of 
Dr. Arthur Schuster, D.Sc., Sec. R.S., late Pro- 
fessor of Physics at Victoria University. Professor 
Schuster enjoys a high reputation in scientific 
circles as a sound mathematica physicist, though 
he is not so well known to the general public. He 
has had a signal share in the solution and explora- 
tion of many modern problems, and his students 
at Victoria College lost a very able teacher when 
he retired some years ago. His election to the 
secretaryship of the Royal Society was a recogni- 
tion of the compass and breadth of his learning, and 
a survey of the state of physical science from his pen 
would have been most welcome. But he selected a 
different theme for his presidential address—‘‘ The 
Common Aims of Science and Humanity ’—and 
with this address we have dealt on another page of 
the present issue, so that we only wish to refer 
here to some interesting incidental remarks con- 
cerning the early history of the British Association. 

The founders of the Association, Dr. Schuster 
stated, primarily considered the interests of scien- 
tific men; their outlook was restricted. In the 
words of David Brewster, who gave the first 
impulse to its formation, it was to be an 
** Association of our nobility, clergy, gentry, and 
philosophers.”” The meetings were to promote 
personal intercourse, to organise researches, to 


advocate reform of laws hindering research, and to | ¢, 


improve the status of scientific men. Membership 
was to be confined to men already belonging to 
some learned society. William Whewell even 
wished not to admit any but authors of papers 
published by some such society, in order ‘‘to 
avoid the crowd of lay members whose names 
stand on the list of the Royal Society,” but the 
Council was to have power ‘‘ to dispense with this 
restriction." Nominally, this rule was indeed 
adopted, and remained in force till 1906, when the 
restriction was removed. On the other hand, 
Whewell objected to a discussion, by the Oxford 
meeting of 1832, of the Poor Law, because ‘‘ he 
would not allow an ambulatory body, composed 
partly of men of reputation and partly of a mis- 
cellaneous crowd, to go round year by year, from 
town to town, and at each place to discuss the 
most inflammatory and agitating questions of the 
day.” Fortunately, this narrow-minded view did 
not prevail. Bab . Whewell’s mathematical 
colleague at Cambridge, in fact, trusted that, 





eight Mikado-type for Denver and Salt Lake Railway. 


ings, attention should be paid to the object of 
bringing theoretical science in contact with 
the practical knowledge on which the health of the 
country depended. e most successful meetings, 
Dr. Schuster said, had been held in manufacturing 
centres. The Association had done much for 
science and its organisation. Nevertheless, the 
efforts had been spasmodic, and the Council were 
now considering proposals for securing, not only a 
greater —s in their work, but also a better 
co-ordination with that of other scientific organisa- 
tions at the present juncture. 

In introducing Dr. Schuster, Professor Bateson 
stated that the decision to hold the present meet- 
ing had come from Manchester, and he fittingly 
referred to the Australian meeting, which had 
been held under his presidency. On taking the 
chair Dr. Schuster’s first act was to submit a loyal 
telegram to be sent to the King. The vote of 
thanks was proposed by the Lord Mayor of Man- 
chester, who welcomed the Association in brief, 
appropriate words, and emphasised the desire of 
anchester that the meeting should be held in 
that city this year. The vote was seconded by 
Professor Bonney, one of Dr. Schuster’s teachers 
when he studied at Cambridge. The address, 
which the President then proceeded to deliver, was 
very well received. 


SECTION 6.—ENGINEERING. 


The Engineering Section of the British Associa- 
tion held their meeting in one of the lecture-rooms 
of the Engineering Department of Manchester 
University, under the presidency of Dr. H. S. 
Hele-Shaw, F.R.S., whose address appears in 
another part of this issue. A vote of thanks for 
the address was moved by Professor W. C. Unwin, 
F.R.S., who observed that the President had 
had experience of many kinds of work in many 
lands, the results of which were embodied in the 
address just read. This covered many subjects, 
some of which bristled with difficulties, and were 
no doubt open to discussion ; though he did not 
himself intend to discuss the weighty and important 
views put forward. The speaker presumed that he 
had been selected to move this vote as being the 
only one left who had also been present when his 
old chief, Fairbairn, was President of the Section in 
1857. In connection with the educational questions 
touched on by Dr. Hele-Shaw, he wished to say 
that within his experience some progress had cer- 
tainly been made. It was now exceptional for a 
young man to find, on applying for work, that a 
college training was a positive disadvantage, and it 
was now fairly commonly recognised that in addi- 
tion to the practical knowledge acquired in works, 
factory, and office, an engineer ought to have a 
good technical training. There was, he thought, 
a difference in the way in which technical educa- 
tion had originated in Britain and in Germany. 
Here we had given special attention to the 
education of what, without prejudice, he might 
be permitted to call the lower classes, and, on 
the whole, he thought that the training of these 
was even better than it was in Germany. In the 
latter country technical education had begun at the 
top. Some of the very best scientific teachers were 
entrusted with the task of organising the education 
of engineers. Some mistakes were made at the 
outset, the training being at first far too mathe- 
matical, but this had since been corrected. Speaking 
generally, the organisation of technical education in 
ermany had proceeded from above downwards, 
rather than from the bottom up. In this country 
we were still suffering from the enormous prestige 
of the old “‘ fortified ” classical tradition, and he 
could remember the time when the technical pro- 
fessors within a university were looked down upon 
by their colleagues. : 

In acknowledging the vote, Dr. Hele-Shaw said 
that he appreciated it the more in that it had been 
proposed by Professor Unwin, at whose feet he had, 
metaphorically king, sat in days gone by, and 
to whom he owed much. 


Gas-ENnGINE Erricrency. 


Professor J. E. Petavel, F.R.S., then gave an 
abstract of a paper by Professor G. Asakawa and 
himself, entitled ‘‘ Experimental Investigations of 
the Thermal Efficiency of a Gas-Engine.” This 
paper we shall publish in full at an early date. It 
describes a research made to determine the differ- 
ence between the indicated work of a gas-engine 
and the work theoretically done. It has been known 
for some time that this difference is not large. 








in the selection of the places for the meet- 
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As a consequence, the indicator is hardly sufii- 
ciently accurate for the establishment of a satisfac- 
tory balance-sheet. The method adopted by the 
authors of the paper was, accordingly, to measure 
separately the brake horse-power and every indivi- 
dual item in the mechanical resistances of the engine 
over a series of different loads. From the results 
thus laboriously obtained mean indicator diagrams 
were prepared and compared with the theoretical 
mean indicator diagram. In drawing this theo- 
retical diagram, Langen’s values for the specific heat 
of the engine gases were adop' e general 
result of the research is to show that the indicated 
efficiency of the gas-engine is about 88 per cent. 
of the theoretical, and that this value is maintained 
over a wide range of compression ratios and mix- 
ture strengths ; although with very weak mixtures 
there is a falling off. ; 

In opening the discussion, Professor E. G. Coker 
said that he had not had an opportunity of reading 
the paper previous to the meeting, and was thus 
somewhat at a disadvantage. He was, however, 
very much impressed with the originality of the 
method adopted, the authors having ventured to 
abandon the indicator, an instrument to which 
all other workers had stuck very closely. He asked 
the authors if they had measured the temperatures 
within the cylinder, and further, whether there 
would have been any material difference in their 
conclusions had they adopted the values of the 
specific heat of engine gases recommended by the 
British Association Committee on Gaseous Explo- 
sions in place of Langen’s. 

Professor W. M. Thornton took exception to the 
term ‘‘ ideal” efficiency, since he was of opinion 
that the specific heats of the gases taking part in 
an explosion was materially different to the specific 
heat which would be recorded if the combustion 
was effected slowly. 

In reply, Professor Petavel said that Langen’s 
values for the specific heat were, perhaps by a 
happy accident, in excellent agreement with the 
mean of the values put forward by different mem- 
bers of the Committee on Gaseous Explosions. It 
was considered advisable to use Langen’s values, 
because they permitted of the adjustment of the 
specific heats in accordance with the mixture 
strength. The Explosions Committee had only 
investigated thoroughly the specific heat of one 

rticular mixture, and the agreement with 

angen’s values was, in this case, satisfactory. 
In reply to Professor Thornton, he said that the 
cylinder temperatures were calculated from the 
known calorific value of the mixture by integrating 
Langen’s expression for the specific heat. 


AppaRENT Speciric Heats. 


Professor W. M. Thornton next read a short 
abstract of a note he had prepared on ‘‘ The Appa- 
rent Specific Heats in Gaseous Explosions.” In 
this he contended that the act of combination of 
the atoms led to a temporary departure from the 
normal condition in which the total energy of a gas 
was distributed equally amongst all its degrees of 
freedom. In the case of a gas consisting of diatomic 
molecules there are, in fact, five such degrees of 
freedom, since the actual motion of translation of 
a molecule may be resolved into three components, 
and at the same time the molecule may rotate in 
two ways. In the normal state the whole energy 
of the molecule is on the average partitioned equally 
amongst all five degrees of freedom. Professor 
Thornton put forward the view that in the act of 
combination there must be a conversion of the 
“‘translatory” energy of. the colliding atoms into 
“rotatory” energy of the resulting compound 
molecule. If the two atoms move along the 
straight line joining their centres, then on colli- 
sion there will be no torque about their common 
centre of gravity even if they adhere together. 
Apart from this one case, however, the effect of 
the collision will be to generate a spin if the 
atoms adhere together as the result of the colli- 
sion. Since translatory energy alone is registered 
as temperature or pressure, this conversion of 
translatory energy into spin energy, giving rise to 
& temporary excess of the latter, accounts, in Pro- 
fessor Thornton’s view, for the defect of tempera- 
ture commonly observed in gaseous explosions, 
and also for the exceptional radiating power of 
atoms when in the act of combination. 


Faticug Tests. 
\t a meeting held in the afternoon at the offices 


C. E. Stromeyer exhibited ‘‘ A Machine for Deter- 
mining Fatigue Limits Calorimetrically.” In de- 
scribing this machine, Mr. Stromeyer made ing 
reference to the fact that the Manchester Steam- 
Users’ Association was founded by Fairbairn sixt 
years ago, and it might fairly claim, he said, the 
credit for the fact that the proportion of boiler 
explosions was smaller in this country than in any 

er. During their whole sixty years’ experience 
only two boilers insured by the Association had 
exploded, the accident being due in each case to the 
sticking of the safety-valve, a matter over which 
they had naturally no control. There had, of 
course, been many minor accidents, but their 
experience had been that their total losses were 
covered by a premium of 6d. per 10001. per annum. 

In times past, the speaker proceeded, he had 
carried out many experiments on fatigue, and with 
his new machine such tests could be made simul- 
taneously with alternating direct stresses, with 
alternating bending, and with alternating torsion, 
and very consistent results were obtained. The 
machine consisted essentially of three short shafts, 

nearly coaxial with one another, but each 

driven independently by a chain and sprocket.wheel. 
Each shaft was mounted on a horizontal slide and 
carried two steel discs, each about 18 in. in dia- 
meter. By attaching weights to these dises, 
centrifugal forces were provided as the shafts 
rotated, which tended to make each shaft vibrate 
backwards and forwards along its guide-path. This 
tendency was resisted by connecting each slide by 
a rod to a specimen to be tested. It was well 
known that when a metal was stretched within the 
elastic limit it was cooled, whilst when compressed 
it was heated. Hence, on the whole, a bar sub- 
jected to equal alternating stresses was neither 
heated nor cooled. Once, however, the stress ex- 
ceeded the elastic limit there was a devclopment of 
heat, and this was the basis of his method of deter- 
mining fatigue limits. The specimens were, in fact, 
provided with a rubber jacket, through which a 
flow of water was maintained. ong as the 
elastic limit was not exceeded, the temperature of 
the water was not changed by its passage through 
the jacket ; but there was a distinct rise of tem- 
rature when the elastic limits were exceeded. 

e limits thus determined calorimetrically agreed, 
the speaker said, remarkably well with those 
obtained by the older methods, but the tests 
required only a couple of hours or so to execute 
instead of many months. So far he had obtained 
results for twenty-seven different qualities of steel, 
but as yet he had not found it possible to establish 
any very definite connection between the fatigue 
limits and the chemical constitution of these steels. 

In concluding, Mr. Stromeyer called attention to 
his strain-indicators, also on view. These, he said, 
had been used by the Admiralty in tests on the 
Wolf, made to determine what was the degree of 
agreement between the strains as calculated on 
their standard assumptions and the actual strains. 
By the aid of some twenty of his indicators the 
latter had measured both with the boat in dry 
dock and at sea, and the agreement with the 
calculations was, the speaker said, reasonably 
satisfactory. 

Professor Unwin, called on by the President, 
said that, as Fairbairn’s assistant, he had, he 
believed, to do with the very earliest experiments 
on fatigue ever made. He had followed the subject 
ever since with great interest, and he thought the 
machine described by Mr. Stromeyer likely to 
prove invaluable, since it provided a method of 
determining fatigue limits of so practical a nature 
that it could be used by practising engineers. 


(To be continued.) 





Purge Basic Opgn-HeartH Inon.—The American 
Rolling-Mill Company, of Middletown, Ohio, claims a 
purity of 99.84 per cent. for its ‘‘ Armco” ingot iron, 
which it therefore recommends for electrical pares, 
and, further, owing to comparative freedom from liability 
to rusting, for anchor-rods, ropes, transmi:sion-towers, 
&c. According to the Electrical World of nn bony the 
impurities of this iron are :—0.1 per cent. of carbon, 0.03 
of co) , 0.02 of manganese and of sulphur, and traces 
of silicon and phosphorus. The iron is kept at a tem- 
perature of 3000 deg. Cent. for twelve hours to expel 
gases, and o- — in the _ with —— 
the ingots being finally rigorous apes. © pure 
iron is claimed to be distinguished b a high electric con- 
ductivity and high magnetic permeability ; it is also said 
to weld very well and to remarkable rust-resisting 





of the Manchester Steam-Usere’ Association, Mr. es 


because the rust adheres firmly, and pitting 
not be feared. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 24. 
Tue principal developments in the American steel 
industry during the past week have been a further 


Y | hardening = and greater inquiries for 1916 


delivery. is towards higher 
prices ; in fact, an advance on new business was 
the feature of the week. Export orders continue large, 
especially from Russia. The latest order is for 65, 
tons of Seema rails, Italy has just closed for 35,000 
tons of billets. France will close as soon as pos- 
sible for 100,000 tons of heavy steel rounds. Domestic 
mills on munition-making are large buyers of steel. It 
is difficult to “oP track of all inquiries and of all 
orders placed. The actual business done is in excess 
of current announcements. Several blast-furnaces 
are under construction or remodelling, and their pro- 
spective production is already under contract. 
aturally, pig-iron is advancing. Basic pig is espe- 
cially active. Foundry and low phosphorus are higher, 
and will advance 1 dol. by the time pending inquiries 
are bay ee orders, _ ern +o in- 
terests hear o tive orders, some for export. 
The United States heal Oespenstion is now operating 
to 94 per cent. ingot capacity, besides buying freely 
from other sources. Future delivery dates are being 
extended. A 1916 delivery buying movement is 
threatened still more than was the case last week. 
Structural mills are working to 86 per cent. capacity. 
Plates are active, and are moving to higher lev 
More oil-tankers have been contracted for, and it 
is known that shipbuilding is being crowded for 
more distant deliveries. As to new developments 
— can be said; surprises are rope The 
vancing prices are preparing the way for resumption 
of much fa je ca ity pore g when the great Trasts 
were formed. Bhi pacing bapeenpen are engaging the 
earnest attention of more one group of capitalists 
It is ised that a vast amount of coastwise and 
ocean craft will be needed during the next few years. 
Existing facilities will be inadequate. Broad plans are 
being laid for future possibilities. Railroad buying has 
been quiet for the week as to rails and cars. Inter- 
state commerce rulings are regarded by railroad 
interests as unfairly severe, and some drastic modifi- 
cation of existing legislation will be undertaken at the 
next session 0 ngress. The dye industry is 
developing, in spite of prospective post-war competi- 
tion, in the belief that public sentiment will favour 
duties that will conserve its continual existence. 





British Coat Ovrput.—The output of coal in the 
United Kingdom last year was 265,664,393 tons, showing 
a decrease of 21,766,000 tons as compared with the pro- 
duction of 1913. The output in Scotland accounted for 
3,609,154 tons of this decrease; that in the Northern 
district for 6,291,149 tons; in the York and North Mid- 
land district for 6,140,697 tons; in Lancashi North 
Wales, and Ireland for 1,920,959 tons; in South Wales 
for 2,950,565 tons; and in the Midland and Southern 
districts for 853,656 tons. Labour troubles, the war, and 
recent legislation probably all influenced to last year’s 
somewhat disheartening figures. In one respect last 
year’s British coal mini showed, however, an im- 
portant improvement, the death rate of the underground 
workers employed. nares Se to 1.19 per 1000, as 
compared with 1.74 per 1000 in 1913. The death rate of 
the surface workers was also reduced last year to 0.61 per 
1000 employed, as compared with 0.79 per 1000 in 1913. 


Enemy Supsecrs 1n AusTRALIa.—At a recent meeting 
of the Commonwealth Federal Executive Council a Pro- 
clamation was issued under the Trading with the Enemy 
Act, by which the following firms were declared to be 
enemy subjects :—Continental we Company ; Austra- 
lian Metal ary ; Steffens, Noelle, Limited, Sydney ; 
Weidemann Co., Limited, Sydney ; August Blumen- 
thal, Limited ; Sydney Stevedoring and Shipping Oom- 
y, Sydney; Polack Tyre and Rubber Company, 
ydney; Norddeutscher Lloyd, soapy Aus- 
tralian Steamship Comey” Sydney hler Bros. and 
Co., Limited, Melbourne ; T. H. Goldschmidt, Limited 
Sydney. In making announcement, the Federal 
Attorney-General stated that in future it would be 
an offence to trade with these firms. A number of 
firms other than these, added Mr. H + prob- 
ably be included, but in order to notify the public we 
are publishing these names so that traders may know 
exactly where stand. There are other firms, of 
course, which were, before the Proclamation, enemy firms. 
They are not in any way affected by their exclusion from 
this list. This is additional.” The above information 
was received through the High Commissioner for Aus- 
tralia. Another note says that the a issioner 
for Australia has received information t a Proclama- 
tion was issued in the Commonwealth, dated July 7, pro- 


hibiting trading with any company w 
are wholly or mainly owned by of enemy 
nationalities, or resident or ing on business in 
enemy country, or which has notified by the 
Attorney - ral in the Oommonwealth Gazette as 
or controlled directly or indirectly by or under 
the influence of, or carried on wholly or mainly for, the 
benefit or on behalf of persons of enemy nationality or 
resident or carrying on business in an enemy country. 
It is intimated that exemptions from the provisions of 








the Proclamation may be granted by licence. 
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TREAD-MILL AT CARISBROOKE CASTLE. 
By H. W. Dickryson. 

NowaDAyYs 80 many convenient types of motors, 
adaptable even in quite out-of-the-way places, are at 
the disposal of the engineer that he is nclined to look 
disdainfully at that oldest of all heat-engines—the 
living animal. Still, to those whose work takes them 
into unsettled lands, a practical knowledge of what 
can be done in the way of applying animal power 
comes in useful at times. One such method is the 
tread-mill, an old device that has been used in both 
the vertical and horizontal forms and for such »ur- 
poses as irrigation, turning a spit, and—perhaps best 

nown of all—as a form of punishment in our prisons 
that was only abolished a few years ago. 

Formerly numbers of tread-mills were to be found, 
but it is doubtful if there now exists in this country 
another besides the one at Carisbrooke Castle, Isle of 
Wight, so well known to visitors to the island, where 
it is still in use for raising water from the deep well 
of the castle. 

This tread-mill, which takes the form of the ancient 
wheel and axle, was constructed, it is believed, in 
A.D. 1588, and, except for minor alterations, is still in 
its original state. he motive power is supplied by 
a donkey, trained to the work when young, walking 
inside the wheel or drum, and raising a bucket ot 
water by a rope coiled on the axle. The general 
arrangement is well shown by Fig. 1, which is a re- 

roduction of a photograph by Mr. Broderick, of 

Ryde, Isle of Wight. The wheel, of which views are 
given in Figs. 2 and 3, is of oak, and is 15 ft. 6 in. 
outside diameter. The felloes are of natural-grown 
timber tongued and ed together. The arms are 
halved on to the felloes, and are tangential to the 
squared axle, where they are — by wedges. 
Intermediate support is given to the felloes by timbers, 
of similar dimensions to the arms and at right angles to 
them, halved and pegged together where they inter- 
sect. The axle is a chestnut balk about 14 in. square, 
hooped at the ends, where are iron gudgeons 2 in. in 
diameter, resting on cast-iron plummer-blocks sup- 

rted by the walls of the well-house. The whole is 
a typical bit of medieval carpentry made when iron 
was & luxury. 

The axle is lagged to 214 in. in diameter in the way 
of the rope. About 1900 more lagging was put on, 
making it the equivalent of 284 in. in diameter, so as 
to wind faster; the mechanical advantage has been 
thus reduced from 7.4 : 1 to 5.7: 1. 

The speed is four turns per minute—i.¢., the donkey 
walks at the rate of 2.08 miles an hour. The well is 
161 ft. deep, and sixteen to twenty turns of the wheel, 
depending on the depth that the water happens to 
stand in the well, are necessary to bring the bucket to 
the surface. 

When the bucket goes down the well, the mill is 
allowed to rotate, controlled by a strap-brake, at 
about twenty turns per minute. This, however, is of 
recent date ; “ey the wheel was braked by a 
piece of wood held against the felloes, which in con- 
sequence show considerable wear. ‘The quantity of 
water lifted was about 13 gallons, but since 1908, when 
the water was coudeumed as unfit for drinkin _ 

, the load has been reduced to 10 gallons. "Ta ing 
into account the weight of the bucket, &c., the horse- 
power developed is not quite 0.2, which is as much as 
a donkey is usually reckoned to be capable of doing. 
There are long periods of rest, so that the work does 
not overtax the animals, as is proved by the length 
of their working life, which in the last instance was 
27 years. The custodian in charge is Mr. T. C. 
MeGrotty, to whom the writer is much indebted for 
assistance in compiling the above data. A model of 
the treadmill may be seen in the Science Museum, 
South Kensington. 





HIGH-PRESSURE PETROLEUM LAMP. 

A HIGH-PRESSURE petroleum lamp suitable for light- 
ing factories, workshops, yards, other large spaces 
is illustrated on the opposite page. The lamp is 
known as the “ Zenda,” and is manufactured by the 
Zenda (High-Pressure) Petroleum Lamp Com y> of 
29, Hubbard-street, West Ham, London, EF. Mt te of 
the type in which a supply of petroleum in a reservoir 
is put under the pressure of compressed air, and forced 
up a small flexible tube to the lamp, where it is 
vaporised by the heat of the Ny boy f,and is con- 
sumed in a Bunsen burner, the flame playing on an 
inverted mantle. There are, of course, other ps of 
this class in existence, but the ‘‘ Zenda” has a number 
of special features, which add to its value and interest. 
Of these, perhaps the most important is that a con- 


stant air pressure is maintained in the oil-reservoir. | lam 


The consequence of this is that the light is absolutely 
steady, and is uniform from first lighting until the 
charge of oil is completely consumed. A further 
feature, following from this, is that after the reser- 
voir has once been charged and the air-chamber 
pumped uP, no further es is required until the 
oil has to be replenished. e lamp may be lighted 
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and extinguished as often as may be required, but no 
attention of any sort need be given to the oil-reservoir 
or the compressed-air supply. A full charge for the 
reservoir is 2 gallons of petroleum, and this will keep 
the lamp burning for about 40 hours. 

Another important point in connection with the lamp 
is that there is no smell when it is turned out. This 
can by no means be claimed for all lamps of this class. 
The reason for a smell with ordinary arrangements is 
that after the lamp is extinguished, the oil remaining 
in the vaporiser and the top of the supply-pipe is 
vaporised by the heat retained in the metal of the 
lamp, and consequetitly escapes into the atmosphere. 
This not only results in s smell, but in an objection- 
able condensation of oil on cool surfaces. An alter- 
native way of dealing with the matter, sometimes 
employed, is to allow the compressed air in the reser- 
voir to escape to the atmosphere when the lamp is to 
be extinguished. This largely eliminates the vapo- 
risation trouble at the lamp, since the oil in the con- 
necting-pipe runs back into the reservoir, but it intro- 
duces new troubles. The air which is blown out of 
the reservoir, being saturated with oil, introduces a 
smell, as before, while there is the obvious additional 
objection that the air-reservoir must be pum up 
again before the lamp can be re-lit. In the ‘* Zenda” 
p these troubles are eliminated. When the 
light is put out the oil in the pipe and vaporiser 
returns to the reservoir, but the air pressure is not 
released. The lamp has, we believe, been very success- 
fully used in some of the Y.M.C.A. army recreation 
huts. A final special point we may mention is that 
the “‘ Zenda ” lamp has not to be dismantled in any 
way to clean out the burner. In all lamps of this 
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class the burner tends to become clogged with 4 
carbon deposit, and the usual method is to remove 
it and clean it out with a needle from time to time. 
In the ‘* Zenda” lamp this work may be done at any 
time merely by operating a wing nut on the outside of 
the lamp-case. 

Turning to the details of the lamp, we may 
first direct attention to Fig. 9, which shows a lamp 
and its oiland air-containerset up for use. The con- 
tainer is shown closer to the lamp than it would 
normally be fixed, in order to keep down the size of 
the figure. The connecting-pipe between the two 
may, of course, be of any Tongth The parts 
shown in Fig. 9 represent a complete outfit, except 
that the foot-pump for charging the air-chamber is 
not shown. is is detachable, one pump serving 
for a complete installation of lamps. e oil and air- 
container is shown in cross-section in Fig. 1. Itiss 
cylindrical galvanised steel receptacle built up of 
solid drawn parts 1.5mm. thick. The lower chamber 
of the container forms the air-reservoir, and the upper 
that for the oil. The air-reservoir hasa union for con- 
necting the foot-pump and a pressure-gauge mounted on 
the top of the container, and connected up by a pipe 
as shown. The bend in the pipe is merely to allow for 
expansion. The same remark applies to the second 
pipe. The upper chamber is arranged to hold 2 gallons 
of oil (Russian petroleum is recommended), and when 
charging, the air-reservoir should be pumped up to 4 
pressure of 6 atmospheres. If this be done, no re- 
pumping will be required until the charge of oil is 
exhausted. 


The second pipe leading from the sir-chamber—that 
shown at the right-hand side in Fig.1—is carried to 6 
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reducing-valve mounted on the top of the container, 
as shown. The valve is set to maintain a constant 
prossase of 2} atmospheres in the air above the oil in 
fhe top chamber. Its construction is simple and 
eéective. In the path of the air there is a tapered 
needle-valve, which closes when moved upwards—‘.e., 
2 the direction of the air-flow. A weak spring below 
needle-valve tends to lift and close it, and to keep 
di Upper and smaller end in contact with a flexible 
ePhragm, which forms the top of a chamber above 

€ valve. In this chamber a constant pressure is 
~antalned. If the pressure in the chamber falls, a 
spring above the diaphragm presses it down, thus 
pening the needle-valve more widely and increasing 





Fi«. 9. 


the air-flow. Conversely, a rise of pressure forces the 
diaph up, so that the needle-vulve is free to rise 
under the action of its spring and the air-flow is 
checked. In practice, any variation in pressure in 
the chamber and in the oil-reservoir is too small to be 
seen on @ pressure-gauge. It is not usual to fit such a 
gauge to this side of the apparatus, since the reducing- 
valve is set by the makers to give the necessary 
24 atmospheres above the oil, and it requires no 


further adjustment. 
From the reducing-valve the air supply at 24 atmo- 
— is led by a small pipe, which can be seen in 
ig. 1, to the main or distributing-valve, which is fixed 
on the top of the container, as shown, This valve 





controls the oil supply to the lamp, and is used when 
it has to be started or extinguished. The valve is 
operated by a removable key; this fite over the 
vertical spindle at the top, which can be seen in Fig. 1. 
The valve consists of a plug of brass faced on the 
bottom side with a disc of a special material which 
approximates more or less to a form of ebonite. This 
special material is an important feature of the lamp, 
as great difficulty was experienced in obtaining a 
composition which would make an oil-tight joint and 
which at the same time would not be affected by pro- 
longed exposure to petroleum. In order to describe 
the action of the valve, the sketches given in Figs. 2 
to 6 have been pre These show the valve and 
container with their conneoting-pipes in a 7 
diagrammatic way. The face of the valve-dise is 
shown in Figs. 2 and 3, while the disc is shown in 
section in Fig.4. It rotates on a brass seat, which is 
shown in the upper parts of Figs. 5and6. The valve 
.8 capable of being moved through one-seventh of u 
revolution by the key before mentioned. The seat is 
fixed. The lower parte of Figs. 5 and 6 show the oil- 
reservoir together with the auxiliary reservoir, or oil- 
trap, which forms part of the ment. The trap 
can be seen in the middle of the reservoir in Fig. 1 
together with the pipes connecting to the distributing- 
valve. As will be seen, these are neatly arr 
alongside the trap. ; 

The operation of the valve and trap will be best 
described solely in reference to the diagramniatic 
sketches given in Figs. 2 to 6. The connections 
which are made when the lamp is working are shown 
in Figs. 2 and 5, and, when it is extinguished; in 
Figs. 3and6. The valve disc, as will be seen from 
Fig. 2, has six ports, which are respectively marked 
2, 3, 6, 7, 10and 11. There are also two dummy 
ports, which are shown black in the figures. These 
take no part in the action. They serve only to assist 
in the maintenance of an oil-tight joint and need not 
concern us further. The other ports in the disc are 
joined together in pairs by grooves formed in the back 
of the disc, as shown in cross-section in Fig. 4.. In the 
brass valve-seat there are seven ports, as shown in 
Figs. 5 and 6. Five of these are numbered 1, 4, 5, 8 
and 9, and lead to the various pipes connectirg to the 
reservoir and reducing-valve. e sixth, numbered 12, 
leads to the lamp, while that without a number is con- 
nected to atmosphere. 

When the lamp is lit, and the valve is in the posi- 
tion shown in Fig. 2, com air at constant 
pressure from the reducing valve enters at the hole 
in the valve-seat marked 1. It flows — 7 port 2in 

hrou; 





the valve, slong the groove, and through port 3 to 
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4 in the seat. The connecting pipe then conducts 
it to the oil-trap. The purpose of the oil-trap we will 
describe later. It takes no part in the present action. 
From the bottom of the trap the air flows to port 5 in 
the seat, through porte 6 and 7 in the valve, to port 8 
in the seat, Which leads it to the oil-reservoir, where 
it maintains a constant pressure above the surface of 
the oil all the time the lamp is working. As a result 
of this pressure, the oil is forced through the strainer 
shown, up the pipe to port 9 in the seat. From here 
it passes through ports 10 and 11 of the valve to 
port 12 in the seat, and so to the lamp. It will be seen 
that the port in the valve-seat which leads to atmo- 
sphere takes no part in this action, being blanked by 
one of the dummy ports in the valve. 

To extinguish the lamp the valve is moved through 
one-seventh of a revolution, and the position is then as 
shown in Figs. 3 and 6. Port 1 in the valve-seat, leading 
from the compressed-air supply via the reducing- valve, 
is closed by one of the + ports in the valve. 
Port 4, leading to the oil-trap, is open to the atmosphere 
through ports 2 and 3. Asa result, the pressure in 
the oll-tre at once falls to that of the atmosphere, 
and the oil in the supply-pipe to the lamp returns 
through ports 12, 11, 10, and 5, to the bottom of the 
tote, Siagtnsing some of the remaining air. This state 
of affairs continues until the lamp has to be relighted, 
when, on turning the valve into the position shown in 
Fig. 2, the oil in the trap is returned to the main 
reservoir through porte 5, 6, 7, and 8, and matters 
proceed as first described. It will be noted that the 
pressure in the main reservoir is in no way released 
when the valve is put into the off position, and that 
on turning it back to the on position the lamp may 
be restarted at once. When the valve is put to 
the off position, the air in the oil-trap esca to 
the atmosphere. As will be seen, however, this air 
has never been directly in contact with the oil, and 
ary, is much less odorous than the air in the 
reservoir. Further, the capacity of the oil-trap is so 
small, as will be clear from Fig. 1, that the amount 
of air discha is negligible. We have seen the 


lamp in operation and extinguished, and could detect | th 


no smell at all. The container is 2 ft. 7 in. -high, 
78 in. in diameter, and weighs 15 lb. 4 oz. 

The lamp, which is connected to the container by a 
flexible copper tube, is shown in cross-section in Fig. 8. 
The construction will be clear from the figure. The 
burner is inclined and directed towards a curved 
Bunsen tube, which leads to the flame-spreader and 
mantle. Surrounding this tube and towards its 
lower end there is a metal cup, which has to be filled 
with methylated spirit when the lamp is to be lighted. 
A measuring-can with a spout is supplied with the 
lamp, in order that the correct amount of spirit may 
be used. When the cup has been charged, the spirit 
is lighted and heats up the burner, &c., to such a tem- 

rature that when the oil supply is turaed on the oil 
is at once vaporised and ignited by the spirit, and the 
lamp starts. An aperture, with a cover, is provided 
for Billing the spirit-cup. This is the usual method of 
starting up lamps of this class. 

The special arran ent for cleaning the burner, 
to which we have already referred, is illustrated in 
Fig. 7. This shows the burner, or vaporiser, and 
burner-tube. As already pointed out, owing to a 
tendency for a carbon deposit to form in the burner, 
it is necessary to clear it out from time totime. In 
place of removing the burner for this purpose, as is 
common, in the ‘‘ Zenda” lamp there is an internal 
cleaning needle, carried on the end of a rod running up 
the centre of the burner-tube, as shown in Fig. 7. 
This rod has a pair of wings at its back end, which are 
kept in contact with a small cam by a helical spring 
above them. The wings fit into a pair of grooves in 
the side of the tube, so that the rod is prevented from 
turning. Asa result, when the cam is given half a 
turn by the wing-nut outside the rod is lifted and the 
needle enters the burner - hole, to be immediately 
sharply withdrawn again, owing to the action of the 
spring, as soon as the step in the cam has the 

he action is a simple one, and will be easily 

tood from Fig. 7. An oil-tight joint is made at 

the lower end of the cam spindle by a packing ring 

against which a collar on the spindle is pressed by the 

lower apring shown in the figure. The position of the 

operating wing-nut in reference to the lamp can be 

seen from Fig. 8. The lamp ie 2 ft. 5 in. high and 

1 ft. 3 in. in diameter acro:s the reflector. It weighs 

16 lb., and with a pressure of 2} atmospheres in the 
oil-reservoir gives to 1000 candle-power. 





HYDRAULIC COAL-TIPS AT BARRY DOCKS. 

Tue first of the new ——— coal-tips which have 
been under construction for some time at Barry Docks 
was put into service during the first week in August, 
the s.s. Sheffield being loaded there by Messrs. Cory 


of Sir W. G, Armstrong, Whitworth and Co., Limited, 
by whom they were designed and o structed to meet 





the requirements of the Barry Railway Company. 
The drawings of these tips, which are reproduced on 
Plate XVII., and the engraving on page 264, are there- 
fore worthy of careful study, the builders’ extensive 
experience in this class of work giving especial im- 
portance to the various features of the design. 
Altogether, five tips, three fixed and two movable, 
have been ordered, but, as the designs do not differ 
very materially, general drawings of the movable type 
only are reproduced. These are given in “—- 1, 2, and 
3, on Plate XVIL., while Figs. 4 and 5 illustrate the 
method of attaching the fixed hoists to the quay wall. 
The tips, it should be mentioned, are so arranged on the 
quay that it is possible to have at least two workin 
into a ship at the same time. They have been design 


to lift a gross load of 30 tons in the cradle at a speed | cash, 


of 180 ft. per minute to a height of 60 ft. above the 
uay ; under favourable conditions between forty and 
tty wagons can be handled per hour. The dimen- 
sions of the cradle are such that a wagon of 20 tons 
capacity can be easily accommodated ; but, as most 
of the wagons dealt with will be of 10 or 12 tons capa- 
city, the lifting arrangements have been designed to 
allow the smaller loads to be raised without waste 
of power. Each tip is therefore provided with a main 
lifting-ram 16} in. in diameter and a smaller ram 
10} in. in diameter, both having a stroke of 29 ft. 6 in., 
and being connected to the cradle by means of wire 
ropes through a two to one multiplying gear.. The 
use of wire ropes for this purpose is, we believe, a 
new feature at Barry, the other > at these docks 
being of the direct-acting type. 
cradle is balanced by a constant-pressure ram 9 in. in 
diameter with a 29-ft. 6-in. stroke, connected to the 
cradle in the same manner as the lifting rams. The 
cradle is fitted with a tipping-table worked by a ram 
14} in. in diameter with a stroke of 9 ft. 6in., and 
capable of tipping the wagon through an angle of 
45 deg. An examination of Figs. 1 and 2 will make 
the whole arrangement clear. 

As shown in Fig. 1, the shute projects 20 ft. 
beyond the face of the quay-wall when placed at 
e usual working angle. It can, of course, be 
adjusted to any height or angle in the vertical plane, 
and can also be moved through an angle of 114 deg. 
in a horizontal plane on both sides of its central 
position, as shown in the plan, Fig. 3. This gives the 
end of the shute a movement of about 5 ft. in either 
direction. Movable extension pieces, 4 ft., 6 ft., and 
9 ft. long respectively, have also been provided. The 
shute is manipulated by a three-cylinder hydraulic 
engine placed on “~ of the structure, and most clearly 
shown in Fig. 3. This engine, which has rams 4} in. 
in diameter, with a 14-in. stroke, and runs at 60 
revolutions per minute, is connected by clutches and 
gearing to four winding-drums, of which two are con- 
nected by wire ropes to the outer end of the shute, 
and two to theinnerend. By means of the clutches 
the drums may be operated individually or collec- 
tively to raise or lower the shute bodily, vary its 
inclination, or move it in a horizontal plane. 

Near the top of the tips are fitted 3-ton and 5-ton 
cranes, each capable of lifting its load to a height of 
100 ft. at as of 180 ft. r minute, and at a 
maximum radius of 35 ft. The 5-ton crane is used 
for operating the anti-breakage boxes, which are of 
the railway company’s own design, and it can turn 
through an le of 180 deg. in the horizontal plane, 
as shown in Fig. 3. The other crane, which is 
capable of turning through an -— of 212 deg,, is for 
the purpose of lifting small coal from the deck of the 
ship and delivering it into a truck through the hopper 
seen at the top left-hand side of Fig. 3. The cranes 
are worked entirely by hydraulic power, and their 
movements, as well as those of the cradle, tipping- 
table, and shute, are all controlled from a cabin placed 
80 as to command a clear view of the shute and of the 
vessel being loaded. A pressure of 750 lb. per sq. in. 
is used for operating the hydraulic machinery. 

Each tip is provided with two hydraulic capstans 
for manipulating the wagons, and two turntables, the 
latter being mounted on a traversing-table in the case 
of the movable tips. Three feed s, each capable of 
holding a train of coal, will be laid for each tip, and a 
large group of sidings has been provided in the vicinit; 
for theaccommodation of coal not immediately required. 
As would be expected, the construction of the tips has 
been hindered in consequence of the war, but progress 
is now being made with the remainder, and when they 
are completed the coaling capacity of the docks will be 
increased by over 1,000,000 tons per annum. 





Iron in Russ1a.—The consumption of iron in Russia 
appears to be on the down grade. The orders for June 
received by the Prodameta Syndicate amounted to 
7,700,000 poods, inst 8,300,000 poods during the month 
of May, and 9,600,000 poods during June, 1914. The 
demand ha; particularly receded for girders and plates. 
The aggregate of orders for the first half of the present 
year amounted to 3,500,000 poods less than during the 
same period of last year. The demand for ordinary com- 
mercial goods has subsided, whereas the demand for rails 
and axles is increasing. 


he weight of the} } 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with an easier tone, and 2000 tons 
of Cleveland warrants were put through at 65s. 14d. one 
month. At the close sellers quoted 64s. 10d. cash, 
65s. 24d. one month, and 66s. three months. In the after. 
noon the market was quite idle, but sellers of Cleveland 
warrants quoted firmer at 65s. cash and 65s. 44d. one 
month. Another idle session took place on Friday morn- 
ing, and quotations were a shade easier with sellers 
naming 64s. 11d. cash, 65s. 3d. one month, and 66s. three 
months for Cleveland warrants. The market in the after- 
noon was quietly steady, and the turnover consisted of 
1000 tons of Cleveland warrants at 65s. 3d. one month 
and 65s. 104d. three months, with sellers over at 64s. 11d. 
65s. 4d. one month, and 653. 11d. three months. 
Rather better business was done on — morning when 
2000 tons changed hands, but — were 2d. per ton below 
Friday’s level, sellers at the close being quoted at 64s. $d. 
per ton and 65s. one month. A further drop of 1d. 
to 1}d. per ton took place in the afternoon, when, how- 
ever, the market was completely idle, closing with cash 
sellers at 64s, 8d., and 65s. onemonth. Yesterday (Tues 
day) morning the market again showed a marked tendency 
towards lower prices, and only two warrants were dealt 
in at 64s. 44d. cash and three days. For cash sellers the 
closing quotation was 64s. 6d. per ton, and for one month 
64s. 1 In the afternoon business was again dull, the 
transactions amounting only to 1500 tons, the prices for 
which were 64s. 54d. per ton cash, 64s. 94d. one month, 
and 65s. 6d. three months. At the close the cash sellers’ 
price was ld. per ton down from the forenoon. A slight 
improvement took place this (Wednesday) forenoon, when 
tons were dealt in at 64s. 10d. twenty days. Closing 
sellers were quoted 64s. 74d. per ton cash, 64s. 10d. twenty 
days, and 65s. one month. A further improvement took 
place this (Wednesday) afternoon, and business was done 
at 64s. . per ton cash and 65s. one month. Abt these 
prices 1000 tons of Cleveland warrants were dealt in, and 
at the close sellers were quoted 64s, 94d. cash, 65s. 2d. one 
month, and 65s. 11d. three months—an advance of 4d. to 
44d. per ton over yesterday. 


Sulphate of Ammonia.—No new development in the 
sulphate of ammonia trade has taken place since last 
week, and the price still remains steady at the figure 
then quoted—14/. 15s. per ton for ae delivery Glas- 
gow, and 15/. prompt delivery Leith. 

Scotch Steel Trade.—No new feature rding the 
steel trade in the West of Scotland falls to be recorded, 
nothing but ever-increasing activity, for the Government 
orders on hand are keeping every establishment engaged 
on them working at the utmost pressure. It would seem, 
indeed, as if no slacking-off could possibly take place so 
long as the war continues. The output of war material 
is particularly heavy, and there is a decided inclination 
for all works concerned in this to come under Govern- 
ment control. At the moment, it is almost impossible 
for sectional mills to turn out as much material as is re- 
—. and, of course, preference is given to all kinds of 

ell material. Naturally, all other orders must give place 
to the demands both of the Admiralty and the War Office, 
and considerable delay arises, therefore, in the delivery of 
ordinary mercantile work, more especially for the overseas 
trade. With such phenomenal business, manufacturers 
are doing everything in their power to increase the out- 
put. There is an extraordinary demand for material for 
constructional purposes, rendered necessary by the new 
munitions works, stores, sheds, &c., and also a growing 
demand for bridge work of all kinds, as well as shell 
steels, sectional material, and plates. Prices keep firm, 
although practically no alterations have taken place 
during the week. Boiler-plates are anything from 
102. 15s. to 11¢. per ton, or thereabouts; ship-plates from 
102. 5s. to 107. 15s., and angles may be 10/. 5s., or even 
11l. per ton for prompt delivery, and all, of course, less 
24 per cent. for Glasgow or equal delivery. 


Malleable-Iron Trade.—The malleable-iron trade is 
still exceptionally busy, a large proportion of the orders 
which the makers have in hand being on Government 
account, and while the output remains very heavy, the 
continued scarcity of labour is making itself much felt. 
Freight charges, difficulty of transport, and war risks 
are militating against the export trade, but, of course, 
owing to the extreme pressure otherwise, this feature 
gives little or no cause for immediate dissatisfaction. As 
it is, quotations are practically made for immediate 
acceptance, and, without doubt, seldom or ever has the 
iron trade known such a boom. 


Scotch Pig-Iron Trade.—The pig-iron trade was slightly 
easier during the past week, and home business is excep- 
tionally good, there being a steady demand for hematite 
for the busy steel works. Export business still hangs 
heavy, and although there are occasional glimpses of 
brighter prospects, the improvement is not lasting. All 
over, of course, the i@ may be classed as steady. 
Makers’ (No. 1) iron is still quoted as follows :—Clyde, 

y ie, Summerlee, Langloan, 85s. per ton 
(all shipped at Glasgow); Eglinton, 80s., and Glengar- 
nock, 86s. (both at Ardrossan); Dalmellington 81s. (at 
Ayr) ; Shotts, 85s., and Carron, 84s. (both at Leith). 





PrrsonaL.—The name of the Company Be il and 
Young, Limited, was changed to Berkeley and Young, 
Limited, at two extraordinary general meetings of the 
shareholders, held on August 13 and on the 7th inst. In 

iviog this information, Messrs, Berkeley and Young, 
Fimited, state that their company has been in existence 
for upwards of twenty-three years in the City of London ; 
it has always been entirely British, all the directors being 
British born 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—A marked improvement 
in the demand for house-coal is attributed to the cool 
nights heralding the > of winter, and the fact 
that advanced prices will shortly be enforced. Pits are 
working well; the chief difficulty is to secure horses, 
carts, and men for delivery purposes. The gas companies 
are taking inc quantities. Shipments of gas-coal are 
on a very large scale, record tonnages being sent to France 
and Italy. With regard to steam coal, the position has 
undergone little chan The home demand keeps good, 
and requirements forshipment are on the increase. For the 
time being hard-coal pits are well engaged. Slacks are 
not quite so strong, but the cause of reaction is tem- 
porary, and in all probability this class of coal will fall 
into line with the other qualities in the course of the 
next few weeks. Steel coke is firm round about 34s., but 
furnace coke, quoted at 15s. to 16s., has reached its lowest 
level for some months. Less than two months ago the 
quotation stood at 24s. Quotations :—Best branch hand- 
picked, 20s. to 2is.; Barnsley best Silkstone, 17s. 6d. 
to 183. 6d.; Derbyshire best brights, 17s. 6d. to 18s. 6d. ; 
Derbyshire house, 15s. to 16s. ; best large nuts, 14s. 6d. 
to 15s. 6d.; small nuts, 14s. to 15s.; Yorkshire hards, 
16s. to 17s.; Derbyshire bards, 16s. to 17s. ; best slacks, 
lls. to 12s. ; seconds, 9s. 6d. to 103.; smalls, 8s. to 9s. 


Tron and Steel.—Expectations of a further improvement 
in the pig-iron trade have not been realised. Few of the 
—— afloat last week have had any practical outcome, 
and business at the moment is decidedly flat. Values 
have quickly reflected the failure to maintain the brief 
improvement. Derbyshire foundry has sold at 1s. to 2s. 
below the official quotation of 72s., and makers in that 
district have shown their willingness to make similar 
concessions in the case of forge iron. Lincolnshire 
makers are adhering more strictly to the official a 
tations of 73s. 8d. for No. 3 foundry and 1s. less 
for forge, but they are inducing little business. Steel- 
making irons, on the other hand, are in the ascendant. 
Deliveries to South Yorkshire engineering works are 
of greater bulk than on any previous occasion in the 
pe! of the local iron and steel trades, and there is 
a brisk call on the open market for eupplementarv ton- 
nages. West t hematites have advanced 23. to 
118s. 6d., special brands to 133s., and East Coast mixed 
numbers have risen Is. to 103s. 3d. Scrap is 15s. to 1/. 
cheaper, but the values of all finished and semi-finished 
materials continue to appreciate. Consumption of 
Swedish iron and steel is very large. Local importers 
are managing to secure fairly adequate to lespite 
the difficulties of transport. The bulk of the supplies 
goes into the armament works. Stocks have been very 
much reduced. Though the decline of activity in the 
armour departments has become more noticeable, there 
is no sign of easing in any other section. The gun 
and shell works are Pal | day and night without a 
break, and almost equal pressure obtains in the steel and 
machinery - making shops. The anes foundries and 
forges have an abundance of work. There is a heavy 
run on forgings and castings of high-quality steels for 
marine engineering and army automobile construction. 
More works have been added to the list of controlled 
establishments, and schemes for s ing-up are being 
— more rigorously. Workmen in the engineering 
shops are kicking against the imposition of fines for 
the non-observance of rules—a subject which will require 
very careful handling if an = rupture is to be avoided. 
Despite the recent influx of labour. skilled and unskilled, 
some of the works, and particularly the furnaces, are 
understaffed. Tool steel and all kind s of industrial 
implements and labour-saving appliances are in strong 
demand. Home and overseas farmers are also ordering 
more machinery to make up for the general deficiency of 
labour. The lighter trades are well placed for new busi- 
ness. File-makers have booked some large orders, and 
more are in pect ; local tenders have been submitted 
to the War Office for a further supply of 360,000. Over- 
seas business, in which there has been a marked improve- 
ment of late, has been somewhat disorganised by the 
rigid application of export regulations, and extra costs 
have been incurred. great rush on acid billets for 
war work has forced prices up to a higher level. Siemens 
acid are now quoted at 13/. and Bessemer acid at 12. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

Cleveland Pig-Iron Trade.—Quietness rules in Cleve- 
land pig iron. Output is fairly absorbed, and, in fact, 
slight additions to the warrant stores have occurred this 
month, but stocks at makers’ yards are stated to be de- 
creasing to some extent. The quantity of Cleveland pi 
in the public warrant stores here now stands at 142, 
tons, all of which is No. 3 quality, and is 493 tons more 
than at the beginning of the month. Traders in Cleve- 
land pig-iron are cautious in their dealings, buyers and 
sellers alike ing the outlook as uncertain, and the 
business that is being put th is almost entirely 
confined to transactions in lots for early de- 
livery. Makers show more disposition to meet the 
situation, and some firms of ucers are 
favourably to entertain offers at little above prices named 
oy ances hands. Merchants are selling No. 3 g.m.b. at 

3d., but more has to be paid for named No. 4 

foundry is in fairly good request at round about 64s. 9d. 
No. 4 forge is offered rat’ freely at 64s. 3d. Both 
mottled and white iron are in the neighbourhood of 
yo yt Boh. ag i  Moontpet ef 

ese kinds being very ing to regular 
excellent working of furnaces and the consequent general 


E 








production of superior qualities. There is little or 
nothing doing in No. 1 veland pig-iron, usual con- 
sumers refusing to pay the exorbitant rates demanded by 
makers, who re that they have hardly any of this 
class to dispose of. The nominal price of No. 1 is quite 70s. 


Blast-Furnaces in Operation.—The number of blast- 
furnaces blowing on the North-East Coast has been 
increased to 68, three having been restarted lately. Of 
those in operation now, 30 are making Cleveland pig-iron, 
27 are turning out hematite, and 11 are manufacturing 
special kinds of iron. 

Hematite Iron.—There is a distinctly easier feeling in 
the East Coast hematite branch of the staple industry, 
notwithstanding anticipated further orders from our 
Allies and home customers. Among the visitors to the 
Cleveland market this week have been large Sheffield 
consumers. Hematite quotations, though lowered, are 
still very high in comparison with rates ruling for Cleve- 
land pig, and anges — | om o~ must ~i ty 
reasonable in of profit. erchants are pre to 
make prom em concessions, and makers are disposed 
favourably to entertain offers at round about rates named 
by second hands. Nos. 1, 2, and 3 are obtainable from 
merchants at 95s. 6d., and, as a matter of fact, 95s. has 
been accepted. 

Foreign Ore.—Though inactivity still rules in foreign 
ore, the trade is characterised by much firmness. Absence 
of business is entirely due to the refusal of sellers to make 
forward contracts. Consumers are not required to 
purchase for early delivery, but they are very anxious to 
make arrangements for nn age over the fall of the year, 
realising that the huge needs would quickly absorb their 
rather large stocks if imports were curtailed. Naturally, 
with — of great scarcity of steamers, and very 
high freights, sellers will not commit themselves ahead, 
and consequently business is mostly restricted to the sale 
of spot cargoes. Market rates are now based on fully 
27s. ex-ship Tees for Rubio of 50 per cent. quality. 
Freights Bilbao-Middlesbrough are in the neighbourhood 
of 12s. 3d. Imports of foreign ore to the port of Middles- 
brough to date this month amount to 37,513 tons. 


Coke.—Demand for coke for local use is but small, many 
consumers a | contracts made sufficient to meet their 
needs for some little time, but good inquiries for ship- 
ments are reported. Durham blast-furnace coke of 
average quality is on sale at 25s. 3d. to 253. 6d., delivered 
at Tees-side works. Foundry coke for export ranges 
from 30s. to 35s. f.0.b. Gas-coke is scarce, and is quoted 
up to as much as 30s. 


Manufactured Iron and Steel.—Manufacturers of nearly 
all kinds of finished iron and steel are increasingly 
busy on Government work to the tical exclusion of 
ordinary commercial orders, notwithstanding offers to 
pay premiums for the latter. Quotations all round are 
very firm, and —- of several descriptions have again 
been advanced by 10s. perton. Common iron bars are 
112. 10s.; best bars, 11/. 17s. 6d. ; best best bars, 12/. 5s. ; 

ing-iron ( el), 8.; packing-iron (ta) ) 
15s.; iron ship-plates, 102. ; iron ship-angles, 11/. 10s.; 
steel bars, 117. 15s.; steel strip, 10/. 15s.; steel hoops, 11/.; 
and steel joists, 9/. 17s. 6d.—all less the customary 24 og 
cent. discount. Heavy sections of steel rails are 9.; 
and steel railway slee 107.—both net. Iron and steel 
galvanised corrugated sheets, 24 gauge, in bundles, stand 
at 182. f.0.b.—less the usual 4 per cent. 





Tue Royat Navat Ark Service.—The rapid expan- 
sion of the Royal Naval Air Service both in respect of 
personnel and matériel has rendered necessary a re-organi- 
sation of the Admiralty Air Department, and thei 

ips have decided to place it for the future under 
the direction of a flag officer, with the title of Director 
of Air Services. Rear-Admiral C. L. Vaughan-Lee has 
been selected for this appointment. The t Direc- 
tor of the Air Department, Commodore M. F. Sueter, 
C.B., has been promoted to the rank of commodore first 
class, and will be in charge of the matériel side of naval 
aeronautical work, with the new title of Superintendent 
of Aircraft Construction. 


German Inon Founprizs AND WAR ORGANISATION.— 
The Union of German Iron Foundries recently held 
a@ meeting at Cassel, at which the chairman gave a 
survey the union’s work during the first year of 

war. It was stated that a certain amount of 
technical work had been started, and to some extent 
completed, including « series of investigations on the 
properties of cast iron. Some interesting information 
was also given about the union’s work in the matter of 
ammunition manufacture. In this field the union acted 
to a large extent as technical and industrial adviser to its 
members, moreover, a special union of German steel foun- 
dries and also a section for small Bessemer concerns had 
been formed in the union of German iron foundries. All 
these unions or branches acted to further the supply of 
ammunition to the military authorities, and to secure rea- 
sonable prices for the foundries. It was claimed that these 
arrangements afforded an instance of the manner in which 





German industrialists from the very opening of hostilities | of 


ised their power for the production of war materials, 
whilst Germany's foes only commenced to organise their 
manufactures long after war began, and carried out 
their plans with the help of stringent legislative means. 
The question of the difficulties which would have to be 
confronted when peace was signed was aleo dealt with. 
Many industrial concerns would not give, up new manu- 
factures which the war had forced upon them. Thus 





some fifty small Bessemer works had up, whi 
pestis. 08 least would be continued after war, 
y further. i the already keen com- 


petition existing in regard to cast-steel products. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Week-end business was again much restricted. 
The tonnage question remains in an unsatisfactory state, 
and colliery-owners are anticipating embarrassment in 
consequence. Values have shown some weakness, espe- 
cially for the cheaper grades of Admiralty and Mon- 
mouthsbire steams. The best Admiralty has been, 
to some extent, nominal ; secondary qualities have ran 
from 24s. to 25s.; best bunker smalls from 18s. to 19s. ; 
eae ones snes from lls. to 12s. per 
re coal has brought 23s. to 24s.; good households 

v 





ave le 21s. to 22s.; No. 2 Rhondda large has realised 
193. to 20s.; and No. 2 smalls have brought 12s. 6d. 
to 13s. pe The latest quotation for patent fuel is 
30s. to per ton. Special foundry coke has realised 
42s. to Sine pee Saane coke, 36s. to 40s.; and furnace 
coke, 30s. to per ton. As regards iron ore, Rubio has 
made 24s. to 25s. per ton, upon a basis of 50 per cent. of 


iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Wages in Wales.—At Cardiff, on Friday, employers’ 

i workmen’s representatives ~— & new agreement 
which forms a peace treaty in the th Wales coal trade 
for the duration of the war. The Conciliation Board 
met at pay t o signature <5 the —_ 

ment an supplemental agreement ing wi 

the surfucemen’s bonus turn. The workmen’s side then 
submitted an application for a 124 per cent. advance, to 
which the owners — by offering 5 per cent. e 
arguments on both sides were protracted, and ultimately, 
an agreement not being arrived at, matter was 
referred to the decision of an independent chairman, 
probably Lord St. Aldwyn. 


Welsh Trade Matters.—A ments have been made 
for a resumed hearing of an arbitration in which Mr. 
L. P. Nott, contractor, of Bristol, claims 35,000/. from 
the Cardiff Town Council in respect of work alleged 
to be beyond the specification in connection with 
the construction of the Liwyn reservoir. The steamer 
Grosvenor, hitherto owned by the omy eng and 
Aberdovey Steam Packet Company, has sold to 
Messrs. Carr and Co. for 5125/., less 2501. to be paid for 
repairs. The Grosvenor has been running for several 
years between Aberystwyth and Liverpool, 





Tue Bacpap Ratiway.—In spite of the war, it is stated 
that stead is being made with the works on 
the Bagd ilway. The section from Tuan to Res-ul- 
Ain, a distance of 41.5 km., east of the Euphrates, was 
handed over for traffic on the Turkish constitutional 
anniversary. This makes the aggregate length of railway 
in the twin-river country now open for tratfic 203 km. 
Apart from the regular progress of the main construction, 
three important works on the railway have been carried 
out during the war—viz., towards the end of 1914 the 
Bimed-ik tunnel, 1826 metres long, was finished; on 
April 30 the 800 metres | bridge over the Euphrates 
at Djerablisse was opened for traffie; and on June 16, 
1915, the Bagtsche tunnel, 4855 metres long, in Ancanres 
mountain, was completed. 





Minine anp Iron Inpustry 1 LuxempurG.—The 
Chamber of Commerce for Luxemburg has now issued its 
report for last year, upon which the war naturally has 
exercised a material influence. The following table 
shows the position of the mining industry as compared 
with the previous year :— 

1913. 1914. 

Number of concerns .. i] 77 
Number of hands em- 

6807 4891 


‘ ployed .. ee 
te production 
of Minette ore sy 7,838,872 tons 5,007,457 tons 
Value of the production 21,965,818 france 15,826,514 francs 
3.16 


Average value per ton.. 2.99 ., ” 
The war tended to raise the price for ore not already 
contracted for; good Minette ore, containing lime, rose 
from 35 francs to 37.50 francs, inferior sorts from 30 francs 
to 35 francs. On an average, ore containing lime has 
risen 10 per cent. since the war broke out, and those con- 
taining silicon, 15 to 16 = cent. Wages also showed 
an upward tendency. The export from the Luxemburg 
mining district to countries in the Oustoms Union 
amounted to 494,368 tons Minette ore, against 1,887,245 
tons during the preceding year ; for ground Thomas slag 
the figures were respectively 23,467 tons and 73,827 tons. 
The annual output per hand averaged 1140 tons in 1914, 

inst 1262 tons in 1913. The regate consumption 
of the inland blast-furnaces was 6,137,609 tons, against 
8,656,670 tons in 1913. As regards the Luxemburg iron 
industry, the production was as under :— 


Blaet-Furnaces. Steel Works. Foundries. 
ton ton tons 





8 8 n 
1913 .. ee 2,647,861 1,182,227 26,518 
1914 .. os 1,827,270 958,886 22,964 
Reduction .. 720,591 228,341 8,559 


The Luxemburg blast-furnaces uced 1,704,502 tons 
Thomas iron, 101,563 tons of foundry iron, and 11,205 
tons of ae pee the aggregate value of which amounted 
to 113,570,161 f; 


rancs. The id amounted to07, 107,550 
francs. The consumption of edhe mnenanel to 2,069,162 
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FRIDAY, SEPTEMBER 10, 1915. 


THE NATIONAL DUTY OF TECHNO- 
LOGISTS AND WORKERS. 


Ir is peculiarly appropriate that the Trades 
Union Con and the British Association for 
the Advancement of Science should be meeting 
contem eously. It is satisfactory, too, that the 
ro made todefer such meetings—notably that 
of the latter Association—because of the war should 
have been rejected, since at the present time there 
is greater need than ever for instilling into the 
minds of all that national progress is based upon, and 
can only be advanced by, the advancement of 
technology and the prosecution, resolutely and 
pane wee of industry. The simultaneous 
meeting of the two organisations once more enforces 
the relation of the one to the other and the 
interdependence of each upon the other. No 


truism. Unfortunately, however, science requires 
capital in order to attain practical results ; and, 
largely because of the preaching of false doc- 
trines, the worker in every department of life is 
inclined to view the capitalist as an opponent of 
labour, whereas the two are indispensable the one to 
the other. At no timein the history of the Empire 
has the need for joint action been so pronounced, 
whether regard had to the immediate prose- 
cution of the war or to the strenuous effort which 
must be made to overcome the ravages of war when 
is attained. We are glad that the President 
of the British Association, in his address, with which 
we have dealt on another page, admitted that the 
efforts of the Association to break fresh ground have 
been spasmodic, and that the time has arrived when 
greater continuity in its work, and better co-ordi- 
— with that of other technical institutions, is 
. Dr. Hele-Shaw, in his suggestive address 
a the ngineering Section, reproduced in another 
part of this issue, went still mony and develo: 
@ programme for a permanent committee of 
Section, which, if carried out even partially, aan 
ield beneficial results. The chairman of the Trade 
nion Co Mr. J. A. Seddon, in his address, 
dealt with in our ‘‘ Industrial Notes,” seemed alse 
conscious of the vital need for every trade-unionist 
recognising his individual responsibility in the 
maintenance of freedom and of personal and national 


The: problems associated with a closer relation be- 


ments from greatly differing standpoints this week, 
may be divided into two distinct classes : those 


world. In all cases the righteousness of our cause 
and the indisputable fact that our intervention in the 
upheaval in Europe was unavoidable were clearly 
established. Perhaps Mr. Seddon’s words carry 


cause they were spoken by one who, for the time 
being, represents nearly three millions of the handi- 
craftemen of this country. He said: ‘*We are 
convinced that the war is a death struggle between 
systems that cannot co- exist if freedom is to be 
anything more than a name.” We have admitted 
freakly that the working classes have shown almost 
abounding patriotism, first, in their response to 
the call to arms, and later—although not in the 
same volume, or equal self-sacrificing and disin- 





AT BARRY DOCKS. 





rs = ping "Mt. Army for munitions of war. 
Seddon’s interpretation of the 
ciooetion® it surely follows that a ‘‘ death struggle” 
involves extraordinary measures. As he said, 
**Its war we're in, not politics.” The — 
could not have been more epigrammaticall 
fined, and yet the members ot the Trades na 
Congress seem to have found it difficult to face 
the a situation, because so many of the old- 
time shibboleths and hardy-annual resolutions 
found their place in the ings. The one duty 
of every citizen is to devote the talents of which he 
may be possessed to the overthrow of those forces 
which are being exerted to annihilate freedom 
and liberty. Personal ends, political nostrums, trade- 
union theories, even ‘personal liberties, must be 
subservient to the main purpose on hand. But it 
does not follow that because to-day there is need to 
buckle on the armour, we may not return it 
to-morrow to its place of ornament in the museum. 
Our national extremity requires us to take measures 
which no one would commend in normal times, 
and it is incumbent upon the trade unionist, as 
~ po every citizen, to realise that the withedenwel 
privileges at the present moment need not out- 
live the period of the war. As Professor W. R. 
Scott, in his presidential address to the Economic 
Science Section of the British Association, said, 
‘* because sacrifices are made in a national emer- 
gency, without complaint or murmuring, it by no 
means follows that the public is learning to love 
its chains. Unless the war makes radical change 
in the national temperament, it would be a political 
mistake of the greatest magnitude to retain restric- 
tions upon commerce even & week longer than 
these are unavoidable.” Many of our difficulties 
at the present moment are due to the failure to 
realise this, notwithstanding, too, that the Govern- 
ment, representing all ies in the State, have 
given their guarantee after the war a return 
will be made to the conditions obtaining prior to 
the war. 

We admit that Mr. Seddon has some grounds 
for his view that ‘‘ food prices and war profits are 
the chief causes of labour unrest.” In no engi- 
neering factory engaged in the production of war 
munitions are excessive profits being made. Of 
works officially controlled under the Munitions 
Act there are now 714, in all of which the 
Government are guarding the national interests 
as well as the workers’ claims by scrupulous 
supervision. No worker on munitions can have just 
grounds for the belief that any sacrifice he may 
make in these works, either in res to the con- 
ditions of labour or forfeiture of privileges, is in 
the interests of the employer or can swell profite, 
the latter being effectively limited by Government 
conditions om control. All such measures are 
being enforced, not by the employer, but by the 
Government, and such action is taken entirely 
to meet the exigencies of the present crisis. We 
fear, however, that this is not so in many other 
departments of activity. The miners themselves 
41 oP the pro that collieries should be 
** controlled establishments,” and the Government 
most unwisely yielded to this pressure. The miners, 
no doubt, objected to the limitations imposed by 
the Munitions Act; they wished a free hand 
for themselves while binding the employers ; and 
the consequence is that profits in the case of collieries 
cannot be so rously controlled. Although the 
Act, in connection with the price of coal, may be 
effective in a degree, the result cannot be so 
entirely favourable from the point of view of the 
cost of living as would have om the case if the 
mines had been brought under the Munitions Act. 

We have no doubt that excessive profits are 
being made in many industries and small factories, 
including also oes supplying necessaries of life, 
which are not directly controlled, but the Chan- 
cellor of the Exchequer has given his assurance 
ven the State will exact a large share of such 

a in all cases. We hope, therefore, that 
don and + nae great army of trade-unionists 

wil return from their deliberations at Bristol im- 
bued with the fact that the present is not the time 
for raising puerile objections in — work- 
shop conditions, or for setting up o les which 


make impossible the attainment of the maximum 
output to achieve our tremendous task. 

e difficulties of the mobilisation of all scien- 
tific and industrial resources are similarly due to 
want of a clear conception of the situation. 
Taking first, 


in, the case of the worker, 





terested manner—in responding to the requiremente 





it seems to be 


orgotten that we are in a ‘* death 
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struggle,” and that, too, inst ‘‘ systems that 
cannot co-exist if freedom is to be anything more 
than a name.” We do not propose to enter into 
any academical consideration as to how far the 
subject of a State is free or acts under compulsion 
in the interests of the community. What has to be 
recognised is that, if we fail in achieving complete 
success, freedom is gone, individual as well as 
national. If, therefore, freedom can only be main- 
tained permauently by the forfeiture of freedom 
temporarily, surely no political tenet or individual 
ataliiedita ought to stand in the way. The 
measures advocated by the great majority of 
thinking men, and supported by a large number 
of the working classes, do not lead towards 
conscription nor to the creation of anything 
analogous to Prussian militarism. ‘What is in- 
cumbent upon us, if our freedom is to be main- 
tained, is that each individual should place his 
services unreservedly and with complete self- 
sacrifice in the hands of the Government autho- 
rities, ready to act when and wherever his abilities 
can be most effectively utilised, and to give the 
utmost of his capacity, mental or physical, to 
overthrow that system which ‘‘cannot exist if 
freedom is to be anything more than a name.” 

In the case of the scientist the difficulty is one of 
finding that venue in which his experience and 
knowledge can be most efficiently exercised. The 
Government have, unfortunately, organised com- 
mittees, with the best intentions, no doubt, but 
without appreciating the difference between pure 
science and applied science. In the constitution of 
these committees there has not been kept in view 
the vital importance of co-ordinating science and 
industry. From this point of view we commend 
Dr. Hele-Shaw’s suggestion that there should be a 
permanent Committee of the Engineering Section 
of the British Association, first and temporarily 
to assist, as far as possible, in the mobilisation 
of applied science for the prosecution of the war, 
and, secondly, for the permanent co-ordination 
of science and industry. The time is oppor- 
tune for such a proposal, because, as Professor 
Scott in his address pointed out, the ‘‘ waging of 
a just war results in a quickening of the national 
spirit ; it forces a nation out of the easy and well- 
worn paths of custom and convention.” The 
British Association, too, embraces within its con- 
stitution members who devote themselves to 
every department of pure as well as applied 
science; consequently there exist within its 
range the fullest possibilities of co-ordination. 
Dr. Hele-Shaw brings out forcibly the various lines 
along which development may be pursued, parti- 
cularly after the war is over. In the case of educa- 
tion, for instance, it would be well to ensure a more 
direct contact between the educationalist and the 
industrialist. There is no doubt that loss accrues 
hecause of lack of co-operation between primary, 
secondary, and continuation and technical col- 
leges. "hoo little attention, moreover, is devoted 
to vocational training and to the ultimate 
placing of the youth in that sphere of activity 
where his ability will find most efficient scope. 
In the matter of research, again, too much is 
done under the direction of the theorist without 
direct co-operation with the practical manufacturer. 
Where such research work has been carried out 
by the great technical institutions or under their 
direction incalculable gain has accrued, not only 
from personal interest on the part of members, but 
from repeated public discussions replete with prac- 
tical suggestion as to the progress and trend of such 
research work. Other points are raised by Dr. 
Hele-Shaw, who illumines the path along which 
progress can be made by the co-operation of science 
and industry. 

The certainty of our success, both in war and in 
future commerce, conduces to a complaisance 
which may be dangerous. A ‘‘ death struggle,” it 
cannot be too often enforced, involves the greatest 
possible exertion on the part of all without a 
single exception. It is not enough te believe in 
the righteousness of our cause, in the uninter- 
rupted successes of part centuries, or in the great- 
ness of our present resources. The righteousne:s 
must be brought home to the enemy. Tradition 
can only be of service as an inspiration to greater 
effort. Resources must be organised and utilised 
to the fullest possible extent. is applies to our 
immediate task, and as the days we think 
there is ground for hope that oo as more and 
more ising his or her duty. For the future 
there is a still greater task before us, because, as a 





historian has pointed out, “‘ victors are in a frame 
of mind which expects everything to be easy.” 
It is not too soon to begin the process of orga- 
nising our resources. We know that Germany 
is preparing, as Dr. Hele-Shaw points out, for 
a great war of commerce, and use of this 
it is necessary that we should so organise our un- 
doubtedly immense knowledge, experience, and 
resource as to justify any extraneous aid offered by 
the Government to further the maintenance of our 
commercial supremacy. As Professor Scott pointed 
out, ‘‘German organisation involves mechanical 
rigidity, and its initiative is severely limited. 
Ours, on the other hand, is spontaneous and free. 
No doubt it is slower in starting—often it may 
seem to us to be painfully slow—but what it can 
achieve in the end is something greater, for it is 
the expression of the free soul of a free people.” 
We need that expression to-day—it may be even 
under compulsion—to maintain freedom, but we 
shall need it even more in the future, frankly and 
disinterestedly given, in order to work out that 
freedom to its most beneficial extent. 





LONG-DISTANCE TELEPHONY. 

Tus country has often been accused of being 
backward in telephone work, and certainly in the 
number of instruments per inhabitant it is behind 
many others. Also in important lines of recent 
development, such as automatic calling systems, it 
has not played a very prominent part. In one 
branch of work, however, it can, we think, fairly 
be claimed that it has led other countries. This is 
in the application of underground mains for tele- 
phone work. It is generally known that develop- 
ments in this direction have been carried to the 
extent of laying an underground telephone cable 
between London and Birmingham, and that ulti- 
mately an underground service between London 
and Liverpool will be available. The Birming- 
ham and Liverpool section is, we believe, already 
laid, but is not yet in service. This sort of deve- 
lopment is, of course, an expensive one, but it has 
been considered that the importance of the service 
has justified the expenditure, in view of the greater 
reliability and continuity which is obtained as 
compared with overhead lines. 

e London and Birmingham cable, which is 
already in use, is made up of paper-insulated 
copper conductors, the individ wires being 
twisted in pairs and two pairs, then twisted to- 
gether to form a so-called ‘‘ multiple twin.” There 
are 52 conductors in all, the central core consisting 
of two pairs of 300-lb.-per-mile wire, the first layer 
of 14 pairs of 200-lb. wire, and the second layer of 
12 pairs of 150-lb. wire and 24 pairs of 100-lb. 
wire. The cable is lead-sheathed, is 2.9 in. in 
over-all diameter, and is laid in stoneware multi- 
way ducts, having passages 33 in. internal diameter. 
One telephone circuit is obtained in each pair of 
wires, and one additional circuit per two pairs may 
be formed by superposed or phantom working. The 
cable is 110} miles long, and was manufactured, 
laid and jointed by the Western Electric Company, 
of North Woolwich; it was designed, together with 
its loading scheme, by the engineers of the Post 
Office. The cable was carefully balanced during 
manufacture and in the jointing processes, so as to 
make the electrical constants of the circuits such 
that the minimum inductive disturbunce takes 
place between one loop and another, whether 
physical or phantom. 

he Birmingham and Liverpool section, 90 miles 
long, is being similarly treated by the British 
Insulated and Helsby Cables, Limited. Loading 
coils have been inserted in each circuit at 24-mile 
intervals along the route, the iron cases contain- 
ing the coils being placed in underground brick 
chambers. All the loading coils are of the Western 
Electric Company’s The estimated attenua- 
tion constants per mile, and those actually ob- 
tained after completion of the London-Birmingham 
line, are as given below :— 


beso of Single Wire Attenuation Constant per 
per Mile forming Loops. Mile. 800 a 
Ib. Estimated. bserved. 
300 0.00480 0.00408 
200 0.00684 0.00664 
150 0.00875 0.00884 
100 0.01161 0.01074 


The results on the superposed, phantom circuits 
are equally satisfactory, and the attenuation con- 
stants of such circuits are sometimes less than those 
of the physical loops from which they are formed. 


On Wednesday last, by the courtesy of Sir 
William Slingo, the Engineer-in-Chief of the Post 
Office, we had an opportunity of taking part in 
some speech trials over this London and Birming- 
ham cable. The trials were made between two 
rooms in the General Post Office building. In 
the first instance, s h was carried on over 
two of the 300-lb. loops. That is to say, a con- 
nection was made at Birmingham between two 
of the 300-lb. wires, and telephones in the two 
rooms in London were connected to the other ends 
of the two wires. This gave a total cable length of 
221 miles. We found that speech transmitted over 
this distance was excellent, and could not dis- 
tinguish any falling-off when two 200-lb. loops 
were substituted for the 300-lb. ones. Four 
200-Ib. loops were then used, giving a cable length 
of 442 miles, equivalent, say, to the distance from 
London to Glasgow, and, later, two 300-lb. loops 
were added, giving a total length of 663 miles, 
equivalent to connection between London and 
Aberdeen. Speech could be carried on in both 
cases without difficulty, and we actually found the 
663-mile line more easy to hear over than the 
442. This was purely a personal experience, and 
was probably due to a clearer speaker at the other 
end of the line in the second case. The speech trans- 
mitted over 663 miles was considered by the Post 
Office engineers to be about the limit which could 
be ondient commercially satisfactory ; but when 
later two further 200-lb. loops were added, making a 
total length of 884 miles, we still found speech sur- 
prisingly clear. It is obvious, however, that for 
ordinary working the quantity of the speech 
transmitted must be well on the safe side, since 
lines are naturally intended for the use of the general 
public, and not for experts. The Post Office engi- 
neers tell us they can carry on a conversation over 
1000 miles. During the whole of these experi- 
ments the remaining circuits in the London-Bir- 
mingham cable were in ordinary commercial use, 
but at no time did we note any sign of cross-talk or 
interference. A _ final point which should be 
noted is that these long-distance conversations 
were carried on wholly over underground cable. 
It is not demonstrated that equally good results 
could be obtained from a mixed overhead and under- 
ground line. 





THE COMMON AIMS OF SCIENCE 
AND HUMANITY. 

To plead thecommon aims of science and humanity 
may appear superfluous to the many in whose 
opinion science can only have one final aim— namely, 
to serve humanity. That may be conceded even if 
we advocate the study of science for its own sake. 
Science is entitled to official aid, because it pro- 
motes the welfare of the human race, it assuages 
suffering, simplifies and facilitates labour, and helps 
to utilise and to husband the resources of Nature. 
In that sense science and humanity have the same 
common aim. 

That, however, is not the sense in which Pro- 
fessor Arthur Schuster dealt with ‘‘ The Common 
Aims of Science and Humanity” in his presidential 
address delivered to the British Association, at 
Manchester, last Tuesday. Nor did Dr. Schuster, 
except in his concluding remarks, dwell upon the 
terrible reverse of the image, upon the enlistment 
of science in the service of the powers of destruc- 
tion, to intensify, not to diminish, the horrors of 
war. Under the influence of the diversity of pur- 
suits imposed upon men by the conditions of 
modern life, he pointed out, different groups of 
the community—men of business, men of science, 
philosophers, artists—have acquired detached and 
sometimes opposing interests. The groups were in 
danger of losing the sense of mutual dependence. 
To quote Professor Schuster’s own words: ‘‘ But in 
the shadows of a great catastrophe it has been 
brought home to us that the clash of interests |s 
superficial, and the slender thread of union which 
remained has grown into a solid bond. What 1s 
the fibre from which the bond is twined ? Patriotism 
may express its outward manifestation, but its 
staple is the mental relationship which remains 
continuous and dominant even in normal times. 
Outwardly the community is divided into hetero- 

eneous elements with mental attitudes cast in 
ifferent moulds and proceeding along separate 
roads by different methods to different ideals. 
Yet, as we eliminate the superficial, and regard 





only the deep-seated emotions which control our 
thoughts and actions, the differences vanish . . . 
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Mind and character no doubt group themselves 
into a number of types, but the cleavage runs 
across, and not along, the separating line of 
professions. . . Glancing at the various occu- 
pations of the working parts of a nation, com- 
prising the student, the engineer, the geologist, 
the agriculturist, the commercial man, it seems 
as if we ought to be able to name the qualities 
of intellect and temperament which in each 
pursuit are most needed to carry out the 
work successfully. But on trying to define these 
qualities, we soon discover the formidable nature 
of the task. Reasoning power, inventive power, 
and sound balance of judgment are essential 
attributes in all cases, and the problem is reduced 
to the question whether there are different varieties 
which can be assigned to the different occupations.” 
In this sense the subject of Dr. Schuster’s address 
has to be understood. Its title might be inter- 
preted in various ways. But the aims, faculties, 
aspirations, and motives of scientists are the 
common aims and emotions of the human race ; 
that, we gather, is what he wishes to establish. 
Ethics are not the main feature of his considera- 
tions ; his chief authority is a great mathematician, 
the late H. Poincaré. 

To illustrate this meaning, Dr. Schuster first 
referred to mathematics. Of all the sciences, the 
study of mathematics appears to require most 
definitely a special faculty. Yet Poincaré him- 
self almost failed when he attempted to fix the 
distinguishing intellectual quality of the mathemati- 
cian. Starting from the incontrovertible proposition 
that logical reasoning was the only kind of correct 
reasoning, Poincaré asked why everybody capable 
of correct reasoning was not also a mathematician, 
and he was led to the conclusion that the charac- 
terising feature is a peculiar type of memory. Not 
a better memory, for mathematicians are notoriously 
forgetful. ‘‘ But it is a memory which fixes the 
order in which successive steps follow one another 
without necessarily retaining the details of the 
individual steps. When I play chess, I reason out 
correctly that if I were to make a certain move I 
should expose myself to danger. I should therefore 
consider a number of other moves, and after 
rejecting them in turn, I should end by making the 
move first contemplated and dismissed, having 
meanwhile forgotten why I had abandoned it. 
Why, then, does my memory not fail in a difficult 
mathematical reasoning in which most chess-players 
would entirely be lost? Because a mathematical 
demonstration is not a juxtaposition of syllogisms, 
but consists of syllogisms placed in order. The 
order in which the elements are placed is much 
more important than the elements themselves. 
If I have this intuition, so to speak, of the 
order so as to perceive at a glance the whole 
of the reasoning, I need not fear to forget the 
elements.” Mathematics and chess-playing have 
little in common. Nor have, we might inte " 
mathematics and strategy and tactics. Moltke is 
often described as a marvellous chess and whist- 
player ; he was neither. 

Mathematical invention, according to Poincaré, 
does not consist in forming new combinations of 
known mathematical entities, because the number 
of possible combinations is infinite, and most of 
them have no value whatever, but ‘‘ to invent is to 
choose.” Not as the buyer chooses when he is 
offered many samples, but as the examiner selects 
who has to deal with candidates that have already 
passed a test of competence. There is profound 
truth in these remarks of Poincaré, Dr. Schuster 
accentuated. Whenever a new fact or generalisation 
is announced, many others claim to have had the 
same idea; they deplore their bad luck in not having 
pursued it, but they lack the inventive power 
which would have helped them to select the right 
way, and not to waste time on sterile combinations. 
A fertile mind like Poincaré’s may, of course, place 
too low a value on his own exceptional gifts. Dr. 
Schuster was nevertheless convinced that if Poin- 
caré’s exposition as to how Poincaré’s discoveries 
were made (in his ‘‘ Science et Methode”’) be studied 
attentively, Poincaré’s judgment will be found 
well considered. New ideas seldom are born out 
of nothing ; most frequently they are based on 
analogies ; there the memory comes in, not the 
memory of detail, but the memory of premises 
with their conclusions. 

If Poincaré thus dims the aureole which sur- 
rounds the mathematician’s head, he removes it 
altogether by his definition of mathematics: ‘‘ The 
art of calling two different things by the same 





name.” The definition sounded startling; but 
Dr. Schuster at once reassured his hearers by 
alluding to the revolution which the application of 
the term “energy” to the two distinct concep- 
tions involved in its subdivision into potential 
and kinetic energy had produced in science. 

Like the mathematician, the commercial man, 
the politician, the artist must possess the kind of 
memory able to concentrate in the field of mental 
vision what they learned from their own experi- 
ence and the experience of others, and they must 

the inventive faculty. That 
qualification, Dr. Schuster admitted. He did not 
admit that special gifts are associated with special 
occupations. That is a fallacy, he said. ‘* Some- 
times we are recommended to hand the affairs of 
the nation over to business men; sometimes that 
salvation can only be found in scientific methods. 
What is a man of business, and what are scientific 
methods? A man in business may be defined as a 
man capable of managing large and complicated 
transactions ; but if it were to be cation only 
the specialised training in commercial transactions 
could develop the requisite faculties, it would have 
to be shown that the majority of great statesmen 
owned their success to that training. On the other 
hand, every method that leads to a correct result 
must be called a scientific method, and what 
requires substantiating is that scientific training 
is better than other training for discovering the 
correct method. That proof, as well as the other, 
has not been given, and cannot be given.” The 
reader may feel puzzled by the views thus expressed 
and may look for some guidance. 

Everybody fancies that he knows the difference 
between scientific and unscientific methods. But 
Dr. Schuster went on to assert that the most fatal 
distinction that can be made is to bring men of 
theory into collision with men of practice, without 
regard to the obvious truth that nothing of value is 
ever done which does not involve both theory and 
practice. He quoted Disraeli: ‘‘ The practical man 
is the man who practises the errors of his fore- 
fathers,” and added that it is the most dogmatic of 
dogmatics who tirades against dogma. His mean- 
ing is, of course, clear. Theory and practice can 
only come into conflict when one of them is at 
fault, and that happens in many cases owing to all 
conditions not being taken into account; some 
essential condition has been neglected as unessen- 
tial. That there is a contrast in character between 
the man inclining towards theory and the man who 

refers practice, Dr. Schuster does not overlook. 

e said, however: ‘‘ A’ man who calls himself a 
man of action is frequently only one who cannot 
give reasons for his actions.” To claim that title, 
a@ man must act deliberately, have confidence in his 
judgment, sufficient tenacity of purpose to carry it 
through, and sufficient courage to run the unavoid- 
able risks of possible failures. But whether the 
scale of work be microscopic or interstellar, the 
essence of the faculty of blending theory and prac- 
tice is the same, and both men of books and men of 
action are to be found in the philosopher’s study, 
the laboratory, the workshop, and on the battle- 
field.” We concur in these views. Yet why did 
Dr. Schuster continue: ‘‘Modern science began 
not on the date of this or that discovery, but on 
the day that Galileo decided to publish his Dia- 
logues in the language of his country. This wasa 
deliberate act destined to change the whole aspect 
of science, which, ceasing to be the occupation of 
a privileged class, became the property of the com- 
munity” ? 

Dr. Schuster found support of his views in Sir 
Michael Foster’s presidential address to the Dover 
meeting of 1899 :—‘‘ Men of science have no 
peculiar virtues, no special powers. They are 
ordinary men—even commonplace. Science, as 
Huxley said, is organised common-sense, and men 
of science are common men drilled in the ways of 
common-sense.” ‘ This saying of Huxley’s,” 
Dr. Schuster commented, ‘‘ has been repeated so 
often that one almost wishes it were true; but 
unfortunately I cannot find a definition of common- 
sense that fits the phrase. Sometimes the word is 
used as if it were identical with wncommon sense, 
sometimes as if it were the same thing as common 
nonsense. Often it means untrained intelligence.” 
What common-sense really signifies is certainly 
difficult to say; it has no power against a sound 

ment, and must remain a useful, but fallible, 
ide ; Professor J. A. Thomson pointed that out 
in his criticism of Huxley’s dictum. 

Going a step further, Dr. Schuster stated that if 
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we cannot distinguish special intellectual faculties 
when —e of groups of men within one country, 
we ought to be doubly careful not to do so without 
good reasons in comparing different nations. ‘* So- 
called national characteristics are in many cases 
matters of education and training.” He selected 
organisation for exemplification, because it figures 
so largely in public discussions at present. Pe ae 
isation is an expedient for combining individual 
efforts ; it requires a head that directs, and a body 
that obeys; it works mainly through discipline. 
To say that a nation which has acquired and 
maintained an empire is deficient in organising 
power is an absurdity.” Co-operation alone can 
achieve much, but is full of danger; things go well, 
as in a six-cylinder motor, as long as all the 
sparking-plugs agree. But organisation often re- 
solves itself into a cry for discipline—the disci- 
pline, not of the bayonet, but that of voluntary 
subordination to properly constituted authority— 
and that discipline is not an inborn quality, but 
acquired by education and training, and if made 
the guiding principle of a nation’s activity, carried 
— with it. 
aving been unable to admit any fundamental dif- 
ference in the mental qualifications which lead to suc- 
cess in different occupations, Dr. Schuster did not 
find any differences either in the ideals which move 
man in childhood, maintain him through manhood, 
and give him peace in old age. A student studies 
Nature, he — with Poincaré, not because that 
study is useful, but because it gives him pleasure, 
and it gives him pleasure because Nature is beau- 
tiful. This does not mean the beauty of outward 
appearance, but the intimate beauty which depends 
on the harmony in the order of the component parts 
of Nature. Stress on this connection erred. the 
search for the beautiful and the achievement of 
the useful had already been laid, among others, 
by Karl Pearson, who sees the chief delight 
of pure science in the continual gratification of 
the esthetic judgment. This consideration led 
Professor Schuster to an inquiry into the purely 
emotional instincts which direct the course of our 
lives, and the causes which induce the child to 
select his future profession. We cannot follow 
Dr. Schuster in this difficult task. He overlooks, 
we think, the importance of accidental factors, like 
the discovery of radioactivity, which re-shaped the 
course of study of many students. Reverting to 
his main subject in this connection, he pointed out 
that the combination of scientific ability with « 
leaning to music, art, or poetry is very common. 
One particular feature attracts our attention. The 
distinction between literary and scientific gifts 
might be found, he suggested, in the attachment 
either to languages or to visualised images. He 
asked in what language do men think who, like 
himself, have been living in different countries ? 
Thought, he answered, is apparently not connected 
with any language at all ; the planning of an ex- 
perimental and the examination of a theory are 
matters of mental imagery, but the conversion of 
thoughts into language, necessary when the results 
obtained are to communicated to others, pre- 
sents not only the ordinary difficulties of trans- 
lation, but reveals faults in the perfection or 
sequence of the images. Our own experience is 
that the translator comes in for the full share of 
these latter difficulties, and teachers of languages 
rightly insist that the pupil should think in the 
language he wishes to learn. 

One justification of the study of science remains 
to be discussed. It was once a popular fallacy that 
the laws of Nature constituted an explanation of 
the phenomena such that we could gauge the 
mind of the Creator, as Dr. Schuster expressed 
it, by means of the laws which govern the material 
world. As this archaic interpretation was aban- 
doned, ple went to the other extreme. We 
can explain nothing ; in fact, we know nothing ; 
we can only record facts, Said Dr. Schuster : 
“This modesty was impressive, and it became 
po . I know, at any rate, one scien- 
tific man who has Pond | a@ great reputation 
for wisdom by repeating sufficiently often that he 
knows nothing.” Kirchhoff laid it down definitely 
that the object of science is to describe Nature, 
meaning not recording detached observations, but 
forming comprehensive statements of facts. On 
that view, Newton’s chief merit would have been 
to have condensed Kepler’s three lawe—themselves 
based upon the detached, though systematic, obser- 
vations of Tycho Brahe and ers — into one 
hypothesis. This point of view, Dr. Schuster 
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suggested, is not necessarily opposed to Poincaré ; 
to us it appears common-sense. 

There was much more of great interest in the 
address. How emotion affects the scientist Dr. 
Sehuster illustrated by picturing an astronomer 
who, a moment before the commencement of an 
expected eclipse, is tortured by doubts, whether 
his calculations be perhaps at fault, or there be, 
after all, a limitation to the of gravitation, 
and he should have stationed himself at a spot 
some miles from the real belt of totality. Dr. 
Schuster considers that science, when not utili- 
tarian, is historic or prophetic, history to the 
mathematician peng eee ursued in the 
negative direction. e invasion by the physicist 
of the realm of philosophy and metaphysics led, a 
few years ago, to a paralysing pessimism and an 
obscure vagueness of expression, seriously threaten- 
ing to retard the healthy progress of the study of 
Nature. ‘‘ Metaphysicians and physicists must not 
resent mutual criticisms. Most of the goed that 
is done in this world is done by meddling with 
other people’s affairs.” 

Finally, Dr. Schuster expressed his fear that 
he had laid too much stress on the idealistic 
side, and that the times are not suitable for 
speaking of wsthetic motives. ‘*Am I not,” he 
said, ‘‘while endeavouring to find a common 
bond between all sections of the community, in 
reality drawing a ring round a small and privi- 
leged leisured class, telling them these emjoyments 
are for you and for you alone? Should I not 
have found a surer ground for the claims of 
science in its daily increasing necessity for the 
claims of our manufactures and commerce ? I have 
said nothing to indicate that I do not put the 
highest value on this important function of science. 
But I must ask you to reflect whether the achieve- 
ment of wealth and power, to the exclusion of 
higher aims, can lead to more than a superficial 
prosperity which passes away, because it carries the 
virus of its own doom within it. Do we not find in 
the worship of material success the seed of the 
pernicious ambition which has maddened a nation 
and plunged Europe into war. Is this contempt 
for all idealistic purposes not responsible for the 
mischievous doctrine that the power to possess 
confers the right to possess, and that ion is 
desirable in itself, without regard to the use which 
is made of it?” 

‘* Happy were the times,” the address concluded, 
‘* when it could be said with truth that the strife 
of politics counted as nothing before the silent 
display of the heavens. — issues are at stake 
to-day. In the struggle which affects the world 
all intellectual pursuite are vitally affected, and 
science gladly gives all the power she wields to the 
service of the State. Sorrowfully she covers her 
face because that power, accumulated through the 
peaceful efforts of the sons of all nations, was never 
meant for death and destruction.” This state- 
ment, like some others, requires qualification. Dr. 
Schuster has compared the aims of science and of 
humanity, and in this respect science has not a 
clearer conscience than humanity herself. But his 
address must be studied in full to be appreciated. 
It is suggestive and im ive in its epigrammatic 
—sometimes almost paradoxical—style. It will, no 
doubt, be criticised, but it will certainly also be 
freely quoted in the future. 





NOTES. 

Tue First Year’s Work or THE Panama CANAL. 

Tue first year of commercial operation of the 
Panama Canal was completed on the 14th of last 
month, having been inaugurated by the passage of 
the Ancon on August 15, 1914. ew the year 
1317 ocean-going vessels have traversed the Canal. 
This figure includes warships and yachts, as well as 
commercial vessels. Of the total es, 661 
have been from the Pacific to the Atlantic, and 656 
from the Atlantic to the Pacific. The net tonnage 
of the 1317 vessels, on the Panama Canal rating, 
was 4,596,677, and the gross tonnage 6,494,673. 
The average net tonnage was thus 3490, and the 
average gross tonnage 4931. The tolls earned 
during the year amounted in the te to 
5,216,149 dols., but this includes 114,085 dols. 
levied on United States Government vessels which 
was not collected. In giving these figures the Canal 
Record points out that, during 1914, 4802 ships, of a 
net ton of 19,409,495, passed through the Suez 
Canal. ese figures showed a decrease of 282 
ships and 624,389 tons, as compared with 1913. 





The decrease in commercial vessels was ter than 
this ; but there was an increase of 501 — 
and transports, having a tonnage of 2,218,187. e 
total receipts were 125,121,237 franes, showing a 
fall of 4,804,711 francs as compared with 1913. e 
average tonnage of the vessels was 3940 in 1913, 
and 4042 in 1914. Assuming that the Suez and 
Panama reckonings of net tonnage be taken as 
practically the same in the te, it will be 
seen that about four and a half times as much 
tonnage went through the Suez Canal in 1914 as 
went through the Panama Canal in its firet P ae of 
Operation, while the number of passages ugh 
the Suez Canal was some three and two-fifths as 
many as through Panama. The total receipts at 
Suez, taking 1 franc at 19.3 cents, were four and 
five-eighths times the tolls earned at Panama. 


A..Loy Streets ror Moror-Car AXtLes. 


In a paper recently read before the American 
Society of Mechanical Engineers, Mr. John Younger 
discussed the failure of the axle-shafts of a heavy 
motor-truck. These shafts were of chrome nickel 
steel, 24 in. in diameter, and were cut with six 
splines at each end, the diameter at the bottom of 
the groove being 1.771 in. At one end the shaft 
engaged with the road-wheel and at the other with 
the differential. The shaft was free from all bendin 

stresses transmitting only pure torque. The stee 
contained 0.20 per cent. of carbon, 1.5 per cent. of 
chromium, 4 per cent. of nickel, and 0. cent. 
of manganese. It had an elastic limit (yield-point) 
of 90,000 lb. per sq. in. and a tensile strength of 
105,000 lb. per sq. in. In service there were a 
number of breakages, and it was accordingly deter- 
mined to investigate the matter experimentally. 
It was then found that the whole of the deforma- 
tion was concentrated on a small length of the 
shaft near the end of the splines. The first 
step taken was, therefore, to reduce the diameter 
of the plain portion of the shaft to that at the 
bottom of the splines, thus equalising the defor- 
mation over the whole length. At the same time 
the number of splines was increased and their 
depth halved. For further security the composi- 
tion and treatment of the steel was modified. The 
carbon content was increased to 0.30 per cent., and 
that of the manganese to 0.50. The percentage of 
chromium was unaltered, but that of nickel reduced 
to 3.5 per cent. As received, this material had an 
elastic limit of 100,000 lb. per sq. in., but after 
machining, the axles were subjected to a heat treat- 
ment which raised the elastic limit to 175,000 lb. 
per sq. in., and the tensile strength to 185,000 lb. 
per sq. in. This treatment consisted in heating 
the pieces to a temperature of between 1450 deg. 
and 1500 deg. Fahr. and then quenching them in 
oil. They were then reheated to a little over 
700 deg. Fahr. and allowed to cool slowly in air. 
Some trouble from warping was experienced at the 
outset, but it was found that the pieces could be 
easily straightened when hot. In order to make 
certain that each piece had been satisfactorily heated, 
the Brinell hardness number was ascertained in 
every case. This precaution is said to be very neces- 
sary, as by its use unsatisfactory specimens can be 
eliminated. The heat treatment is said to cost 2 
to 24 cents per pound, but the strength is nearly 
doubled, and the results with the new design and 
the new material have been very satisfactory. 





_New Sourn Wags Coat.—The annual coal produc- 
tion of New South Wales during the seven years ending 
with 1912 inclusive was as annexed :—1906, 7,626,362 tons; 
1907, 8,657,924 tons; 1908, 9,147,025 tons; 1909, 7,019,879 
tons ; 1910, 8,173,508 tons ; 1911, 8,691,604 tons ; and 1912, 
9,886,815 tons. The aggregate coal output of New South 
Wales from the earliest records to the close of 1912 was 
181,595,980 tons. of an estimated value of 69,087,688/. The 
coal raised in New South Wales during the seven years 
ending with 1912 was dealt with as follows :— 


Year. Consumed Locally. Exported. 
Tons. Tons, 
1906... se 4,567,534 8,058,828 
1907.. en 4,934,376 3,723,548 
1908. . on 5,315,567 3,831,458 
1909... en 4,440,981 2,678,898 
1910.. as 6,581,817 2,591,691 
1911 ne 5,817,154 2,874,450 
1912 atl a aa 6,347,667 3,538,148 
It will be observed that, in 


1912, 64.11 per cent. of the 
output was consumed | y, while 35.89 per cent. was 
exported. In 1912 machine-cut coal represented 29.30 per 
cent. of the output. Of the machines in use, 135 were 


driven by electricity, and 79 by compressed air. Of the 
coal uction of 1912, 6,913,810 tons were uced in 
the northern districts of the State, and 2,1 ,860 tons in 


the southern districts. The value of the coal raised in 
the northern and southern districts in 1912 was 2,798,7 
and 661,512/. respectively. 





INDUSTRIAL NOTES. 


Tue opening meeting of the Trade Union Co 
took place in the jation Hall, Bristol, “last 
Monday, and was attended by over six hundred dele- 
gates, re nting 2 700,000 organised workers. After 
the preliminary business had been carried out, the 
President, Mr. J. A. Seddon, delivered an inaugural 
address, in the course of which he stated that no 
Co was ever confronted with greater problems 
than some which would engage their attention during 
the week. A from international problems, matters 
of domestic interest to organised labour would come 
under review. . ... Dealing with Belgian labour, he 
said he felt confident that he would carry the great 
bulk of the Congress with him when he said they 
offered to their sorely-stricken comrades their whole- 
hearted sympathy, and, equally sincerely, their welcome 
and hospitalit ; also, if the assurance were needed, 
their determination that their once fair land should be 
restored to the people of — before this country 

to lay down the sword. . . . With reference to 
the high cost of living, the War Emergency Committee 
had given splendid service. . . . The question of female 
labour, owing to war conditions, was not a passing 
phase. The introduction of women into many trades 
was causing misgiving and, in some cases, hostility. 
This was to be regretted. The only course, to mini- 
mise any possible danger, was to insist upon equal pay 
for equal work. The railwaymen were to be con- 
gratulated on their success with the companies in 
securing recognition of equal pay for women... . 
As to the war, he was personally convinced that it 
was a death grapple between systems that could not 
coexist if freedom was to be something more than a 
name. Prussian militarism, with all its attested 
cruelty, murders, and rapine, must be destroyed. . . . 
‘* Weare unalterably opposed,” concluded Mr. Seddon, 
**to what the Foreign Secretary described as an iron 
, and a freedom under a Prussian shield, whether 
it came from Potsdam or Printing House-square. The 
heart of Britain was still sound, the will to do and 
to sacrifice was not wanting for a just cause. We 
know that words could not repay the epic deeds of 
heroism in every sphere of war, that mere sorrow was 
base currency for the shed blood that had protected 
our women, children, and homes from the horrors of 
invasion. Let the Government rise to the full height 
of their responsibility, not by giving ear to a huckster- 
ing Press, but by meeting confidence with confidence. 
Herein lay the path of unity, the seal of honour to 
those who never more will return, the hall-mark of 
duty to those who stand as the rdians of our 
freedom, in face of the foe, and the crowning glory of 
& people united in one d resolve, come Seal or 
woe, determined to endure until the sacrifices made 
had triumphed in the success of our cause.” 

At Monday’s meeting various resolutions were put 
forward against conscription ; advocating the urgent 
need for more efficient supervision of the Trades 
Schedule under the Trade Board Act; asking that the 
Parliamentary Committee be instructed to take the 
necessary steps to force the Government again to 
introduce the Check-Weighing Bill, and to use every 
means in their power to have this Bill placed on the 
Statute-Book ; urging upon the Government the 
necessity of making adequate provision for the blind, 
by placing the responsibility upon one of the State 
Departments of providing for their maintenance. 

at the meeting held on Tuesday, the President, Mr. 
J. A. Seddon, moved the following resolution from the 
Parliamentary Committee :— ‘ 

‘That we, the delegates to this Congress, repre- 
senting nearly 3,000,000 organised workers, record 
our hearty appreciation of the magnificent response 
made to the call for volunteers to fight against the 
tyranny of militarism. ; 

‘*We emphatically protest against the sinister 
efforts of a section of the reactionary Press in formu- 
lating newspaper policies for party purposes and 
attempting to foist on this country conscription, which 
always proves a burden to the workers, and will 
divide the nation at a time when absolute unanimity 
is essential. 

‘*No reliable evidence has been produced to show 
that the voluntary system of enlistment is not 
adequate to meet all the Empire’s requirements. 

‘« We believe that all the men necessary can, and 
will, be obtained through « voluntary system properly 
organised, and we heartily support, and will give every 
aid to, the Government in their present efforts to 
secure the men necessary to prosecute the war to 4 
successful issue.” , 

After discussion the resolution was carried unani- 
mously, and it was decided to send a copy of it to 
the Prime Minister, Mr. Lloyd George, and Lord 
Kitchener. ‘ 

In the course of Tuesday’s meeting the following 
tel to the chairman was received from the 
Minister of Munitions, Mr. Lloyd George; it was 
read to the members :— ; 

‘*T observe in the report of your speech the following 
words ;—‘ The share of labour in meeting the danger 
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is seen in the increasing output of munitions and the 

willingness of skilled trades to do all possible. We 

invite the Minister of Munitions to be equally keen to 
out his promise to deal with war profits.’ 

“T have already, under the Munitions Act, placed 
714 firms under control. That includes the bulk of 
the important firms in this kingdom eng wholly 
or mainly in manufacturing munitions of war. In 
every case the profits are limited in accordance with 
the terms of the Munitions Act, so that the benefit 
of any suspension of trade-union regulations shall 
ensue to the State and not employers. No profit- 
mongering is possible in these works. 

‘*As your words, unintentionally I feel certain, 
might convey the impression that the Government had 
not carried out their part of the bargain with the trade 
unions to limit profits, I beg you to make this clear to 
the Congress and to urge them to persuade the unions 
throughout the kingdom to out their part of 
the bargain by suspending during the period of the 
war all regulations and practices which have the effect 
of restricting the output of material urgently required 
for the protection of our gallant troops at the Front, 
and for the achievement of victory for the nation.” 

The reading of this telegram from the Minister of 
Munitions was received with some cheers. 

On Wednesday it was decided to invite the Minister 
of Munitions to visit Bristol, with a view to address 
the Congress. Mr. Lloyd George accepted the invita- 
tion and addressed the Congress on Thursday. We 
shall continue our report in our next issue. 


In their quarterly report for April, May, and June, 
the Ship-Constructors and Shipwrights’ Association 
states that ‘‘ with the publication of this report the 
nation has been twelve months at war... With 
B-lgium, Poland, and a large part of France still in 
he bande of the invaders, every one of us, whether in 
the trench or at the bench, must strain every nerve, 
make every possible sacrifice, to defeat the enemy, and 
to restore the devastated countries to their rightful 
peoples, and bring down, once and for all, that spirit 
of militarism which has for so long menaced the peace 
of the world, and cost millions of money and so many 
valuable lives. . . It is stated by some that national 
service and conscription is one and the same thing, 
but there is a great difference between compelling 
everyone to become a soldier and adopting a 
system of national service whereby everyone would 
be able to do his or her bit in the national in- 
terest. This appears to us to be the reason for 
the National Magister which has taken place; it 
is to find out our resources, both in men and material, 
and having ascertained them, to set to work to syste- 
matise them, so that they can be applied to the success- 
ful prosecution of the war, whether in the trench, at the 
bench, in the fields, or in the industries n to 
support our Army and Navy, maintaining at the same 
time, as far as possible, the trade of the country . . . 
The income for the quarter (which is a 14 weeks’ one) 
has been 23,243/. ls. 94d., whilst the expenditure 
amounted to 15,622/. 1s. 74d., leaving a net gain on the 
quarter of 7621/. Os. 2d., which, added to the reserve 
funds at the beginning of the quarter—161,248/. 1s. 3d 
—brings the total reserve funds at the end of the 
quarter up to 168,869/. ls. 5d., the highest on record 
. . . During the quarter the demand for the labour of 
our members has continued. . .” 

At the end of June last the members of the asso- 
ciation numbered 29,011. 





A meeting of railway workers was held on Sunday 
last at Brighton, when a resolution was adopted urging 
the executive committee again to press the railway 
companies for the 5s. per week included in the original 
demands of the union. Mr. J. H. Thomas addressed 
the meeting, and said that never within the experi- 
ence of the society was there such a united and deter- 
mined demand for an improvement in the men’s con- 
ditions. There was, however, he added,a right way and 
& wrong way of doing things. While practically every 
branch, practically every member out of the total of 
300,000, were not only feeling the pressure, and were 
not only discontented and anxious for something to be 
done, there was inside their movement another move- 
ment, cleverly engineered, to take independent 
action. The demand was that unless the executive 
did a certain thing at a certain time the law would be 
taken into the men’s own hands, and they would do 
all manner of things themselves. If that were the 
view of anyone present at the meeting, they had no 
right to be inside the organisation. Their admission 
into trade unions meant that they subordinated their 
individual ends to the common ones. If they intro- 
duced anarchy, disaster must inevitably follow. Their 
executive committee must control, it was because 
he believed the executive committee could pilot the 
ship that he begged them to give the committee a 
chance of dealing with the situation. 

All his sympathy was with the men, whose claim he 
believed to be irresistible, but the power of the strike 
was one that must be used and not abused. It should 


lightly and glibly of using it at this moment of the 
nation’s history would not only be folly, but madness. 





At the Conference held on the 2nd inst. at the Home 
Office, which was attended by representatives of coal- 
owners and miners from all districts of the country, 
and was presided over by Sir Richard Redmayne, 
K.C.B., H.M. Chief Inspector of Mines, there was 
considerable difference of opinion amongst the repre- 
sentatives of the owners as to the desirability of 
interfering with the Eight Hours Act, and objection 
was also taken by the representatives of the miners 
to any interference at the present time in view of the 
efforts being made to secure ter ity of 
work and less absenteeism on the t of the miners. 
Mr. Smillie, the President of the Miners’ Federation, 
stated, on behalf of the miners, that if their efforts 
to secure a better attendance at work failed, the 

uestion could be considered at a later date if it were 
ound to be n It was decided to leave the 
matter in abeyance for the time being. 





The Australian Commonwealth Interstate Com- 

mission has been conducting investigations with 

t to the various industries of the Commonwealth, 

with a view toa revision of the Customs Tariff. Ina 

the course of investigations, many interesting com- 

parisons have been made in the wages paid in Australia 
and other countries in similar industries. 

In the gas-meter industry, for instance, it was 
shown that adult male meter-makers in Australia 
earned from 60s. to 72s. per week of 48 hours, while 
in Holland they worked 60 hours per week for 21s. to 
23s., and in the United Kingdom 32s. was the average 
rate for a week, the number of hours of which was not 
specified. In the United States the wages ranged 
from 50s. in Illinois to $2s. in New York for a 55-hour 
week. In Germany, gas-fitters, plumbers, turners, 
and mechanicians received (in 1913) 24s. 9d. per week 
of 59 hours. 

In the cigar industry, male workers in Australia 
received 46s. 10d. per week (48 hours); in Austria, 
14s, 5d.; Belgium, 14s. to 32s. (60 to 63 hours) ; 
Germany, 12s. to 30s. (57 to 60 hours); Holland, 
13s. to 15s. (60 hours) ; the United States, 75s. 2d. per 
week ; the United Kingdom, 25s. 5d. for 494 hours. 
Female workers in Australia received 42s. 10d. per 
week, and in the United Kingdom 9a. 8d. 

Males employed in the match factories in Australia 
received 44s. 4d. per week of 48 hours, females 20s. 4d. ; 
France—males, 34s. 3d.; females, 26s. 6d. (54 hours) ; 
Germany—males, 17s. 7d. (60 hours); Norway—males, 
26s. 10d.; females, 14s. 2d.; United States, 31s. 6d. 

The ave: weekly earnings and hours of labour in 
the cycle industry in Australia and other countries 
were stated by the Commission to be as follows :— 
Australia, 40s. 10d. for 48 hours; United Kingdom, 
34s 4d. (534 hours); United States, 57s. 6d.; France, 
from 3ls. to 33s. for 60 hours ; Austria, 16s. 10d. to 
41s. 8d. for 51 hours. 

Corset-makers in Australia earned on an average 
weekly 57s. 6d. per male adult employee, and 24s. 11d. 
per female adult for 48 hours; in France females 
average 93. to 12s. per week of 60 hours; in the United 
Kingdom males earned 23s. ld., and females 103. per 
week of 514 hours ; all adult workers in the industry 
in the United States averaged 29s. 6d. per week ; in 
Holland women corset-makers earned lls. 8d., and 
girls ls. 8d. to 5s. for a week of from 51 to 60 hours. 

Employees in the soap-making industry in Australia 
osm 60s. (males) and 30s. (females) per week of 
48 hours ; in Belgium, males received 16s. to 19s. for 
a week of 57 to 60 hours ; France, 21s. 7d (60 hours) ; 
Germany, 20s. to 27s. ; Holland, Ils. 8d. to 20s. 
(males), 5s. to 8s. (females) for 60to 72 hours. In the 
United Kingdom the average weekly earni (514 
hours) were : males 24s. 91., and females 103. oo 

Male employees in the nail and wire nail industry 
in Australia received from 50s. to 64s. per week of 
48 hours; in Austria, lls. to 14s. 8d. per week of 
72 hours ; France, 22s. per week of 60 hours. In the 
United Kingdom the average earnings per week of 
53 hours was 24s. ld. for males and 9s. lid. for 
females. In Germany males employed in the wire- 
working industry received from 18s. to 33s. for a 
63-hour week. 

Workers in the cement industry in Australia earned 
from 48s. to 69s. per week of 48 hours; in Austria 
they receive from 13s. to 25s. for 60 hours; Belgium, 
14s. to 263. for 54 to 60 hours ; Denmark, 25s. for 
60 hours ; France, 24s. to 38s. ; Germany, 19s. 2d. to 
20s. 8d. (60 hours); Holland, ls. ld. (65 hours) ; 
Italy, 12s. to 16s. 9d. for 60 hours. 





Norway will next year have to face a perfect flood 
of fresh agreement arrangements, a matter which was 
strongly underlined during the debate of the new 
Factory Bill. About 300 agreements, affecting some 
60,000 hands, will soon terminate, and will call for 
renewal. On January 1, 1916, some 20 mente 
in the mining industry, involving 5500 , as 





not be prostituted, even in normal times, and to talk 





well as other agreements, expire ; three months later 
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six agreements terminate fs’ — ~y whe gas 
employing 17,000 hands ; uring il, May, 
July, 34 ments in the dactse-chhadeas bolemiolen 
wi hands, come to an end; nine agreements, 
—— 2500 hands, in the textile industries, expire 
on July 1. During the second half of 1916 all the 
paper-mills, cellulose and wood- factories, and 
those of the planing and saw-mi tween 90 and 
100 ents, ing 15,000 hands—will also cease. 
A good deal of apprehension is felt as to the manner 
in which the new Fac Bill may, in many instances, 
increase the difficulties for renewal. 


The report for the calendar year ended December 31, 
1914, recently issued by the Department of Mines 
and Industries of the Union of South Africa states 
that the total number of persons in the service of mines 
and allied concerns and the number of individual 


diggers engaged in mining operations within the 
ae was, for the month of December, 1914, as 


follows :— 
Per Cent. 

Gold-mining industry... 200,342 or 82.0 
Diamond-mining industry 6,180 ,, 25 
Coal-mining industry... ae 25,127 ,, 10.3 
Base-mineral mining industry 5,836 ,, 2.4 
Miscellaneous ... bie tee 6,776 ,, 28 

Total ... 244,261 ., 100.0 


Of the 200,342 engaged in gold-mining, 21,975 were 
whites, 570 Asiatics, and 177,797 natives. Of the 
244,261 engaged in all mines, 27,053 were whites, 
4878 Asiatics, and 212,330 natives, 

A total amount of 16,518,278/. was ex ed in 
salaries and wi by mines and allied concerns 
within the Union for the year 1914. Of this amount : 


£ Per Cent. 
Gold-mining industry ac- 
counted for... obs ... 12,595,563 or 76.3 
Diamond- mining industry 
accounted for ca pat 2,058,364 ,, 12.5 
Coal- mining industry ac- 
counted for as Ks 991,822 ,, 6.0 
Base - mineral industry ac- 
counted for... an sind 369,180 ,, 2.2 
Miscellaneous accounted for 503,349 ,, 3.0 
Total 16,518,278 ,, 100.¢ 


The total amount paid in salaries and wages in 
1913 was 18,467,631/., or 1,949,353/. more than in 
1914. Nearly the whole of this amount is adcounted 
for by the decrease on the Witwatersrand of 937,958/., 
and on diamond-mines of 973,426/. The only increase 
is shown in the case of oval-mines, which paid out 
35,6011. more than in 1913. Base-mineral mines show 
a decrease of 26,755/.; miscellaneous concerns a de- 
crease of 21,440/.; reef diggers, alluvial diggers, metal- 
lurgical works and tailings works a decrease of 
18,871/, ; and gold-mines outside the Witwatersrand 
a decrease of 





WELLS IN WESTERN QUEENSLAND.— The question of 
the artesian water-supply of the pastoralists of interior 
ueensland has of been a Government matter. 
tly the second inter-State Conference on Artesian 
Water was held in Brisbane. The Conference met 
in private, and was attended by the leading geological 
scientists in Australia. After the Conference, the dele- 
gates inspected the intake beds at Blythdale, and then 
carried out inspecti: oy took evidence, at Charleville, 
Balckall, Barcaldine greach, Winton, Hughenden, 
and other centres. 6 report of this Conference—prob- 
ably the most important of the kind ever printed in 
Australia and about A ustralian conditions—will be avail- 
able shortly. It combines a very valuable summary of 
the ference, hundreds of pages of ‘* papers,” evidence, 
and maps. The Conference, among othe things, urges 
the Governments of the different States to press forward 
with all possible dispatch the work of systematic obser- 
— and pany The a, a taking 
evidence, was much impressed by t! misappre- 
hension which prevails in to the actual source of 
artesian water, and deems it advisable Sopa ie pepter 
& brief statement of facte which are accepted by 
leading scientists. Following out this idea the Conference 
sets out that the ey source of the water is the rain 
which falls upon the exposed surface of certain beds of 
porous sandstone, by which it is absorbed, and by which 
1t is conveyed to lower levels in the direction in which 
the beds of sandstone dip. In Southern Queensland, for 
example, there is a belt of porous sandstone to the north 
d these rocks readily absorb the rain which 
falls u them, and are therefore recognised as the 
i of this portion of the basin. They have a 
gentle dip to the south, and the water which they absorb 
is transmitted very slowly in that direction under the 
rolling downs country. intake beds outcrop 
the summit of the ee Range, at a minimum altitude 
of 1260 ft. (to the north of Blythdale), but the altitude of 
the sites of all the artesian wells which are fed by these 
intake beds is considerably less, and, when , the 
water is forced up under hydraulic pressure. report, 
on to state that 


after examining these conclusions, 

while the rate of percolation near a hole may be 

fast, it may amount to less than a foot a day in the cond 

stone at no great distance away. In Central and Northern 
the intake beds extend along the western slopes 





Queensland 
of the Dividing Range, and dip westerly under the Downs, 
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THE LATE MR. G. W. MANUEL, R.N.R. 


MARINE engineers at home and abroad will deeply 
regret to learn of the death, at the age of eighty-one 
yeurs, of Mr. George Watson Manuel, who for twenty- 
one years was superintending engineer to the Penin- 
sular and Oriental Steam Navigation Company. In 
this capacity there came under his influence a long 
succession of young sea-going engineers, and his sound 
practical mento ys his ambition to achieve reliability, 
and his sense of duty, must have been factors in the 
forming of the character of many of these men. Per- 
haps his strongest characteristic was his determination 
that the P. and O. mail liner should reach its port accord- 
ing to scheduled time without the variation of a minute, 
and, as & consequence, no development was made unless 
he himself was perfectly satisfied that it would conduce 
to reliability and punctuality. The length of the 
voyage (12,000 nautical miles), and the period during 
which the boilers had to be continuously under steam 
(35 days), while the engines only had a few short 
periods of rest, rendered it necessary that unusual 
care should be exercised in the design of the machinery. 
Mr. Manuel certainly achieved success in this direc- 
tion, and his work was characterised by a measure of 
safety which may be commended to those engineers 
who are rather prone to a d of imprudence in 
their efforts to secure lightness and extreme efficiency. 
Of the two extremes, perhaps, Mr. Manuel had most 
reason to be satisfied with his choice. 

Mr. Manuel served his apprenticeship with Messrs. 
John Elder and Oo., at their Glasgow works, and, 
after being employed as a mill-wright in Scotland, he 
entered the service «f the P. and O. Company as a 
draughtsman when 25 years of age. Soon after he 
began his sea-going experience, and reached the rank 
of chief engineer in 1866. He continued for ten years 
more in the company’s service, and became, in 1876, 
an engineer-surveyor to Lloyd’s Registry, at a time 
when great changes were being made in the metals, 
not only for ships and boilers, but also for the work- 
ing parte of marine engines, mild steel being then 
adopted. In the summer of 1879 Mr. Manuel returned 
to the Peninsular and Oriental Company as superin- 
tending engincer, and continued in this capacity, as 
we have ssid, for 21 years, retiring in 1902, to reside 
at Ravensbourne, Melrose, where he died on Thursday 
of last week. 

Mr. Manuel became a member of the Institution of 
Naval Architects in 1879, and contributed frequently 
in debates, a on the boiler question and in 
connection with the forging for the shafts and other 
parte of engines. It was on the subject of crank and 
other shafts used in the mercantile marine that he 
read his only paper to the Institution ; that was in 
1897. He was one of the earliest and most useful 
members of the Institute of Marine Engineers, serving 
in several capacities, and encouraging, by his addresses 
and personal qualities, the highest conception of the 
responsibility of the sea-going engineer. He was 
member of the Admiralty Committee appointed to 
investigate the question of boiler design, when, owing 
to the desire to achieve higher results per unit of 
weight, the troubles of leaky tubes became acute. 
He was an honorary chief engineer in the Royal Naval 
Reserve. In him there has one who did much 
to advance the high reputation of British mercantile 
marine a not only from the constructional, 
but from the running point of view. 





Munitions Inventions Brancu. — The _ following 
official announcement was made on Monday, the 6th inst. : 
—The Ministry of Munitions announce that the Muni- 
tions Inventions Branch, which was recently constituted 
by the Minister of Munitions to deal with projects for 
inventions relating to munitions for warfare on land, or 
matters appertaining thereto, has now been removed 
from Armament Buildings, Whitehall, to accessible and 
commodious quarters in Princes-street, Storey’s Gate, 
8.W. (bitherto the premises of the Whitehall Club), to 
which all future communications should be add > 
The Department is now in working order, and is already 
dealing with a large number of proposals. The Comp- 
trolier, Mr. E. - Moir, is being assisted in this work 
by an Advisory Panel of scientific experts, whose 
names were announced on August 12 last. This body 
is now at work in committees, and every proposal 
receives consideration from them. While the Comp- 
troller is open to receive suggestions of all kinds fall. 
ing within the category named, inventors and others 
should understand that it is undesirable to send for- 
ward their inventions until they have been well thought 
out. In this respot, it is des'rable for them to 
ascertain, so far as possible, from Pasent Office records 
and published sources, what has already been done in the 
direction of their particular inventions. All communica- 
tions are confidential, and do not prevent a patent being 
subsequently taken out, should the inventor so desire, or 


should the department think fit. It may remove a pre- | th 


valent misconception if it is made known that any ser- 
vant of the Crown, civil or military, is at liberty, with- 
out prejudice, to send in any suggestion that he wishes. 
There are certain regulations in force with regard to this 


eventuality, but they are not such as to tie the hands of 
anyone. 





A COMPULSORY SYSTEM OF COMBINED 
CIVIL AND MILITARY TRAINING. 
To tae Eprror oF ENGINEERING. 

Srr,—Mr. Swan is mistaken in assuming from my letter 

that I consider —_ ome Peers mare for —, do not 

vent aggression. objection to compulsion is based 
Long history, which shows that a free nation is always the 
strongest for defence, and that just in so far as 
personal liberty of the subject is subverted to vested 
interests, so does the tendency for that nation to become 
more aggressive increase, and it tries also to trample 
down the liberties of others. To avoid the instability of 
internal poten, Se = —_ > as & —- ~ 
of restoring equilibrium, @ people are taught t 
believe they are on the defensive and ny! for their 
existence. It would be a strange irony of fate if in com- 
bating Prussian militarism we fell under the same sort of 
yoke ourselves. : 

I agree that the restrictive trade-union rules and regu- 
lations, and what Mr. Swan styles ‘‘ party” tion, 
put an immense burden upon industry ; but such things 
would not exist were it not that in normal times 
men are forced by reason of unnatural conditions to com- 
ee unfairly with each other for a bare subsistence. 

ith industry freed, there would be a continuous natural 
expansion, and all who labour would benefit, from the 
base to the apex. 

Mr. Swan says he ‘‘ does not admit that the cost of land 
here has prevented the growth or introduction of indus- 
tries,” although in the same sentence he states “the 
increased cost of land may have put a limit to the growth 
ofa icular town or locality.” I am afraid, Sir, there 
are few exceptions. 

It is true that land speculation in this country does not 
reach the spectacular height attained in new countries, 
but the very fact that money invested recently in this 
way here returns usually a very low interest shows that 
expectation has pushed the price up far beyond what it 
reasonably should be, com d with other forms of 
approved investments. With us, in this country, it is in 
the form of a more or less steady ‘‘ milking” process, 
which —— the growth of industry. 

Mr. Swan states as true that capital employs labour. My 
dictionary defines capita] as the sum of money or stoc 
which a merchant, banker, or manufacturer employs in 
his business. So that really labour in the proper sense 
— capital. : ‘ 

bour creates and continually renews capital, or, in 
Mr. Swan’s own words, “‘it is men that earn money and 
pay taxes.” The incidence only of taxation is wrong. 
I am, Sir, yours faithfully, 
Joun E. GRANT. 
** Straidlands,” Surbiton, Surrey, September 6, 1915. 





To tHE Eviror or ENGINEERING. 

S1r,—I have been extremely interested in the recent 
correspondence in ENGINEERING on the above subject, 
and I think the thanks of readers are due to the Editor 
for publishing Mr. Swan’s valuable letters, which for the 
first time outline in concrete form what a scheme of 
National Service should be. 

I fear it is too much to hope that Mr. Swan’s practical 
and well-thought-out scheme will be adopted by the 
‘* political jack-in-office lawyers” who so largely control 
our national destinies. There is one hope, however, of a 
drastic change in the Government’s attitude towards 
national safety, and that is the voting strength of the 
splendid men of the Army and Navy who will return 
from the war, and who have risked their lives on our 
account. I cannot conceive that these men, on their 
return, will be content to allow politicians of any party 
to neglect national safety in the future. I chould expect 
that they and their friends who have passed through the 
danger and anxiety of the war will see to it that cranks 
and doctrinaires are not allowed to side-track national 
safety for vote-catching socialistic schemes. 

d work might be done were some representative 
committee of business men and working men to take the 
matter up, and never rest till they fo the Government 
to follow. 

Mr. Swan’s prop~sals will find a ready response from 
practical men. I sincerely wish we could look forward to 


a time when men of all classes will address themselves to | h: 


the question of national efficiency and national safety 
with the same anxiety to eliminate waste and loss as 
engineers have devoted to the thermal efficiency of the 
steam or gas-engine. When we reach thisconsummation, 
each unit of the nation will be enabled to contribute its 
full quota of work and assistance for national protection, 
and political friction and the obstruction of red tape will 
he Vy eliminated. 

r. Swan’s proposals, if carried out, would also bring 
collateral benefits, apart entirely from their main object, 
in a better educated, properly disciplined, and more 
vigorous and healthy race. The scheme, therefore, would 
be worth trial were it only on account of these valuable 
by-products alone. ours truly, 

Ww. A D. WALKER. 


The Sycamores, Drogheda, Treland, September 7. 





To Tue Eprror or ENGINEERING. 

Sin,—Dr. Kerr, in the course of his criticism of my 
proposals in your issue of the 3rd inst., admits the neces- 
sity for some system of military training. He asserts 

at mine is reconstruction of our educational system on 
Prussian lines, but proposes no alternative. Destructive 
crit‘cism is not of much value. Has be any other scheme 
or improvement of this one to —— 

Seeing the pupil, till the time he leaves school, will be 
entirely under the control of the schoolmaster, except 
when being drilled by the sergeant instructor, and after 





leaving school till he enters the technical college will 
live an entirely civil life, except when being drilled, where 
is the resemblance to the jan system? — 

When the recruit enters the military technical college 
he will live for one year under military discipline, but 
will be taught a trade or improved in the one he is learn- 
ing, whilst at the same time being trained in arms, and 
is turned out a citizen soldier, not mere cannon-fodder. 


the Phar resemblance to the Prussian system is there in 
is 


Dr. Kerr’s criticism yo to be influenced by fear 
that the power of the minie may be curtailed or 
Getiel. But he does not attempt to teach every- 

ing in his school himself, and surely does not claim to 
be best possible instructor of on gy exercises, 
military drill, and shooting, from which he allows that 
nothing but good can come. To what good, whut advan- 
tage or betterment, is this additional knowledge to be put 
if not. national defence, national readiness to fight when 
necessary ? 

I am, Sir, yours faithfully, 
Prrer Swan. 





PIPE-SCRAPING. 
To THe Eprtorn oF ENGINEERING. 

S1z,—In connection with the article which appeared 
in your issue of the 27th ult., describing the scraping of 
the main supplying the town of Ayr, an account of a 
similar work carried out by me when water engineer to 
the Bombay a may be of interest. ; 

The main operated on in this case was the 24-in. pipe 
nc bry gg from the Tulsi Lake to the filter on 

r Hill. It is 19 miles long, and at the date when 
it was scraped (1902) had been laid for twenty-four years. 
Its ones capacity had fallen off to the extent of I 
cent. below the theoretical discharge, though no record of 
any measurement of its delivery when first laid exists 
now, and as its laying was in some respects rather defec- 
tive, that amount was probably never fully realised. 

It had been observed for some time that in the hot 
weather an unpleasant odour of sulphuretted hydrogen was 
given off at several of the air-cocks, and pipes removed to 
repair bursts were found to be coated with a black ferru- 
ginous slime, due to the presence of the genus of cocci 
which takes up iron from the water and deposits it as 
sulphide of iron. This was especially observed in a 
section of the main laid above ground, and so specially 
a ~ to the sun’s rays. 

t was decided to y experiment of scraping the 
main, and a scraper of usual type was purchased from 
the Glenfield and Kennedy Company, of Kilmarnock ; 
but as the grant for the work was insufficient, insertion- 
rye 1 he lake, th 

en; ipe was cut out close to the lake, the 
scraper hed gg the scour-valves having been pre- 
viously opened ; the water was then turned on. All went 
well for the first two miles, the tool making sufficient 
noise to indicate its postion, though it went ahead so 
rapidly that the men had frequently to run to keep pace 
with it, till the first valve was reached, when it stopped. 
On the valve being opened, the sluice was found to project 
into the pipe, the scraper was passed through, the cover 
replaced, and the water — turned on. The scraper 
then ran on quite smoothly for a further distance of 
about five miles, when it suddenly stopped again, and the 
water-ram so caused burst a pipe a mile in the rear. en 
this was repaired the scraper only proceeded a short dis- 
tance when it again stuck, and another pipe burst near 
the — one ; this was made good, the tool ran 
on abouta mile further, when it stopped for a third time, 
and though it could be heard revolving inside the pipe, 
all efforts to re-start it proved of no avail for about 
twenty-four hours. Preparations had just been made to 
cut out a pipe to remove it, when it went ahead in, 
and finally emerged at the flats below Malabar Hill, 
where —— of pipe had been removed for the purpose. 

It drove before it a miscellaneous collection of articles 
a? up in its transit through the pipe, including a pole 

1 ft. long, and other pieces of wood, lead from badly 
run joints, tools of various kinds, and tightly wedged in its 
cutting blades was a pick-head, both pcints of which had 
been ground off. This no doubt accounted for all but 
the first of the four sto es, the points of the pick 

aving caught in the pipe joints, cape being finally freed 
when the scraper had ground them off. P 

The discharge from the scours during the operation 
consisted of an inky fluid, but contained no nodules or 
other hard substances. The result of the scraping was 
to reduce the loss of delivery to 19 per cent. below the 
theoretical amount, or a gain of 13 percent. This was 
nearly all again lost in the succeeding two years. Asonly 
the Jar staff were employed, the cost of the work was 
anni Capea that of the tool. 


am, &c., 
A. Fare.iz Broce, M. Inst. C.E. 
27, Boileau-road, Ealing, W., September 3, 1915. 





‘““SHELLS ; MORE SHELLS.” 

To THe Epitor oF ENGINEERING. 
Str,—I have read in your issue of the 3rd inst., the 
letter of Mr. James Keith, M.I. Mech, E., and entirely 

agree with him that themen who are mostly encou 

to put forth their effort are, in 99 per cent. of cases, 
more of an encumbrance than otherwise. We had an 
example of this in this district recently. A su ion was 
made to purchase lathes, &c., to train_youths and men 
in the handling of such machines. Bear in mind the 
lathes available were of the type for general work, 
which none but a thoroughly capable turner could handle 
in any degree of effectiveness. A letter was sent to Sir 
W. G. Armstrong, Whitworth and Co., Limited, of 
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Elswick Works. This firm’s reply was that the results 
of such so-called ing were negligible. Any engi- 
neer who has practical workshop experience will 
thoroughly endorse this decision. 

I saw in the Lancashire papers, I think on Wednesday 
last, that the Lancaster Council were to undertake the 
training of men in shell-making, and that precision to wha 
they termed the 200th part of an inch would be essential. 
Even the technical man did not style it0005in. I am 
perfectly satisfied the money expended in purchase of 
lathes and metal worked upon will be utter waste. At 
the same time, the same town has been the subject of 
War Office inquiry re dearth of recruits, and os have 
also been so patriotic as to send a huge silk flag to 
H.M.S. Lancaster. 

My purpose was more to endorse thoroughly Mr. 
Keith’s statement as to lawyers, theoretical engineers, 
drapers, grocers, and every other class of men wlose 
experience totally unfits them to take part in the councils 
of a war which demands engineering skill almost in 
entirety. 

I coaauhen in 1895 seeing a cast-iron and steel mixture, 
and which at the time I took proportions of, at Messrs. 
G. and J. Weir, of Cathcart, Glasgow. Mr. Lang was then 
manager, and he let me see the test-piece that gave some- 
thing about 18 tons to the square inch, and an elongation 
of pee 10 to 15 per cent.; a mixture of this nature, and 
it is not uncommon, as @ cast-iron and steel mixture is 
frequently used in the making of ships’ propellers. 
used for shell», the output would be increased not 100 per 
cent., but a hundred-fold. Surely something can be done. 

Yours truly, 
Davin A. Sueret, A.M.I. Mech. E. 

Enerdale House, Heaton Grove, Newcastle-on-Tyne, 

September 6, 1915. 

P.S. —The sin of omission is as great as the sin of 
commission, that is useful for some of the slumpers to 
think about. 





‘‘INVENTIONS AND THEIR 
INTRODUCTION.” 
To THe Epiror or ENGINEERING. 
Str,—There w.ll be many, I believe, who will read 
with some surprise your article on “‘ designers and pub- 
lishers” in last week’s issue. It seems to me that the 
business of manufacturing engineering is too many sided 


to permit of a simpl!e classification into the two types 
which you have proceeded to ome, in regard to their 
blic. (The irres 


claims to doing most for the pu ponsible, 


uninstructed inventor type of individual I will waste no 


words on.) ; 
Dividing engineers broadly into (a) men who project, 
scheme. and design, and (6) men who do thin 


also the naval architect ? 
measured in terms of dividend and profit and loss result- 


ing from commervial 


when the engineer has finished with the job. The 


fits 
accrue to the proprietors, who, being men of tconsighb end 
judgment, and in command of capital, have financed a 


good thing. 


There are successful business men who have formed 
the habit of taking to themselves more credit for recog- 
nising the merits of an idea than they will grant is due 
to those who have formed and developed it. We do not, 
however, allow that the financiers at the back of a 
successful engineering venture (like, let us say, the Man- 
chester Ship Canal) are to be reckoned of more import- 
engineer- 
ing problems have a financial and organisation side which 


ance than the engineers who did the work. Big 


is vital ; but financing is not engineer 
Whether the man who gets 


munity it would be invidious to inquire. 


To proceed to 
manufacturing engineering, it does not follow that the 
greatest engineering successes are necessarily associated 
ty. Many examples 
prosperous concern 
In possession of a good market. The machine 
sold, however, may be just as good when the designer has 
done his principal work on it, and it is only selling 
slowly, as when, later, the market develops. (By design- 

L mi 2 but responsible 
association with the jobfrom start to finish.) To facilitate 
selling, the costs have to be kept low ;, and often there is a 


with the maximum of financial =o 
—_ _ quoted tothe contrary. The 
as to 


ing, | mean not only scheming on paper, 


conflict between the elements contending on one 


for the fulfilment of the requirements of sound design, 
and on the other for modifications making for cheapness ; 
and it isa fortunate establishment possessing as its heads 
all-round engineers and business men to strike the right 

: i case where high 
success is eventually achieved, sound engineering methods 
would have brought an earlier. At thesame time, as you 
pump is better than none at all, 
because a 
: up to appreciating the 
setter and costlier, may be ethically commendable, but 
not worldly wise. In charity let us add that the initial 
t case are seldom pre- 
uch experience is necessary to success in 


compromise. Too often, even in the 


have remarked, a bad 
and to refrain from selling an inferior article 
public has not been educated 


imperfections in such a su 
meditated, and m 


highly-developed industries. 


I submit that to stretch the term “‘ engineering,” and to 
apply it to the whole of the business ramifications of a 
engaged in some product made 
d “engineering,” whether a complete 
part, in large numbers or small, tends to a 
, accounting, and 


manufacturing concern 
in metal, and termed “ 
machine or a 
confusion of i 


deas. The selling, costi 


organising operations in such an establishment are not so 


7 | 2° protecting society, and are largely dependent on 


; under 
what head, I would like to ask, does the civil engineer 
—the designer of bridges. docks, and large works—come ? 
Possibly it will be said that 
no question arises here. The position of the professional 
man is quite well understood. His success is not to be 


operations. The money-making 
process, spelling success as generally understood, begins 


‘ing. 
things done, or the man 
who does things, deserves most at the hands of the com- 


far different to the working out of the same operations in 
any other manufacturing concern as to be entitled to 
be reckoned branches of engi . Also the majority 
of engineering-shop processes carried out by craftsmen 
have an exclusive relation to engineering in its true sense, 
most of them involving the art of metal-working, de- 
—— often, considerable skill, but not more than can 
be found in numerous trades which make no claim to the 
use of & sounding title. 
After your article, I should like to see that much-vexed 
question, ‘‘ What is an engineer?” revived again. 

Yours truly, 

BasEpLue. 

September 8, 1915. 





THE LABOUR EXCHANGES AND 
ENGINEERING SITUATIONS. 
To tHe Epitor oF ENGINEERING. 
S1r,—In your issue of the 20th ult., you publish a letter 
of inquiry from a correspondent asking for authoritative 
information as to how applications for situations through 
the Labour Exchanges are dealt with by the officials and 
others concerned. 
I have looked for some reply. 


to that request, as it 
mainly concerns an important 


y of men who belong to 


the goodwill or honesty of their employers for their 
characters and livelihood. So far no reply has been 
forthcoming. 
Perhaps those who are in the “know” hesitate from 
fear of giving away what are called “ business or trade 
secrets”—a groundless fear. 
I think it would be much better for business generally 
if a more confident and open policy were adopted than 
at present usually obtains in these particu trans- 
actions. 
Under cover of anonymous advertisements, it is pos- 
sible for grave injustice to be done, because applicants 
are asked to disclose matters which ought only to be 
given in the strictest confidence, but which may be used 
to their disad:antage without a chance of being able to 
defend themselves. 
The fact that Labour Exchanges have been pressed into 
this service only accentuates the feeling that one is being 
**done” in some way. An applicant having stated his 
case, has done so once for all. Thenceforth he is at the 
mercy of employers and their private inquiry agent—the 
State. This is inequitable. z 

With regard to the worker who is employed, or said to 
be employed, on war work, there is considerable misunder- 
standing, and the sooner it is removed from the region of 
the aulguen the better it will be for the relations 
between capital and labour. 

Yours truly, » 


September 8, 1915. 





‘*A LESSON FROM THE ‘ LUSITANIA’ 
DISASTER.” 
To THE Eprror oF ENGINEERING. 

Srz,—I beg to submit some comment to your kind con- 
sideration, relating to the above, as published in your 
current issue. 

I have studied with great interest several of Professor 
Hovgaard’s previous papers relating to ship subdivision, 
but his latest contribution particularly appeals to me, as 
it endorses some amateur proposals of my own, as sub- 
mitted to the recent Boat and Davit Committee in 1912. 
As far as I am aware, Professor Hov has never 
before advocated connected wing compartments, or side 
compartments, into which water can be pumped for the 
par; of trimming a listed vessel. 

own pro ls of September, 1912, mostly related 
to ee +~— tion of — lifeboats but as regards 
listing or ing conditions, I sugges’ as @ minor pro- 
i that my the case of conaie constructed on the 
Junard or similar systems of longitudinal subdivision, 
unless ens nea on the reverse to a 
damaged side could flooded to counteract the weight 
of otherwise entering water, or connecting pipes across 
the intervening central space could distribute enterin, 
water to both sides of a vessel, the inevitable heel woul 
greatly increase the difficulty of manipulating the life- 
boats; and with regard to a vessel being trimmed by the 
head or sterr, such wing compartments would require to 
be both forward and aft, and they would probably so 
greatly reduce the freight-earning or accommodation 
space as to be prohibitive. 

I did not submit these proposals to the Bulkhead Com- 
mittee as distinct from the Boat and Davit Committee, 
as my paper was headed **The Manipulation of Ship,’ 
Lifeboats”; but in the issue of June 16, 1915, of 
Syren and Shipping, my views (as a correspondent) re- 
garding longitudinal bulkheads and distinct comp ting 
compartments were pullished in “‘ Engineering Notes,” 
in relation to the loss of the Lusitania. 

Professor H..vzaard, in h 2 of his later, most 
interesting article, mentions r) use the way of the 
Lusitania could not be checked, the lifeboats could not 
be launched ; but in paragraph 5 he states that ‘there 
would have been no difficulties in lowering (not launching) 
boats if the vessel remained upright.” : 

In this connection I beg to submit that to manipulate 
lifeboats on a listed vessel is very difficult, particularly 





boats and their contents principally depend is an efficient 
disengaging gear which can unhook such weights from 
the suspending tackles simultaneously at both ends before 
— swell, or the ship’s way prevents clean disengag- 
men 
I am, Sir, your obedient servant, 
5, Strathfield Gardens, New Ba: oe Eas a 
, ens, New Barking, Essex, 
September 5, 1915. 





CuTLery.—The value of the cutlery exported from the 
United Kingdom in —_ was 47,783/., as compared with 
71,2251. in July, 1914, 80,632/. in July, 1913. The dis- 


location of trade occasioned by the war munition demands 
explains the falling off observable in July this year. A 
similar state of things has prevailed all through this year, 
the value of the exports to July 31 having declined to 
423/., as compared with 451,428/. and 462,852/. in the 

periods of 1914 and 1913. There have, of 
course, been no deliveries of British cutlery to Germany 
or Belgium this year. 


InpiaAN Harsours.—A Vizagapatam harbour scheme 
has taken a definite shape. Sir J. Wolfe-Barry has 
reported that the scheme is quite practicable, and that 
the site will be within the shelter of the river mouth. 
4 — wd sy J whether A many <l - — harbour 
ou vested in the Bengal-Nagpur way Com 
or the ras Government direct. Attention has Seen 
called to the necessity for a barbour on the other side of 
India capable of affording safe shelter in the monsoon 
season to ocean-going vessels. The ex Malabar 
coast is at present very ill-provided with harbours. Two 
. have now been made : the first, for developing 
Jochin ; and the second, for the formation of a new 
port to connect with yn my section of the Madras 
and Southern Mabratta Railway, between Karwar and 
Bangalore. 





New American Cruiser-Destxorers.—The Iron Age 
statee that the first important effect of the European War 
upon the United States’ naval policy is seen in the approval 
of plans for six large cruiser-destroyers, authorised by 
the last Congress. According to an official statement, 
a large amount of naval information received by agents 
event abroad at the beginning of the war was closely 
scrutinised by the constructors before the plans were 
drawn. The vessels will have a maximum sustained 
speed of 30 knots ; they will displace 1125 tons, measure 
310 ft. over all, have a th of 30 ft. 7 in., anda mean 
draught of 8 ft. Provision has been made in the design 
to decrease rolling and pitching at sea, making the boats 
more comfortable for their crews. destroyer will 
carry four triple torpedo-tubes, a main battery of four 4-in. 
guns, those in the waist mounted high enough to increase 
their efficiency in rough weather, two 1-pounder anti- 
aircraft guns. Bids for construction will be epened on 
October 6. 

Tar German Licnite Inpustry —The report of the 
German Lignite Industry Union for the year 1914-15, 
deals toa great extent with the altered conditions arising 
from the war. In the first place, it is pointed out that 
lignite productioa has not receded so much on account 
of the war as has coal production, the reductions for 
the year 1914 being soapoctively 3.64 and 15.7 per cent. 
This difference is attributed both to the position near the 
frontier of many coal-mining concerns and to the fact that 
much lignite is ag my by surface working. The Lignite 
Union claims for their industry that it has been better 
able to adapt itself to the conditions created by the war 
than the coal industry. There @ continuous de- 
mand for briquettes, and with the reduced capacity of the 
lignite industry, it would have been quite impossible to 
satisfy the demand had there not been heavy stocks at 
the Central German works, estimated at 787,000 tons 
of briquettes, at the beginning of the war. Abt the end of 
May, 1915, there were in tral Germany stocks of 
briquettes of only 33,350 tons, against 802,578 tons in 
May, 1914. In spite of the position on the coal market, 
the lignite industry was prevented from securing to 
any important extent frech customers who had hitherto 
used English coal. There were certainly many inquiries 
from the northern and coast districts, showing that they 
wanted substitutes for English coal, but, as a rule, they 
could not be executed. The coal industry, however, was 
in a position to meet the shortage, in spite of the fact 
that production was reduced from 25 to 40 per cent. 
This was partly because the large stocks of coke came 
in useful, and partly because the export of coal, to a 
great extent, came to a standstill, whereas, under normal 
circumstances, the export of German is three 
times as large as the import of English coal. Where 
lignite pee have replaced glish cual, it has 

most ex oe for domestic purposes. The 
export of the tral German briquette works has 
increased during the war, but up to the end of May only 
to the extent of 14,756 dou against 6666 
double-wagons in the same period of the preceding year. 
As regards the question of price, it is pointed out that 
lignite, and especially briquette, prices were at an 
extremely low level before the war broke out. There 
was a keen competition, West Elbe briquette works 
invading the Berlin market. The war brought this toa 
close, and the Lignite Briquette Syndicate and the more 
important Central German sale combines have, in some 








without mechanical ss jances; but when over- 
side, even if a v: 

haves way through the water, the waves or swell put 
way upon a lifeboat immediately it becomes water-borne. 
The life-saving appliance upon which the safety of life- 








upright, if it continues to | 


respects and for certain districts, arrived at an under- 
standing about prices. The rise in prices only came into 
effect on April 1, and corresponded with the increase in 
the cost of production. 





272 


ENGINEERING. 


(SEPT. 10, 1915. 








GOODS 
CONSTRUCTED BY 


THE BALDWIN 


LOCOMOTIVE (2-10-0 TYPE) FOR THE RUSSIAN GOVERNMENT. 
LOCOMOTIVE WORKS, PHILADELPHIA, U.S.A. 























Tue Baldwin Locomotive Works, of Philadelphia, 
USA, and 34, Victoria - street, Westminster, is 
building 250 locomotives of the Decapod (2-10-0) type 
for the Russian State Railways. One of them is 
illustrated above. Apart from the magnitude of the 
order, these engines are of interest because of their 
design and the urgency with which they are being 
constructed. Although the axle-loads are light as 
compared with American practice, the locomotives are 
of considerable capacity, as oy A are capable of develop- 
ing a tractive force of 51,5001b. The ratio of adhe- 
sion, however, is unusually low. The locomotives are 
designed to haul 1000 metric tons up a straight grade 
of 0.8 per cent. at a speed of about 8 to 10 miles per 
hour. This they should be able to do easily while 
working at a fairly economical cut-off. 

While special materials and equipment are used to 
a considerable extent in the construction of the en- 
gines, the design generally is in accordance with the 
practice of the builders. The fuel used is an inferior 
grade of bituminous coal, and this is burned on a rock- 
ing and drop grate, with an area of 64.5 sq. ft. The 
fire-box is placed above the driving-wheels, and is 
equipped with a sectional brick arch, supported on 
water-tubes. The fire-doors are pneumatically 
operated. The inside fire-box is of copper, and copper 
stays are used in the water-spaces. The front end of 
the fire-box crown is supported by three rows of ex- 
pansion stays, which are of a new design recently 


introduced the builders. The nut on the upper 
end of the radial stay is seated in a die-forged stirrup, 
which is screwed into the roof-sheet. After the nut 


has been adjusted to give the proper tension, the 
thread on the stay is set into the nut with a punch. 
This is a simple arrangement, which has ample flexi- 
bility, and utilises ordinary stay-bolt taps in the boiler 
and fire-box sheets, while the water-space above the 
crown is not obstructed. 

The locomotives are equipped with Schmidt super- 
heaters and outside steam-pipes. The superheater is 
composed of twenty-eight elements, with a superheat- 
ing surface of 563 sq. ft. The steam distribution is 
controlled by 12-in. piston-valves, which are arranged 
for inside admission and are driven by Walschaert’s 
motion. The Rushton power reverse mechanism is 
applied. This device is operated by a small rotar 
air-engine. It is exceedingly compact, and, if neces- 
sary, can without difficulty be arran for manual 
operation. The cylinders, frames, and running gear 
closely follow American practice. Forty per cent. of 
the weight of the reciprocating parts is balanced, and 
careful attention has been given to making these 
parts as light as is consistent with the required 
strength. e pistons have rolled steel heads, with 
cast-iron rings sprung in, and extended rods. The 

uides and crossheads are of the single-bar type, fol- 
Sater Russian practice in design, The front and 
back driving-wheels have a tota! lateral play in the 
boxes of y in., and the knuckle-pins in the front and 
back side rods are fitted into spherical bushings to 
provide for lateral motion. The main driving-wheels 
have plain tyres. This construction is necessary, as 
the engines will be required to traverse curves of 
350 ft. radius. 

In accordance with Russian practice, the locomo- 
tives have a wide running-board with a railing around 
the outer edge. There is also a railing around the 
front bumper. The cab is of steel, and the front end 








of the tender is enclosed to protect the engine crew 


from the weather. The equipment includes Russian- 
Westinghouse automatic air-brakes. The couplers and 
buffers are, of course, arranged in accordance with 
Russian practice. The tender is carried on two four- 
wheeled trucks, which are of the arch-bar type, with 
rolled-steel wheels. The frame longitudinal sills con- 
sist of 12-in. channels. The tender is of light construc- 
tion, as it was important to reduce the weight where 


possible. The principal dimensions are as follow :— 
Gauge ... 5 ft. 
Cylinders 25 in. by 28 in. 
Piston-valves... me 12 in. diam. 
Working pressure ... 180 lb. 
Heating surface... 2601 sq. ft. 
Superheating surface se 
Grate area... iene 64.5 ,, 
Driving-wheels — 52 in. diam. 
Engine-truck wheels 33g, 
Driving-wheel base .. bel 18 ft. 8 in. 
Total engine-wheel base ... dae ae ac 
Total engine and tender wheel im 
ies ss a hoa “he 60 ,, ~ 

Weight on driving - wheels (esti- 

mated an - — 175,000 Ib 
Weight on truck (estimated) 21,000 ,, 
Total engine weight _,, i 96,000 ,, 

% ” and tender weight 

(estimated)... oe ne: ... 328,000 ,, 
Tender wheels isp 36 in. diam 
Tank capacity 7400 gallons 








THE ENGINEERING SECTION OF THE 
BRITISH ASSOCIATION. 


Address to the Engineering Section by H. S. Hete- 
Suaw, D.S8c., LLD.. F.R.S., M. Inst. C.E., President 
of the Section.* 


is usually a pleasant and nob difficult task, although it 
seems to be the custom mildly tointimate to the contrary. 
In ordinary times the President chooses a subject on 
which he has done some work, and with which he is 
therefore familiar, and with which, moreover, his name 
is more or less associated. If this had been an ordinary 
time, I should have liked to deal with the fascinating 
subject of mechanical locomotion, and to review what has 


Y | taken place, let us say, since the meeting of the British 


Association held in Manchester rather more than half-a- 
century ago. The subject would have afforded ample 
scope, as we can realise by considering what would have 
been the effect produced if the distinguished engineer, 
Sir William Fairbairn, who was President of the British 
Association in that year, had told his audience that within 
a comparatively short s of time our roads would be to 
a large extent occupied with self-propelled traffic ; that 
electricity, then nothing but a toy, would play a most 
important part in our means of locomotion, not merely 
for driving, but for lighting ; that it would be used for 
searching out and communicating with vessels far away 
from the land and from each other; that ships many 
times the size of the largest ones then in ordinary use 
would employ steam as Hero employed it 2000 years 

and obtain by this means a speed more than twice that 
of any existing ships ; and that many ocean ships would 
be propelled against wind and tide by engines without 
using any steam at all. If the President had further 
— to predict that ships would travel under water 
| for long distances as easily as on the surface, and that, 
ee all, a safe pathway would be found in the air by 


" * Delivered at Manchester, September 8, 1915. 
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means of machines flying at speeds far exceeding that of 
the swiftest birds, I suspect he would have lost a good 
deal of his reputation as a man of judgment and common- 


sense. 

Such addresses, which deal with scientific progress, 
are most instructive, and the historical treatment of engi- 
neering questions is of the utmost value in assisting the 
judgment as to future ibilities. 1tis, therefore, most 
disappointing that I do not feel justified in taking up 
your time with an address of this kind. 

The fact is, the time is not an ordinary one, for the war 
which a year ago cast its shadow over the meeting of the 
British Association in Australia has, as the months have 
passed by, gradually unfolded the most terrible page in 
the history of the world. 

It is terrible not merely because of the frightful 
slaughter which has taken place, and which will yet take 
place, owing, on the one hand, to the gigantic armies 
employed, and, on the other, to the nature of modern 
warfare. A predecessor in the chair, one who has left 
many marks of his genius on the peaceful engineering 
works of the country, Mr. Hawksley, commented about 
fifty years ago on ‘‘ the unhappy necessity of devoting so 
much of the science and skill of members of the Associa- 
tion to the defence of the homes of the ~~ of this 
great nation.” He further remarked with great pro- 
phetic insight :—‘‘ War is no longer carried on by means 
of mere animal courage and brute force; on the con- 
trary, we perceive, much to our amazement, I believe, 
that the highest branches of mechanical science and the 
most refined processes of the mechanical arts are resorted 
to by the modern warrior for the purposes of offence and 
defence. And we are taught by the logic of the facts 
that the modern soldier must cease to remain a passive 
machine, but, on the contrary, must henceforth be 
trained asa skilled labourer, if not, indeed, as a skilled 
artisan.” 

I do not think, however, that either Mr. Hawksley or 
any one else could have anticipated what refinements of 
skill and science would be brought to bear, not merely on 
the destruction of the human species, but of thoee ancient 
ifices of beauty which cost hundreds of years to build, 
and which cannot be replaced, or even the loss of those 
great works of engineering in the form of bridges and 
other structures which, though doubtless replaceable, 
represent the accumulated wealth of mankind. All this 
does not constitute, however, the worst feature of the 
war which is still raging. I do not know which will 
hereafter stand out in the blackest light: the callous dis- 
regard by our enemy of the recognised laws which have 
qovemael warfare amongst civilised countries hitherto, of 
which the recent murder of a defenceless submarine crew 
in neutral waters is an example, or the fact, of which 
there is now abundant and overwhelming proof, that 
this country, while animated only by peaceful intentions, 
was itself the real object and ultimate aim for the de- 
structive effort of our 3 4 —_- 

Fortunately, we now all know that our determination 
at any cost to ourselves to stand 7: our treaty obligation 
to a weaker country was really a fateful moment in the 
history of our Empire. Had we then failed, such failure 
would have spelt our own doom. ; 

This is not the place to dwell at any length on this 
subject; but I cannot help pointing out that the whole 
attitude of scientific and professional men in this country 
at the beginning of the war shows how little they realised 
the real nature of what was before us. Thus my own 
predecessor, after the war had begun, in his Presi ential 
Address in Australia, used the words ‘‘ The discoveries 
in pure science, and their innumerable applications to 
practical ends, are ever a potent factor working for the 
common good.” The truth is that the great majority of 
us did not realise to what uses science would be put in 
the mutilation and destruction of our fellow creatures. 

Still we are told by soldiers that practically any 




















SEPT. 10, 1915. ] 


ENGINEERING. 








applications of science constitute legitimate warfare, and 
that the only way to escape from destruction ourselves is 
to employ all the resources of science in our own defence. 
It is on these grounds that the meeting of the British 
Association for the Advancement of Science has been 
held this , because science is proving such an all- 
important factor in the t war. 
e mere holding of this meeting, however, with a 
vague sort of idea that science is associated with war, does 
not seem to most of us to meet the real needs of the case. 


The decision to hold the meeting was made in March— |i 


i.c., six months ago. Since that time the nation has 
awakened to the fact that matters have become very 
much more serious, and we scarcely needed the solemn 
warnings of our responsible statesmen to enable us to 
realise this. We see our foe turning every resource 
towards the active prosecution of the war, and bringing in 
the aid of every man towards that end. If the result 
were 8 small matter, we might pursue our way, as we did 
at first, with the fatuous cry, ‘* Business as usual ;” but 
day by day it is brought home to us that the Hymn of Hate, 
childish though it may seem, really represents the serious 
mind and deadly intention of our enemy. When I say 
this I know there are exceptions, and it is gratifying to 
find that at least one German guest of the British Associa- 
tion acknowledged in print the generous manner in which 
the German guests were treated in Australia after the 
war broke out, even being given a passage home.* This 
and much else warns us that our failure in this war means 
the loss of what emg pe ody teers nny ye 
what we value above all other things—viz., our freedom 
and that this loss would be accompanied by atrocities and 
degradation beyond the most savage happenings of the 
past. It behoves us all, then, who are members of it to 
show that the British Association, which has rendered 
such great services to the country in the past, can 
its share of = burden rm oe si dealt 
I assume that we are u is point, an 
it remains to consider the best way ay which such a work 
can be carried out. Understanding from the President 
that he is dealing with the question from the point of 
view of the whole Asscciation, I need only deal with the 
matter as far as it concerns our Section. After discussing 
the matter with our secretary and several of my pre- 
decessors in the chair, I suggest that we continue the 
three Research Committees already in existence, but do not 
institute a fresh one, forming instead a special committee, 
the pur of which I propose to lay before you. Before 
doing this, I should like to point out that the very fact 
that engineering constitutes such an im t feature of 
the war has - tee | our —_ , a8 often Ly times past, 
papers on military and naval subjects, such as ips, 
armour, projectiles, &c. And this for two reasons: first, 
because nearly every professional or manufacturing - 
neer having, as a rule, sent the best of his staff to 
fighting line, is overwhelmed by actual work either direct 
or indirectly connected with munitions and war materi 
and is much better so employed than in talking about 
the subject, or even in attending the present meeting ; 
secondly, because men who really know all about such 
work would not be likely to discuss it in public at the 
present time,t+ and I am sure you will agree with me that 
we do not want merely popular science a oy on war sub- 
jects. Hence, the twenty-four papers before the Section 


deal with engineering science poe. but I venture to 
c 


think they are of a high scientific quality, and quite as im- 
pa in character as those of former years ; and it will 


noticed in several cases they touch closely on subjects 


bearing on the war, such as those on wireless telegraphy 
and traction. 


The object of the pond Committee is twofold. The 


first of these would be to undertake any work which may 
be of use in an advisory capacity or by research, or indeed 


in any other way for direct assistance in the war. This 


would, of course, be a temporary object of the Committee, 
but nevertheless a real one, fur, as stated by the Com- 
mander-in-Chief at the Front, this is a war of machi 


artillery, ammunitions, and enormously powerful mecha- 


nical organisation of the German army. I need not go 


into all that may be done in this direction by the Com- 


mittee, but one step will be to place ourselves at the 
service of the Ministry of Munitions for such work. A 
certain number of the proposed Committee may be already 


doing munition work, and also valuable work for other com- 


mittees with which they can, atany rate, us in touch; 
other members would be free to give all their time and 


service for such work as the opportunity presents itself. 


With regard to the second purpose, the matter stands 
on a rather different footing. We were in many respects 
quite sapeepeced for the war on which we entered, and 

this offers one of the most powerful arguments in 
refutation of the charge that we deliberately entered the 
war for sinister purposes, it will be very disastrous if we 
repeat our unpreparedness when the war ceases, and we 
shall deserve the worst that can happen to us. When 
peace 1s concluded, it will only be a prelude to another 
war, and a war which will recommence with far ter 
energy on the part of our enemy than before—viz., the 
war of commerce—and the latter will be almost as serious 
for us a8 the more sanguinary one. This will be so even 
if we are victors, for as an historian (Professor Gardiner) 
: : “After a long war the difficulties of the 
victors are often greater than those of the conquered. 


though 





The conquered have their attention directed to 
i and are inspired by a patriotic desire 
to submit to losses for the sake of their country. 

victors are in the frame of mind which expects every- 
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PERCENTAGE OF WORLD PRODUCTION OF 
STEEL PRODUCED IN UNITED KINGDOM 

; AND GERMANY RESPECTIVELY. 
and a Cabinet Minister, in quoting this, repeated the 
further statement of Sir John French that it was not the 


German soldiers our men had to cope with ; it was the 
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take one emanati 


professors of the great 
y gentlemen have pub- 
lished a voluminous manifesto, containing, amongst other 
the following :—‘‘ Once the 

k beyond their new frontier we shall not forget the 
war which England has made on the maritime and 
colonial commerce of Germany. That must be the guide 
of our action, and we mus 


has instructed us in t 


ng from « body of 


Russians are driven 


> su t the world le 
Bloskede of Germany England 
he art of being a European Power, 
militarily, industrially independent of others. We must 
seek to create for ourselves, apart from the 
Empire of the Seas, a Continental commercial 





* I regret to say this forms a striking contrast to the 
brutal meted out in many cases to British 


treatment 


—— in Germany. 
* PA =e paying a tribute to the eplendid work 
from our peculiar disability. 





ible. . . . With regard to war indemni- 

demand an indemnity which as much as 

ba pln for the di bled wid: and 
or the men, widows, 

) been examined 

h section does not suffer 
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ill mean if we consider marvellous progress made by 
Germany during the last half-century in the arts and 
manufactures. Although we cannot say that this is 
absolutely measured by progress in the production of iron 


or even say that the ing rate of 
increase in production during that period by this coun’ 
directly measures our progress relatively to y, sti 


it does afford some indication in the case of the engineer- 
ing industry. Probably few of us have ever realised 
what I can show you by means of ic curves of 
uction of iron and steel. For curves I am 
indebted to the kindness of the Secretary of the Tariff 
Caen, SOS sn0, Gted daeaep ‘so pripere them 
specially for my addreee, although I do not, of course, 
ut them melas naps tariff ee he four 
lagrams, Figs. 1, , represent annu uction 
in ordinates, and the corresponding years by abscisse, 
the production of the United Kingdom being shown 
throughout in full lines, and that of Germany by dotted 
lines. Taking first Fig. 1, we have the actual production 
of pig-iron for the last fifty years, and we can see at a 
glance the much more rapid rate of comparative produc- 
tion in Germany in recent years. When we come to the 
pessunsage relatively to the world’s production, we see 
that while Germany is steadily rising, even in ulgetbes 
with whole world output, the production of the United 
Kingdom is falling at an even more rapid rate than that 
of Germany’s rise ; for whereas fifty years our out- 
put was I} pe half the total of le world, it 
is now only 13 per cent., whereas Germany’s percentage, 
which fifty years ago was only 10 pd bas now 
risen to 25 per cent. of the whole world production. 
Figs. 3 and 4 tell the same tale, except that the relative 
production in steel of this country is now only 10 per cent., 
y kee for many years the satisfactory figure 
of a quarter of the whole world’s production ; and it is, of 
course, quite familiar matter that, as far as science and 
discovery go, Germany owes her growth in steel uc- 
tion largely to the discoveries in this country, although 
in the case of the Bessemer steel process she evaded the 
prane of royalties in —- of the invention. We 
w that the same tale is to be told in many other in- 
dustries, such, for instance, as the chemical iobustey, and 
we are now suffering severely from the want of the very 
dyes which were invented by one of our own countrymen. 
The annexed matey = quite ak to illustrate the 
marvellous progress of Germany ; in ing, I ma 
remark that one of the most persistent allagntions whi 
has been ted ad nauseam by German statesmen, 
soldiers, essors, and the whole German Press gener- 
ally, is that the war was caused by our jealousy of this 
of Germany. Perhaps you will consider it waste 
of time to ——_ je to this wey 1D wehon take this 
opportunity of pointing out that i been an 
truth concerning this jealousy, it would have been the 
simplest thing in the world to shut Germany out of a 
large number of markets in the British Empire, and that 
this would have been a very much cheaper process than 
going to war. Our colonies, which are now fighting 
equally with ourselves against German aggression, made 
& very small tariff difference (5 per cent., for instance, in 
the case of New South Wales) in regard to the introduction 
of German manufactures. 1 myself have somewhat close 
knowledge of two colonies, I cannot help recalling 
the astonishment with which I found in South Africa 
= —— was a huge scheme of electrification 


purely British enterprise. I also have reason to know 
that the supply of mere to New South Wales from 
Krupp in some cases exceeded by as much as ten times 
in amount the quantity supplied by British firms. The 
prices were no higher, in spite of the 5 per cent. advan- 
tage to this country. The delivery of the goods was, on 
the one hand, sometimes inordinately delayed, though 
scrupulously punctual in delivery on the other. 

Now, when  . look closely into the causes of Ger- 
many’s great advance, we can learn lessons which we 
have been culpably slow to take to heart. Al 
there are other causes, first and foremost, and over- 
shadowing all others, is the determined and whole-hearted 
organisation of German industry. I see it recently 
stated that the scheme above referred to (the Victoria 
Falls scheme) was lost to this country because the indus- 
trial banks of Germany backed their own manufacturers, 
and this is no doubt partly true. AsI have already quoted 
Germany’s power in war is admitted to be her mscheateal 
organisation, and the organisation of every material and 
engineering force to that end. Just as striking, if not 
more 80, is her organisation for the arts of peace, and I 
lately heard a very shrewd man of affairs express his 
amazement at Germany’s entrance into war when by 

ully pursuing the way she was going she would 

ve dominated the world commercially in a few years’ 
time, and, in the words of the » mi t in many 
manufactures have made us practically pt. Ibis 
——— the matter — ae. even 
more than organisation i Germany has 
aqbioved euch wondertal sugutia, and it fo therdine in 


m+ Yr wey that we must leave mo stone unturned if we 
wish to have any chance ‘ing our own i 
iil indi Aye ng own in the future. 


I wi 





Government according to the capaciti 
enemies. From ated, which has been so 


ample score for doing useful work in the above direction. 
jucation.—A sign of the times is the inclusion of an 
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Education Section in an association for the advancement 
of science. This has not been done on the narrow nd 
of improving the teaching of science in schools, but 
because it is now iced, and this mone too econ, that 
the whole problem education must be treated in a 
scientific manner. f 

When the subject of engineering education is mentioned 
we are — think only of the training of such —— 
as have n considered in a recent report issued by the 
Institution of Civil Engineers, and to exclude, as that 
report pur ly does, the training of our artisans an 
foremen. We certainly do not connect the idea at all 
with the training of the artisan himself. Asa matter of 
fact, while hig i 
engineer and manufacturer is of vital importance, the 
proper education of the men whom he will have to control 
is ney? less so. The latter education may not be of 
the same kind, but it is just as vital to the country, and 
its present condition is a serious evil. 

A well-known American, in the General Electric Review, 
writing on the ‘‘individual and corporate development 
of industry,” points out that theoretically the aim of both 
employer a pened is the same—namely, the effi- 
ciency of industri a to increase the return of 
the investment in labour and in capital. Unfortunately, 
however, as be remarks, ‘‘the relations between the two 
have frequently been hostile industrial warfare over the 
distributions of the returns rather than co-operation for 
the increase of financial returns of both parties. 

One of the most humiliating things of the present war 
has been the mutual relation of the two in this country 
in what is probably the most critical period in our history. 
I will say more later on this subject, but there is no doubt 
the subject of industrial education needs earnest con- 
sideration. Take the first, the education of the profes- 
sional man—the class, for instance, joining such institu- 
—. ~ the Civil, Electrical, or ae ene ineers ; 
we find in one respect a most satisfactory progress as to 
what is insisted upon before such men are allowed to join 
one of these bodies. All such institutions now demand 
technical diplomas or university and, in addi- 
tion, satisfactory evidence of —— training. But to 

vent injustice to the man who may be self-taught, the: 
hold examinations conducted by recognised men of stand- 
ing in scientific and technical subjects. Great as this 
poagoess Sas Looe fn sovent yous, there is a great deal to 

jone. In vhe first place, professors and teachers of 
engineering and technical subjects have to deplore the 
miserable previous training of a large number of students. 
1t seems still to be a common idea that if a boy is unable 
to make any decent progress in usual school subjects, 
he can be sent to a technical school if he is useful with 
his hands, under the pathetic impression that the success 
of the engineer depends upon his hands rather than 
upon his head; and the first year or two at a tech- 
nical school or college is thus taken up with work 
that ought to be done at a secondary school. It is 
not fair to put all the blame upon the school, for I 
have known students comi from the classical side 
vf such a school with no knowledge of science, and very 
little of mathematics, who have taken the highest places 
in the engineering course, and, after entering their a 
tical work, have rap‘dly risen in the fession, and this 
was because such men had well trained to apply 
their mind to any subject and had a sound foundation 
upon which to build. This only shows that a good 
student will always rise to the top, and does not prove 
that the present school system is the best for an average 
boy, or makes him work as hard as, for instance, the corre- 
sponding school in Germany does. A number of 
thinking men are convinced that our whole education 
system seriously needs reform. I say this not merely in 
reference to scientific education and technical training, 
but to the whole attitude of mind of the young of all classes 
of the community towards the serious work of life when 
they leave school, I will allude to this under another 
heading later on. In the matter of education and its 
bearing upon technical training, we have, then, a good 
deal to learn from Germany. There are some things that 
we think are quite as good, if not better, in this country, 
but there is no reason why we should not try to find a 
way to adopt the better features of education from our 
enemy, and. while retaining independence of thought 
and originality, inculcate firmer discipline, for there is 
surely a happier medium in this matter. 

There is one matter which calls for remark before I 
pass from this subject. 1 see in the re above alluded 
to there is a great divergence of opinion concerning the 
wage-earning value of highly technical students. ere, 

is a matter which in itself is worth a very careful 
discussion. The question depends first u the student 
himself, next upon the kind of training bohes had, and 
then upon the nature of the work he is expected to do. 
The blame'in not getting the best results from a well- 
trained student is very often due to the employer, and 
our Section might do something to bring professors and 
employers into closer touch ; both employer and profeseor 
may have ae to learn from each other. 
_ In leaving this subject cannothelp pointing out what 
important continuation schools are to be found in the 
meetings and discussions of as pene members of 
societies, — much a young 
€ preparation of a paper. Any one 
who is acoustomed to take the chair at such pen cm 
will bear witness to the excellent outlay of money repre- 
sented by the award of priase ond models for euch work. 
Many men to my knowledge have got jobs through thus 
owe eoqeatninase with a subject or originality 
of though 


Research.—If there i thi than 
which the British ceniien tonto — 


various 
engineer learns in 


Association can congratula: 
upon, it is the work which it has done in the matter of ' 


» and it is very interesting to go back to the 


scientific training of the professional | pu 





earliest days, more than wn age hag ago, and to see how, 
in very different days from present, research in all 

es of science was ‘encouraged, and what a potent 
factor the various have been, not only in 
actually fostering the work of research itself, but in ob- 
taining the a which is accorded to-day. Amongst 
— things, omgpnsy | Physical La : stands 
largely to its credit, as having been first powerfully 
advocated at one of its meetin This Section has not 
been bebind the others, and at the present moment there 


d|are three Research Committees—viz., those on 


Explosions, Compound Stres, and Impact. The work of 
the first of whee to so valuable that its results have been 
i all over the world. ; 
To-day there is a more 1 ition of the im- 
portance of research, and the recent institution by the 
Government of a Committee for the organisation and 
development of scientific and industrial research is the 
latest indication that the nation is beginning to realice its 


ae ; y 
far from all this making our work less necessary, 
there is all the more reason why we should have a perma- 
nent Committee of rch, use one of the inten- 
tions of the new Government Committee is to utilise the 
most effective institutions and investigators available, 
and the statement is made that one of the objects of the 
Government Research Committee is to select and co- 
ordinate rather than originate, and that one of ite chief 
functions will be the prevention of overlapping between 
institutions and individuals engaged in research. e 
Government Committee in question is only dealing with 
the organi-ation in England, Wales, Scotland, and 
Ireland. Now the great advantage possessed by this 
Association is the fact that it includes not only Great 
Britain and Ireland, but all the Colonies, and, indeed, one 
of the three researches above mentioned is being carried 
out in Australia. Another research of the Association is 
being carried out in Cyprus; and work is also being done 
in such places as Jamaica and Egypt. It is more im- 
portant, therefore, than ever that the British Association 
work in research should go on, as, since its members are 
drawn from all parts of the British Empire, its influence 
should be correspondingly t. ’ 

is another reason for research being a subject of 
& permanent sub-committee, and that is that suggestions 
for new work are more likely to be matured, and work of 
an advisory nature made more practical than is possible 
at one annual meeting. 

There is yet one more reason, which is that, although 
we have made come progress, we are still far behind Ger- 
many in the organisation of research. There is no doubt 
thatour students and scientific men are quite capable of 
conducting researches, but the training for this is like the 
training for the officers of an army: it cannot be done 
hastily, and, indeed, men themselves cannot be obtained 
for this purpose without years of preparation. All such 
work must be done as a factor in the reorganisation 
of our manufacturing and commercial resources in the 
great struggle that lies before us. 

There is one subject which affects both education and 
research, and might be a matter to be reported on by our 
Committee. It is very rarely that a professor is both a 

teacher and gifted with the power of original research. 
ven when a professor or lecturer is so gifted, however, 
it is almost impossible for a man really to devote himself 
properly to research and at the same time undertake the 
duties which are attached to a professorial chair. Why 
not face this subject boldly, even relieve the bad lecturer 
(there are men who admit their failure in this respect) of 
a certain amount of his work, provided he is doin 
well in research ; or for the man who can do both =a 
see that he not only has efficient assistance, but even 
more, that he is given the opportunity of devoting long 
periods (for instance, alternate years) entirely to research. 

There are numerous other questions which would come 
up under this heading, and which could be usefully dealt 
with by our Committee. 

There is one more subject that we might consider, and 
that is, a better differentiation of researches on purely 
industrial work, such as are often of a most profitable 
nature to the professor or research student, and those 
which are of a purely scientific character. While it is 
only right that every successful research, even if con- 
ducted at the o— of a public body, should bring 
solid return as as fame to the worker, some steps 
should be taken as to the fair and equitable distribution 
of the proceeds. I see that one of the proposals of the 
new Research Committee is that discoveries by institu- 
tions, associations, bodies or individuals in the course of 
researches aided by public money ** made avail- 
able under proper conditions for the public advantage.” 
If the ‘discovery’ is patentable, I assume, it would be 
protected at home and abroad, unless we wish to spend 
public funds a¥% much for the benefit of foreign trade 
rivals as for oarselves. This is one of the many matters 
in connection with which a British Association Com- 
mittee might from its cosmopolitan character render 
great service. 

Standardisation and the Metric and Decimal System.— 
One of the favourite jibes at this country is our supposed 
utter want of system in regard to our standards and 
systems of measurement generally. With d, for 
instance, to the decimal system, it is frequently stated 
that thirty or forty countries have — the metric 
system, while only three retain the inch as a standard. 

t must be remem however, that the ulation 
and wealth of the three latter are at least equal to, if not 
greater than, all the others, though this does not really 
prove anything, except the difficulty of the subject, and 
that there is a great deal to be said for both sides. In 
the report of the Decimal iation last Apri) the hope 
is expressed that one of the changes for the better 
ari:ing from the war will be a reform of our weights and 


measures. No class of the community would be affected 
more closely than the engineer, and engineers cannot faij 
to be interested in the question as to whether the genera! 
and immediate adoption of the metric system would or 
would not be a valuable means of assisting Britich firms 
in their competition with Germany and Austria in coun. 
tries where that system isin vogue. Although it is very 
unlikely that a wholesale change is imminent, it is certain 
that the metric system is ually spreading, and in the 
United States and Australia very strong forces are on foot 
to bring about a change to that system. The British 
Association has over and over again had the subject 
before it, and our Committee might be of service in 
making a report on the present state of the matter. 

One thing is certain: the Committee might be of assist- 
ance in recommendations which would bring into line all 
British engineers in duplicating tenders for countries which 
have the metric system. 

Coming to standardisation, here we have more ground 
for satisfaction. The ne Standards Committee 
during the last ten years has done a work which is quite 
equal to that in any other country, of completing stan- 
dardisation of all important matters in engineering, and, 
moreover, has secured the recognition of these standards 
in all public contracts. As giving some indication of the 
range of this work, it may said that there are more 
then sixty committees for dealing with ae conceivable 
e1 gineering matter, from bridges, ships, locomotives, 
down to electric lamps. One of the last of these com- 
mittees, dealing with the automobiles, has eleven sub- 
committees, many of which have already completed their 
work. It is almost impossible to do justice to the extra- 
ordinary achievement of = order out of what was 
apparently hopeless chaos and to the benefit of the British 
engineering industry of this work, largely due to the 
energetic secretary, Mr. Leslie Robertson. We may 
justly pride oureelves that this Section was a pioneer of 
standardisation, by taking up the subject of small screws, 
its work being taken over ultimately by the Standardisa- 
tion Committee. 

There is yet work to be done, however, and one matter 
of great importance would be to get a universal standard 
of temperature for instruments of measurement other 
than zero, A temperature, for instance, of about 62 deg. 
Fahr. would make steel rods’ measures more practically 
workable than at present. 

In correction with the subject of temperature and 
standardisation, I recently came across a statement by 
the General Secretary of the International Electrotech- 
nical Commission (Journal, January, 1915) that the want 
of uniformity in the rating and testing of electrical 
machinery has been a serious evil, and he goes on to 
7 :—*“* The German standardisation rules, for instance, 
which, through well-organised and combined effort on 
the part of the German makers, had, previous to the war, 
become widely recognised on the Continent of Europe, 
as well as in many countries to which British machinery 
is exported, by permitting a higher temperature rise than 
is considered good technical practice in Great Britain, 
certainly have not assisted the British maker in foreign 
markets.” 

Exhibitions and Musecums.—In recent years a large 
number of commercial exhibitions have been held of all 
branches of machinery, and it is satisfactory to note that 
one of the features of such exhibitions has been the hold- 
ing of scientific lectures, and the inclusion of the exhibi- 
tion of scientific instruments and apparatus, and also 
exhibits showing “oy “ — experiments to 
engineering work. In some of the privately organised 
exhibitions with which I have been A ante orn | myself the 
scientific men have been invited to take part when the 
general lines had been settled on which the exhibition 
was to be run, and thus we had comparatively little infiu- 
ence. I have thought from time to time that it would be 
well if a permanent committee of such a body as the 
British Association existed, which could exert more 
direct influence, chiefly, of course, by reports and recom- 
mendations. The managers and organiceis of such exhi- 
bitions would value assistance of this kind, and in return 
would listen to suggestions which might materially 
add to the scientific se of such an exhibition, I know 
from experience that a British exhibition is a most 
important means of promoting British industry, for the 
number of inquiries that come from all parts of the 
country and from all parts of the world show how much 
interest pat pi exhibits arouse, and what long 
distances people will travel to attend such an exhibition. 
A machinery exhibition was to have been held in London, 
the date of the opening being a week or two after the date 
at which the war ; but was, of course, not held. This 
exhibition was to have been Anglo-Dutch, and though 

ised by private enterprise, was even in advance 
bringing in touch the consumers and manufacturers of 
the two countries. The Beama Journal quoted recently 
an American magazine in which the writer was advo- 
cating the support of a permanent Commercial Museum 
for industrial purposes, and this is what he said :— We 
—~ a surplus of manufactures that must be sold. 
r manufactured exports have about doubled in ten 
years—in truth a cause for satisfaction, and yet we have 
not accompli enough. ... We have only made a 
beginning, considering what we can do and will be forced 
to do in the future. . . . Manufacturers must a seq 
with old-established nations in the market they seek to 
invade.” Ib is noteworthy that this museum, which is 
really a permanent exhibition, is a very complete 
nisation, containing, amongst 0 things, science 
tories. 

Bi saci te tapes ge ral Be 
Imperial Institute ident of this Ass ion, Si 
F ick Abel, at the meeting held in Leeds in 1890, have 





not been altogether fulfilled. The President expressed 
the belief me amongst other objects, the Institute 
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would combine ‘‘ the continuous elaboration of systematic 
measures tending to stimulate — in trades and 
handicrafts, and to foster the spirit of emulation amongst 


the artisan and industrial classes.” It may be a very |i 


fitting time to bring forward the whole question, because 
it has often happened that an excellent which has 
somewhat languished, has upon ite revival at a later time, 
when its importance was better realised, crowned 
with success. ’ ‘ 

Another matter which might be considered is the ques- 
tion of departmental museums at the technical schools 
and universities throughout the country. The organi- 
satien of these is simply a matter for the enterprise of 
the individual professor in each department. The 
museums in the engineering department of the colleges 
with which I have been associated were very much ap- 
preciated by the students, who constantly were the means 
of securing fresh specimens, and, after they bave left the 
college, continued to contribute articles of great interest, 
such as fractures, corrosions, boiler-plates, models, &c. 
This matter might be handled in a much more systematic 
manner, and possibly a report from our Committee, with 
a@ recommendation to the proper quarters, would be 
of use. 

Patents and Patent Laws.—This subject is well worthy 
of the consideration of the ane committee, since pro- 
gress in engineering, certainly on the mechanical and 
electrical sides, is largely dependent upon invention, 
which is not likely to be seriously undertaken without 
adequate protection, not entirely for the inventor, but 
also for those who really make tbe invention practical by 
means of capital and business support. A great deal of 
nonsense is talked and written about inventors, as if they 
were @ special class of being, generally mad, and always 
ingeniila Gem inventors are both, but the fact 1s, 
most engineers spend their lives seeking new ideas and 
devising new othede of carrying them out; in short, in 
inventing. It is of the greatest importance that every 
step should be taken to encourage sound invention, and 
to see that anything of value is secured for this country. 
Of course, every invention worth anything is imme- 
diately known in other countries, but I need not argue to 
this Section that the country which actually produces the 
inventions is at a great advantage, quite apart from the 
royalties payable on foreign patents. The foundation of 
the Munitions Invention Panel is a step in the right 
direction, and will doubtless be followed later on b 
Government Committees for peace inventions. Suc. 
committees or Government departments dealing with 
various industries will be assisted by suggestions from 
a body like this. Take, for instance, the present state 
of Colonial patents; within the last few years one 
Commonwealth patent has been le to cover the whole 
of Australia, instead of there being, as of old, several 
patents, with different regulations and fees, for each se; 
rate colony. South Africa has not yet conferred a sim 
boon upon inventors, and we might do something to 
expedite this desirable innovation. But this touches the 
much wider question of Colonial Patent Laws as a whole. 
These are all different, and differ from those of the 
Mother Country. It would be oa thing if we 
could bring about a conference leading to unification of 
these diverse patent laws, and have one comprehensive 
patent law for the whole Empire. . 

There are many other matters ; for instance, the ques- 
tion of extending the time of secrecy in the provisional 
oo The “close” time in patents was the act of 

hamberlain, and is a splendid legacy of that great man ; 
but for really _— important patents the close time 
allowed is not enough. 

Another matter is one in which the German system has 
certain advan —viz., in having two classes of patents. 
One of these is the patent ‘‘ proper,” which is only granted 
after the most severe search and criticism, and holds the 
usual period when nted. The other is a secondary 
patent, granted for the shorter term of five years, and is 
given for one of the hundred and one minor improvements 
and devices which, though of real value, only constitute 
small modifications in detail, and not new applications of 
principle. 

Having previously spoken of German ways pretty 
plainly, I should like to say here that I believe the sus- 
picion of injustice to British end other foreign appli- 
cants by the German Patent Office is to a great extent, 
if not altogether, unfounded. It is doubtless true that 
German manufacturers, in common with most of us, would 
like to avoid paying royalties, and it is, moreover, a 
common belief in this country that there is an advisory 
committee of manufacturers associated with the German 
Patent Office. This view is su by such state- 
ments as in the prospectus of the Deutsche Maschin- 
fabrik, which runs as follows :—‘‘ With the present-day 
competition every firm is com to protect its new 
designs by means of patents, and watch that no other 
patents are ted which would seriously effect (sic 
affect) it.” Notwithstanding an utterance like this, my 
own experience and that of others is, that if the stringent 
rules of the German system are observed, any valid appli- 
cation is granted, the motto which appears to guide the 
officials being, ‘* We will be just, but we cannot afford to 
be generous.” 

There are other matters, such as the question of giving 
wider powers to our Comptroller to refuse to grant where 
novelty is less than microscopic. Here again the German 
system, of demanding that some definite principle is 
applied to produce some definitely new effect, might to 
some extent be followed, especially in view of the con- 
stant accumulation of publi devices, some patented 
and others not. 
P.. = cuntiate sy egan seieh is far om exbaus- 

’e, by pointing out what a debt of gratitude engineers 
and otha owe to the Patent Office for the manner in 
which the work of producing illustrated abstracts of all 








patents has been and is being done, and the weekly issue 
of the Patent Journal; but this may be associated with 
the tion that it would bs a real convenience if, 
ins of the delay which often occurs, the abstract 
appeared at the same time or immediately after the 
publication of the complete specification. 

Organisation.—This, I venture to think, is by far the 
most important question of any I have raised, and I will 
go so far as tosay that I believe it to be the all-important 
one, as it practically embraces the others. If you do not 
agree with me; I feel sure it is because we do not under- 
stand the same-thing by the word ‘‘ organisation.” When 
you speak of organisation to most people they immedi- 
ately seize upon some small feature which may be to them 
of more immediate interest. It may be the general 
arrangement of their accounts, their system of store- 
keeping, of dealing with their workmen, of the sales 
department, or fifty other minor details. If you take 
this narrow view of o; isation, you will, of course, at 
once say that a scientific man has very little to do with 
it, and, indeed, the manufacturer, as a rule, thinking of 
his works o isation, scouts the idea that a man of 
science can either know or have anything to say about it 
which is of any value. 

Let me therefore take the dictionary ee To 
organise is to “‘arrange or constitute interde ent 
parts, each having a special function, act, office, SS oa 
tion with respect to the whole.” If we accept this defi- 
nition, which as a matter of fact we must, there is no 

uestion as to the all-important nature of organisation, 
‘or you will notice there are two outstanding things, 
the first ‘interdependent ” and the scond their 
“relation to the whole.” Thus the subject of organiea- 
tion really includes the whole of industry. It includes 
science and its relation to manufacture ; it includes the 
relations between the — and employee; it in- 
cludes the workman, an is attitude towards new 
devices, labour-saving appliances, and output; it includes 
the whole question of the supply of raw materials, and 
even the sale and delivery of nished article. Taking 
these different features, is there any doubt that the man 
of science in this country can hold his own, and more than 
hold his own, with that of any other’? The history of 
invention is quite enough to give a final answer to this 
question. Again, the British employer and man of 
affairs has always shown himself individually in the fore- 
front of en ise ; as for the workman himself, he is 
admitted, in the matter of intelligence, physical endur- 
ance, and skill, to have no superior ; while with 
materials for manufacture, and the power of delivering 
goods, it need scarcely be said that the British Empire, 
if we take it as a whole, is the richest country in the world 
in raw materials, and its means of delivery of its goods is 
expressed by the enormous preponderance of its mercan- 
tile marine. 

When we come, however, to these interdependent 

and their relation to the whole, it is there that we 
nd the weak joint in the armour. It is in this respect 
that Germany can teach us a striking lesson in the 
arrangement of these interdependent parts with respect 
to the whole. From the top to the bottom, the whole 
forces of their industries are so thoroughly organised 
that they get all that is humanly possible out of the 
various factors. Ido not limit this merelv to the wonder- 
ful organisation of any works, like Krupps, or the 
Deutsche Maschinenfabrik, or hundreds of other works, 
but I include the organisation of all the Government 
departments, together with the banks, the railways, and 
the shipping, so that every facility is afforded for the 
world commerce of the Empire. 

Taking only one of these details, I remember, when at 
Liverpool, and the battle of the Manchester Ship Canal 
was being fought, what facts came out as to the difficulties 
in the a and handling of goods. The late 
Mr. Alfred Holt, for instance, was one of the most 
earnest in pointing out that the want of co-operation and 
organisation in getting goods from our manufacturing 
centres was adding largely to their cost, and actually 
exceeded the cost of transporting these goods across the 
ocean. In Germany, on the other hand, the Government 
steps in, and, by means of special differential rates, gives 
the manufacturer every facility, and the lowest possible 
rates for obtaining raw material, and delivering the 
finished goods to all parts of the world. It was this 
organisation that not only rendered Germany so formid- 
able a rival in times of peace, but makes her so powerful 
in war. 

This co-ordination in Germany is carried out in every 
industry in a way we generally have little idea of. For 
instance, the other day, at a deputation to the Govern- 
ment, Mr. Runciman remarked that the difficulty of 
connecting the manufacturers with the commercial staffs 
in this country is deep-seated; but perhaps not altogether 
incurable. Further, that the mznufacturer must realise 
what he can get from the universities, and the university 
must know what the works require. Foster, the 
treasurer of the Chemical Society, also said that ‘‘the 
Germans were so imbued with the need of pursuing 
modern and efficient methods of education in applying 
science to industry that they hold in contempt a country 
which notoriously neglects such processes;” and 
attributed this contempt as partly contributory to their 
cheerfulness in entering into war with us. 

Now, while these remarks are undoubtedly true, they 
are only a part of the truth. The evil is far wider than in 
any special application, for, as the German knows per- 
fectly well, ti ~~ are a —? — cases of 
organisation in this country of equal efficiency to any in 
his country, and he is glad Aodne to learn from special 
case, Let us take one, and I do so because it shows that 
the man of science is capable of industrial and manufac- 
turing isation, if he turns his mind to it. I refer to 
the case of the firm of Barr and Stroud, Limited. As 


to | no common bond 


he | in the returns of 





you know, the founders of this firm were originally col- 
leagues in the Yorkshire College (the former, Professor 
Barr, occupied the ential chair of this Section three 
=| ), and they invented a finder. 

“~~ aeet SSS S Ris range Caden, Weed to 
say, like every other important invention—for instance, 
the Parsons turbine—that the invention alone would have 
stood a small chance of coming into ice. In fact, to 
make the invention is, es a rule, beginning of the 
difficulty. Professors Barr and Stroud, however, set to 
work to carry their invention into practice, and did so 
with such effect that their works, which began on quite 
a small scale, —— The first part of the new 
works was opened with about ninety hands, all told, in 
1904. In the course of ten years it has increased to such 
an extent that there are now 1700 employees. Those of 
us who have visited the works at Glasgow know the almost 
perfect way in which the whole ay oT ey are made, 
not merely for the scientific sige, but for the comfort of 
the men, including the working-dress, which ‘in itself 
becomes a uniform. It gives some idea of the scientific 
side to know that there are at the t moment twenty- 
three men with high university qualifications,’ most of 
them with university degrees, — of them men 
who were absolutely the first on the college list in the 
final examinations. This industry ie ther illustrati 
of the lead given to Germ«ny by this country, because the 
Barr and Stroud range-finders were brought out before 
any of the German range-finders of the kind now being 
a, = Germans having a = = em and 
co) em in many respects. ve en u 
this, tecause I cannot help pointing out that be oor 
and Stroud range-finders have had no small effect in the 
marvellous precision of our naval guns, and it will no 
doubt pass through your minds what we owe to private 
enterprise, which started the manufacture of the tur- 
bines, range-finders, guns, and other naval features, when 
we think of such battles as those off Heli or the 
Falkland Islands. 

Now I do not believe the Germans despise us for our 
want per se of the application of science to industry. I 
do not think they have much reason to; but what the 
do despise us for is the want of co-ordination, which I 
venture to say amounts to positive slackness, which they 
are keen enough to observe permeating the whole of this 
country. They see different sections, instead of being 
uni for a common end, quarrelling with each other, 
filled with mutual suspicion and distrust, with a tly 

of union ; and whereas the Goan 18 
proud of the Fatherland, he sees in this country large 
numbers who seem, either through self-consciousness or 
ignorsnce, to be med to mention the subject of the 

ritish Empire, or, what is worse, to acknowledge that 
any love of their country ie, or could be, a mainspring 
and incentive to strenuous effort. 

The other day Field-Marshal Von Moltke stated, and 
there is no reason to disbelieve him, that, great as was 
the storage of ammunition and shells before the war, the 
enormous demand far exceeded all expectation, and 
Germany found herself for a time in the same plight as 
her enemies . but ce ioe ted that yn 
e “from this ition was y 
due to the extraordinary eaabetion, which included 
not merely the adaptation of their factories for munition 
purposes, but capacity for work of the people, and the 
patriotic spirit of the German workmen.” 

This brings me to consider what is probably the most 
serious feature in our national life to-day, which I have 
already alluded to under the heading of ucation—viz., 
the relation of employer and workman. Ib is hopeless, as 
long as there prevail such ideas as seem to do at poueet, 
to think of any sound organisation of our industri 
system taking place, because the interdependent parts 
are not arranged with respect to the whole ; they can 
never be arranged until we renee 2 radically. Now, as 
one who has served an apprenticeship, who has taken his 
money weekly from a tin box with hundreds of other 
men, who has been a member of the Amalgamated 
Society of Engineers (in fact, was working as an engine- 
fitter when a Whitworth scholarship made a eolene 
career possible), I am the last man to put this evil 
down entirely to the working man. I know indi- 
vidually he is just as — of patriotism as any 
ot class. Get him by himself, even the men whose 
strikes have caused such despondency in the minds 
of our Allies, and who have seriously jeopardised the 
very existence of the country, and } y will find (except 
in the sort of case to be found in classes of society) 
that he, as an individual, is willing to. make sacrifices, 
and, if necessary, to give himself for his country. The 
truth is that the canker which is eating the heart out of 
our industrial life is due to an entirely wrong attitude of 
mind. For instance, however much we may sympathise 
with men who see a loss of employment in, the introduc- 
tion of labour-saving machines, some should be 
found by which they can share the benefits to the State 
and to their employers by the introduction of such 
machines. 1 should like, if I had — to say something 
about the marvellous organisation of the Ford motor-car 
works in America, and how it has given the men a share 

& great industry, and thereby induced 
them to work in a way that has enrich ves, 
their employers, and their country. We have many 
splendid examples of this co-operation in this country. 

‘or instance, Meesrs. Allen, of Bedford. Again, 
employ ment of women in the engi ing industries has 
taken place in many directions owing to the war. The 
works with which I am aesociated could not have 
undertaken much munition work without it. Some 





steps should be devised by which this avenue of industry 

is not closed to women after the war, while justice is 

secured for the men alongside of whom they are working, 
are in many instances i 


and from whom 
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mechanical skill. Again, the questions of piecework and 
overtime must be seriously considered by State, and 
not allowed to become the subject of disastrous disputes. 
Once more there is the question of a standard wage. It 
is against the eternal Jaws of Nature to try and keep 
living beings at one dead level of equality and merit—+.e., 
it is against the law of the survival of the fittest. The 
trade unions have a great opportunity of placing their 
country and themselves in a leading position amongst 
nations if they will courageously grapple with a great 
problem by recognising degrees of merit and corre-pond- 
ing degrees of payment. These are a few of the many 
matters which must be dealt with in the immediate 
future. 

The matter of labour disputes is so serious as to de- 
mand plain speaking. It must be admitted that there 
are many employers and companies which, to satisfy 
themselves and their shareholders, extort the largest pos- 
sible dividends and psy the smallest —_ rate of 
wages, and do so apparently without slightest idea 
that the men and boys under them are capable of educa- 
tion and personal influence. Can it be wondered then 
that men under these conditions are willing enough to 
listen to the orator who merely appeals to their fighting 
instincts and to join in the game of grab as against the em- 
ployer. On the other hand, strikes have occurred when 
employers have honourably carried out their obligations 
a undertakings, and the men have shamefully departed 
from an agreement made by their chosen leaders, throw- 
ing over the leaders the t they have fancied it to 

ir own selfish interests to do so, and without a single 
thought of their duty to the community as a whole. 

We have recently seen the Prime Minister and other 
leading statesmen struggling, sometimes in vain, to bring 
large bodies of men to a reasonable state of mind. Is not 
this (and I speak without the slightest reference to party 
questions) a case of Nemesis ove us for baving in 
so many cases pandered to the selfish instincts of large 
bodies of men in order to eecure their votes, instead of 
sternly telling them unpalatable truths? 

T was recently an intensely interesting article by 
the late Professor Friedrich Paulsov, previously Pro- 
fessor of Philosophy in Berlin University, published in 
the Educational Review, of New York. In this article, 
the subject of which was “Old and New-Fashioned 
Notions about Education,” he pointed out that the whole 
of our educational system was going wrong, and that we 
could not escape the conviction that a tendency towards 
weakness and effeminacy was its chief trait. His three 
mottoes were: learn to obey; learn to apply yourself; 
learn to repress and overcome desires ; and he remarked 
with great truth under the first heading : ‘‘He who 
not learned to do this in childhood will have great 
difficulty in learning it in later life; he will — get 
beyond the deplorable and unhappy state that vacillates 
between outward submission ond uproarious rebellion.” 

Is not one of the first things the reform of our educa- 
tional system ? ; . 

The other day a writer in the Saturday Review said, 
with great truth, that ‘‘ what Great Britain is suffering 
from ame and dan usly at the present time is the 
absence of discipline,” and a neutral writer in The Times 
remarked as follows:—‘‘The uniformity of German 
effort, due doubtless to their myriad of well-organised 
machine-like minds, though it renders them excessively 
tiresome people to dwell among in peace time, enables 
their Government to extract every ounce of energy in the 
conduct of a war.” He further went on to say that the 
British Empire ‘‘could not have been created by minds 
like these, but it should not be forgotten that in the con- 
centration necessary to national effort in a le like 
this the German system of self-subsarvience to the State 
has enormous advantages.” 

One of the tasks to which the British Association might 
bend its energies with the greatest benefit to the country 
is to bring about a reform of our educational system, so 
that while we do not kill individual en ise and 
freedom of thought, which bave contributed so largely 
to the political organisation and constitution of the Briti 
Empire, of the value of which we have such won- 
derful evidence from our colonies and dependencies 
Commas this war, we seek to implant in the minds of young 
and old those ideas of discipline and service to the State 
the want of which so seriously threatens the successful 
organisation of our industrial life. 

Conclusion —In Ley my address to a close I hope 
I have made it clear that I have had th out a prac- 
tical object. Expressed briefly, it is that the service of 
every agency is wanted for definite work at this crisis, 
both in the actual war and afterwards in the war of 
industry which will be waged with equal intensity in 

time. The British Association cannot be said to 
ve undertaken as a whole a work of this kind, yet one 
finds a general desire on the part of every member that 
something should be done. ith this object I communi- 
cated with the President. and found that both he and 
such of the —— = —_— be got in touch = — ee 
entire sympathy wi gene posal, vii 
that our section, like that of Reomknina. should start at 
once with a committee on the subject. I have great 
hopes that such a committee will be formed, but I have 
no hopes of either our own sub-committee or the com- 
mittee of the Association as a whole doing any good 
unless they are prepared with definite suggestions and 
advice which cannot be ignored and put aside. I 
have not the slightest faith in the mere formation of 
a committee which will content itself, let us say, 
with the mere offer of its services, even to a Government 
‘rtment, and the mere pious expression of certain 
opinions. If a committee does not want to become 
ridiculous, it must show that it is in earnest. To show 





has | departments an 


spelen and officials, yeh > of resl ies, Of course, 
ere are incompetent in public departments. 
possibly even in the Admiralty and War Office, and many 
Proposals and su tions are turned down—or. 
et us rather say, have turned down in the past— 
becuse they ha to pass into the hands of such 
some in the first place, and there was not enough driving 
orce b3hind them to follow the matter up. ts 
en I first used to attend meetings of the British 
Association, there was a gallant officer (Captain Bedford 
Pim) who had commanded various men-of-war, and was 
pemmety concerned with the state of the British Navy. 
remember well his formula. which I heard on many 
occasions, as fo!lows :—‘‘ The British Navy, Sir, rotten— 
rotten from stem to stern, from truck to keel.” Such a 
sweeping statement about a service of which we are all 
proud only served to raise a ae against him, in 
which I shared myself, and excited the suspicion of undue 
bias or twist of mind. Asa matter of fact, as it turned 
out afterwards, and has since been admitted over and 
over again, he was essentially right; and now that we 
realise our obligations to the British Navy, and that it 
has really saved this country, one trembles to think what 
would have happened if it had then been called upon in 
the same way as in these days. The above officer was 
afterwards made an admiral, though I am afraid it was 
not asa reward for his candour, or even to head off his 


criticism, because nobody seemed to take much notice of | 
his warning. The moral that [ have in mind is that if} p 


our committee is going to be of the slightest service, while 
formulating its —— in temperate language, it must 
unflinchingly follow them up, and not allow them to die 
unless they are proved to be worthless, but to see that 
Oe are reriously taken up and carried into operation. 
ortunately the British Association is a powerful bod 
with great traditions, and will be listened to if such wor 
is carefully and energetically done. Think, for instance, 
of the many eminent men who have su d this 
particular Section in times past, and many of them in the 
chair, such as Robert Stephenson, Scott Russell, Lardner, 
Moseley, Willis, Whewell, Whitwortb, Vignoles, Fair- 
bairn, Rankine, Hodgkinson, Sopwith. Babbage, Hawks- 
ley, Hawkshaw, Barlow, Armstrong, Froude, Bramwell, 
Baker, Douglas, Osborne Reynolds, White, and many 
others. Think of the mark that these men, now 
away, have left on the history of the British Empire, 
and let us see to it that this Section does something 
worthy of its past history. We can at least congratu- 
late ourselves that whatever the evils of the war, the 
country as a whole has been moved from its usual atti- 
tude of eye ge and that the numerous new 
organisations are showing a desire 
to utilise every force and agency for the service of the 
State, and to grapple with the great problem of its more 
efficient organisation. It will be no small work of a 
British Association committee if it can supply sound 
ideas and recommendations on the many thorny problems 
which must be solved. We cannot all of us te, as 80 
many would like, in the fighting line, either in France or 
the Dardanelles, but we shall be just as deserving of 
contempt as those who. having had the opportunity of 
service, have shirked their responsibilities or the giving 
up of their sons, and are even thinking of the war as a 
matter of personal gain, either in purse or reputation, if 
we content ourselves with mere offers of service, and 
having, as we think, shelved responsibility p dn 
initiative to others, we pass along our way tering 
ignobly behind those men and women who are doing 
eir duty to their country. 





Tue AUSTRALIAN Mancangse Company (No Lia- 
BILITY).—The Australian Manganese Company (N.L.) 
a company locally formed this year) inform us that they 

ave made what is believed to be a very valuable manga- 
nese discovery at Pernatty Lake, situate about 44 oie 
from the East-West Railway. about 76 miles from Port 
Augusta, South Australia. The property consists of 
four 40-acre blocks, on or adjacent to an arm of the Per- 
natty Lake. The work done has proved the existence of 
manganese ore to a length of about 400 yards, with indi 
cations of its extension to a greater distance. The width 
cannot be ascertained until much further work has been 
done, the overburden varying from 1 ft. to 5 ft. in thick- 
ness. A small quarry, from which about 95 tons have 
been dispatched, shows ore of the same grade as the 
95 tons sent to the Broken Hill Proprietary Company, 
Limited, Newcastle. From about 50 tons, since broken, 
and from all sides and bottom of quarry, representative 
samples were taken and submitted for analysis to the 
assay department of the School of Mines, South Aus- 
tralia; following results were obtained. Bulk 
sample (approximately 1 cwt.) of manganese ore yielded 
on analysis as under :— 


Per Cent. 
Water at 100 deg. Cent. .. 0.74 
Insoluble (silicious matter) 1.36 


Ferric oxide .. 7 3.70 
Manganese dioxide .. 80.12 \ containing 51.86 per 
a oxide .. -. L66f cent. of manganese 

Nickel and cobalt oxides .. 0.29 

>e “e .» 0.01 

Sulphur ee Je -- 0.01 

Gold and silver an nil. 


From this it is clear that the ore is very high grade. The 
very small quantities of the undesirable elements—phos- 
phorus, 0.01 ; sulphur, 0.01; and silica, 1.36 per cent.— 
should ensure for it a good market. The company is now 
sending sam of its ore to likely users, with a view to 
opening up Australian and international markets, enemy 
countries, of course, being barred. Its high - grade 





that it is in earnest it must take care that its reports have 
& practical object, can be at once grasped by overworked 








FOREIGN ENGINEERING PROJECTS. 


WE give below a few data on several foreign engi- 
neering pro: taken from the Board of Trade Journal. 
te the Commercial fat -peedl seser lie aT ic 
rom ranch, de, 
73, Basinghall-street, London, F.C. 


Portugal : The Diario do Governo, Lisbon, publishes a 
Bull authorising the Municipality of Mourdo to contract 
a loan to the amount of 500,000 escudos (about 75,0001. at 
current rate of exchange), which will te putat the disposal 
of the Sul e Sueste Railways Administration for the con. 
struction of a section between engos and Mourao of 
the Guadiana Railway. After the construction of this 
section has been completed the remainder of the loan 
will \ devoted to the Evora-Reguengos section of the 
same line. 


Siam: With reference to the list of names of foreign 
—t.e., non-British—firms which had submitted tenders 
for the supply and erection of a steel bridge over the 
Meh Wang, on the Northern Line of the Siamese Royal 
Railway Department (Broad Gauge), the Acting British 
Consul-General at Bangkok now reports that the con. 
tract in question has been awarded to a Dutch firm, 
whose name, together with particulars of the price 
quoted, weight of bridge, &c., = be obtained by United 


ingdom bridge builders at the mercial Intelligence 
ranch. 


China : The Acting British Consul at Wuhu, reporting 
on the foreign machinery used in that city, remarks that 
the Chinese seem to expect that their machinery will run 
at full load during an indefinite number of years without 
other care than occasional oiling, and that the economy 
of a maintenance and refit charge does not apparent! 
a the Chinece mind. The policy of getti ack 
ani Fre. returns without making aicmness or the 
inevitably following exhaustion is unfair to manufac- 
turers, for machinery is unjustly blamed when the fault 
really resides in the Chinese lack of business method. 
The Acting British Consul therefore suggests that it 
would pay United my ery manufacturers to allow long 
credits with a proviso that the supplier of the machinery 
should have the right to send a competent engineer to 
inspect it every two or three years. The purchaser 
would have to pay for the services of the expert, but that 
could be arranged for in the contract price. In this way 
per naan would bave a better chance of showing 
its worth. 





_ New Hypro-Execrric Powrr-Station.—A concession 
is about to be granted to the Bjélvefossen Company for 
the exploitation of the falls in the Bjélve, in Hardanger. 
After regulation the falls can be exploited to a capacity 
of 40,000 horee-power. The first stage is to provide 20,000 
horse-power. he electric energy will be applied to the 
manufacture of sulphate of ammonia, &c. 





Tue InstituTe OF Marine Encinegrs.—This Insti- 
tute has issued a special notice, giving the programme 
of meetings for the session 1915-16. © programme ip- 
cludes the following :—Toeeday, October 5. at 7 p.m, 
Ly on “Engineering Prospects in Russia,” by Mr. 

as. Anderson. Tuesday, November 2, at 7 p m., paper 
on ‘*Development in Mechanical Ventilation Hygien:- 
cally Above Ground, Underground, and Under tg 
by Mr. James Keith. Tuesday, December 7, at 7 p.m.. 
fm ae on “ Stern-Shaft Lubrication,” by Mr. A. J. 

s. Tuesdoy, January 11, 1916, at 7 p.m., paper 
entitled ‘“‘ Power-Driven Tools on Board Ship,” by Mr. 
J. Hamilton Thomson. 





Lonpon ScxHoo. or Economics AND POLITICAL 
Sciznce. — The following public lectures have been 
arranged :—‘‘ Some Points of War Finance,” a lecture by 
Professor Foxwell, on Thursday, October 7, at 8.30 p.m. 
**The Social EconomicSituation after the War,” a lecture 
by Mr. J. A. Hobson, on Friday, October 8, at 5 p.m. 
**How War is Affecting Democracy,” a lecture by = 
fessor Sidney Webb, on Friday, October 8, at 8 p.m. 
“The Care of Archives—from the Twelfth to the Twen- 
tieth Century, and Onwards,” a lecture by Mr. Hall, on 
Monday, October 11, at 5p.m. “The Vital Me 
the Public Records” (illustrated), a lecture by Mr. 
Jenkinson, on Tuesday, October 12, at 8.30 p.m. ‘‘The 
Rights and Duties of the State,” a course of six lectures, 
by Professor Hobhouse, on Thursdays, at 5 p.m., in 
Michaelmas Term, beginning October “International 
Law as Affected by the War,” a course of two lectures, by 
Professor Sir John MacDonell, on Thursdays, at 5.30 p.m., 
in Michaelmas Term, beginning November 25, ‘‘ Austria- 
Hungary and the Southern Slavs,” a course of four 
lectures, by Dr. Seton-Watson, on <r © at 5 p.m. 
in Michaelmas Term, beginning October 25. ‘* Poland 
Bohemia ; Alsace-Lorraine,” a course of three lectures 
by Mr. Gooch, on Mondays, at 5 p.m., in Michaelmas 
Term, beginning November 22. ‘‘ Mesopotamia” (the 
region between the Persian Gulf and Armenia, in modern 
times), two ym we D. G. H . on Mondays, 
at5 p.m., in Lent , beginning January 24, ‘‘The 
Balkan States,” a course of six lectu by the Director, 
on Mondays, at 5 ann in Lent Term, beginning 
February 7. ‘‘The Growth of Imperial Sentiment in 
India,” a course of six lectures, by Sir Theodore 
Morison, on Wednesdays, at 5 p.m., in the Summer 
Term, beginning May 3. Information as to the above 
iculars of oe lectures at the London 





character and the size of the depeait, the company’s state- 
ment concludes, fully warrant proceeding 
with the opening up of the claims. 
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4. The construction of the new building and out- | ground-level. Fig. 1 is a and Figs. 3 
ST. LAWRENCE WIRE-ROPE WORKS, | puildings. and 4 sections of the wall, which, ‘briefly described, 
NEWCASTLE-ON-TYNE. 5. Alterations to the existing building for the | consists of a vertical slab, 18 ft. high by 6 in. thick, 


Tue wire-rope works of Messrs. Thomas and 
William Smith, Limited, have for many years past 
been known as one of the most important establish- 
ments of the kind in the United a By a 
recent extension their capacity has n greatly 
increased, while the new machinery and appliances 
laid down have added considerably to the facilities 
previously available for the production and handling 
of large wire ropes up to 60 tons weight in a single 
length. 

The extension described in the present article 
was executed in Hennebique ferro-concrete from 
the designs and under the superintendence of Mr. 
J. Mitchell Moncrieff, M. Inst. C.E., of Newcastle- 
on-Tyne, and constitutes an example of ferro-con- 
crete work possessing much interest for engineers 
and industrial firms. : 

The old premises and the extension are situated 





a 



































Fig. 2. 


on the northern bank of the River Tyne, in the dis- | 


trict of St. Lawrence,adjacent to the City. road, New- 
castle, and close to the mouth of the Ouse Burn. 
The original buildings were 355 ft. long, and varied 
from 40 ft. to 60 ft. wide, the new extension being 
376 ft. long by 44 ft. 6in. wide. The specifica- 
tion first issued was for a steel-frame building on 
foundations consisting of reinforced-concrete blocks 
across the full width of the site, but the specifica- 
tion was accompanied by a drawing of a reinforced- 
concrete structure in order that contractors making 
& speciality of the latter material might submit 
alternative tenders in competition with those of 
structural-steel firms. Comparison of the offers 
received showed that reinforced concrete was not 
quite so low in cost as steel, but, in the 
opinion of the engineer, was the more satisfactory 
material for employment, the system adopted 
being that previously mentioned and provided for 
in the tender from Messrs. Brims and Co., of 
Newcastle-on-Tyne. 

The works under the final specification include 
the following :— 

1. Demolition of buildings and other structures 
on the site, 


2. Excavation and filling necessary for founda- 


—— and drains, and for levelling up the site to 

ring the ground floor of the new building to the 

same height as the existing workshop floor. 

an Brine cumatoastion <4 a Sase-eunanthe retaining- 
a { 0 t. high al f 

the river side of the now building.” saaeenaairs 








formation of offices and for joining up the two 
structures. 

The specification provided further that the 
Hennebique ferro-concrete work should be carried 
out in accordance with the detail drawings and 


instructions of Messrs. L. G. Mouchel and Partners, | th’ 


who, together with the contractors, ranteed the 
stability and strength of the building and its 
sufficiency to withstand all or any of the loads 
stated below, with a proper margin of safety. 
Briefly summarised, the loads were as follow :— 

1. An overhead electric travelling-crane runni 
on a gantry the whole length of the building, an 
having the maximum end carriage load of 26 tons 
on two wheels at 8-ft. centres. 

2. Normal wind-load of 30 lb. per sq. ft. on the 
roof, and 15 lb. per sq. ft. on the roof and building 

















a horizontal slab of the same ness projecting 
7 ft. 6 in. from the vertical member, oe series 
of counterforts above and below the horizontal slab, 
at intervals of 5 ft. 11 in. a centre to centre. 
The upper counterforts are 7 ft. 3 in. high by 7 in. 
ick, and are terminated at the top by a stringer 
12 in. wide by 8 in. deep; the lower counterfortse 
take the form of a el-sided beam, 7 in. wide 
by 15 in. deep, merging into the counterfort proper, 
7 in. wide by 14 in. deep at the top and 9 in. deep 
at the bottom. The horizontal slab of the retaining- 
wall is stiffened by two longitudinal ribs, 8 in. wide 
by 12 in. deep, as shown in the sections. All parts 
of the retaining-wall are in monolithic connection, 
reinforced throughout with steel rods and strip, 





and knee-brackets are formed at the connections 
‘between the vertical and horizontal slabs, and 
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as a whole, but only one-third of the wind-load to 


be combined with the crane-loads. 

3. Uniformly distributed load of 364 lb. per 
sq. ft. on the gallery and platform floors generally, 
— lb. per sq. ft. on the floors at wire-storage 
racks. 

St. Lawrence-road, at the western end of the 
new building, is about 3 ft. 6 in. above the existing 
shop-floor level, but slopes down eastward to the 
extent of 4 ft. 6 in., the contour of the ground 
before levelling having been very i lar, and 
showing variations up to about 5 ft. 6 in. in diffe- 
rent parts. In order to hold up the filling so as to 
provide secure foundations for the new structure, 
the retaining-wall, of which details are given in 
Figs. 1 to 6, was built along part of the riverside 
boundary, a feature of this structure being that it is 
quite independent of the main building. Instead 
of being finished level with the horizontal slab 
connected with the counterforts at the back, the 
wall is continued downward in the form of a toe 
to the depth of 5 ft. from the upper surface of the 
slab, the object of this being to afford security 
against sliding caused by earth or move- 





ment of the strata at a little distance below normal 








ig-G. SECTION OF END BAY NEAR BASE 
Qurv Bars Xdia. 


between the vertical slab and the stringer at the 
top of the counterforts. As previously stated, the 
retaining-wall is about 120 ft. long, ite appearance 
when finished being indicated by the view repro- 
duced in Fig. 2. 

Turning now to the building itself, we have in 
Figs. 7 to 15, on Plate XVIII., a series of views 
showing the main features and general arrangement 
of the structure. Measuring 48 ft. high from foun- 
dation level to the ridge of the roof, the building 
includes an upper floor in the form of a gallery, 
22 ft. 6in. wide and 22 ft. above ground-floor level. 
The gallery extends half-way across the building, 
and leaves the remaining s open to the roof. 
A track for the 20-ton overhead travelling-crane is 
provided by 12-in. by 6-in. longitudinal sleepers 
carrying 70-lb. bridge-rails on 10-in. by 4-in. steel 
plate, supports for the track being afforded by the 
main girders of the gallery on one side, and by 
similar main girders carried on the wall columns at 
the other side. Openings in the end wall adjoining 
the old premises provide for intercommunication, 
and access between the ground floor and the 
gallery is afforded by stairways at the ende of the 
building. All door-openings between the old and 
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new buildings are fitted with automatic fire-resisting 
doors. The further end of the new building is 
closed by a ferro-concrete curtain-wall (see Fig. 15), 
specially designed so that it can be removed when 
necessary to provide for further extension of the 
works. Figs. 17 to 27 give various details of the 
construction shown in Figs. 7 to 15. 

Abundant light is furnished through windows in 
the side walls, and by the roof, which is glazed 
throughout its entire length on both slopes, while 
ample ventilation is secured by the lanterns con- 
structed along the ridge of the roof. The out- 
buildings shown on the drawings provide accommo- 
dation for heating apparatus and lavatories for men 
and women. On the street front there are two 
weighbridges, between these being a loading dock, 
with accommodation for carts, wagons, and trac- 
tion engines. The pa of the dock is on the 
same level as that of St. Casmenepaend. Fig. 16, 
subjoined, is a view of the interior before in- 
stallation of the machinery. Briefly described, 
from the structural standpoint, the main building 
consists of thirty-three ferro-concrete frames, each 
comprising three columns and a rigid roof principal. 
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Two of the columns are in the walls, and the third 
is beneath the edge of the gallery, being braced to 
one of the wall members by a transverse beam 
forming part of the gallery floor system. The 
frames are connected longitudinally by continuous 
foundation beams of ferro-concrete, by the gallery 
flooring, by wall lintels and string courses at four 
points, by the outer wall panels, and by the a 
tudinal members of the roof framing, as well as by 
the concrete floor of the ground-level workshop. 
Between the longitudinal foundation beams there 
are five transverse foundation beams in the gallery 
bay, and thirty-three similar beams in the crane 
bay, acting as lateral braces for the vertical frames, 
while the two end walls and the crane-gantry beams 
also contribute their share to the rigidity of the 
construction. Apart from columns and lintels, 
the outer walls consist simply of ferro-concrete 
panels, 4in. thick, reinforced near each face by a 
double network of horizontal and vertical bars, 
~ 16 in. apart, and connected by stirrups 
similar to those employed in the beams. All parts 
of the work are in monolithic connection, and in 
view of this fact, and the construction described 
above, the whole building may be likened to a 
tubular girder 376 ft. long by 44 ft. 6 in. wide by 
about 48 ft. 9 
Fig. 28, on Plate X VIII., is a part foundation 
lan, showing the positions of the wall columns on 
St. Lawrence-road and on the river front, and the 
gene columns, while the various horizontal mem- 
are indicated by letters. 

Ty ical sections of the various columns are given 

in Figs. 29 to 39, the reinforcement consisting of 
vertical bars of different sizes braced transversely 


by links in sets of four, and spaced 6 in. apart 
throughout. The smaller sections in Figs 37 to 39 
show the dimensions of the columns above the 
gallery, and it should be noted that the exterior 
pilasters in these sections were added merely for 
architectural effect, although they contribute to 
the strength of the construction. 

Figs. 40, 41, and 43 to 46 include longitudinal 
and transverse sections of the continuous founda- 
tion beams A, C, and D, showing their connections 
with the corresponding columns and, in the case of 
A, with the transverse beams of type B. 

Figs. 47 and 48 contain sections of beams B con- 
necting the gallery and outer-wall columns, sections 
of beams B4 and BD in the temporary end-wall, and 
sections of the bracing F, which at intervals along 
the building connects the longitudinal foundation 

ms. 

All the members illustrated in the foregoing 
drawings are reinforced in the customary Henne- 
bique manner, but it will be noticed that, in 
addition to the usual tension and web reinforce- 








ment, adequate provision has been made for tensile 
stress in the upper part of the foundation beams, 


“2. 
iad 


he 7 
oS re 


16. 


acd that in the angle-brackets at the junction of 
the beams with the columns, diagonal and hori- 
zontal bars are introduced for ensuring ample re- 
sistance to stresses developed at the joints. 


(To be continued.) 





GRINDING-MACHINES.—No XI. 
By JoserH Horner. 


Fies. 150 and 151, page 279, show a 12-in. double 
type of machine by Messrs. Roberts Brothers, a 
design in which the adjustment is obtained by 
sliding one head bodily. This forms a variation upon 
another type, which has fixed heads, but one sliding- 
spindle. The fast head A in the example illustrated 
is cast in one piece with the base. Fig. 152 shows 
the details of the head to a larger scale. The 
loose head B at the right slides on a base-block C, 
which is adjusted by-the screw D, seen at the end 
of the bed, overa maximum tefgth of 12in. The 
head is moved along the minute distances required 
for feeding by the lever E in front. The thicknesses 
ground are regulated by the micrometer-stop F at 
the end. The counter-shaft, Fig. 150, carries a 
narrow pulley driving to the one on the fixed head, 
and a drum 18 in. wide, to drive the pulley on the 
loose head. A 24-in. belt drives, and the spindles 
make 2500 revolutions per minute. A rest for the 
work (not shown) occupies the portion of the bed 
between the discs. This rest, which much resembles 
that used for supporting hand-turning tools in a 
lathe, is narrow, and has a range of height 
adjustment. 


Machine Company, of Beloit, Wisconsin, U.S.A , 
one wheel-head also is fixed, the other is moved 
bodily (as in the previous example), which is prefer- 
able to sliding the spindle of the movable disc in 
its head, with consequent additional overhang—a 
method adopted in some machines. The head in 
the Gardner machines is moved by a rack under- 
neath it, its pinion being turned either by a hand 
or a foot-lever connected with each other. The 
movement of the head is regulated by a micrometer 
stop-screw, which is graduated to one thousandth 
of an inch, and which, when set, permits the 
duplication of pieces. The backward movement of 
the head is limited by the setting of a back- 
stop stud. A spring assists its backward move- 
ment. The back stop is used in these machines 
to prevent risk of moving the head so far back 
that the space between the wheel faces might 
become sufliciently widened to allow the work to be 
caught, thus causing an accident. It will be under- 
stood that safety lies in preserving a maximum space 
which is but slightly wider than that of the article 
that lies between them, to prevent risk of tilting 
and catching at corners. In setting, the distance be- 
tween the discs is only left about , in. wider than 
that of the piece to be ground, to which the back- 
stop stud is adjusted, after which the head is fed 
inwards towards the work. The only movement 
of the head which is necessary, therefore, is the 
difference between an opening slightly wider than 
that of the rough article and that of the piece 
when finished. 

The method of holding the work is shown by 
Figs. 153 and 154. Objects are gripped in a hard- 
wood holder resembling the emery clamps used in 
apping cylindrical work. They are united at the 
fulcrum with a sheet-metal strip, into which the 
hinge-rivets are set. The article shown is a washer. 
The holder is supported on a rest, several of which, 
of different widths, are provided. The rest must 
obviously be narrower than the space between the 
wheels, but it must also be nearly as wide as the 
work which it carries, to prevent risk of tilting. 

These machines are sometimes built with both 
heads movable, to suit articles from which it is 
necessary to grind more off one side than another. 
As water cannot be used with these, the ring- 
wheels are in some cases substituted for discs. 
Sometimes, again, pairs of disc-wheels are dupli- 
cated, so that two men can operate one machine, 
and one pair may be roughing, the other finishing, 
wheels. 

In one of the Gardner designs the wheels are 
driven by one belt, the disc on the sliding-head 
being mounted on a hollow spindle, which is driven 
by a shaft coupled toa main spindle. The sliding- 
head may be removed, and the non-adjustable disc 
be used for face-grinding. 

Fig. 155 illustrates one of the spindle designs of 
the Gardner disc grinders, alternative to the use of 
ball-bearings. The bearing-lining is of Babbitt 
metal cast into a recess prepared for it, after which 
it is compressed, bored, reamed, and scraped to a 
running fit on the spindle. The end thrust of the 
spindle is taken against thrust-collars A, B of 
hardencd steel. These occupy opposite faces of one 
bearing. One collar A is adjustable with a left- 
hand screw, taking upend play between it and the 
end of the driving-pulley. It is locked in place 
by three grub-screws a, that pass through the 
wheel-collar. If the spindle expands, it will loosen 
the collars A, B against the bearing faces instead 
of tightening them. To form anti-friction faces 
next the collars, the faces of the body and the 
cap, and of the pulley, are drilled and filled with 
Babbitt plugs 6. The bearings are lubricated 
through compression cups and _ distributing 
channels. 

Cast iron is employed in some instances for bear- 
ings, as in the practice of the Diamond Machine 
Company, of Providence, R.I.,U.S.A. Here they 
are divided and tongued and grooved in the joint. 
The ends have flanges and are counterbored to 
receive dust-collars which prevent access of dust. 
Two of these against opposite ends of one bearing 
form thrust -collars set with an adjusting-nut. 
The disc-collars, against which the steel discs are 
held, area press fit on the spindle and secured with 
” Woodruf key in each. 

The disc grinders have grown in dimensions. 
Messrs. Roberts Brothers build them up to 48 in. 
in diameter with the axis horizontal. The Gardner 
Company make a 53-in. machine, but it has the 








In the machines of this class by the Gardner 


axis set vertically, and is driven either by belt or 
electric motor. The utilities of these vertical- 
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spindle machines are confined to a comparatively 
rough class of surfacing, where the surface faced has 
not to bear any exact relation to any other face. 
The machine just trues it, leaving its relations to 
others precisely as they were in the rough. But 
this includes a vast quantity of manufacturing work 
where rough fitting or preliminary surfacing or 
rough cutting only are necessary, and which, if 
not done thus, would be tooled much more expen- 
sively by milling or planing, or shaping, or facing 





The old engineers made very free use of 
chipping-strips and planing-strips to reduce the 
time occupied in broad areas. To utilise 
the disc grinders in the most economical way, 
the surfaces to be finished should be restricted 
to just where they are actually required, and 
nowhere else—the old chipping-strip principle re- 
vived. The recessed portions permit of the escape 
of the dust and cuttings and reduce the friction 
and heat. Incidentally, in small castings and in 
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The magnet is not fastened to the fixture, but set 
only, since it cannot move when being pressed 
against the grinding-disc. It is set by the two screws 
a, a in one direction, it rests on the bottom of the 
angle-plate, which forms an offset by one edge, and 
its face is adjusted by the setting-out screw b. The 
base is recessed (see Fig. 157), leaving only grind- 
ing-strips to be dealt with. 

In the second and third operations a fixture, 
shown in Figs. 158 and 159, is employed for grinding 
the two edges. A plain base, with locating studs a, 
is fitted to the machine-table with a tongue. The 
face already ground is laid upon this, and held 
by a clamping-plate A, carried by a stud at one 
end, this plate being held off the work normally by 
a spring, and brought into contact with it by a 
handle-nut. One is ground, the piece then 
changed round, and the other edge ground. 

The end is ground in the fixture, Figs. 160 and 
161. In order to ensure that the end shall be ground 
square with the sides, locating-pins a are used 
against the sides in opposition to an eccentric 
clamp A, which forces the piece against the pins. 
The piece is held with a clamp like that in the last 
figures. The rounding end is ground afterwards 
Py the hand, fine accuracy not being required 

ere. 

The fifth and sixth operations comprise the 
grinding of the narrow edges and the bons face, 
done in the fixture seen in Figs. 162 and 163. Here 
no clamping is done, but the piece being ~— be- 
tween the studs, and resting on the bottom ledge of 
the angle-plate, remains secure during the grinding. 


Fig. 152. 
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Figs. 150 to 152. Dssc-Grinper; Messrs. Roserts Broruers, DuKInFIELD, MANCHESTER: 
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Fics. 153 anp 154. Meruop or Hoitpina Work on Rest; 
Tae Garpner Macutne Company, Beorr, Wis., U.S.A. 


in lathes, or grinding on an expensive type of sur- 
facing-machine. 

In these ‘machines the work is not held or 
fastened in any way, but is simply laid upon the 
face of the disc. It is prevented from revolving 
with the wheel by cute ate, held at right angles 
over the top. The pieces should exercise a pres- 
sure on the disc of not less than 3 lb., or more than 
7 lb., per sq. in. of area to be ground. If the 
pleces are too light, removable weights are laid on 
them. Or they may, if made in large quantities, 
be held in a fixture, in which case the necessary 
weight can be put into the fixture. 

In a machine of this size the disc weighs 800 Ib., 
which, with the weight of the spindle, imposes a 
thrust that is taken on ball-bearings. It is driven 
by bevel-gears running in oil. Provision is made 
for exhausting the dust from around the outer edge 
of the cise. A taperin e is cast in the base 
and extends round the disc. Into this a number of 
openings underneath the edge of the disc convey 

¢ dust, whence the exhaust system removes it. 
As the face of the grinding-disc lies horizontally, 
very much larger and heavier objects can be con- 
os nae handled than on the other type of 

ine, 
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valuable alloys, the saving of metal may be a con- 
sideration sufficient to be worth regarding, though 
that does not represent the primary economy. 

Illustrations have been given in connection with 
face-grinders using magnetic tables of multiple 

inding. A number of small articles are arranged 
in close contact on a magnetic table or chuck, and 
are ground at one operation. This is especially 
adapted to pieces which are thin and flat on one 
face. But there are many which have no flat sur- 
face large enough to be held thus—little brackets, 
sleeves, levers, &c., castings and drop forgings 
which have to be tooled on more than one portion. 
In these cases, where special fixtures have to be 
made to grip the articles for first and second or 
further operations, the disc grinders show to 
advantage. 

The fixtures shown in Figs. 156 to 163, page 280, 
were designed for grinding field- magnets on a 
Gardner machine, finished all round the edges, on 
the back, and on the two surfaces in front. In 
Figs. 156 and 157 an angle-plate is used for dealing 
with the fiat face of the magnet. The plate has a 
tongue on the bottom face, which fits in the T slot 
of the table, and so prevents it from shifting side- 
ways, and is of use in re-setting it on the table. 


Fic. 155. Spmnpite or Garpner Macutne. 


A fixture designed by the Gardner firm for the 
first operation of grinding manifold pipes is illus- 
trated in Figs. 164 to 167, page 280. © work is 
done in two operations: one in which the several 
exhaust-flanges are ground, the other for the end 
outlet flange. 

The fixture comprises a plate A with a tongue 
to fit the ievetalle of the machine and locate the 
fixture. The pipe is carried in a V formed at each 
end of the fixture, and is secured by two spring- 
clamps B, B with handled nuts. Additional eu - 
port is afforded by two bars O, OC, which are bolted 
to one side of the fixture, and through which set- 
screws with stop-nuts are tapped to set out the 
flanges exactly vertical and sustain them against 
the preseure of the disc. 

In the second operation the end flange is faced, 
and the pipe is set at the angles in ite fixture, 
Figs. 168 and 169, to bring the flange-face parallel 
with the disc. This fixture is also located by a 
tongue, and its upper face is slo to receive 
the faces of three of the ro already ground. 
The casting is located la’ y by means of a 
gauge-strip A, which makes contact with the edges 





of two flanges at opposite ends, and of an 
strip B, against one end of which the side of one 
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flange is brought. Two clamping-plates C,C with | cover comprises a cone of steel reinforced with a/| 3 tons on a 40-in. disc. As this disc weighs 300 lb., 
led nute hold the pipe down, one ing on @ pair of tongs is pivoted to one side of the press 


ita body, the other on the back of a flange. The 
employment of such fixtures, which can be schemed 
for all kinds of articles when the quantity warrants 
the cost, renders the disc grinders instruments 
of much precision. When abrasive of suitable 
grade is selected, the economies are much higher 
than those obtained by any other systems of 
tooling. 


hoop of angle-iron around the edge. A sheet of 
por: Po between layers of heavy canvas is laid 
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Fries. 156 ro 169. Fixtures Desienep 


Macurine Company, 





























ror Use ow MacHINnEs BY THE GaRDNER 
Bexorr, Wis., U.S.A. 


The discs of abrasive are cemented on the steel across the concave face of this cone and cemented 


discs in screw-presses 0) 


erated with a lever and to it round the edge. This is laid on the wheel 


differential screw, one pitch being in the lever-arm and clamped, and air is forced into the cone with 


that bridges the press, and the other in the pres- a hand-pum 
make an air- | on the wheel 


sure-plate. The Gardner Com: 


pressure “press for wheels, 


apy beet eee ragm evenly 
. A pressure of 4 Ib. or 5 lb. to 


The | the square inch is sufficient, but it totals to over 


to grip the discs by opposite edges. Several discs 
may be re-faced simultaneously on such a press. 





THE BRITISH ASSOCIATION. 


SECTION G.—ENGINEERING. 
(Continued from page 259.) 
Toe Mancuester Drarnace Scueme. 


Tue first 4 taken at the meeting on Thurs- 
day, the 9th inst., was contributed by Mr. de 
Courcey Meade, and dealt with the past history of 
the sewerage of Manchester and with ¢ the develop- 
ments now in progress. The natural drainage of 
the city, Mr. Meade stated, was through the rivers 
Irwell, Mersey, Medlock, Irk, and their tributaries. 
The area drained was at present 21,688 acres. A 
sewerage scheme for Manchester had been got out 
by Mr. John Allison, the speaker’s predecessor in 
1888, at which time the area of the city was but 
5940 acres, and these works were in progress 
when the speaker was sopeees city surveyor, 
twenty-one years ago. chester had, however, 
entirely outgrown Mr. Allison’s scheme, although 
this was designed to meet the requirements of a 
population of 868,522 persons. Before the number 
actually connected to the sewers reached half a 
million it had, however, become obvious that the 
provision made was insufficient, and it was found 
necessary to allow surplus flood-waters to discharge 
into the rivers through their original channels. 
This state of affairs continued many years, but six 
years ago the speaker was instructed to prepare 
plans which would meet fully not only the needs 
of the present city, but of such additional dis- 
tricts as might be added later. The absence of 
reliable data as to ‘‘run-off” from city areas 
was, the speaker said, noteworthy, and had led 
to serious under-estimates in the past. This 
run-off depended on the intensity of the rain- 
fall, the character of the surface, and the retarda- 
tion of the flow. A rainfall of great intensity 
lasting for a few minutes might not produce an 
excessive flood, whilst serious consequences might 


| ensue if the same intensity were continued for, say, 


one quarter of an hour. On August 10 last an 
intensity of 3.75 in. per hour was recorded in one 
part of Manchester, and the rise of water in the 
sewers was so rapid that two men at work there 
were unable to —. The area affected, though, 
was very limited. The table on the opposite page 
shows the percentage of impermeable area in dif- 
ferent of the city. 

To obtain data for fixing the dimensions of the 
sewers the actual discharge of existing sewers was 
measured by means of tanks. It was thus found 
that Kutter’s formula gave good results, taking the 
value of n (coefficient of roughness) as 0.012 for 

ood earthenware pipes, and as 0.015 for average 
Ceteh-week: in good condition. The run-off from 
each of the districts served by the existing sewers 
was also carefully determined over a long period, 
and on the basis of the data thus acquired the aggre- 
gate capacity of the old and new outfalls below the 
storm overflows had been made sufficient for a flow 
of 60,000 cub. ft. per minute. Under the statutory 
obligations of the Corporation the dry-weather flow 
must be mixed with six times its volume of storm- 
water before the storm overflows came into opera- 
tions. During recent years, he proceeded, the 
water-closet system has been greatly extended in 
Manchester, and there now remained only 1533 
cases in which the dry system of carriage is still 
adhered to. 

Actual work on the new project was commenced 
in 1912, and since that date 19 miles of large con- 
duits had been completed, ranging from 15 ft. 3 in. 
in diameter downwards. The whole of the drainage 
was conveyed to the disposal works, which were 
situated 5 miles to the west of the city. The total 
area contributing to the main drainage was 39,144 
acres, which was the largest outside of London. 
When the new works were completed, the outfalls 
from the city boundary to the dis works would 
be in duplicate, and, in fact, it would be impracticable 
to construct a single conduit large enough to take 
the estimated discharge. The larger conduits had 
been built without the intervention of a contractor. 
Hard shale bricks, set in Portland cement mortar, 
had been used, whilst the internal linings of the 
smaller sewers and the inverts of the larger were 
of red pressed bricks. In some cases the work had 





had to be exeouted under compressed air, and 
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Percentage | 
Popo. | | Pee eat” | corgusled ty Backvards, rot Ares’ | Total | Total 
| lation Bo mn 'Oceu' ed by | Gardens, and Open Spaces. Geeugeee by Percent- | Percent- 
Index Locality. per a Buildings Aa Sra Streets | age of | age of 
Letter. | | Acre, | POF “cre. | a Imper- l Passages | Area Im- | Area Per- 
| meable. Imper- | Per- | wotg; and — \permeable| meable. 
| meable. meable. meable. | 
} | per cent, | per cent. percent per cent percent. | per cent. | per cent. 
A Hulme .. ee oe eo 179 38 | 42 | 16.67 | 0.38 16 42 | 99.67 0.33 
B | Ancoats and Newton --| 164 85 36 2 24 40 | 98 2 
( Gorton. . es -_ “ 146 81 29 22 li | 38 88 | 89 ll 
D Harpurhey 136 29 26 32 ll 43 81 89 ll 
I Moss Side 103 | 22 33 82 | 8 | 8 87 92 8 
J Newton Heath ee 85 | 18 26 16 6 | @ 32 74 26 
f Withington .. oe es 66 14 19 13 47 | @& 21 53 47 
( Chorlton-cum Hardy ° 52 ll 18 19 | 40 59 23 60 40 
K OCrumpesall .. ee oe 2 | 5 | 12 6 |; 6&8 | 6 24 | 42 58 
H Rusholme (Victoria Park).. 4.7 1 7 3 | 7% | 7 14 |; 2% 76 





N vr. —Each of the ten localities lettered A to K has an area of 50 acres. The ay has been ascertained by multiplying the 
y 


average number of houses per acre by 4.7, obtained from the returns compiled 


although the depth below surface did not exceed 
30 ft. as a maximum, there had been little trouble 
from air-leakage. 

In moving a vote of thanks to the author, Dr. 
Hele-Shaw said that the paper was not one that 
could be discussed. He remembered when at Liver- 
pool the late Mr. Deacon always insisted on doing 
work thoroughly well, as being cheapest in the end, 
and it was evident that the author was of the same 
opinion. Work such as described should earn for 
the engineer the thanks of the whole community, 
but he was afraid that he did not always get it. 


Tue Barton Power-Sration. 


Mr. 8S. L. Pearce next read a paper entitled 
‘‘The Manchester Electrical Under and the 
Projected Barton Station.” We shall publish this 
very important paper in full in a futare issue. 

In his paper, Mr. Pearce said that powers for 
electric supply in Manchester were obtained in 
1890, and the Dickenson-street station was opened 
in 1893. The growth of the demand was rapid, 
and in 1896 a new site was secured at Bloom-street, 
the station erected there coming into operation in 
1901. Both stations were on the Rochdale Canal. 
The total plant installed had a rated capacity of 
14,000 kw. Distribution was effected on the 
continuous-current system at 420 and 530 volte. 
The bulk of the plant consisted of slow-speed re- 
ciprocating engines, but two of the earliest of the 
larger Parsons continuous-current turbo-generators 
were also installed. The area of supply was greatly 
extended in 1898 and 1902, the Stewart-street 
station being commenced in the year first named. 
The plant here had now grown to a rated _ 
city of 60,000 kw., consisting mainly of turbo- 
generators ranging in size from 1500 kw. up to 
15,000 kw., which were operated on the three- 
phase system, with a voltage of 6600. The area of 
the district supplied was 46 square miles, having 
& population dau 750,000. A bulk supply at a 
voltage of 11,000 was also given to Middleton. 
The conduits had a —_ of 450 miles, equivalent 
to about 1000 miles of single conductor. About 
200 miles of the total length of mains were 
operated under high tension. Most of the supply 
was converted into continuous current for distribu- 
tion on the three-wire or five-wire systems, but 
the outlying districts were given a three-phase 
supply. In the last year’s working 163 million 
unite were generated and 128 millions sold. The 
new Barton station, near Trafford Park, had been 
undertaken to meet the continued growth of the 
demand, and had it not been for the war the 
first section would by this time have been well 
advanced towards completion. The ultimate de- 
signed — of the station was 160,000 kw., 
but the first section was to be of 30,000 kw. 
capacity. The area of the land taken was 0.27 
square yard per kilowatt to be installed, inclu- 
sive of coal sites and railway sidings. Had cooling- 
towers been n the area needed would 
have been greater. The chief factors involved 
in deciding on the site for a power-station were, 
in the order of their importance, cheap fuel, 
ample cold water for condensing purposes, suitable 
geographical position, good rem, | ong and, finally, 
cost of land. At Barton coal could be obtained by 
canal from collieries only 4 miles away. A supply 
of condensing water might have been obtained fen 
the Ship Canal, but terms could not be arra - 
and it had accordingly been decided to effect the 
condensation pb some se effluent from the 


works at Davyhulme. Geographically, the site was 
nearer the centre of the demand area than an alter- 


the Registrar-General in the Census of 1911. 


native site, also considered, which was actually 
within the city boundaries. As for the foundations, 
red sandstone underlay the whole surface at a depth 
of 7 ft. to 8 ft., and, further, from bore-holes in this 
sandstone a million and a half gallons of 
water would be available daily. 

The station was to be erected in four sections, 
each of which would contain twe complete plants. 
The first four units were to be turbo-generators 
running at 1500 revolutions per minute and rated 
at 15, kw. output; but units of 25,000 kw. 
would be adopted for the remainder of the plant. 
The boiler-rooms were arranged at right angles to 
the turbine-house, and would consist of sets of 
five boilers arranged in line. There would be one 
boiler-house for every two turbines. A coal con- 
sumption of half-a-million tons per annum was 
anticipated. The canal could deliver 1000 tons 
day, and 300 tons per hour could be brought in by 
rail. Complete coal-handling plant had been pro- 
vided, the cost of echelon Pandling being only 
one-quarter to one-fifth that of hand-firing. The 
switch-house was an entirely separate building. 
The coal silos were designed to hold two months’ 
supply, and the boiler bunkers a supply for thirty- 
six Some. The water-borne coal woul bo unloaded 
from the barges by means of grabs, whilst the 
ashes and soot from the furnaces would be ex- 
tracted by a suction plant. Each of the boilers 
was designed to furnish 50,000 1b. of steam per 
hour at normal rating, and 60,000 lb. per hour 
when forced. The boilers were of the marine water- 
tube type. 

A steam consumption of about 11 lb. per kw.- 
hour was anticipated, and it might be noted that 
the turbine-blade speed attained 700 ft. per second. 
An open well, accommodating the condenser and 
auxiliaries, was provided between each pair of tur- 
bines. A pumping-station would be erected at the 
Davyhulme sewage works, to send on the effluent 
used as circulating water, and this would flow back 
by gravity. The increase of the temperature of the 
sewage by some 15 deg., by its through the 
condenser, would, he was informed, simplify the 
further purification of the returned effluent. For 
transmission, the current he agi up by 
5-to-1 transformers to 33,000 volts. switching 
would be done at this high voltage, as it was an 
easier matter to handle a heavy pressure than a 
heavy current. The capital cost would be 11.091. 
per kw. on the rated output, or 8.881. on the overload 
capacity. With coal at 9s. per ton, the works-cost 
would not exceed 0.138d. per unit, whilst the capital 
charges would be 0. . per unit, making a total 
of 0.226d., a: from administration charges. In 
the case of the existing Stewart-street station the 
co. mding figure was 1.355d. unit, and 
the difference was equivalent to a saving of 60,0001. 
per annum. 

In proposing a vote of thanks Dr. Hele-Shaw 
observed that it was interesting to note that the 
refusal of the Ship Canal authorities to provide 
condensation water had proved an actual benefit 
to the Manchester Sewage Department. 

Mr. J. G. Newbigging said that Mr. Pearce had 
mentioned 9s. per ton as the cost of coal, and he 
would like to know whether he ape Bem oe 
to purchase it at that price. In the ester 
Gas Department they used half a million tons per 
annum, but he did not ex to coal for many 


years to come at a less ti some > 
cent. in excess of the price mentioned by > 
Pearce. 


Mr. Gerald Stoney observed that he did not 
see how Mr. Pearce’s lay-out could have been 





improved. The sizes ef unit mentioned were very 
suitable, units of 15,000 kw. at 1600 revolutions per 
minute being now very satisfactory. There had 
been less ~*~ with units of 25,000 kw., but 
by the time Mr. Pearce was ready for the turbines 
the turbines would undoubtedly be ready for 
him. In power-stations such as described the 
provision of accurate and adequate measuring 
plant was of the utmost importance, and without 
this provision economy could not be maintained. 
With respect to the use of the effluent for condensa- 
tion purposes, he would ask whether there would 
be any possibility of trouble from deposit in the 
tubes or from corrosion. The turbines were intended 
to operate with the highest ible vacuum, which 
; voutt be seriously affected by a deposit in the 
' tubes checking heat transmission. He would ask 
if provision had been made for getting the plant 
easily into place at the outset. This was a matter 
often neglected. It should be possible to lift the 
material by a crane direct from the railway-truck 
to its final site. In reply to a question by Dr. 
Hele-Shaw, Mr. Stoney said that the blade speed 
of 700 ft. per secon 


was the tip a. The 
good as mean blade speed would be about 


ft. per second, and this would, with proper 
design, give rise to quite moderate stresses. 
Wheels could now be obtained of steel havin 
a tensile strength of 55 tons per sq. in., an 
an elongation of 20 per cent. The low-pres- 
sure stages would, of course, have to be con- 
structed as wheels, a plan which had been adopted 
with Parsons turbines where the speed was high, 
and it was, of course, that universally used in the 
case of impulse machines. In fact, to keep the 
stresses down, the hole at the centre must be 
moderate ; but if this matter were attended to, the 


per| blade speeds quoted by Mr. Pearce occasioned 


quite moderate stresses. He could speak very 
positively on this point, as he had recently had to 
go very thoroughly into the maximum stresses 
arising in a 15,000-kw. machine designed to run at 
1500 revolutions per minute. 

In reply, Mr. Pearce said he did not expect to 
be able to buy coal at 9s. per ton in the immediate 
future ; but at the time the estimate in question 
had been pre there did seem a reasonable 
prospect of this. The estimate was, in fact, made 
to compare costs at the projected Barton station 
with those at Stewart-street, and a 50 per cent. 
increase in the price of fuel would, of course, apply 
equally to both. He quite agreed that at present 
only very bad coal could be got at 9s. perton. He 
much appreciated Mr. Stoney’s endorsement of the 
Barton lay-out. No one was more competent to 
express an opinion on this head than Mr. Stoney. 
As regarded the use of effluent as condensing water, 
the question had been most carefully considered, 
and very elaborate arrangements been made 
by the sewage authorities for securing an ade- 
quate d of purification. He was, in fact, 
assured that this effluent would be cleaner than the 
water of the Ship Canal. The condensers had, 
Se specially designed so that they 


could be and effectively cleaned. He quite 
agreed with Mr. Stoney as to the importance of 
providing facilities for getting the plant into place, 
and at m anything = by rail could be 
lifted by a crane and deposited with in ite final 
site. 


Toe Mancuester Mounicrpat Tecunicat Scnoor. 


The next paper was read by Professor A. B. 
Field and descri **The Work of the Mechanical 
Engineering Department of the Municipal School 
of Technology.” Professor Field said that the 
school had devoted ial attention to determining 
the forces devdieael. ta the cutting of metals, 
The work had been started ten or twelve years 
ago by the late Dr. Nicolson, whose work had 
become famous the world over. This was due 
mainly to the ingenuity and accuracy with which 
the forces acting on the tool had been measured. 
The difficulty of the peers lay in the fact that 
the tool must be hel pom "p to its work. Dr. 
Nicolson solved it by taking the tool thrusts on 
one fauges, and had worked out a plan by 
which the forces in the three principal directions 
were simultaneously measured. Further work of 
this kind was now in Mr. Dempster 
Smith having adapted Dr. Nicolson’s plan so as to 
measure the forces acting on a milling-tool. 

A research now in progress at the instance of the 
Manchester Association of Engineers was intended 
to determine in how far the heat treatment of tools 
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could be duplicated ; that was to say, if two tools 
were subjected to the same heat treatment, whether 
they would have the same life. Other experiments 
in progress had relation to the effect of reversals 
of stress, and Mr. Popplewell had been able to 
suggest a method for greatly shortening the time 
required to complete these fatigue teste. Work in 
hand for the aircraft factory included experiments 
= oe failure of a by ‘‘crinkling,” 
whilst in the gas-engine —— an attempt 
was being made to separate the losses by radiation 
and by conduction. uch other work was in hand 
for the War Department, of which particulars could 
not yet be published. 

Professor W. 0. Unwin, F.R.S., called on by the 
Chairman, remarked that Manchester had always 
been famous as a home of research, as instanced 
by the work of Dalton, Joule and — 
and he congratulated the Municipal School on 
maintaining this honourable tradition. 


Tue Mancuester Gas DEPARTMENT. 


Mr. J. G. Newbigging next read a paper on 
‘* Recent Work in the Manchester Gas Depart- 
ment.” The author said that gas works were 
erected in Manchester in 1817 by the Commis- 
sioners of Police, who, moreover, obtained in 1824 
a gas Bill, which was the first Act permitting of 
the expenditure of public funds on the operation 
of public utilities. In 1843 their powers were trans- 
ferred to the Corporation, under which there had 
been steady progress. Up till 1915 the total expendi- 
ture on the gas undertaking had been 3,335,000/., 
whilst 1,884,000/. had been paid into the sinking 
fund, and the net profits had been 3,217,000/. In 
1817 the price charged had been 14s. per 1000 cub. ft., 
in 1843 the price was 6s. per 1000 cub. ft., whilst 
to-day it was ls. 11?d. per 1000. The present out- 
put was 6237 million cubic feet per year, and the 
revenue 750,0001. The works covered 82 acres. 
The mains were 1440 miles long, of which 7} miles 
provided a high-pressure service. The new vertical 
retorts were of special interest. A section through 
a couple is represented in Fig. 1. These were 
worked continuously in place of intermittently. 
Hence the gas produced was extremely uniform, 
and 13,000 to 14,000 cub. ft. were obtained per ton. 
The retorts were heated by gas generated in the 
producer shown in the left of the diagram. Coal 
was continuously fed in at the top, and the coke 
simultaneously removed at the bottom, being 
cooled by the air on its way to the combustion- 
chamber, in which the producer- was burnt. 
A holder recently erected by the department 
had, he said, a capacity of 10 million cubic feet. It 
was 285 ft. in diameter, and its tank was 43 ft. deep 
and held 9 million gallons of water. The floating 
weight was 1600 tons, and the extreme height 
above ground-level 170 ft. 

A new feature was the supply of gas at 80 in. 
pressure, instead of the usual 3 in. or 4in. With 
this high-pressure gas twofold or threefold as much 
light was obtainable from mantles, owing to the 
better air mixture. 

The new works projected by the department 
would, he proceeded, have an output of 10 million 
cubic feet per day. Electric power from a small 
generating-station would be used for operating the 
plant, but provision was made for an emergency 
supply of current from the Corporation Electricity 

orks. 

Coal-tar was the chief source of toluene, but much 


of this body remained in the gas, and recent work | been 


had been devoted to the discovery of a process by 
which this toluene could be extracted without 
detriment to the calorific value of the gas. The 
plan adopted was to wash it out with tar and 
suitable oils. 

The tendency of Parliament in the past had 
been to restrict the manufacture of by-products at 
gas works; but this should, he held, be encouraged. 
At the Bradford-street works they made from spent 
oxide 3700 tons of sulphuric acid per year, which 
was used in recevering the ammonia. 

Mr. Newbigging strongly against the 
Gas Department being compelled to contribute in 
relief of rates. A continuance of this policy would, 
he said, cripple the development of the department, 
which should be permitted to sell its commodities 
at cost price. The advent of electricity had taken 
away the previous lighting monopoly, but he thought 
that it was now seen that gas and electricity had 
naturally distinct departments. In Manchester 
cent. between 
» whilst the lighting load had been 


cooking by gas had increased 30.8 
1909 and 1913 7 








ically stationary. On the other hand, electric | the combustion of the gas furnished by the pro- 


ighting had increased 7.5 per cent. during the same | ducer. 
period. No charge for the hire of cooking-stoves| drawn through a jacket surrounding the 


was made in Manchester. 





of great advantage to lower the calorific value to 
250 to 300 B.Th.U. per cubic foot. Such a quality 
of gas could be made very cheaply, and was a most 
excellent fuel. It could even be used for lighting 
if distributed under a high pressure. The econo- 
mising of fuel would be a matter of the highest 
importance after the war, and there appeared to be 
vast possibilities along the line indicated. 

Dr. Hele-Shaw, in proposing a vote of thanks, 
observed that he could remember the extraordinary 
fall in the value of gas shares on the advent of 
the electric light, but it was now seen that both 
industries could exist side by side. The reduction 
in the price of gas shown by the author was 
extraordinary, ease | when taken into con- 
junction with the rise in the cost of coal. More- 
over, although the gas was supplied at 1s. 11d. 
per 1000 cub. ft., the Gas Department was also 
contributing large sums in relief of rates. He had 
greatly interested in the author’s description 
of the continuously operated vertical retorts, by 
which a problem had been solved which a few years 
back appeared to be quite intractable. 

In reply, Mr. Newbigging said the general public 
did not appreciate gas as much as they should. It 
was difficult to say what the cost price of gas was. 
In times past some works were able to pay their 
coal bill out of their profits on residuals, but at 
Manchester they had never succeeded in doing 
more than paying 90 per cent. of their fuel bill in 
this way. e lowest cost into holders with which 
he was uainted was 4 per 1000 cub. ft., to 
which had to be added administration and distri- 
bution charges, taxes, and contributions to rates. 


Propucer-Gas ror Steam-Ralsina. 


The next paper read was by Mr. E. C. Mills, 
and descri **A Unit Gas-Producer for Steam 
Boilers.” The Mills producer was, he stated, a 
movable structure, mounted on rollers, immediately 
in front of the furnace front. The ordinary boiler- 
grate was removed, and the heating effected by 





The air needed for this combustion was 
ucer, 


He thought it would be| and thus intercepted the radiant heat which would 


otherwise be lost. 
boiler-furnace, it was necessary to supply a large 
excess of air; but with gas-firing the air supply 
might be practically equal to the theoretical. 
Smoke was abolished. Where his system was 
applied to Lancashire and Cornish boilers, fire-brick 
baffles or obstructers were provided at intervals 


When solid fuel was used in a 


along the flue. These were made to pivot, so that 
they could be turned ‘*edgeways” to let a work- 
man pass when the flues were being cleaned. In 
comparative trials of the plant as applied to a 
Cornish boiler (unprovided with an economiser) 
the steam raised per pound of fuel had been 
increased 50 per cent. when the ordinary coal-firing 
was replaced by the Mills system. With coal- 
firing the steam raised had been 6.99 Ib. per pound 
of fuel burnt, whilst with the Mills producer this 
figure was increased to 11.2 lb. per pound of fuel. 
The draught required to work the producer and 
maintain the draught was provided by a fan on 
the induced-draught principle. Where economisers 
were fitted this fan was p between the boiler 
and the economiser, but the latter could be dis- 
pensed with when the Mills system was used, and 
the money thus saved would, he said, more than 
cover the cost of the producer. As fitted to 4 
Lancashire boiler (having economisers, but in a very 
bad condition), the steam raised per pound of fuel 
varied on different trials from 10.23 lb. per pound 
of fuel up to 11.47 Ib. per pound of fuel. Parallel 
tests on a coal-fired boiler showed that the Mills 
plant gave a saving of 18 per cent. of the fuel, and 
there was an entire absence of smoke. 

In opening the discussion,. Professor Petavel 
said that the plant described embodied an interest- 
ing solution of the problem of abolishing the excess 
air necessary when solid fuel was used. 

Mr. Cramp observed that in the paper the only 
applications of the system described were (o 
Cornish or Lancashire boilers. If the plant would 
enable the economiser to be dispensed with, \t 
would be a move in the right direction, as these 
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economisers often gave trouble. He noted that no 
attempt was made to recover the by-products from 
the gas, and it was a question whether the fact that 
the whole heat of the fuel was utilised would com- 
pensate for the loss of these by-products. 

Mr. Mark L. Sykes, who followed, asked for the 
cost of the plant, and also for particulars as to who 
was responsible for the test fi recorded. His 
experience in the past had n that there was 
frequently much humbug about boiler tests. He 
might add that the cones or baffles described by 
the author were notnew. He had installed similar 
devices years ago, and found them most unsatis- 
factory. After a short use, it proved impossible to 
get them to turn on their pe owing to the 
warping and shrinkage of the fire-clay, and wherever 
they had been put in they had to be taken out. 

In reply, Mr. Mills said his producer was applic- 
able to all boilers, and, in fact, the Lancashire 
type was not ideal for the use of his producer. 
As to cost, the estimate was 2601. for the complete 
plant. He might add that by the use of a re- 
volving feeder, one man would be able to attend 
to a whole range of boilers, thus effecting a great 
saving of labour. 


Iron Losses at High FREQUENCIES. 


The first paper taken at the Friday meeting of 
the section was entitled ‘‘The Heating of n 
when Magnetised at Very High Frequencies,” the 
author being Mr. N. W. McLachlan. The paper 
described experiments made to ascertain the mag- 
netic behaviour of ‘‘Stalloy” and ‘‘Lohys” irons 
when placed within a solenoid traversed by current 
having frequencies of from 3 x 10° to 5 x 10° 
periods per second. Owing to the skin effect which 
prevents the flux entering the body of the iron, 
the apparent permeability was found by the author 
to be small, but the specimens quickly became red 
hot. Theauthor stated that the eddy current losses 
at these high frequencies was proportional to the 
square root of the product of the frequency, the 
specific resistance and permeability, and to the 
square of the magnetising current. 

The experiments showed that as the iron heated 
up the permeability at first increased, but then fell 
very rapidly as the recalescence point was ap- 
proached. The rise of temperature had, in fact, a 
two-fold effect. In the first place the increase of 
the resistance diminished the skin effect, and 
secondly, the permeability of the iron decreased 
with the increasing temperature. Comparative 
experiments made with very thin strips of “Lohys,” 
and with a single iron wire of the same weight and 
length, showed that the skin effect was very 
marked. 

In the discussion which followed the reading of 
the paper, Professor Marchant said that one 
interesting point brought out was that at very 
high frequencies the power factor was practically 
unity. 

Professor Gisbert Kapp called attention to the 
fact that the losses observed were enormous in 
comparison with what was usual with ordinary 
frequencies. It had long been a puzzle to those 
familiar with ordinary alternating-current work as 
to how it was possible, in view of hysteresis and 
skin effects, to use in wireless work frequencies of 
a quarter of a million or so in circuits containing 
iron. They were often told by wireless engineers 
that the usual rules did not apply at high frequen- 
cies, but apparently from the author’s figures this 
was incorrect. In the author’s experiments, with 
an inductance of 3500, the loss amounted to about 
48 kw. per kilo. of iron, as compared with a loss of 
about 3 kw. under similar conditions, but with a 
frequeney of 50. In ordinary transformer work it 
was agreed the skin losses varied as the square of 
the frequency, the square of the inductance, and 
with the square of the thickness of the metal, but 
the author gave an entirely different law. 

Professor G. W. O. Howe said that the discre- 
pancy pointed out by Professor Kapp arose because 
the formula quoted by the author gave simply the 
skin iosses. As the frequency rose the flux was, 
in fact, more and more confined to the skin, so 
that less and less iron was really involved in the 
phenomenon. In the cases which Professor Kapp 

ad in mind, on the other hand, the flux penetrated 
the whole mass of the iron. 

Professor Perry said that the formuls: used with 
ow-frequency currents were derived from one 
deduced by Sir J. J. Thomson. The complete for- 
mula contained a factor e*, which, in the case of low 
frequencies, could be replaced by a first approxima- 








tion ; but the exponential had to be retained when 
the frequency was high. This was the source of 
the discrepancy on which Professor Kapp had 
oumeutels 


A Sprit Brush ror CoMMUTATORS. 


Professor Mills Walker next read a paper on 
‘“‘A Self-Adjusting Commutating Device.” He 
said that a segment of an armature took a certain 
time to pass under the collecting-brush of a con- 
tinuous-current generator, and during this time the 
sign of the current had to change from + to —. 
The ideal to be aimed at in successful commutation 
was to effect this change uniformly ; but this end 
was difficult to attain. Some device was, in fact, 
necessary which would give an electromotive force 
sufficient to overcome the self-induction of the 
coil passing the brush, and this device commonly 
consisted of a commutating-pole. If this worked 
exactly as intended, the current diminished at 
the proper rate and perfect commutation was 
obtained. In practice, however, commutation was 
never perfect. If the commutating-pole was too 
weak, the current would not reach its proper 
value in the time available ; whilst if the pole were 
too strong, over-commutation would take place. 
In either case the error had to be rectified by the 
carbon brush, and sparking arose accordingly. 
The difficulty was much greater with wide brushes 
than with narrow ones. The wide brush, how- 
ever, was in all other respects superior to the 
narrow one. In particular a wide brush meant a 
low current density. 

At heavy loads the iron in the interpole became 
saturated, and this interfered with the proportion- 
ality which should exist between the current to be 
commutated and the commutating flux. To over- 
come this difficulty, he had devised the arrange- 
ment shown diagrammatically in Fig. 2, where it 
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would be seen that each brush was split into two 
which were lightly insulated from each other. 

he commutating-pole was wound with double the 
number of turns ordinarily adopted, but the cross- 
section of the copper was halved. The B section 
of the brush inserted in it a resistance D, 
equal to that of the winding W on the interpole. 
Assuming that the number of turns on this pole 
gave the right flux when half the current passed 
through the coil, then each brush would collect 
half the total current. If, however, the number of 
turns on W were too t, there was a tendency 
towards over-commutation, so that the current in 
B became greater, and in A less. The result was 
that the field was weakened to such a strength that 
the current was correctly distributed between A 
and B. The correcting voltage needed to effect 
this was very small, being of the order of 0.5 volt, 
whereas the voltage which could be generated 
between A and B by a pole being too strong or too 
weak might be 5 volts or more. If, again, the 
commutating-pole tended to become too weak from 
over-saturation of the iron, the self-induction of 
the armature coil varried the current forward to 
the brush A, thus increasing the excitation. As 
an extreme case the whole of the current might be 
conceived as carried forward to A ; the excitation 
current would then be doubled as compared with 
an ordinary machine. A 500-kw. 500-volt rotary 
converter built by the British Westinghouse Com- 
pany had been fitted with this double-brush gear 
with the most excellent results. In testing the 
device the machine was loaded by circulating power 
through a 1000-kw. converter provided with an 
alternating-current booster. It was found that with 
3000 amperes (the largest current that could be cir- 
culated through rotaries and transformer by the 





existing arrangements) flowing, the commutation 
was sparkless. A 1500-kw. rotary converter had, 
he added, also been fitted with the gear. 

In moving a vote of thanks to the author, 
Professor Kapp said thatif the man who made two 
blades of grass grow where one grew before was a 
benefactor of the race, the author should enjoy the 
same distinction, as with his split commutator it 
was possible to get from a given frame 3 kw. in 
place of one. 

Mr. Gerald Stoney said the paper seemed 
likely to lead to important developments in the 
commutation of continuous-current generators, 
which had long been a bugbear of the elec- 
trical engineer. His own experience had been 
with turbine machines, with which the difficulty 
was very great, and he would ask the author 
whether his device would be applicable to these. 
The difficulty here rose from the very high amper- 
age per inch of armature diameter and the very 
few segments in the armature. The adoption of 
the double brush would afford greater collecting 
area and prevent excessive current density. He 
would ask how the author would proceed where 
compensating windings were used as well as inter- 
poles, shoulfi the current throygh the compensat- 
ing windings be also split? He thtought the device 
might lead tovery large improvements in continuous- 
current electrical machinery. His own experience 
was that a narrow brush was better than a wide 
one, so that two narrow brushes should be better 
than one wide one. He had tried this, but it was 
not a success, as sparking took place between the 
inner edges of the two brushes. 

Mr. Coll said that he thought the author had 
claimed less than he might have done, since as ten 
times as much voltage was available as was neces- 
sary, he could do much more than double the excita- 
tion. 

In reply to Mr. Stoney, the author said that he 
had nct up to the present considered the question 
of applying his brush to turbo-generators, use 
the very large — oy now demanded required that 
the current should be generated by alternators, 
continuous current, if required, being obtained 
from rotary converters. His plan would, how- 
ever, be quite applicable to turbine-driven con- 
tinuous-current generators. If both compensatin 
coils and interpoles were used, the current woul 
be split through each. 


Tue Covupiine or Execrric OscrLLaTors. 

A paper on ‘‘ Electric Oscillations in Coupled 
Circuite—a Class of Particular Cases,” due to 
Dr. W. Eccles and Mr. A. J. Makower, was next 
read by the former. The paper was almost wholly 
mathematical. In giving a synopsis of it, Dr. 
Eccles said that in general the current in an aerial 
was generated by coupling it inductively to a cir- 
cuit containing a condenser, an inductance, and 
a spark-gap, as represented in Fig. 3. The two 
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circuits could both be tuned to have the same 
natural frequencies of, say, 50,000 periods per 
second. When, however, the two thus tuned were 
coupled together, a wave-meter showed that waves 
of two a and not one, were generated. 
This double frequency depended upon what was 
called the coefficient of coupling k, which was 
defined by the relation - 

k = =———e 

JI, Ly 

where M denoted the mutual inductance of the 
two circuits, and L, and L, the respective self- 
inductions. 

There was, however, another method of coupling 
two circuits, which was represented in Fig. 4, in 
which the coupling was effected wholly or partially 
by condensers. In that case the frequency of the 
two waves generated depended on entirely new 
formuls, which were those worked out in the 
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it 


“—" 





Two coefficients of coupling were now 
km, the coefficient of magnetic 


coupling, and ke, the coefficient of electric coupling. 
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A general formula covering all cases had been 
devised. For the ial case in which the circuits 
were in tune with one another, the two wave- 
lengths developed were given by the relations :— 


non VEE 
and eet 
at 1 — km 


where A, denoted the wave-length corresponding 
to the natura] frequency of each of the circuits. 

A matter of practical interest which was an 
outcome of the research was the discovery of the 
unique conditions in which the two wave-lengths 
were identical, so that but a single wave was 
generated. All the cases treated could be repre- 
sented diagrammatically by Fig. 5, which, in spite 


ras 


of appearances, was, he should add, equivalent to 
two coupled circuits, and not to three. One of 
these circuits might be taken to consist of the right- 
hand element acting in series with the other two in 
parallel, whilst the other circuit would then be 
represented by cancelling the right-hand element 
——— The single wave was obtained when 
all three branches taken separately had the same 
natural frequency, and this was proved in the paper 
to be the only way in which a single wave could be 
obtained from coupled circuits. 

The discussion was opened by Professor Howe, 
who said he had himself had a id in type deal- 
ing with some special cases of the general problem 
treated by the authors. In these special cases it 
was ible to adopt a very simple way of looking 
at the matter. Suppose that there were two 
circuits, such as indicated in Fig. 6. In general, 


Lig. 6. 


£44 


if an oscillation were started in one circuit, the 
interaction of the two led to the production of a 
double wave. Suppose, however, that the two 
circuits were in tune and an oscillatory current was 
started simultaneously in both. Two cases arose. 
In the one case the current passed through the 
adjacent vertical sections in the same direction, 
whilst in the other case the two currents along 
these sections would be op in direction. 
In each of these cases but a single wave would be 
generated. With both currents in the same direc- 
tion the mutual inductance would increase the 
effect of the self-inductance, and the single wave 
roduced would then have the wave-length A,, say. 
fn the second case the mutual inductance would 
reduce the effect of the self-induction, and the 
single wave produced would have the frequency Aj. 
When, however, but one circuit was —-. and 
the oscillations in the other were produced by 
induction, wave-lengths of both the above frequen- 
cies were simultaneously produced, and this was 
the general case. 














Tue Capacity or AERIALS, 


Professor G. W. O. Howe next read a paper on 
‘* The Capacity of Aerials of the Umbrella Type.” 
This, he said, was to be taken as an appendix to 
his last year’s — ublished in the Electrician. 
In that paper he thown that it was possible 
by approximate methods to compute the capacity 
of aerials of complicated form with very great 
accuracy, although in the strict mathematical sense 
the solution of the problem was impossible. In 
his previous paper he had not considered aerials 
of the umbrella type, but he hadsince been asked 
bya Belgian engineer to deal also with this variety. 

Taking such an aerial to be representéd by a ver- 
tical leg surrounded by a number of radial branches, 
such as indicated diagrammatically in Fig. 7, 
his plan was to split up the whole system into a 
series of small elemental lengths of wire. He 


elements would be if it carried a unit e. In 
making this calculation, the effect of other 
elements of the aerial was allowed for, whilst that 
of the earth was represented by an image of the 
aerial negatively em oy This image was repre- 
sented in Fig. 7 by the dotted lines. The poten- 
tials thus calculated varied from point to point, 


Fig.7. 
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whereas actually the potential must be the same 
throughout. He made the assumption that this 
actual potential was equal to the average of the 
calculated potentials, and this proved to be correct, 
even in extreme cases, within an error of less than 
2 per cent. 

his paper, Professor Howe gave curves by 
which the computation could be very rapidly made, 
even in complicated cases. 

In the discussion, Mr. Houston asked whether 
it was not the case that the difference between the 
true potential and that calculated by the approxi- 
mate method described was always of the same 
sign. 

In reply, Professor Howe said that this was so, 
the actual potential being always the maximum 
possible with the available charge. 


EartH REesIsTaNces. 


A paper by Professor E. W. Marchant, entitled 
me Nate on Earth Resistance,” was next taken. 
In this paper the author said that if an earth-plate 
in the form of a hemisphere were embedded in a 
concentric hemisphere of homogeneous material and 
of infinite radius, the resistance could be expressed 

p 


in the form 
R= ( ) 
2 raé 


where a denoted the equivalent length of uniform 
bar of section 2 7 a*, and p was the specific resist- 
ance of the material. In this way all earth resist- 
ances could, on the assumption made, be determined 
as ‘‘ equivalent lengths.” Measurements made at 
Liverpool gave equivalent lengths of 0.51 ft. for a 


copper plate ‘‘earth,” and of 0.63 ft. for an 
‘‘earth”’ consisting of fourteen iron pi driven 
about a foot into the ground and coupled together. 


The effect of weather on these values was found to 
be slight. 

Professor Howe, in opening the discussion, said 
that the speaker's method of calculating the 
ey of an aerial could also be applied to the 

culation of an earth resistance of any form. 
The ‘‘ equivalent length” was, in fact, a purely 
geometric quantity, independent of the specific 
resistance of the soil. Suppose the “earth” 
to be embedded in an insulating medium, 
and that above it was an ‘“‘image” extending 
from the ground surface into the air. Let 
both the image and the earth be charged to the 
same sign. Then this arrangement would have a 
certain capacity depending upon the lines of 
electrostatic induction. These lines would be iden- 
tical with the lines of flow when the “‘ earth” was 
embedded in a conducting medium, and the length 
representing the capacity was exactly the same as 
Professor Marchant’s ‘‘ equivalent ” length. This 
connection between resistance and capacity had, 
infact, been previously used by {Kennelly and 
Whiting, who determined the capacity of an aerial 
by making a model and determining the resi-tance 
when this model was immersed in copper sulphate. 

Dr. Eccles, who followed, said that it should be 
remembered that the resistance of an earth was 
a function of the frequency of the current, and 
in wireless work might be three or four times as 





then calculated what the potential of each of these 


If, for example, the resistance of the “‘ earth” were 
plotted against the frequency of the current, a 
curve was obtained having the character shown in 
Fig. 8. When the frequency was the natural fre- 
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Wave Lengths 


quency of the circuit, the resistance R, was the same 
as with a steady current, which might be considered 
as a current with an infinite wave-length. As the 
wave-length increased from A, the resistance at 
first fell, becoming a minimum for a value of 
A=2A,. This minimum value of R, was } R,. 
Beyond this point the resistance rose again, the 
curve becoming finally asymptoticto Ryo. 
The relation between R, and A was given by the 
equation 
Ro-R, _ 3 (A—Ay) 

2 


Ro 
The best value of R to use in wireless work corre- 
sponded to A = # Ap. 

A speaker whose name did not transpire sug- 
gested that polarisation effects would upset Pro- 
fessor Marchant’s conclusions, and Professor Kapp 
asked if there were not a contact difference of 
potential at the surfaces of the earth-plates. 

In reply, Professor Marchant said that he had 
not known of the work of Kennelly andjWhiting, 
and he would be glad to know if Dr. Eccles’s curve 
giving the relation between resistance and wave- 
length would apply to all forms of earth plate. To 
this Dr. Eccles said that it had been found, as a 
matter of practice, that it was no advantage to have 
in the earth more than one-third to one-half the 
amount of copper in the aerial. His curve would 
hold for all cases, save, perhaps, those in which the 
copper was very concentrated. 


TRANSFORMER-CoRE LossEs. 


A paper by Mr. H. M. Lacey and Mr. C. H. 
Stubbings, describing an experimental research on 
‘*Transformer-Core Losses as Affected by Triple 
Harmonics,” was next taken. The investigation 
showed that by insulating the star centres of three- 

hase systems the core losses could be reduced by 

-5 per cent. 


Tue Resistance or Licnt ALUMINIUM ALLOYs. 


A note on ‘‘ Exposure Tests of Light Aluminium 
Alloys ” was next read by Professor Ernest Wilson, 
who said that for fifteen years past he had been 
observing the changes in the resistance of various 
wires as affected by exposure to the weather on 
the roof of King’s College, London. For a long 
time all the wires showed a steady growth in their 
resistance with lapse of time, but later on certain 
of the alloys began to show changes in the opposite 
direction. Thus a wire consisting of commercial 
aluminium alloyed with 0.09 Cu and 1.19 of Ni 
showed at the end of 1908 a resistance 11.4 per 
cent. higher than its initial value when erected in 
1901. . 1915, however, the resistance was only 
6.75 per cent. greater than in 1901. Another wire, 
containing 0.21 Cu, 1.1 Ni, and 1.94 of zinc, had 
in 1908 a resistance 23.6 per cent. more than in 
1901, whilst in 1915 its resistance was only 13.9 
per cent. greater than in 1901. The effect seemed 
attributable to the nickel content, and these par- 
ticular wires, moreover, appeared to have retained 
their mechanical properties. This was not the case 
with many of the other alloys tried. A wire of 
duralumin, an alloy containing 0.5 per cent. of 
magnesium, became so brittle after exposure that 
it could not be bent without breaking. The mag- 
nesium gave the alloy a remarkable initial tensile 
strength, but his experience led him to question 
whether this would be retained in use. 

Professor Kapp asked the author whether he had 
found any corresponding changes in the alloys, 
such as manganin, used for resistance-boxes, 45 
secular changes in these would be a very serious 
matter. : 

Professor Marchant suggested that the exper'- 





much as that determined with a steady current. 





ments should be extended, and exposures made in 
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different parte of the country, under the auspices 
of a committee of the British Association. 

In reply, Professor Marchant said that the 
changes in the resistance appeared to be due to 
the exposure to the weather. Whether they 
were superficial or extended throughout the metal 
he ple prom say, as he did not wish to destroy 
his specimens. It was not only the alloys which 
deteriorated, but commercial aluminium also did so. 
A wire of this material put up in 1901 showed an 
increased resistance of 8.6 per cent. in 1908, and of 
17.3 per cent. in 1915. In reply to Professor 
Kapp, he said he had not experimented with such 
alloys as manganin. 


Comptex Stress Distrisvrion. 

At the meeting on Saturday, the 11th inst., 
Professor E. G. Coker read the report of the 
Committee on Complex Stress Distribution, which 
we shall publish im an early issue. In moving 
a vote of thanks, Dr. Hele-Shaw announced that 
the Committee had been re-appointed, with a 
further grant of 401. 

Professor Cyril Batho, who opened the discussion, 
observed that there was one point in connection 
with repeated stresses which was, he thought, in 
need of investigation. Many parts of a structure 
were subject to stresses which attained their maxi- 
mum only in certain fibres. Where the stress was 
a compressive one, it was not considered safe to 
exceed the yield-point, even lecally ; but it was an 
open question as to whether a non-uniformlystrained 
member might not safely be loaded much more 
when the maximum stress it carried was a tension. 
For example, if an angle-iron were riveted by one 
leg to a gusset-plate and subjected to a pull, the 
load was far from uniform over the section. At 
the edge of the free flange the stress was in these 
circumstances always a compression, whilst the 
stress at the riveted flange wasa tension, which 
was much greater than the compression. This 
maximum tensional stress was, however, confined 
to a very small proportion of the whole area, and 
it was found by actual test that the strength of the 
angle was a much higher proportion of that carried 
when centrally loaded than would be the case if 
the yield-point measured the limit of resistance. 
In some experiments he had made on this head 
he had placed extensometers all round the angle 
bar, and these showed; when the yield-point was 
exceeded, that the straight-line law of stress 
distribution over the section no longer held, 
but that this stress distribution was represented by 
acurve. This curve was, moreover, unaffected by 
repeated loadings, so long as these did not exceed 
the maximum load originally employed. He would 
ask whether such curves represented a safe and a 
stable stress distribution, and was it legitimate to 
adopt higher unit stresses for eccentrically loaded 
tension-bars than for centrally loaded ones. 

Professor Petavel, who followed, said that he 
wished to call attention to the large share Pro- 
fessor Coker had borne in what might be called the 
organisation of the report for this exceptionally 
difficult year. War work precluded the members 
of the Committee from all but occasional leisure, 
and the various documents dealt with in the report 
accordingly reached Professor Coker in somewhat 
fragmentary stages, and had to be combined and 
linked together by Professor Coker. This linking 
together was, in the speaker's opinion, fully as valu- 
able as the actual experimental work. The speaker 
agreed with Professor Batho that it would be 
interesting to have further experimental work on 
the actual breaking strength of materials and on 
their behaviour when the elastic limit was ° 
A mild-steel gee for example, did not fail in 
accordance with the theory of elasticity. The reason 
why the Committee’s report dealt with one material 
only was because it was considered advisable to 
abandon the contract already made for the delivery 
of the alloy steels, as these were in great demand 
for war pur c 

Dr. W. Mason called attention to the necessity 
of taking steps to ensure that the steel used was 
really isotropic. If unannealed steels were used, 
the results with different sizes of specimens would 
not be comparable. He hie a sedaen of 
dead mild steel in the form of a very thin tube. 
Six or seven of these tubes had been subjected to re- 
peated torsional stresses, and all failed in the same 
way. The specimen first cracked a generator 
parallel to the tube axis, as indicated by the line 


AB in Fig. 9; the obli 
quently. g e oblique cracks formed subse- 


It was obvious, therefore, that the 








material was weaker along the grain than in other 
directions. The effect seemed to be independent 
of the wall thickness. 

Mr. Stromeyer said that in the case of solid 
specimens of mild steel —ae to alternating 
torques he had also noti the parallel cracks 
described by Dr. Mason. With hard steels, how- 
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ever, he had obtained fractures along a spiral line, 
as indicated in Fig. 10, so that these hard steels 
failed in agreement with theory. In other cases 
what he had called a ‘ rose-bit” fracture was 
obtained, as indicated in Fig. 11. In this case he 
thought that failure occurred along surfaces of 
maximum principal stress, but along a number of 
these surfaces simultaneously. The intersection of 
these different surfaces of failure gave the rose-bit 
fracture. As his own specimens were enclosed with 
jackets throughout the test, he had not observed 
that with mild steel the axial crack always appeared 
first, as noted by Dr. Mason. 

Professor Coker, in reply, said he was much 
interested in the point brought forward by Pro- 
fessor Batho, and he hoped that the Committee 
would, later on, be able to investigate the com- 
plicated cases discussed by that speaker. In fact, 
the Committee might well be made a permanent 
one, as he questioned whether the subject of stress 
would ever be exhausted. In addition to that 
brought forward by Dr. Mason there was other 
evidence that the material used in many of the 
teste was not in an ideal condition, and it was 
obvious that in the future careful heat treatment 
would be required if the members of the Committee 
were to have material of an identical character to 
deal with. 



























































Tue Srrenetu or Struts. 


Mr, Andrew Robertson next read a paper on 
““The Strength of Iron, Steel, and Gant Iron 
Struts.” In the experiments described in the first 
part of this paper the greatest care was taken to 
ensure that all the struts tested were as nearly as 
possible absolutely straight, and to ensure that 
the load was applied really axially. The results 
showed that for long columns of steel Euler's 
formula expressed the result with very great 
accuracy, these results when plotted falling with 
great precision on Euler’s curve. In the case of 
short columns, where failure does not occur until 
the yield-point is exceeded, the experiments showed 
that Southwell’s theory* was for all materials in 
close accord with the facts. Hence it might be 
considered that reliable rational expressions for the 
strength of solid, straight, and centrally-loaded 
struts were now available. In practice, however, 
the author stated, struts never were straight, nor 
were they centrally loaded. An analysis of the 


experiments of Tetmajer and of Christie showed, | Board 


however, that the whole of the results of these 
experimenters were remarkably well represented 
by a formula slightly modified from one due to 
Professor Perry. In this modified form, the break- 
ing stress of any strut was given by the relation :— 


+1 _ .(nt+ip 
p= Pp, + 1S Pe ‘i J+ e 3) | — Pe Py 


In this expression, p, denotes the yield-point of 
the material and p, the stress at which failure 
would take place if Euler’s formula held. The 
value of 7 was given by 
_¢a 
9z- Re , 
where c was the equivalent eccentricity of the 
column, « the half depth, and k the radius of gyra- 
tion. 
If c, be the error in the straightness of the column 
and h the eccentricity of the load, then 


e=q+eh 


Professor Petavel congratulated the author on 





* See ENGINEERING, vol. xciv., page 249. 


his success in clearing up some difficult points in 
the resistance of struts. is success had only been 
attained by the pains taken by the author to secure 
+o a mg of his struts, and the accuracy of 
their loading, In no case did the departure from 
straightness or the eccentricity of the load exceed 


10y0 in. 

Teta Coker said that in plotting down the 
results of experiments on the stren of struts 
previous observe had not found the experimental 
points to lie on any definite curve, but to form a 
constellation covering a considerable area. The 
author had, however, managed to obtain results 
which, when plotted, fell along actual lines deter- 
mined by a rational theory. 

In reply, the author observed that in the past 
it had been usual to use one and the same formula 
for a strut both when accurately machined and 
when merely cut from a bar taken direct from the 
rack. No one formula could apply to both speci- 
mens. 


Torsion Stresses in Framep Structures. 


Professor Cyril Batho next read a paper on ‘‘The 
Calculation of Torsion Stresses in Framed Struc- 
tures and Thin-Walled Prisms.” This paper greatly 
simplifies the computation of stresses arising from 
torsion, and we shall publish it in full in an early 
issue. 

INDUCTION BETWEEN Masses. 

The final paper to be read was contributed by 
Professor es Walker, and gave an account of 
‘* Some Experiments to Determine Whether there 
Exists a Mutual Induction between Masses.” As is 
well known, the starting of an electric current in a 
wire (that is to say, the acceleration of electricity) 
induces a current in a neighbouring wire, and, 
according to one theory of gravitation, the accele- 
ration of a mass of matter should have some induc- 
tive effect on neighbouring masses. Professor 
Walker’s experiments show that if any such effect 
does exist, it is exceedingly small. 

The experiments were made by accelerating and 
decelerating the angular velocity of a heavy disc of 
steel p immediately below and at a small dis- 
tance from a concentric disc supported by a bifilar 
suspension. The rates of acceleration and decele- 
ration of the rotating disc were adjusted so as to 
have a periodicity equal to that of the natural 
oscillation of the suspended disc, the object being 
to reinforce any such interaction as might occur by 
the effects of resonance. When every precaution 
was taken to abolish accidental disturbances, it was 
found that, if any inductive effect did exist, it was 
so small that the ratio : 


Change in the angular momentum of the suspended disc 
Change in the angular momentum of the rotating disc 
< 4.3 x 10-10, 

The reading of the above paper brought to a 
conclusion the proceedings of the Section. In 
spite of the war, a full and very interesting pro- 
gramme of papers was secured, a feat on which 
the organisers of the Section may well be con- 
gratulated. 





(To be continued.) 





Merropouitan Water Boarn.—The following table 
shows the increases which have taken place un the 
in the active equipment of the water works since 


the transfer of the undertakings :— 
Before June, At March 
1904, 1915. 
Storage reservoirs for unfiltered 
water .. ee oe ee 44 48 
A - - - oe 843 1,981.5 
Capactty in million gallons .. 4115.7 12,907 
Se reservoirs for filtered 
water . — i os 75 
Capacity in million gallons .. 244.5 312 
Filter bode om - oe os 187 172 
Acreage .. oe se om 1389 170.7 
Horse-power_ .. te +. 82,177 43,306 
Miles of water-pipes ~_ ee 5,759 6,446 


Mancangsr Ore From Ovupa.—According to a report 
- in Ge Iron Age, yy. a oe ng on seen . 
ipments of manganese ore from e Unite 
States for conversion at seaboard into ferro- ese is 
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WORM-GEAR. 


In view of the importance of Mr. Lanchester’s 
paper on “‘ Worm-Gear,” of which we completed the 
reprinting in our issue of the 3rd inst., we now 
give a summary of some of the more important parts 
of the discussion which followed its reading. The dis- 
cussion was & long one, and we cannot attempt to deal 
with all the points raised or with the remarks of all 
the speakers. 

Dr. H. 8S. Hele-Shaw said that the efficiency 
obtained with a worm-gear appeared to be a question 
of the proper ure of the film of oil. One had forced 
lubrication in many applications, but in a worm-gear 
there was, by a happy coincidence, a case where the 
film was so drawn in by the working of the machine 
that it was able to stand a pressure of 50 tons per 
sq. in. It was possible that the film could be kept 
better in place with a hollow worm than a parallel 
one. The question of higher efficiency with higher 
8 might be explained, because the higher the speed 
the more the film is dragged in, and the better it acts. 

Mr. E. G. Beaumont, Sulies with the relative effi- 
ciencies of the parallel and the Lanchester worms, said 
there could be no question of the accuracy of the results 
given, but pointed out that one had no definite state- 
ment as to the relative capacities of the two types of 
worm from which to judge the different dimensions 
necessary to secure a working compromise with the 
parallel Re. It might be of interest to mention that 
the parallel worm was used by the London General 
Omnibus Company on vehicles running an average of 
14 million miles a week, and that worms had success- 
fully run for 20,000 miles.. This showed the parallel 
worm could give good results, and from his observation 
there was no ap t difference in the sizes of the 
axle-casings of the parallel worm omnibuses and the 
Daimler or~ibuses, which had the Lanchester worm. 
On the question of the relative efficiencies of worms 
and bevel-gears, Mr. Lanchester had quoted 89 per 
cent. for a bevel-gear from figures given by Mr. 
Faroux, but seemed to think the figure too low. Some 
figures were given in a recent paper before the 
American Society of Mechanical Engineers, which 
reversed the result found by the author. The worm- 
gear efficiencies were 92.4 per cent., 94.4 per cent., 
and 97.9 per cent., while the corresponding bevel-gear 
efficiencies were 94.2 per cent., 95.1 per cent., and 
98.9 per cent. 

Professor Archibald Sharp said, with regard to the 
oil-film question, that comparing the Lanchester worm 
with the parallel worm he thought, from the mode in 
which the Lanchester worm was generated, that there 
was one t geometrical difference between the two 
surfaces in nominal contact. In a cross-section of a 
Lanchester worm and wheel there was always a 
definite line of contact down the centre of the plane 
of the wheel, and from the mode in which the first 
generating tool cut the worm, and the worm-cutting 
tool in turn cut the wheel, there was bound to be 
a line of contact from side to side. It was difficult to 
form an idea of the effective surface of contact across 
the face of the tooth, but from the above considera- 
tions one might imagine the effective surface supported 
by the active oil film to be bounded by curves resem- 
bling two pairs of hyperbolas giving a large area 
sufficient to transmit the heavy pressures which had 
been referred to. In a parallel worm, on the other 
hand, the nominal contact was a single curved line, so 
that the actual surface effectively supported by the 
oil film must be extremely narrow, and of much 
smaller area than that bounded in the Lanchester 
worm and wheel. _ 

Mr. L. A. ros pointed out that ina r read b 
Mr. pata. a the Institution py eoteert- 4 
Engineers in 1910 he had dealt with the necessity of 
uniform angular velocity in the details of a transmis- 
sion gear. In spur and bevel gears this could be 
obtained by generating the gears in a machine of the 
planing type. In both cases the axes of the two gears 
were in the same plane, whereas in the case of worm 
gears they were not. It was, however, quite ible 
to conceive that the worm and wheel, instead of rolling 
together on pitch cylinders, as in the case of spur 
gears, or on pitch cones, as in the case of bevels, 
should roll together on pitch hyperboloidal surfaces, 
and that the form of such gears would be that of the 
hollow worm and hollow worm-wheel. The author 
had pointed out that it was not essential to the obtain- 
ing of uniform angular velecity from the rs that 
the form of the teeth should be symmetrical ; in fact, 
he stated his process was easentially unsymmetrical ; 
it was the cutting-machine which produced the 
correctly-formed counterpart to work with the arbi- 
trarily selected worm. It would be of interest to know 
could not an an even better result be obtained by - 
rating the master-worm on a machine which sootinesd 
it by planing a tooth form symmetrical to the hyper- 
boloidal pitch surface ted by the rotation of a 
line about an axis not lying in the same plane with it. 
He would also like to ask if the worm (or wheel) pro- 
duced by Mr. Lanchester’s could be reversed 
by turning through two right angles in erecting, and 


the worm and wheel still work 
If not, was any special method 
prevent this ? 

Mr. H. Kerr Thomas pointed out that when Mr. 
Lanchester stated that accurate testa showed the 
parallel worm to be inferior to the Hindley type both 
in efficiency and load capacity, he had evidently over- 
looked the long series of tests carried out by Professor 
Kennerson, of the Worcester Polytechnic, at the fac- 
tory of Messrs. Brown and ws in which exactly 
opposite results were obtained. It would appear that 
since two trained observers arrived at mea | 
opposite conclusions in respect to the two kinds of 
gear, each giving to one an advantage of about 1 to 14 
per cent., it would be reasonable to suppose that the 
efficiencies, if taken over a sufficient number of 
examples, would be equal. Moreover, from a purely 
theoretical standpoint the two were equal, and the 
experience of large numbers of users of the parallel 
worm was that consistent and satisfactory results 
could be obtained clearly from it. The author had 
pointed out that having regard to the fact that the 
worm-wheel must be of substantial thickness, it ren- 
dered it undesirable in practice to use more than 4 
very moderate length of worm with the Lanchester 
gear. He would substitute the word ‘‘ hob” for the 
author’s word “‘ worm.” If Mr. Lanchester’s hob were 


onneny well together. 
opted in erecting to 





of contact, which vertically produced a volume of 
oil under considerable pressure which was capable o{ 
momentarily supporting an immensely high load. 

Mr. Frank J. Bostock did not agree that the hollow 
type of worm was more efficient than an equally well- 
designed and manufactured parallel worm. The 
high efficiency of parallel worm-gear had been de- 
monstrated by numerous authentic tests, notably 
those by Mr. F. Berry, the Oerlikon Company, and 
Brown and Sharpe. Years ago the efficiency varied 
up to 95 per cent., and since then machines and 
methods had been vastly improved. Mr. Lanchester 
had stated ‘‘ the present position of worm gears is the 
definite outcome of the uninterrupted success of the 
Lanchester worm gear.” He did not agree ; his firm, 
Messrs. David Brown and Son, had had a great deal 
to do with it, and had probably devoted more time 
and money to this gear than any other firm. Some 
time ago, to test the efficiency of a worm-driven back 
axle as a unit, Mesers. David Brown made a series of 
tests on & chassis in course of erection by replacing 
the Cardan shaft with an Amsler torsional dynamo- 
meter, locking the differential, jacking up the chassis, 
and applying a special Prony brake to one of the rear 
wheels (see Fig. 1, below). The efficiencies found 
at different — and loads varied between 94 and 
96 per cent. This result included the loss in friction 




















Fie. 1. 


extended lengthwise to embrace more of the worm- 
wheel, it would be found that it did not cut a Lan- 
chester worm, but a Hindley worm-wheel, which was 
flat on the top of the teeth. In other words, when a 
worm-wheel was generated by a hob, either the worm 
or the wheel must be parallel, the other being hollow. 
Mr. Lanchester’s ingenious compromise between the 
two forms was in his (Mr. Thomas’s) opinion of 
doubtful advantage, although he fully admitted it had 
given entirely satisfactory results. 

Coming to the question of tooth pressure, he could 
not follow the author’s reasoning when he referred to 
the wear which took place on a worm-wheel by the 
lengthening of the teeth. He agreed that this did 
occur, but Mr. Lanchester at first assumed that 
the bronze had a hardness of 50 tons by the Brinell 
test, and then, having observed that the teeth, after 
10,000 miles of wear, had lengthened, he assumed that 
the working pressure was tons. Mr. Lanchester, 
it would seem, had overlooked the lengthening effected 
on the teeth by the spinning action of the worm, and 
also the ‘‘ planing” effect of innumerable repeated, 
but relatively light, blows, which would cause the 
metal to flow. It was quite a simple matter to calou- 
late the actusl pressure between the surfaces of the 
worm and wheel, and it could be shown that this pres- 
sure was expressed by the equation— 

P= /(T cot a tan (¥/2)+ Tysin a)’. 
where a = pitch angle ; T = torque in pounds at pitch 
line ; and W = normal included thread angle. 

He agreed, however, with Mr. Lanchester, that even 
on this basis the wearing pressures permissible in 
worm- were amazingly high, and he thought the 





gear 
author had hit on the only explanation when he re- 


CHAssIs WITH Brake FoR TesTING WorM-GEAR EFFICIENCY. 


by the universal joint, the journal and thrust races, 
felt washers for oil-retaining, and air resistance. The 
parallel worm and wheel used were as they came from 
the machines withoutany previous running. He noted 
that. in the Daimler tests, in one case at least, the 
gears were previously run for a period equivalent to 
distance of 2000 miles, and the test extended over 
5 minutes only, whereas to obtain really valu- 
able data it should have extended over several 
hours. The tests carried out by Mr. F. B. Waterman, 
of Brown and Sharpe, gave efficiencies for the parallel 
worm up to 97.9 per cent. 

It had been stated that the Lanchester type would 
probably carry a higher load than the psrallel type, 
and that a greater area of contact could be obtained 
by virtue of the worm wrapping round the wheel. If 
this were so, why did Mr. Lanchester provide such & 
narrow wheel and so short a worm? Why was not 
full advantage taken by making the worm longer and 
the wheel wider? He believed if this were done, the 
inherent defects or evils, called by Mr. Lanchester 
‘‘incompatibility,” or commonly known as “‘inter- 
ference,” would make this type of gear an impossible 
one. These errors must exist to a smaller degree 
in a short worm and narrow wheel, and Mr. Lan- 
chester spoke of having to make certain corrections. 

It seemed to him that the diagram showing the mid- 
section of the hollow worm could only be correct if 
‘the worm-wheel be considered as quite a thin sheet 
or lamina of metal;” since, however, the worm-wheel 
must of necessity substantial thickness, the 
incompatibility would prevent such a contact immedi- 
ately we endeavoured ‘‘to distribute the wear over 
the whole width of the tooth face of the worm-wheel, 
so that this ideal condition was not realised in practice. 





ferred to the crowding of the oil in advance of the line 


He had examined a number of wheels, but in no case 
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had been able to make them agree with the diagram. | shown in Fig. 8, on 


With a correctly-made parallel type contacts were perfect interchan 


made both along the linear and normal, as shown in | 
Figs. 2 and 3, below. 


290. This system ensured 
bility. 
He was entirely in accord with Mr. Lanchester | 


| when he said that ‘‘ minute differences in the physical | 


He considered there was a serious drawback in the| condition of the tooth make a difference in the 
Lanchester type in the difficulty of setting the worm | efficiency,” and he well knew that the minutest differ- 


and wheel in correct ali 
he was led to understand that none of the 
strictly interchangeable, and that 


&@ specia 
washer had to be 


made to suit each axle. 


ment in the two ways, and | ence in the tooth shape would make a far greater 
—_ were | difference in the efficiency. 

packing- | nised that all important work must be rectified after 
The | hardening ; a worm that had not been rectified could 
difficulty in setting must be accentuated in running | not possibly com 


It was universally recog- 


re with one that had had its thread 


by the rise in temperature, which would cause mal- accurately ground. From a careful study of the Hindley 


alignment; hence the contact between the worm and | t 


wheel could not remain the same, whereas with the 


of worm he was compelled to conclude that the 
inding of its thread was an extremely difficult job ; 


parallel type rise in temperature had no correspond- | in fact, it seemed that its very nature prohibited such 


ing disad vantage. 


The cost of production appeared at | an operation, especially where accuracy was the all- | 


first sight to be in favour of the Lanchester, on account | important factor. This presented a difference between 
of the short worm and narrow wheel, and consequent | the two systems which wasof vital importance. His firm 


saving in material; in addition, he believed, the| had long considered it absolutely necessary to 


Daimler Company limited themselves to comparatively 


the worm-threads, and for that purpose had desi 


grind 
ed 


few ratios, thus saving on tools ; but against this they | and built automatic machines for the job. Fig. 9, on 


seemed almost invariably to supply a worm having a 


page 290, showed a front view of one of them. The 


splined bore, leaving their clients to make the castel- | abrasive wheel had its profile automatically formed 


lated shaft, which in some shops 
cheap production. 


was by no means a by a patented generating tool, whilst the machine 
The fewness of the ratios manufac-' was automatic in all ite functions, and the worm to’ renewed. 








ueezed, so that the surface continually floated on an 
oil film instead of sinking through it. When pres- 
sures were comparatively light this action was not 
important, because the oil was never squeezed from 
between the surfaces, and the film had the B pees of 
insinuating itself between the surfaces and holding 
them up to moderate pressures. When, however, the 
pressures exceeded 4 ton to 1 ton per sq. in. the 
**equeez*r” action became important. 
he Lanchester gear was based on the necessity of 
maintaining the pressure surface in broadside motion. 
Theoretically, in a Lanchester worm the contact took 
the form of a line running more or less radially from 
the root to the top of the tooth, and this line swept 
the tooth of the worm-wheel from end to end twice 
during each engagement. In practice the line of 
contact became an area of proximate contact and 
elongated form, and its motion was in the main at 
right angles to its major axis. Thus as the location 
of the pressure area changed, the oil in the region of 
pressure was squeezed out, and in endeavouring to 
escape found itself where a fraction of a second later 
it was again in the pressure region, and so the cushion 
of oil on which the surfaces floated was continually 
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Fic, 2. Lirngsar Contact or Worm 
AND WHEEL. 


tured was, perhaps, owing to the fact that each size | 


required four master-hobs and six working ones. 

The involute system of gearing owed its existence 
in shop practice entirely to its being generated from 
a straight-line system. Fig. 4, above, illustrating 
one of the worms made by his firm, showed the 
straight-line tooth form and the corresponding cutter 
with a rounded-tooth form. The profile of this 
cutter was generated by means of a patented uni- 
versal tool, which gave the correct cutter profile 
for any worm thread, of any lead, pressure angle, or 
pitch, up to 8 in. in diameter. A cutter when so 
made was used in a worm-milling machine (shown in 
Fig. 5, page 290), which Messrs. David Brown and 
Sons had designed and now manufactured to meet this 
class of gear-cutting. One of the first conditions of 
& manufacturing proposition was that there should be 
&n easy and accurate way of measuring for inter- 
changeability. Mr. Lanchester had not mentioned 
interchangeability, which was absolutely essential ; a 
hob after once being sharpened did not cut the same 
form again. It would be interesting to learn how Mr. 
Lanchester detected such an error and how he avoided 
it. With his firm’s epecial system of reamer hobs 
this grinding had practically no effect whatever, and 
immediately the effective pitch diameter was reduced 
& few thousandths the hob was rejected. Figs. 6 and 7, 
on page 290, show a 1).B.8. worm and wheel testing- 
machine, wherein the worm in one case was being 
tested for the diameter of the pitch line, and in the 
other for the angle of the tooth-face. By means of 
other measuring instruments on similar lines, his firm 
were able to gauge & worm and wheel so correctly that 
they were manufactured as independent units, and not 
tried together until they were absolutely finished, as 








Fic. 3. 
AND WHEEL. 


be formed was supported on fixed centres, under 
exactly the same conditions as for the grinding of ite 
cylindrical =. The method of cutting the wheels 
of the parallel type was different from that of cuttin 
the hollow type, in that the former were ‘‘f 
through,” while the latter were ‘‘fed into.” It was 


the former way which gave such 4 nice and accurate | 
Fig. 10, on page 290, | 


finish to the D.B.S8. worms. 
showed one of his firm’s worm-wheel generators 
specia g Son omy for automobile gears. 

Mr. chester, replying to the discussion, said, in 
reference to the question of the permanence of the film 
of oil, that, for the pur of discussion, one might 
consider an ellipse of elongate form to represent the 


Fig. it. 


b c 








(4519.4) 7 


surfaces in contact. 
in the direction of its major axis, and in the other of 


In one case let the ellipse move 


its minor. In the first case, if the load supported was 
considerable, the oil would be equeezed out mainly in 
the region marked ece and f/f/ (Fig. 11, above), and 
when the motion was longitudinal, as in abc, the oil 
would speedily be squeezed from between the sur- 
faces, and metallic contact would result. If, on the 
other hand, the motion was broadside, as in positions 
1, 2,3, the pressure was continually being exerted on 
® region to which the oil had just previously been 





Norma Contact or Worm 





Fic. 4. D.B.S. Papatien 
Worm anv OuTTer. 


In connection with Mr. E. G. Beaumont’s question 
as to the percentage of loading a parallel worm would 
stand as com with a Lanchester, it was found 
that up toa certain load the efficiency curves kept fairly 

| parallel ; but the parallel curve then dropped away, 
while the Lanchester went on for some considerable 
further distance before showing any fall. In con- 
nection with the omnibus gear there were political 
reasons for making the centres absolutely the same in 
the Daimler omnibus as in the existing L.G.O. “* B” 
| type ; but the Lanchester worm was standing up far 
better than the parallel type. Mr. Legros asked a 
question as to the end-for-end symmetry of the worm- 
| gear. If the work were executed with sufficient care, 
there was no reason why a worm should not be re- 
versed ; that was to say, there was no intentional want 
of symmetry. It was, however, found ‘preferable to 
mount the in their correct end-for-end posi- 
tion, and all worm and gears were marked for this 


purpose. 

Referring to remarks by Mr. Kerr Thomas and Mr. 
E. G. Beaumont, he had ignored the teste made by 
Professor Kennerson, for Brown and Sharpe, because 
the experimental results showed such divergence 
among themselves, and there was so much internal 
| evidence of inaccuracy that had he cited them it 
| would have been to throw doubt on their accuracy. 
| A method employing s transmission dynamometer and 
an Alden brake was not one that could be relied on 
within 2 or 3 per cent. In the account given in the 
Proceedings of the American Society of Mechanical 
Engineers, the dynamometer measurements were 
given as an average of three readings, and in five 
cases tabulated the readings varied among them- 
selves 1, 1, 2, 1, and 14 per cent. respectively ; in 
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addition there was an error in the brake reading 

which probably was of about the same itude, so 

that the variations 9 possibly range over 4 per 

ots plus or minus 2 per cent. from the correct 
ings. 

He candidly said he did not understand Mr. 
Kerr Thomas when he said that if the subject was 
treated from a purely theoretical standpoint, the 
two efficiencies. were equal. He was only able to 
say that in any theoretical treatment with which 
he was acquainted, the materials on which to caleu- 
late the relative efficiencies were entirely ——e 
Mr. Thomas gave s wonderful equation by whi 
he stated “it was quite a simple matter to calcu- 
late the actual pressure between the surfaces of 
the worm and wheel.” It appeared to him that Mr. 
Thomas was confusing his terms ; his equation, if it 
were correct, might give the force between the teeth, 
but to know the pressure one must know the area of 
the surface on which this force was at any instant dis- 
tributed. In the Lanchester gear, if the force were 
distributed over the whole of one tooth face, the pres- 
sure would work out from 1 to 2 or 3 tons per sq. in. 
This was the conventional basis on which the preli- 
minary caloulation is based. In any worm-gear the 
actual surface in contact was extremely difficult to 
estimate, as the effective surface is the small area of 
the worm-face over which the oil film was able to 
transmit pressure between the two surfaces. i 
was not a defined area, but one in which the pressure 
will be highest in a small central region, and less nearer 
the edges. He was amazed at Mr. Thomas’s confusion 
of terms. This was the very spinning action of the 
worm to which he made reference. He might further 
point out that the local pressure required to spin or 
plane out bronze of 50 tons crushing limit (Brinel test) 
was & quantity approaching or —— to 50 tons 
per sq. in., for so long as the elastic limit of the bronze 
was nowhere exceeded it would not suffer permanent 
deformation. 

Mr. Bostock did not agree that the hollow-type 
worm had a higher efficiency than the parallel type. 
He (the author) had no intention of making a sweep- 
ing statement that such was the case. He had not 
tested parallel of every make extant. The ex- 
perimental evidence, however, did point to a higher 
efficiency for the hollow worm, and Mr. Bostock 
canna forward no evidence in support of his opinion. 
Mr. Bostock further did not agree that ‘‘ the present 
position of worm-gear is the definite outcome of the 
ayes ag success of the Lanchester worm-gear.” 
He thought David Brown and Sons had had a great deal 
to do with the matter. In reply, he (Mr. Lanchester) 
could only say that his was applied to the Lan- 
chester car in 1897, and had been applied to every 
Lanchester car built since that date. Eight years 
after that the only other cars employing worm gear 
were the Dennis and the N.EC. As far as he 
was aware, Messrs. David Brown and Sons did not 
come seriously into the arena till the last five 
or six years. It was interesting to note that 
David Brown and Sons had obtained efficiencies of 
94 to96 perceat. The weak point, however, was the 
somewhat crude apparatus used, which did not 
appear in any way superior to that used by Professor 

ennerson. It was difficult to understand the argu- 
ment sbout the length of test. It ap to be 
that if the Daimler test was made after running the 
equivalent to 2000 miles of road, it was a t virtue 
of his D. B.S. gear to have given results without 
being previously run atall. If, on the other hand, 
the Daimler tests had been made without the 2000 
miles running, then presumably the fact that the 
actual teste only lasted 5 minutes would have been 
held by Mr. Bostock to render them worthless. He 
did not understand the points about the longer 
worm and the wider wheel. Mr. Bostock seemed to 
quarrel with the hollow worm because it was not 
what it did not pretend to be, and appeared to 
be trying to tell him that what he had done was not 
possible. 

In connection with setting up the Lanchester gear, 
had Mr. Bosteck no acquaintance with what was known 
as an accommodation piece in an assemb of inter- 
changeable units. The washer referred to was not 
employed with the object of compensating for want 
of interchangeability ; it was required owing to the 
acoumulation of smaller tolerance errors, mainly due 
to the want of interchangeability of ball-bearings. 
Difficulties due to temperature had been found not to 
exist in practice. The system of mounting on splined 
shafts was actually the cheapest form of mounting, 
and the number of ratios and standards Sa 
the Daimler Company met every reasonable di § 
He thought a perusal of his paper would satisfy 
anyone that interchangeability was obtained in the 
Lanchester gears by the standardisation and reproduc- 
tion of the working tools from the master set. The 
points about grinding the teeth might sound all right, 
but actually were all wrong. Ina worm gear a high 
polish of the tooth was of more im than an 


absolutely ground surface. At least, that was his 
experience. 





NOTES FROM THE UNITED STATES. 

PuHILADELPuiA, September 1. 

Tue main features of the American steel indus 
are: increasing war supplies now absorb an esti- 
mated 40 per cent. of current production, a hardening 
of prices, inability to take care of all the business 
offered, and the closer approach to maximum capacity. 
August exports of wire products were in excess of 
100,000 tons ; present price, 23 dols. a ton. Extra- 
ordinary efforts are being made by European Govern- 
ments to place enormous orders, especially for mate- 

rial to be used in projectiles. France alone is ne 
tiating for large monthly quantities for six months. 
An Eastern concern is ting on 150,000 tons. The 
Baldwins are buying 18,000 tons of material. A 
Chester concern has closed for 24,000 tons. Inquiries 
are numerous and urgent. Horses are being shipped 
from here for export to France. Four rail-mills 
are at top capacity on rounds. Galvanised is lower. 
Plates are up to 1.85. Plain wire is up 2dols. 6 
ton. Demand is urgent for flat steel for fuse- 
sockets. Domestic markets are improving, but the 
chief factor, railroad demand, is largely want- 
ing. As frequently heretofore stated, a vast amount 
of contemplated work is —— indefinitely, 
because of the ever-present possibility of a termina- 
tion of the war, which, it is argued, would cause a 


This | Collapse in prices, unless post-war demands should 


assume larger pee than is at present contem- 
— the cost of existing expansion of capacity is 
ing paid in prices c for material. There is a 
ual accumulation of requirements which must 
inevitably be precipitated on the mill, foundry, and 
engineering plant —-.- Mill interests continue 
unwilling to accept much business for next year. The 
demand for steel bars, heavy steel plates, and basic 
pig and steel is crowding producers. Pig-iron gains 
in demand each week. The Steel Corporation is using 
90 per cent. of its furnace capacity. Independents 
are large buyers of iron. Most Southern furnaces 
have very little 1915 iron for sale. Implement-makers 
are y and are insisting on prompt deliveries. 
Latest advices from large machinery makers indicate 
an oversold condition. Enormous munition ship- 
ments are now being rushed abroad, and the outgo 
will expand rapidly. Many consumers are storing 
large quantities of coal for next year. 





Our Ras Asroap.—The exports of rails from the 
United Kingdom in August wed some increase 
compared with the corresponding month of 1914, although 
they were not up to the level of August, 1913. e 
welcome change observable was due, to some extent, to 
an increased Ovlonial demand, the shipments to South 
Africa rising to 4742 tons, as compa with 180 tons; 
those to Australia to 13,848 tons, as com with 6227 
tons ; and those to New Zealand to 2314 tons, as com- 
pared with 1070 tons. The deliveries to British India 
declined, however, to 3595 tons, as compared with 8303 
tons; but this was more than offset by an expansion in 
the miscellaneous shipments to 7721 tons, as compared 
with 3325 tons. 


SHIPBUILDING IN SwepEN.—Swedish shipbuilding has 
admittedly lagged a good deal behind the marked enter- 
prise and expansion displayed by Swedish shipping 
during the last decade. Rumours are now being 
to the effect that this is the —— time for one 
matters; more standardising, and a better division o 
labour, among other points, are recommended. Sweden, 
it is argued, must follow the example set by England, 
ae for the building of large numbers of certain 
8 typesof ships. It is argued further that Sweden 
ought to be able to build ships under conditions as favour- 
able generally as those prevailing in any other country, 
and that the necessary technical financial re-organisa- 
tion should not offer any special difficulties. There is, as 
a matter of fact, reason to believe that Sweden is about 
to make good the chances she unquestionably possesses 
in this branch of engineering. 





CANADIAN nig way eee Pes of the work- 
ing expenses to the traffic receipts of this great system 
for the year ended June 30 was 66.04 per cent., as com- 
pared with 67.32 per cent. in 1913-14. — = past 
twelve months 231,297 acres of agricultural were 
sold for 3,742,115 dols., giving an average of 16.17 dols. 

racre. The area sold included 6550 acres of irrigated 

, which brought 55.22 dols. per acre, so that the 
average price of the balance was 15.04 dols. per acre. 
The compan obtained an extension of its charter 
ean = ing it to hold stock and securities of the 
ian Paci 7 te wetngrte e a yay it is 
posed, should purchase e over the company’s 
Pewrest fo all its steamships, as well as those of 
Allan Line Steamship Company, which has for some 
time been under Canadian Pacific control. The appro- 
priations made by the Uanadian Pacific Company on 
capital account during the past twelve months were com- 
paratively small, aggregating 3,546,600 dols. This amount 
included the estimated expenditure on Roger’s Pass 
Tunnel in the Selkirk Mountains, 1,350,000 dols.; pas- 
— and freight terminals at Quebec, 300,000 dols.; 
7 


station with approaches at North 
Toronto, 400,000 dols, 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.— Business was incli to be 
dull and rather unsteady at last Thureday 7 pig- 
iron market, only one lot being dealt in at 64s. 11d. cash, 
while at the close sellers were quoted 65s. per ton cash 
and 66s. 44d. one month. There was a slight reaction in 
the afternoon, but no transactions took place, closing 
sellers’ prices being 64s. 10}d. per ton cash, 65s. 3d. one 
month, and 66s. three months. On Friday forenoon the 
conditions were very little better than on the previous 
day, the only business done being 1500 tons of veland 
iron, which changed hands at 66s. three months. Closing 
sellers’ prices remained the same as on Thursday after- 
noon. Ab afternoon session, although no business 
was done, tone was a trifle easier, with a nominal 
decline in price of 1d. to 14d. per ton, and closing 
sellers’ quoted at 64s. 94d. per ton cash, 
65s. 2d. one mon and 66s. three months. Mon- 
day forenoon’s market showed an entire absence of busi- 
ness, with sellers’ quotations at the close nominally 1d. 
per ton over Friday’s values. Idleness again Wailed 
in the afternoon, and $d. per ton was added to the 
closing sellers’ ices. No improvement took place 
yesterday (Tu y), a lifeless condition still predomi- 
nating at the forenoon session, when only one transaction 


iy ie 


was at 65s. 3d. one month. The price of Cleve- 
land iron remained nominal and stationary, closing sellers’ 
quotations being the same as on Monday. All over 


prices rose 1d. per ton in the afternoon, but no business 
was done, although buyers of three months iron at 66s. 
were in the market. This (Wednesday) morning a very 
limited business was done, only one warrant of Cleveland 
iron being dealt in at 65s. 6d. one month. Closing sellers’ 
ices were ld. per ton up from yesterday, the quotations 
being 65s. 1d. per ton cash, 653. 5d. one month, and 
66s. 3d. three months. An easier tendency was noticeable 
in the afternoon, when the transactions amounted to 1500 
tons, which were dealt in at 64s. 11d. cash and 66s. three 
months. At the close sellers were quoted 65s. per ton 
cash, 65s. 44d. one month, and 66s. 1d. three pend 


of Ammonia.—No change has taken place in 

connection with the sulphate of ammonia trade during 

the past week, and for prompt delivery, Glasgow, the 

ice still stands at 14/. 15s. per ton, while at Leith the 
re quoted is 15/. 


Scotch Steel Trade.—The extraordinary and phenome- 
nal pressure in the steel trade still continues with un- 
abated activity, and the conditions, relative alike to 
the Government work and ordinary mercantile orders, 
remain un . Sectional material is in great 
demand, especially for shell bar, beams, and girders, 
and it is still with the utmost difficulty that makers 


with the vernment requirements. 


can keep pace 
as | Much of this is for the French Government, which con- 


tinues a steady customer. Although much of the material 
turned out is of a light nature, the plate-mills are all 
running full strength and there is every likelihood of 
these conditions continuing for some time to come. 
Indeed, in many cases there is frequently some consider- 
able congestion on the mill floors notwithstanding that 
every effort is made to get all orders cleared away and 
despatched with the utmost possible speed. Fortunately, 
one of the West of Scotland steel works, which closed down 
some little time ago, has enabled to make a fresh 
start, and, were it ible to get a sufficiency of labour, 
it is more than Bable that a few other establishments, 
the doors of which are temporarily closed, might also 
resume operations. Prices are decidedly firmer, steel bars 
made from American billets advancing steadily ; other- 
wise the prices quoted last week still hold Boiler- 
plates are from 10/. 15s. per ton, ship-plates from 100. 5s. to 
102. 15s., and angles also from 10/. 5s. to 100. 15s., all for 

mpt delivery, and less the customary 24 per cent. for 
ll or equal, while angles for export may be con- 
siderably higher. 


Malleable-Iron Trade.—The boom in the malleable-iron 
trade shows no sign of slacking-off, and manufacturers 
are still as busy as it is possible for them to be. Govern- 
ment work, naturally, takes precedence of all other, and 

ivace customers are holding-off meantime. ‘* Crown 
vty prompt delivery, G w or equal, have advanced 
in price, and are now quo’ 112. 10s. per ton, less the 
usual 5 per cent. 


Scotch Pig-Iron Trade.—Conditions in the pig-iron 
trade remain much the same as last week, and locally 
makers’ iron is inclined to be rather quiet. Hematite, 
however, is in excellent demand, largely owing to the 
activity in the steel trade. At the moment, ordinary 
for business is decidedly “‘ off,” and even the export 
trade is still far from being satisfactory, and the pros- 
pects of any improvement rather ers my No 

in the price of makers’ (No. 1) iron has taken place, 
the current rates being as follow :—Clyde, Calder, Gart- 
sherrie, Summerlee, Langloan, 85s. per ton (all shipped 
at Glasgow) ; inton, 80s., and Glengarnock, 86s. (both 
ad Fenny ry ee 81s. (at Ayr); Shotts, 85s., 
and Carron, (both at Leith). 

Glasgow Tramway Workers and Munitions.—An inter- 
esting and unique feature was brought to light on Friday 
last, during annual inspection of the Glasgow 
Corporation Tramway’s works, when, for the first 
time, it became generally known that at the Coplawhill 
dép6t, a number of the employees had been actively 
en in the production of munitions. Quietly and 
unostentatiously this work has gone on now for some 
months t. It is not advisable that the nature of 
the work should be disclosed, but, notwithstanding 
the various limitations, it is sufficient to say that the 
men employed on the important work in question sre 
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devoting themselves whole-heartedly to the demands of 
the Government. The tramway department has already 
done magnificently in the way of recruiting, and this 
further proof of the loyalty and patriotism of the men 
is alike gratifying and noteworthy. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBRouGH, Wednesday. 

Cleveland Pig-Iron Trade.—Traders in veland pig- 
iron show rather more disposition to operate, and with 
buyers and sellers now differing very little in their ideas 
as to values—except in the case of No. 1—a little more 
business is being put through. It may be said that there 
is generally a better feeling, and the opinion prevails 
that good military news would have a very stimulatin 
effect on the market, and would bring in buyers. Second- 
hands have this week sold a good deal of No. 3 g.m.b. at 
65s. 6d., which is the ised market quotation. One 
or two makers have also disposed of parcels of the ruling 
quality at round about the ct quotation, but for 
named brands more has been ised. No. 4 foundry is 
653 ; No. 4 forge, 64s. 6d.; and mottled and white, each 
64s. Sellers of No. 1 — that buyers would not psy 
the price demanded have lowered the quotation to 
69s. 6d., but this reduced figure does not meet views of 
CC 8, who consi the price still fully 1s. too high, 
and consequently they continue to use No, 3 in place of 
the superior quality, which is still scarce. 

Hematite Iron.—A_ tendency to firmness is noticeable 
in the hematite branch of the staple industry. A tly 
the recent blowing-in of two additional furnaces has not 
thrown any grest surplus of iron onthe market. In view 
of likely increase in cost of output by advance in ore, some 
producers are not at all keen to commit themselves ahead 
extensively at current quotations, notwithstanding the 
freely expressed opinion of buyers that ruling rates leave 
a colina margin of profit. Hematite quotations keep 
very high in comparison with values of Cleveland pig. 
Nos. 1, 2, and 3 are quite 95s. 6d. Merchants have sold 
at that price, and probably few makers would refuse 
orders at that figure, though they ask more. 


Shipments and Stocks of Pig-Iron.—Shipments of pig- 
iron from the Tees fell considerably short of what was 
anticipated. To date this month they average 1033 tons 
per working day, the total loadings being returned at 
13,431 tons. To the same date last month the clearances 
amounted to 13,378 tons, or a daily average of 1029 tons, 
and for the corresponding part of September, last year, 
the despatches reached 22,704 tons, or an average of 1746 
tons per working day. The stock of Cleveland pig in the 
public warrant stores now stands at 140,962 tons of No. 3, 
or 1107 tons less than at the beginning of the month. 


Foreign Ore.—Inactivity continues to characterise 
foreign ore, but the absence of business is entirely due to 
unsuccessful efforts to persuade sellers to contract ahead. 
Consumers are keener than ever to ne 4 for supplies 
over the remainder of the year, but wi — cts of 
great scarcity of suitable tonnage and higher freights, 
sellers naturally refuse to commit the ves ahead to 
any extent at currentrates. Market quotations are based 
on fully 27s. ex-ship Tees for Rubio of 50 per cent. 
quality. Freights Bilbao-Middlesbrough are firm at 
12s. 3d. Imports of foreign ore to Middlesbrough for the 
first half of September amount to no less than 93,533 tons, 
and as further heavy supplies are due, the quantity 
ey by the end of the month promises to be very 

eavy. 

Coke.—There are persistent rumours that the new coke- 
making plant at the Redcar Iron Works will be put into 
operation shortly, and as the iron works are laid idle, this 
would throw about 1000 tons extra per week on the 
market. Average Durham blast-furnace coke is 25s. 
delivered at Tees-side works. 


_ Manufactured Iron and Stecl.—Little of the output of 
finished iron and steel is available for ordinary mercan- 
tile purposes, as the Government continues to demand 
the bulk of the production. Efforts to place ordiva 
commercial orders at considerable premiums meet wi’ 
little or no succees. Manufacturers are being pressed for 
deliveries, and a very great deal of work is now bei 
turned out. Recent advances are fully maintained, an 
may be followed by higher quotations for other descrip- 
tions. The following are among the principal market 
rates: — Oommon iron bars, 112. 10s.; best bars, 
lll. 178. 6d.; best best bars, 12/. 5s.; packing-iron 
(parallel), 8/.; packing-iron (tapered), 9/. 15s.; iron ship- 
plates, 10/.; iron ship-angles, 117. 10s.; iron ship-rivets, 
13/.; steel ship-plates, 10/.; steel ship-angles, 97. 17s. 6d.; 
steel strip, 10/. 15s.; steel hoo: 111. ; steel joists, 
91. 178. 6d. ; heavy steel rails, ; and steel railway 
sleepers, 10/.—railway material net, and all other descrip- 
tions less the customary 24 per cent. 








RRCOVERY OF MATERIAL FROM THE BATTLEFIELDS. —The 
Italian journal, Rivista di Artiglieria ¢ Genio, gives 
ublicity to an order issued by the German Minister for 
= ar, contained in the Verordnungsblatt, No. 14, of 
March 27, according to which the following prices will 
be paid to all civilians who collect from the battlefields 
material likely to be serviceable to the German Army. 
For brass articles, including used rifle and gun-cartridge 
cases, and for co , aluminium, and zinc i 
about 3d. per Ib. For new gun-cartridge cases, about 
Sd. per lb. For complete rifle-cartridge cases, about 14d. 
per lb. For tins or other ware which have contained 
serves, about 3d. per 101b. Prices are also fixed for heli 
splinters, eaving pave of the rifle-band attached or not. 

he military who collect 
of the prices received by civilians. 


such articles are paid one-fifth | record 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Trafiic.—Now that it is possible to compare 
war period with war period, big increases are shown in 
the returns of coal traffic by way of Hull. Last month 
434,608 tons were sent through Hull, against 228,623 tons 
in August, 1914, an increase of 205, tons. For the 
eight months, however, this year’s total is 835,748 tons 
ind the total of 3,278,471 tons for 1914. The month's 
forei exports amounted to 296,765 tons, against 
191,038 tons in August, 1914—an increase of no less than 
105,727 tons. For the year, shipments abroad totalled 
1,688,263 tons, as compared with 2,247,468 tons for 
the co ding period of 1914. France, who was 
again op foreign buyer, increased her takings 
from 6280 tons in August, 1914, to 198,597 tons last 
month, and her year’s takings from 248,781 tons to 
1,069,871 tons. Increased tonnages were also taken by 
Denmark and Sweden. 


South Yorkshire Coal Trade.—Though there is a fair 
amount of activity in the open market, contract business 
is decidedly flat. The explanation is the uncertainty 
that prevails with to the future control of prices. 
Consumers sre anxious to profit from easier condi- 
tions in certain sections of the trade, but at the same 


time do not wish to commit themselves to prices which | t 


may be in excess— ibly much in excess—of regu- 
lated values. Inland works are taking big tonnages 
of gas fuel. The partial withdrawal of lighting restric- 
tions has a marked effect on consumption, and 
much larger supplies are needed. House coal is a quicker 
market. The current demand resembles the usual pre- 
October rush, though the influx of orders is hardly as 
great, many householders having availed themselves of 
the repes' warnings as to the likely effect u 
the winter trade of withholding orders until the Tost 
moment. Collieries are working under pressure, and the 
local dép6ts have quite as many orders as they can con- 
veniently handle. There is less evidence of ing pres- 
sure in steam coal. An increased call from both home 
consumers and from France has caused stocks at the pits to 
dwindle. For the moment most of the hard steam col- 
lieries have as much as they can do to keep pace with orders. 
Aslight improvement has taken place in slacks, but they 
still exhibit weakness, pee eee inferiorquali- 
ties. I lar conditions prevail in the coke trade. Steel 
cokes are in moderate demand at 33s. 6d., delivered, but 
furnace coke, which has been a a for several 
weeks, is unsteady at 17s. 6d. to 18s. 6d. at the ovens. 
uotations: — Best branch hand-picked, 20s. to 2ls.; 
ley best Silkstone, 17s. 6d. to 18s. 6d.; Derbyshire 
best hts, 17s. 6d. to 18s. 6d.; Derbyshire house, 15s. 
to 16s. ; t large nuts, 14s. 6d. to 15s. 6d.; small nuts, 
14s. to 15s.; Yorkshire hards, 16s. to 17s.; Derbyshire 
bards, 16s. to 17s.; best slacks, 11s. to 12s.; seconds, 
9s. 6d. to 10s.; smalls, 8s. to 9s. 


Iron and Steel.—Business in common irons has again 
been on a very moderate scale. Producers contend that 
values have not advanced anything like in proportion 
to those of finished and semi-manufactured material, 
and that they have difficulty to make ends meet at 
the prices which now obtain. This argument does not carry 
much weight with consumers, who have covered their 
requirements pretty well in advance, and are not inclined 
to rm premiums on current rates. Both Lincolnshire 
and Derbyshire foundry pig is quoted ls. cheaper at the 
furnaces. Forge iron is unaltered and fiat. The hema- 
tite section is much more active, and prices are moving 
upwards. West Coast special hematites are in heavy 
demand for steel-making in connection with armaments, 
and quotations range as high as 137s. 6d. per ton. There 
is not a great amount of business in bar iron, but output 
is restricted on account of the time which the mills are 
occupied in rolling bars for munition work, and prices 
continue to advance. For some weeks makers have 
been qeetins 11. 10s., and the South Yorkshire Bar 
Iron Makers’ Association has now raised the basis 
price of ‘‘Crown” bars to that level. Compared with a 
year ago, this represents an advance of 3/. 5s. per ton, 
in addition to which the customary cash discount of 
24 per cent. is no longer allowed. The position in the 
heavy-steel trades has undergone little change. Re- 
peated charges of slackness have aroused some bitterness 
of feeling among munition workers, whose leaders em- 
phatically deny any attempt on the part of the trade 
unions or of trade unionists to “slow time” or restrict 
output. Every branch has as much commercial i 
as it can handle, particularly as regards tool-steel and 
tools and industrial machinery and im ents. Some 
firms have booked more orders than they ex to get 
through withinseveral months, and are com to turn 
down anything in the shape of new business. A good 
deal of tramway material is being made for English cor- 


porations, and the railway axle, t and wheel plants 
are also busily engaged. Laboor is still badly wanted. 
Work in the fini sections would be considerably ex- 


pedited if miore men could be obtained by the rolling- 


mills, where work is seriously congested. ‘tensions to 
shell-making works are being completed at a id rate 
and several new schemes are being put in | Steel 


billets are firm at the following rates :—Siemens acid, 
132. ; Bessemer acid, 12/.; basic hard, 10/.; and basic 
10s. 





American Gotp.—The gold production of the United 
States in 1914 was 4,572,976 oz., or 6 per cent. more than 
the output of 1913, and 1 per cent. more than the out- 
put of 1912, although a reduction of 24 per cent. is 
shown when the — is extended to 1911. The 





American gold year was 1909, when a yield of 


4,821,701 oz. was attained. 











NOTES FROM THE SOUTH-WEST. 

Oardiff.—Business in steam coal has shown no great 
activity, although there were some indications of a more 
active inquiry in consequence of the willingness of the 
authorities to grant ex licences with more freedom 
for allied countries. Stocks, however, are still heavy, 
and it is possible to obtain reductions for large and 
smalls for immediate shipment. The best Admiralty 
large steam coal has been, to some extent, nominal ; 
secondary qualities have ranged from 23s. to 24s.; best 
cane from 17s. 6d. to 18s. 6d.; and cargo smalls 

from 11s. to 12s. ton. The best household coal has 
to 24s.; good households at 21s. to 
8s. to 19s.; and No. 2 
> latest —— 


! 
H 


ton. As 
Ri made 24s. to per ton, 
" per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Retrenchment in the West.—The circular recently issued 
iy ie Home Secretary to town councils im ing upon 

m the importance of meaeures of retrenchment under 

aa circumstances has not been without its effect in 
the West of England. The Bristol City Council, for 
instance, has succeeded in reducing its estimated police 
expenditure for the year ending March, 1916, from 
84,2002. to 77,2002. The grant in aid of Bristol Docks 
will, also, be about 97,000/., as compared with 104,000/. 
as originally estimated, while for the six months just 
a | it will only be about 45,000/., as compared wi 
52, The uction in the assistance appealed for 
by the Docks Committee is happily due to increased 
traffic at the docks. With the help of a few other econo- 
mies Bristol expects to cut down its expenditure during 
the —- months to the extent of 16,000. The 
Rhymney District Council proposes a general district 
rate for the ensuing half-year at 1s. 8d. in the pound ; 
this is a reduction of 4d. in the pound as compared with 
the previous six mon 


Export Coal Licences.—The Cardiff Chamber of Com- 
merce received on Friday a notification from the Govern- 
ment Ooal Exports Committee that, in view of the 
— nature of the coal trade between British and 

ports, it has been decided that the names of 
steamers need not in future appear in applications for 
export licences, either to France or French possessions, 
and these names need also not su uently be sent to 
the War Trades Department. This relaxation of regula- 
tions, however, leaves the Oustoms authorities with full 
powes to refuse clearance to any vessel if they deem it 

lesirable to do so. 


Welsh Trade Matters.—The directors of the Celtic Col- 
lieries Company have declared an interim dividend at the 
rate of 1 her cent. per annum for the half year ended 
June 30. The company distributed no dividends for 1910 
and 1911; in 1912 and 1913 its dividends were at the rate 
of 3 per cent. 4 annum; and for 1914 4 per cent. was 
fo! ming. e prize German steamer Emil, which 
has been lying in Barry Dock, has been sold for 58,300/. ; 
the vessel, which has a displacement of 1934 tons, was 
built in 1904 by the Northumberland Shipbuilding Com- 

The directors of the King Line have declared an 
interim dividend at the rate of 6 per cend. per annum for 
the six months ended June 30. The directors of the 
Albion Steam Coal Company have declared a dividend of 
6 per cent. on the cumulative preference shares for 1912. 
The Powell Duffryn Steam Coal Company has announced 
an interim dividend of 10 per cent. upon the ordinary 
shares. The Electrical Committee of the Bristol City 
Council is proposing some rearrangement of its staff; a 
new office, carrying 4 salary of . per annum—that of 
boiler superintendent—is also in contemplation. The 
trade movement of Swansea Harbour for the past six 
months has just over 4,000,000 tons, as compared 
with 4,300,000 tons in the corresponding period of 1914, 
and 4,700,000 tons in the corresponding period of 1913. 
The revenue uf the Harbour Trust has, of course, 
somewhat reduced by the war. 





Rirte-CarTripGk CHARGING-MaAcHINE.—The Rivista 
di Artiglieria e Genio gives publicity to a report, accord- 
ing to which an Austrian, Captain V. Henriques, has 
invented an automatic machine for charging rifle-cart- 
ridges. The machine requires the intervention of two 
men only, and can 110,000 rifie-cartridges in ten 
hours. It is being adopted by the Austrian military 


authorities. 

German Street Propuction.—The Comité des Forges 
de France gives the following information, taken from 
Stahl und Eisen. The total uction of steel 





ingots and castings, including Luxemburg, in 1914, 
amounted to 14,973,106 as Fm pe 18,949,929 tons in 
1913. The figures for finished producte, including 


rails, gi sections, forgings, &c., were 13,011,438 tons 
in 1914, as against 16,618,960 tons in the preceding year. 





AMERICAN Bittets ror Great Britary.—We read in 
the Iron Age that war exports of stee! blooms, billets, 
and slabs from the United States.to Great Britain show 
4 increase over previous’rcords. For July this 

ear Britain’s imports frem the United States were 
Bp. 417 gross tons, against enly 2365 tons in July, 1914. 
The total for one year of the war—from August 1, 1914, 
to August 1, 1915—is 217,673 tons, against 23,759 tons for 
the preceding year. This is an increase of 89 per cent., 
due to war demands. The bulk of these exports, or 
208,271 tons, kad gone out since January 1. 
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WORM-GEAR FORMING AND TESTING-MACHINES. 
CONSTRUCTED BY MESSRS. DAVID BROWN AND SONS (HUDDERSFIELD), LIMITED, ENGINEERS, HUDDERSFIELD. 
(For Description, see Page 286.) 
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WORK-WEARINESS. 


Tue physical stress due to the extraordinary 
demands on labour in maintaining the maximum 
possible supply of war munitions has, we are ready 
to admit, involved, on the part of many workers, 
excessive work-weariness ; but there is ground for 
the suspicion that this condition has sometimes 
been made an excuse for the bad stm 
of which all authorities, from the Minister o 
Munitions downwards, have had cause to com- 

lain. The subject is one of importance from the 
industrial point of view always, and particularly 
at the present time, because every measure likely 
to relieve fatigue should be adopted, in spite 
of the fact that the effort made by all concerned 
ought to be superhuman, in view of the serious- 
ness of the national crisis. As Mr. Lloyd George 
has pointed out, we cannot win without the 
maximum effort by the workers of the country, 
but it is possible that we might lose without such 
effort. If, therefore, we direct attention to the 
subject of work- weariness, it must not be accepted 
as in any way in palliation of any worker who 
fails to recognise that fatigue is a poor excuse for 
not playing a part analogous to that untiring, un- 
pempheibing heroism displayed by his fellows in 
the trenches. The only spirit which is commen- 
surate with a true conception of patriotism is that 
for which Lieutenant W. F. Forshaw received the 
Victoria Cross the other day. The official narrative 
of his claim to this highest of military distinctions 
ought to be imperishably inscribed on the walls of 
every workshop in the country. He personally 
threw bombs continuously for 41 hours, while at 
the same time directing his men and encouragin 
them by exposing himself with the utmost di 

for danger. When he returned tohis battalion he was 


293 | choked and sickened by bomb-fumes, badly bruised 


by fragments of shrapnel, and could barely lift his 
arm owing to the continuous bomb-throwing. 
Surely a twelve hours’ day in the calm and safety 


29g |0f the workshop cannot be regarded as a legiti- 


mate source of work-weariness, with such a feat, 
carried out amidst such danger, as incentive to 
action and equally essential to victory. 

While it ought to be the aim of every worker to 


utilise the last ounce of mental activity or physical | al 
energy to meet the nation’s needs, it is incumbent 
upon those responsible for the administration of 
the works to ensure the maximum output for the 





minimum of fatigue. The im 
the Minister of Munitions 

ny! renders difficult any concession which would 
in the smallest degree reduce the volume of output ; 
that is the problem set to works managers. e 
difficulty, too, is intensified by the insuffi- 
ciency of workers, skilled and otherwise. The 
works manager is perfectly conscious of the fact 
that long hours, involving excessive fatigue, are not 


ive call made by 
the Board of Admi- 


conducive to the maximum of production, even 


where the most efficient of machine-tools are uti- 
lised, because longer time is taken to re-set the 
machine at the fourth or fifth hour of continuous 
work, and there is a téndency for the of 
accuracy to be lessened. Were it possible in all 
cases to run three shifts’of ‘eight hours each, with 
even a break on Sunday, the output per machine 
would be enormously greater, with a smaller. per- 
centage of waste work. This ideal condition, how- 


e | ever, is not realisable, and the works management 


are forced, as a rule, in order continuously to 


he| utilise machine-tools, to work in double shifts, 


involving eleven or even twelve hours’ work with 
only occasional breake, and even to insist on an 
amount of Sunday labour which, under normal con- 
ditions, would not be economically justifiable. 
Perhaps those who are most to be sympathised 
with on the score of work-weariness are the 
staff—the managers, foremen, and establishment 
men—who cannot, like ordinary workmen, take a 


day off when fatigue demands it. But in their case 
there is no eon 
In large establishments, probably more than in 


small factories, attention is given to overcome those 
conditions which are indirectly, but nevertheless 
pronouncedly, conducive to fatigue—namely, defects 
of ventilation and heating. There can be no doubt 
that vitiated air has a serious, debilitating effect, 
particularly where the air becomes moist as well as 
heated ; and we fear that in some of the smaller 
factories, where the maximum use has been de- 
manded per unit of floor area, the conditions are 
unsatisfactory. This is a point on which stress 
was laid in the report specially prepared for the 
Economic Section of the British Association on 
the question of fatigue from the economic stand- 

int by a Committee of which Professor J. H. 

uirhead was chairman. The report, drawn up 
by Mr. P. nt Florence, made it clear that 
the action of vitiated air was notoperative through 
the lungs, but through the skin. A man can do 
far more work with less fatigue at a low wet-bulb 
temperature than ata high one. A drop in tem- 
perature results at once in human activity being 
stimulated. Obviously, it is of the first importance 
that there should be a sufficiency of pure and dry 
air, and from this point of view large factories are 
commendable, because the tendency is to have a 
higher roof and to have a systematised method of 
renewing the air. The environment, too, in such 
case is more likely to be conducive to that bright- 
ness which assists resistance to the influences 
making for excessive fatigue. 

There is no doubt, however, that the nature of the 
work done is the principal factor in producing work- 
weariness, and is probably as great an influence to 
this end as excessive effort over prolonged hours. 
The Committee of the British Association have gone 
into this question fully ; but we are not dis 
to do more than accept broad conclusions, as in all 
such investigations, however painstaking and ex- 
tensive, there is ever the difficulty of eliminating 
variants which may vitiate the result. In mecha- 
nical work of all kinds four broad, differentiating 
conditions are, as they state, operative’: complexity, 
uniformity, frequency, and regularity ; and the Com- 
mittee naturally entered upcn a consideration of the 
effect of those mechanical influences on the charac- 
teristic of the worker. We have thus raised anew one 
of the topics of perennial discussion, particularly as 
it affects the education or training of the mechanic 
or engineer. For the present, however, we are 
concerned only with the effect on work-weariness. 
It is often contended that where repetition work 
is done, involving the maximum of uniformity and 
regularity, the result is lack of interest, due to 
monotony ; and probably in such case the only influ- 
ence counteracting fatigueis the reward or remunera- 
tion under modern piece-work or premium-bonus 
systems. Where there is added the element of fre- 
quency, the psychological condition is undoubtedly 

tered, icularly in cases where the machine 
determines the rate of operation ; in ether words, 
where the material has to be fed in with a regu- 
larity and speed unalterably tixed by the machine. 
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These conditions are met with, for instance, in 
most mechanical stamping operations. The d 
of fatigue in such work is due to the extent to 
which mental strain is added to physical work. 
In very many cases, however, as is pointed out 
by Weber, in his ‘‘ Psychophysik,” the manual 
operator becomes so perfect in practice that the 
rocess leaves the ‘‘ conscious will and the power 
or attention” absolutely free, resulting in a 
‘direct saving through the removal of pressure 
from the certral nervous organ.” There is thus an 
increase of facility, rapidity, certainty, and regu- 
larity of the particular action or operation, owing 
to its frequent repetition. With the introduction 
of any degree of complexity, or of other qualities 
demanding attention on the of the workers, 
there is introduced the need for care, and conse- 
quently a sustained anxiety which may involve 
attacks on the nervous organism, conducing, along 
with physical strain, to work-weariness. Com- 
plexity of actions in combination with great fre- 
quency and little regularity of recurrence involve 
worry. The quality of the work, again, is affected 
by the influence of fatigue upon attention, muscular 
control, judgment, and memory : this may result 
in greater loss of intensity consequent on fatigue, 
especially where the machine sets the pace. ere 
there is possibility of reduced output, the likeli- 
hood is for a less effect on quality. 

It is not easy to measure accurately the degree 
of diminution of output consequent upon work- 
weariness, either owing to mental worry, physical 
stress, or deficient hygienic conditions. The in- 
vestigations, made over a wide area and as to 
different groups of various trades in America, show 
that the first hour of any particular spell of work 
—for instance, from the breakfast to the dinner- 
hour, or from the dinner-hour to the stopping- 
time—gives a very small output, the second hour 
very great, the third great, and the fourth fair, 
while if there is a fifth, it is usually small. These 
are results consistent with reason, but there 
are necessarily variations. Where work is not 
continuous in its demand, either on the mental or 
physical faculty, there is not the same, if any, 
variation. There is the case, for instance, of the 
workers at the Bessemer converters or those engaged 
in tapping blast-furnaces. The effect of non-per- 
sistence, associated as it is in many cases with com- 
parative irregularity in the recurrence of the opera- 
tion, is a relief, and therefore a counteractant to 
fatigue. In fact, it will be seen that the conditions 
are exactly opposite to those of press-stamping. 
In the latter case, where, as a y pointed out, 
the work is physical without any demand at all on 
mentality, the fatigue may be enormously greater, 
especially where the stamper is a piece-worker. 
The conclusion which may be drawn, although it 
cannot be accepted as arbitrarily correct, is that 
frequent breaks are effective against excessive 
fatigue, even where the greatest degree of uni- 
formity, frequency, and regularity obtain. Scat- 
tered, irregular —_ as is pointed out in the 
report, be they due to the nature of the material 
or to a hitch in factory action, all tend to relieve 
the ‘‘ psychophysik ” and put a check to fatigue. 

In regard to factories where intensity of work, 
due to m ment, is achieved, a comparison 
made showed that during a spell—that is, from 
breakfast to dinner-time—a more “intensive fac- 
tory” did not show the same diminution in out- 
put as a less intensive factory, which might indi- 
cate less fatigue ; but, again, it might be due to the 
greater incentive to keep up speed. There is also 
the ibility that where intensity of work is 
— and where tuning-up in efliciency is care- 
ully studied, there are other extraneous conditions 
conducing to sustained effort. Undoubtedly, in 
addition to the psycho-physical state, there are 
factors which are outside condition or fact. There 
is the question of incitement, which “arises in a 
purely mechanical manner from the work itself, 
and without the active intervention of the will.” 
The loss of incitement is tamiliar h when we 
return to a task from which we have called 
away even for a few minutes. There is, too, a 
secret consciousness, or a desire to come up to a 
certain standard, the influence of impulse, the 
desire to earn more or to finish off well. It is 
almost a universal experience that workers paid by 
piece or premium-bonus systems will put on an 
extraordinary spurt for a considerable period 
before the pay-day ing holidays. Fatigue is 
then forgotten. ere is, ome element of 


incitement, due to the anticipation of a rest or 








change or food at the end of the spell. Indeed, 
the —— equation and will power enter very 
largely into the influence of fatigue on the worker, 
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war, but probably also for several years afterwards. 
Germany's enemies, and the people dependent 
upon them, will for several years after the war only 
buy from Germany what they cannot get elsewhere 
of reasonable poe fa and price. Whatthis means 
for the German industry can be gauged by the fact 
that German exports to her present enemies and to 
their colonies amounted to 4,000,000,000 marks 
annually, or 40 per cent. of her total exports, and 
most of this represented industrial products. 

Compensation, the German papers contend, must 
be obtained for this reduction in exports, which 
may be certainly anticipated. Such may be found, 
to some extent, in new export markets or in an 
increased sale to countries with which Germany 
is already dealing. Thus German exports to Turkey 
and the Balkan States, haps also to Austria- 
Hungary, may be materially increased in the future. 
German exports may also increase to her more 
immediate neighbours, Scandinavia, the Nether- 
lands, and Switzerland. The home market may 
offer better possibilities than many think. Germany 
imported in the year 1913 finished goods valued at 
1,500,000,000 marks, and partly finished goods 
valued at 1,250,000,000 marks, or in the regate 
to the value of about three-fourths of the German 
exports to the present hostile countries. Even if 
for several reasons it is impossible to replace these 
imports of finished and half-finished goods com- 
pletely in the home country, it would appear from 
these figures that the home market can offer 
German ae compensation for the reduction 
in the export to hostile countries. 

An increase of demands may be expected within 
many fields of the home market after the war ; 
thus the demand for machines will no doubt in- 
crease; for the war has deprived the belligerent 
countries of much labour, not only temporarily, but 
for good, or, in any case, for several years after the 
war, The number of killed alone has to be counted 
in hundreds of thousands, and may, perhaps, reach, 
or even exceed, the million ; the number of those 

rmanentily disabled from wounds and illness will 

ly be smaller: and, further, a decrease in the 
— of the population must be reckoned upon 
or the first four years after the war. There will 
consequently be a tangible shortage of labour after 
the war ; machinery must make good this shortage. 
America has shown Europe an example in thi 
direction. 

As regards foreign competition and the importa- 





The above —_ refer to the imports for the year 1913, with the 
exception of those marked with a *, which refer to the year 1912. 

The very material import of agricultural ma- 
chinery from Canada and the United States is in 
the first instance owing to the fact that the 
shortage of labour in the United States and in 
Canada compelled the industries of those countries 
to develop machines for the different kinds of 
agricultural work at a time when there was still 
little need of such machines in Europe, especially 
in Germany, because there was still a sufficiency 
of labour available. This gave the American 
industry a start in this connection and enabled it 
to gain wu footing in the German market, when a 
demand for such machines sprang up. The im- 
port of cream-separators from Sweden is owing to 
a patent, the import of motor-cars from France 
arose from the earlier development of the French 
automobile industry, while the import of motor- 
cars from the United States was due in the first 
instance to materially lower prices. 

In other branches the imports into Germany are 
explained by the various stages of development to 
which the different industries have attained in the 
different countries, through local or historical 
causes, as illustrated by the import of silk from 
France, and watches from Switzerland. It is, 
however, by no means certain, the German paper 
claims, that the conditions which at one time 
favoured the development of certain industries in 
other countries still exist, or are bound to continue. 
The silk industry is at present equally practicable 
in Germany as in France, and as a matter of fact 
equally efficient, though not so general; neither is 
there any reason why the German watch industry 
should not become quite equal to the Swiss. In- 
stances of a particular industry’s superiority in any 
one country on account of local conditions, which 
another country also can attain to, are none too 
frequent in this time of international traffic. In 
articles where taste plays a prominent the 


foreign imports into Germany are generally caused 
by the ieomen preference for foreign goods. 
Germany has had a pronounced preference for what 
hails from England and France. F 

Apart from the articles enumerated in the above 
table, there are others in which foreign competition 
has made itself notably felt on the German market. 
Thus, of the annual German requirements of 
150,000 tons of tin-plate, 40,000 tons have been im- 
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ported from land. The German manufacturers 
of this commodity, on account of war contracte, 
have already materially extended their works, so 
that in the future they will not only be able to 
supply the home demand, but also to export to the 
present neutral countries. The only obstacle in 
the way of this industry at the present time is the 
difficulty of obtaining tin. As regards the glass 
industry, the imports are not only important, but 
even the home industry is mostly in foreign hands, 
foreign capital in the Union of German Plate-Glass 
Works in Cologne amounting to about 80 per cent., 
against 20 per cent. of German capital. Other 
manufactures in which foreign competition has 
interfered with German industry are boilers, ven- 
tilators, tool-steel, and articles of steel, &. 

In cases where the conditions of manufacture 
are distinctly more favourable for another country 
than for Germany — by reason of cheaper raw 
material, labour and power (water power)—it will 
prove difficult to put a stop to foreign imports. But 
such cases, as already pointed out, are not numerous. 
Where, however, only historical reasons, now of no 
account, or incidental circumstances, or an unneces- 
sarily expensive mode of manufacture, or an un- 
reasonable preference for foreign goods is the cause 
of the import, it is now time, the journal urges, to 
do away with such imports and to give German 
industry the preference. 

Several methods, continues the German paper 
from which we take these statements, may lead to 
this goal. When the importation is due to cheaper 
prices or better finish, it is the business of theGerman 
industry to exert itself to the utmost in order to 
supply an equally good and equally cheap article as 
the foreigners are offering. Standardising and 
specialising may do a great deal towards the attain- 
ment of this end. Where the import depends upon 
habit and prejudice, the necessary enlightenment 
and propaganda must be provided. The industry 
must not leave this to the retail trade (their 
interests may be of a divergent nature), but itself 
take the matter in hand. To imagine that the war 
will cure Germans of their love of many foreign 
articles will no doubt prove futile. Previous expe- 
rience has demonstrated this. 

In some commercial circles the opinion has been 
expressed that it is not advisable publicly to war 
against foreign imports out of consideration for 
German exports, but the journal in question thinks 
suggestions of this kind are altogether out of 
place in connection with Germany’s enemies. 
The more effectively Germany shows her enemies 
that she is earnest in this connection and what 
industrial and commercial risks they run, the 
sooner will they realise the risk entailed by their 
industrial and commercial war. Nor is there 
any occasion for Germany to show any special 
consideration towards many neutrals, especially 
the Americans. Although the conquest of the 
German home market in the first instance must 
be the work of the German industry, the 
State must do its share by means of duties, import 
regulations as to origin, &c. When, for instance, 
the American and the Canadian industries try 
to maintain their former imports into Germany of 
agricultural machinery through trust formation and 
price-cutting, then a protective duty is assuredly a 
proper policy. Or when the French and the 

Belgian plate-glaes syndicates by mere power try to 
prevent the development of a German plate-glass 
industry, then German enterprise must be protected 
by adequate legal measures. It is in fact, 
that now is the time for German industry to find 
out what measures should be introduced in this 
connection, and to influence the Government or 
the legislative bodies accordingly. 





LOW-TEMPERATURE COKING. 

Tue primary object of coking coal at low tem- 
peratures is the production of a smokeless fuel 
with a diminution of the waste and deterioration 
of the by-products which accompany the high- 
temperature distillation of coal. Porous coke being 
® poor conductor of heat, attempts have been made 
to carry on the distillation with thin layers of coal, 
lest undue heating of the outside layers to higher 
temperatures should be necessary to secure coking 
throughout the mass. Commercial success has not 
yet been realised, however, and a solution can 
only be ho probably from a systematic coal 
research, which the war may stimulate. The 
Engineering Experiment Station of the University 


taken up such research, and in Bulletin 79 of this 
institution some new experiments are described by 
S. W. Parr and H. L. Olin. Having dealt in 
former researches with charges of 8 lb., they 
have now constructed a coking-oven for c 
of 100 lb. The oven is a vertical cylinder, built up 
of two concentric shells of boiler-plate. Within 
the inner space is the coking-chamber, a cone of 
light sheet-iron, perforated with holes, ; in. in 
diameter ; the cone is filled with crushed coal from 
above through a hopper and gate-valve. Between 
the two shells is a steam-coil, superheated by gas 
burners, the combustion gases escaping into a flue. 
The steam is made to enter the inner space, and 
hence into the coking-chamber, from which the 
distillation products are led to a condenser, 
The formation of coke seems to depend upon the 
presence in the coal of certain resinous constituents, 
which melt at a lowtemperature before carbonisation 
or decomposition takes place. These resins readily 
oxidise, and the best coking is obtained when all oxi- 
dation is prevented. In the experiments the pitchy 
constituents dripped from the coking-chamber, and 
consolidated to a brittle mass resembling asphalt. 
The coke made in such chambers is generally 
porous, unless pressure is applied ; the arrange- 
ment described could only have admitted of apply- 
ing gas pressure, But Parr and Olin found that 
the coke became much firmer when coke-dust had 
been mixed with the original coal, and that a coal 
from Vermilion County could be mixed with as much 
as 100 per cent. of coke-dust. Other coals did not 
require such large additions of coke. In the case of 
the Vermilion coal the density of the coke rose from 
0.650 (unmixed coal) to 0.852 (half the weight of 
dust added), whilst the Williamson County coal 
gave a coke of density 0.750 unmixed, and of 0.969 
when mixed with one-third its weight of coke. 
These cokes behaved very satisfactorily in gas- 
producers, as C. R. Richards and A. P. Kratz, of 
the same university, ascertained in an Otto pro- 
ducer, and they burned also well in an open grate. 
The tar from the coke oven had a low density— 
1.069. 
Particulars of the distillation of the tar are 
given in the Bulletin, and the results were 
confirmed by S. R. Church, of the Research 
Department of the Barrett Manufacturing Com- 
pany, New York, who reported that the tar 
resembled the Scottish blast-furnace tars some- 
what, but was richer in tar-acids, and a little less 
rich than those in paraffin-like bodies, but of an 
exceptionally high content of oxygenised phenoloid 
compounds. E. Fulke, of the American Creosoting 
Company, Louisville, also described the tar as 
very different from ordinary coal-tar, being thinner 
and containing much less pitch; it would have 
considerable commercial value, but would probably 
require special treatment. The chief results of 
this research were that the distillation at tem- 
peratures between 400 deg. and 500 deg. Cent. gave 
a firm, hard coke, when the coal had previously 
been mixed with about 50 per cent. of semi-coke. 
The coke still contained up to 22 per cent. of vola- 
tile matter, but not any tarry products which would 
interfere with its use in producers for making gas for 
wer-engines ; the coke was also a good household 
uel. As regards the tar, about 18 per cent. of the 
total distillate from the tar passed over at 210 deg. 
Cent., 7 per cent. below that temperature ; 30 per 
cent. of the tar was converted into a pitch, re- 
markably free from precipitated carbon ; another 
30 per cent. would be valuable for wood preserva- 
tion, owing to their high tar acidity. Naphthalene 
was absent, but about 10 per cent. of the crude tar 
distillate would be suitable for use in internal-com- 
bustion engines, Thus all the products were valuable. 





REINFORCED-CONORETE T-BEAMS: 
STRENGTH OF WEB IN SHEAR. 


By J. Gitcneist, B.Sc., Assoc. M. Inst. C.E., 
Lecturer in Civil Engineering in the University 
of Leeds. 

In designing the web of reinforced-concrete beams 

to resist shear the following principles are some- 

times employed :— 

1. The strength added to the total web-shear by 
stirrups is proportional to the cross-sectional area 
of the stirrups. 

Nore.—It is generally understood that the 
stirrups are stressed in tension, not in shear. 
2. The increase in ultimate shear strength is equal 





of Illinois is one of the institutions which have 


line of stirrups in the width of the web x arm of 
the internal-stress couple (or more simply by 
depth of web) and divided by the pitch of stirrups 
along beam. 

3. The strength added to the web by bent-up 
rods is taken as the strength of the steel x the 
cross-sectional area of the t-up bars x cosine 
of angle with the vertical. This applies to bars 
—_ 2 one plane at a flat angle. 

4. The strengths calculated as in (2) and (3) are 
added together to obtain the additional strength in 
shear above that obtained with plain concrete. 
Considering now stirrups alone, the tests given 
below show clearly that the strength added by 
putting in stirrups depends very ely on the 
condition of the longitudinals :— 

Increase in Ultimate 


Description. Strength of Beams. 
tons 

Stirrups added to straight rods 

without hooks a eae 9 
Same stirrups added to full- 

length rods with large hooks 19 
Same stirrups added to rods 
with small hooks ; half of the 
rods bent up in one plane at 

aflatangle ... as a 12 
Stirrups added to rods bent 
up in several planes at 
deg. all main rods with 

large hooks ... om oe 3 


The re were made by the German 
Reinforced-Concrete Committee (see parts 10, 12, 
20, &c., of their publications).* The beams were 
10 ft. a and carried up to over 40 tons. Thus 
the addition theory of strength due to stirrups in 
its wide conception is certainly not true. 

The beams included in the foregoing statement 
had bottom rods only. Some few were tried with 
top rods added, to which the stirrups were 
anchored. There was no increase of strength. 
Anchor-bars for stirrups might be useful put across 
the beam, not lengthwise. 

Considering now beams with straight rods havin 
large end hooks, and with stirrups added, we wil 
inquire whether the addition theory applies in this 
— case—that is, whether principles (1) and (2) 
apply. 

To answer this question, there are certain tests 
on thirty beams in Part 10 (German Committee), 
which are particularly suitable. These beams were 
of 10 ft. span, and straight main rods, with 

e end hooks. Some had no stirrups, and others 
stirrups of three different diameters and four 
different pitches. 

To test the relation between cross-sectional area 
of stirrups and increase of shear strength due to 
them, the author has shown in the annexed diagram 


10 








(e4adey 


a number of points, the absciseve of which are cross- 
sectional areas of stirrups, and the ordinates the 
actual increases of web strength, as given by break- 
ing tests of the beams. 

h line in the figure co: mds to a cer- 
tain diameter of stirrup, the saniee near the line 
being the diameter of the stirrup in millimetres. 
From this figure two conclusions may be drawn 
with regard to the relation between area of stirrups 
and additional strength due to them. 

1, The relation is not linear. 

2. The relation is not single valued. 

This — to knock on the head entirely 
Principles Nos. 1 and 2. For a given diameter the 
additional etrength given to the web is not simply 
proportional to the number of stirrups, and to a 
given sectional area correspond several increases of 
strength, depending on the diameter of the stirrups. 

Again, if we calculate on Principles Nos, 1 2 
the stress due to the additional load carried by 5-mm. 
diameter stirrups at 150-mm., pitch, we find it to 


* Deutscher Ausschuss fiir Hisenbeton. Versuche mit 
sok sereehisdoner Bemmhoung goes tohahiothn teeta 
verschte rung gegen rifle, ichd 
von Dr.-Ing. C. Bach und O. Graf. ~ 1 





Hefc 10, 1911; 





to the strength of the steel x sectional area of one 





gs 
Heft 12, 1911; Heft 20, 1912, Berlin: Verlag von 
Wilhelm Ernst und Sohn. 
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be 33 tons per sq. in., while the stress due to the and been the means of materially reducing losses 
additional end “anenked by 10-mm. stirrups at NOTES. of time. Many of the American power distribu- 


100-mm. pitch is 11 tons per sq. in. The other 
cases vary in between these stresses. 

Apparently we must not only abandon the theory 
that the increase of web strength due to stirrups 
is proportional to the cross-sectional area, even in 
the limited field chosen, but we must drop the area 
as a means of expressing relation between stirrups 
and increase of web shear strength. 

The author now puts forward the followin 
formula as a means of calculating the increase of 
uitimate total shear strength in the web of a 
T beam, in which all the main bars are taken full 
— and provided with large hooks. 

t 


P = joint perimeter of all stirrups in one line across 
web, in inches. 

P’ = pitch of stirru 

D = total depth of 

LD’ = depth of web, in inches. 

A = additional strength to resist shear, in pounds. 


Then 


longitudinally, in inches. 
in inches. 


a=PDP , wo(s- 2). 

This formula is purely empirical, made to fit the 
tests of over fifty ms ; but if it fits these it may 
fit others. It may be said to have a rational basis, 
which the reader can see for himself.* 

The following table gives a comparison of results 
by the formula and results by actual tests made by 
the German Committee. In all cases the beams 
were about 10-ft. span, and the loads were applied 
either at the third-span points or uniformly. The 
ultimate loads varied from about 25 to 43 tons :— 





| Increase in Half Ultimate 
Load (“hear). 


Ss 
| By Formula. By Test. 
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Four bars, 20 by 2 
” 10 ,, 


Nors.—Two bars in one stirrup. Depth of beam, 16 in. 
Depth of web, 12 in. 

The formula does not fit the flat bars at all. 
These bars are loo round the longitudinal bars 
in pairs, whereas the round bars are widely sepa- 
rated. If we disregard the adhesion between the 
flat bars of each pair and the small rectangle of 
concrete between them—that is, take half the actual 
number of bars for use in the formula—we get 
9 tons against 7.5 tons actual for the 20 by 2 bars, 
and 6.5 tons against 5.2 tons actual for the 10 by 2 
bars. Considering these flat bars and the 14-mm. 
round bars at 85 mm. pitch, it appears that the 
formula errs in giving too much credit to the 
crowding together of stirrups in theweb. The use 
of the formula might be limited to the cases where 
P, divided by P’, is not greater than I, which may 
be regarded also as the limit of economy for the use 
of stirrups; and it is a natural suggestion that there 
may be, in fact, upper limits to the total shear on 
a web however heavily reinforced. 

The author concludes from experiments that 
for a concrete having an ultimate compressive 
strength of 1.4 tons per sq. in., as for the tests 
quoted, the ultimate shearing strength of the web 


has the following limiting values :— 
, Pounds. 
1. Main rods, full length and well 275 x area of 
hooked, but no stirrups web in sq. in. 
2. Asi, butwith verticalsurrups 500 x area of 
web in sq. in. 


600 x area of 


3. Main reinforcement bent up 
planes web in sq. in. 


in several 





PersonaL.—The International ‘Time-Recording Com- 
pany, Limited, inform us that they are removing to 
arger and more convenient premises at 57, City-road, 
Finsbury, E.C., where they hope to be better able to deal 
with the inor d for Dey, Bundy, Rochester, 
and International automatic time-recording machines. 


ng 
* For appli tion and for a more theoretical 





formula, might 
a stirrup, and 
The theoretical 


basis of the formula is, of course, 








Heatine Tyres sy Evectriciry. 


A macHINE for heating, by means of electricity, 
railway and tramway tyres preparatory to shrinking 
them into place is described in a recent issue of 
La Revue trique. Its inception is due to the 
Oerlikon Company. The machine is based on the 
same principle as the electric induction furnace. 
The tyre to be heated forms the secondary of 
an induction coil. of which the primary is fed 
with an alternating current at 200 volts to 220 
volts and a periodicity of 50. The temperature 
required is only 150 deg. Cent., which is sufficient 
to increase the diameter of a tyre by nearly 3 mils 
per inch, the shrinkage allowance being 0.7 to 
1 mil per inch. The heating is, of course, ex- 
tremely uniform, and the operation very clean. 
A tyre measuring 32 in. over treads, and weighing 
265 lb., can be heated up in 9 minutes, the energy 
expenditure being 2.58 kw.-hours. The heater is 
mounted on wheels for easy transport, and weighs 
about 950 lb. The windings of the primary are 
arranged so that certain sections can be cut out, so 
that the rate of heating can be adjusted as re- 
quired. 

THe Donerz Coat. 


The Donetz coal-fields, says Le Génie Civil, can, 
in a certain measure, enable our Russian Allies to 
make up for the absence of foreign coal on their 
markets. In 1913 Russia imported through her 
Baltic ports 5 million tons of coal, most of which 
came from Oardiff. When war broke out this 
foreign supply ceased, as also did later the supplies 
from the Dombrowa basin, in Russian Poland, on 
the Silesian frontier. The deficiency had to 
be made up with Donetz coal, naphtha, and 
wood. The following figures give the output in 
million tons of the Donetz basin for the first three 
months of 1915 and 1914 :—Bituminous coal, 4.97 
in 1915 and 6.72 in 1914; anthracite, 0.942 in 
1915 and 1.482 in 1914. The Donetz collieries 
supplied the Russian railways in the first quarter 
of this year with a larger quantity of coal than in 
the first quarter of last year, owing to the stop- 
page in the supply of foreign coal and coal 
from Dombrowa. Moreover, the railways, which 
hitherto had rarely used anthracite as locomotive 
fuel, have been compelled to resort to it in part, 
and also, when possible, to use naphtha and 
wood. A number of Russian works, and, in 
particular, several electric power-stations, have had 
to adapt their boilers for burning naphtha. This is 
not conducive to economy. One ton of naphtha 
can replace 1.5 ton of coal ; the price of Donetz 
coal being from 55 francs to 58 francs (about 
21. 3s.) per ton wholesale, the price of naphtha 
for this latter fuel to compete with coal should be 
from 90 to 100 francs (about 31. 15s.), taking into 
consideration the decrease in the staff required for 
boilers using naphtha. The price of naphtha, how- 
ever, varies now between 123 and 133 francs (about 
5l.). Besides, the use of naphtha necessitates the 
transformation of the boilers and the installation of 
tanks and piping. The substitution of Donetz coal 
for British coal would be the only practical solution 
were it not for the lack of means of transport—and 
this applies also in the case of naphtha—and for 
difficulties of a technical order. In regard to this 
latter point, it may be stated that most of the coal 
hitherto used at Petrograd, coming from Newcastle, 
Yorkshire, Derbyshire, Holland, &c., burns easily 
even in thick layers, and does not require any 
—< skill on the part of the stokers, whilst the 

metz coal varies very largely in quality, and 
stokers have to gain experience in its use. 


Tue ‘‘DispatcHer” System or ConTROLLING 
Execrric Power Pants. 


According to a recent article in the Electric 
World, certain electric-power distribution systems 
in America have adopted a ‘‘ dispatcher” method 
of controlling the whole of the service. The idea 
has been borrowed from the railways, where, in 
the absence of the block system, the whole of the 
train movements made are under the control of a 
single individual known as the ‘‘ dispatcher,” who, 
by altering passing points as circumstances dic- 
tate, prevents any serious dislocation of the 
service as a whole when individual trains fail 
to keep time. The dispatcher’s business is, in 
fact, to keep the traffic moving with a minimum 
of disturbance by such incidents. As an ad- 
junct to the block system the has, indeed, 

m introduced on some of our ish railways, 





tion systems have grown up by the amalgamation 
of a number of independent undertakings which 
may have different types of machinery supplying 
current different either in voltage or character. It 
is under such conditions that the adoption of the 
dispatcher system of control is claimed to have 
special advantages. A typical case is presented by 
the undertaking of the Portland Light and Power 
Company, of Oregon, which operates five hydro- 
electric plants and three steam-driven stations. The 
total plant installed has a rated capacity of about 
100,000 kw., and the annual output is about 185 mil- 
lion kilowatt-hours per annum. Continuous current 
is supplied at 240 and at 600 volts, and three-phase 
current at 11,000 and at 2300 volts, the frequency 
being 33 and 60 cycles persecond. The whole plant 
is under the control of three dispatchers, who are 
in telephonic communication with every station, 
sub-station, and with every large consumer. Each 
dispatcher works for an eight-hour shift, and 
his office is fitted with an accurate clock, a volt- 
meter for each system, frequency indicators, and 
indicator lamps. Complete maps of the whole 
of the network line the walls. The different 
systems are indicated in different colours, and each 
main switch or other main current-breaker is shown 
separately and given an individual number. Plans 
are also provided of each station, and each machine 
in the station is numbered, represented by a tug, 
which is suspended on its appropriate hook on the 
plan. Opposite sides of the tag are differently 
coloured, the one side being shown when the machine 
is idle, and the other whenitisinservice. If under 
repair, the tag is removed bodily. The dispatcher 
records on his plans the movement of every switch 
or other operation in the system. Save in case of 
an absolute emergency, no machine or main trans- 
former is cut in or out without the dispatcher’s 
direct instructions, and the same rule applies to 
the line-switches. In case of trouble at any point, 
the dispatcher’s orders have to be explicitly fol- 
lowed by the local staff. When a high-tension line 
is to be repaired, each man is given written instruc- 
tions as to time and place. The switches are 
opened on the direct orders of the dispatcher, 
leaving the line dead, on his instructions, and when 
this is done a red card is tied to the switches as a 
warning that these must not be closed again. As 
each man gets to work the dispatcher hooks on to 
his plan of the network’a red label with the work- 
man’s name, and the line is not put into service 
again till each of these tabs has been removed, on 
the safe return of the corresponding workman. 





INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics 
states, in the Board of Trade Labour Gazette, that the 
demand in August for male labour, both of men and 
boys, continued to be greater than the supply, 
especially in those trades engaged in manufacturing 
war materials, with the result that there was very 
little unemployment. A considerable redistribution 
was going on as between trades differently affected by 
the war, and to a growing extent female labour 
continued to supply the deficiency created by enlist- 
ments. 

As compared with August, 1914, when many trades 
were for a short time disorganised by the outbreak 
of war, employment showed a very marked general 
improvement. 

he coal-mining industry was very busy, and the 
average weekly number of days on which the pits 
worked was the highest recorded for any A it in 
the last twenty years. Employment continued | 
at iron and lead mines, and very good at shale mines ; 
it was dull at tin mines. At slate quarries some im- 
provement was reported ; at other quarries employ- 
ment was fairly good. a ee 

Employment was good in the pig-iron industry, and 
there was a slight increase in the number of furnaces 
in blast. Iron and steel works continued very busy, 
and there was no abatement of the abnormal activity 
in the engineering and shipbuilding trades. The tin- 
plate wele showed little change, but the steel-sheet 
mills were rather better employed than in July. The 
other metal trades were very busy, especially on 
Government orders. 

The cotton trade showed little change on the whole, 
an improvement in the spinning branch being counter- 
balanced by a decline in the weaving section. The 
woollen, worsted, and mg Bape continued very 
active, with much overtime, both on Government and 
ordinary work. Employment in the linen trade im- 
proved, but was still very slack in Ireland; in the 
jute trade it continued , with overtime on war 


contracts. The fancy lace trade remained slack, but 
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in the curtain branch it was fair, and in the plain net 
section good. There was a slight improvement in the 
silk trade, and the carpet trade continued fairly well 
employed. 

In the dyeing industry employment continued good, 
and in the bleaching and calico-printing trades fair. 

The boot and shoe trades were very active, partly 
owing to war work and ly to arrears on private 
work. The leather es were also well employed ; 
workpeople in branches formerly slack have now oo 
transferred to work on war contracts. There was a 
further seasonal decline in the dress-making and 
millinery trades and in the bespoke tailoring trade. 
The ready-made clothing trade was still very busy, 
but the extreme pressure of recent months was some- 
what reduced. In the felt-hat trade and the mantle, 
costume and blouse trades an improvement was re- 


rted. 

P Building operations continued to be restricted, but 
the number unemployed in this indus was still 
very low, owing to enlistments and transfers to other 
trades. There was little change in the brick-making 
industry, and employment in the cement trades con- 
tinued good. The furnishing trades declined slightly, 
but employment + agg pete oy ne pate ¢ and 
coopers was good. It was also good wit ing- 
ca eine and with brush-makers, both which 
trades were busy on Government orders. 

Employment with paper-makers, and with book- 
binders in London, showed a further improvement. 
It continued fairly good with lithographic printers ; 
with letterpress printers, however, there was some 
decline. The glass and pottery trades continued to 
be well employed on the whole. The food prepara- 
tion trades were very busy, with much overtime. 
The fishing trade was much restricted by the war, but 
the men usually engaged found other work. In 
agriculture harvest operations were successfully 
carried on, the shortage of male labour being met by 
the employment of women and soldiers. 

Dock labourers continued very busy, except at cer- 
tain ports on the East Coast, and the supply of seamen 
for mercantile vessels, for the first time for some 
months, was about equal to the demand. 

The war bonuses and increases in rates of wages 
taking effect in August amounted to nearly 55,0000. 
per week, and affected 438,000 workpeople. The most 
important changes affected coal-miners in South Wales 
and Monmouthshire, coal and shale miners in Scotland, 
blast-furnacemen in North Lincolnshire, South Staf- 
fordshire and West Scotland, iron puddlers and mill- 
men in the North of England, the Midlands and West 
Scotland, and workpeople in the engineering and 
other metal trades in Birmingham and district. 

Over 24 million workpeople have had bonuses or 
increases in rates of wages since the outbreak of 
war, amounting to nearly 475,000/. per week, or 
about 3s. 6d. per head of those affected. These 
figures are exclusive of increases which have been 
granted to agricultural labourers, seamen, railway 
servants, police, and Government employees. They 
also exclude increased earnings due to overtime. 

The principal — during the month was that 
affecting about 12, coal-miners in South Wales 
and Monmouthshire. The total number of disputes 
beginning in August was 49, and the total number of 
workpeople involved in all disputes in progress was 
28,870, as compared with 209,261 in the previous 
month, and 49,804 in August, 1914. The estimated 
total aggregate duration of all disputes during the 
month was 109,600 working days, as compared with 
1,385,900 in the previous month, and 526,900 in 
August, 1914. 

The average weekly number of vacancies notified 
to all Labour Exchanges for the four weeks ended 
August 13 was 31,984, as compared with 34,000 in the 
previous five weeks, and with 26,874 in the four 
weeks ended August 14, 1914. The average weekly 
number of vacancies filled for the same periods were 
24,373, 25,714, and 21,162 respectively. 





In the course of his speech at the Trade Union 
Congress, Bristol, on Thursday, the 9th inst., Mr. 
Lloyd George, the Minister of Munitions, laid great 
stress upon the fact that the present war was a war 
of material. He said that inadequate material meant 
defeat ; sufficient material meant victory. We had 
pienty of vigour ; no army that ever entered a battle- 
field showed more courage than the armies of Britain 
in France, in Flanders, and in the Dardanelles. 
Mr. Lloyd George added :—‘‘ We must make, we are 
making, the most prodigious efforts to increase our 
war material during the next few months, in order to 
give our gallant fellows fair play in the field. I will 
tell you what we are doing, ause it is necessary I 
should do so before I tell you exactly how I want you 
to help. We have set up 16 national arsenals. These 
we have set up within the last few weeks. We 
are constructing eleven more. We require, in order to 
run these—the old and the new—and to equip works 
which are at present engaged on turning out the 
equipment of war, we require 80,000 more skilled 
men. But we require in addition to that 200,000 un- 





skilled men and women. You can see the problem 
with which we are confronted. This country at the 
present moment is not doing its best, it is not doing its 
utmost, and it is almost entirely a labour problem, in 
which you alone can assist... .” Mr. Lloyd George 
further stated that he wanted to turn the unskilled on 
to work which unskilled men and women could do 
just as well as the highly skilled, so as to reserve 
these latter for work that nobody could do except 
those who had great experience and training. 

He added that the reports he received showed that 
if there was — the war a suspension of the trade- 
union practices customs which prevented men from 
turning out as much work as their skill and strength 

rmit, we could increase our output in some places 

y 30 per cent. and in others by 200 per cent. 

Dealing with the restriction of profits, the Minister 
of Munitions stated that he had declared 715 estab- 
lishments producing munitions of war to be controlled 
establishments ; these represented 95 per cent. of the 
labour engaged in that market. The Government had 
not asked any trade union to suspend any regulations 
except in an establishment where the profits were con- 
trolled. ‘*We > gee our regulations for restricting 
— he ded, ‘‘we submitted them to the 

bour Advisory Committee. We are restricting 
them on the basis of what was earned before the war. 
We are insisting on the works submitting the whole of 
their accounts to us. We are examining them. They 
are only going to get the standard which is based upon 
the profit made before the war, with any allowance 
which is made by us in respect of increased capital 
which they have put in. What do we do with the 
balance’? We put it into the Treasury to carry on the 
war. It is the first time it has over Goan done in the 
history of any country. You have practically taken 
over the whole of the engineering works of this country, 
and controlled them by the State.” 

With reference to the employer, Mr. Lloyd George 
said :—‘* We have taken power to take his works, and 
we have taken them. We have taken power to take 
his machinery, and we have taken it. In many cases 
we have taken full power to order him what to do and 
what not to do, and we are doing it every day from 
Whitehall Gardens. He cannot make a machine 
without asking our permission, and if he says, ‘I 
would like te make this machine,’ we say, ‘ No, you 
have got to make that.’ We can annex his works, we 
can examine his accounts, we can annex his profits, we 
can decide what wages he is to pay, the hours of 
labour, and what the conditions should be. All that 
can be done by Act of Parliament. We have com- 
pulsory service for the employer, and we have not yet 
had a resolution of protest from the Trades Union 
Congress for this infringement of the liberties of the 
subject.” 

Dealing further with the want of more skilled and 
unskilled labourers, Mr. Lloyd George again empha- 
sised that the trade-union rules should be suspended 
during the war, and that any new labourers should be 
put on any class of machine-tools. He also laid special 
stress on a number of cases of malingering—cases in 
which deliberate attempts had been made to restrict 
output. In conclusion, he appealed to his hearers not 
to put the country against organised labour. 





At the meeting of the Bristol Congress, held on 
Friday, the 10th inst., the President referred to a 
question raised earlier in the day with regard to 
allegations contained in Mr. Lloyd George’s speech. 
The Parliamentary Committee, after a rather pro- 
tracted meeting, came to the following conclusion :— 

‘*The Parliamentary Committee are seriously con- 
cerned at the statements made by the Right Hon. D. 
Lloyd George at yesterday’s sitting of the Congress, 
charging certain trade-unionists with the breach of 
their undertakings with the Government to withdraw 
their restrictions onou'put. Thisstatement amounted 
to a general condemnation of slackness and preventing 
of Belgian and other workmen doing their best. We 
have evidence that since the outbreak of war trade- 
unionists have wholly assisted the Government to 
carry out their pledges. The Committee will take 
immediate steps to investigate these charges, and will 
then issue a report.” 

At the same meeting the chairman of the Standing 
Orders Committee, Mr. Gilmour ( Miners’ Federation), 
informed the delegates that during the mid-day ad- 
journment some person or persons, without authority, 
had placed on the members’ seats copies of a pamphlet 
entitled ‘‘ De Bello Maximo.” A glance at the con- 
tents, he stated, was sufficient to show that the 
pamphlet had been issued for the purpose of white- 
washing the Germans of the charges of baby-killing, of 
using poisonous gas, &c. ‘‘ Now,” added Mr. Gilmour, 
‘*T invite all members of the Congress to do with their 
copies of this publication what 1 do with the one I 
now hold in my hand.” 

Mr. Gilmour then tore the pamphlet into fragments 
and scattered them beneath his feet. This example 
was followed by the delegates amidst a great outburst 
of cheering. 

By permission of the President, post-card represen- 





tations of German methods of warfare were distributed 
by a representative of the Amsterdam 7'elegraa/. 





At Saturday’s autieg of the Bristol Congress a 
resolution was passed asking for the aj tment of 
—— factory inspectors. The resolution is as 
ollows :— 


“This Congress w upon the Home Office the 


immediate ow or a more efficient s of 
factory inspection by the appointment of itional 
inspectors, all future appointments of inspectors to be 


governed by their practical knowledge of the trades 
concerned, and to selected from candidates who 
have had actual working experience in the trades 
concerned. It specially calls the attention of the 
Home Office to the unhealthy conditions prevailing 
in the galvanising and tin-plate industries, and the 
serious need of proper sanitation and ventilation, and 
urges that immediate attention shall be given to these 
trades. It also urges that in the case of employers 
refusing to introduce remedial measures after reason- 
able notification has been given by the Home Office to 
abate the smoke vapour and dust danger, the depart- 
ment shall be vested with power by Parliament to 
issue a closing order in respect of such defective plant 
and buildings.” 

A motion was also put forward for the appointment 
of a Minister of Labour, having full Oabinet rank, and 
whose duties would include the administration of the 
Factories Acts, arbitration, &c. 





Writing in The Times on Mr. Lloyd George’s speech 
at the Trades Union Congress and the restrictions of 
aa Lord Sydenham says :—‘‘The economic 
effects and the morality of restricting effort may at 
length be brought to the bar of truth. If, in time of 
war, it is necessary that free and honest labour should 
prevail, is not the — worthy of application in 

? What may not the industries of Britain have 
ost, what poverty may not indirectly have been caused 
by the deliberate restriction of output? How many 
hopeful careers may have been destroyed by the 
demoralising attitude of mind engendered by calculated 
dishonesty—treason as much to the individual himself 
as to his country? Is the denial of a man’s right to do 
what he is fully capable of doing compatible with the 
elementary conditions of liberty?” Such questions and 
others may beasked, and before the ‘great battles’ which 
Mr. Ramsay Macdonald promises ‘ when peace comes,’ 
political leaders may be found who will speak the 
truth without flinching. That is the best, perha 
the only hope, for the future. When ‘the poor old 
land,’ exhausted and sorrowing for the loss of ite 
bravest sons, has to rebuild its commerce and restore 
its shaken economic fabric, there will be dire need of 
whole -hearted workers in every calling of life— 
workers who will scorn the ‘ omar © ae down 
the output’ which, as Mr. Lloyd rge tells us, 
already Belgian workmen cannot understand. .. .” 


The Executive Committee of the National Union of 
Railwaymen opened their quarterly meeting at Unity 
House, London, last Monday, and gave their attention 
to the movement for obtaining an increase in the 
wages of railwaymen. The men also ask for increased 
pean > and improved rates of payment for overtime 

for Sunday work. They obtained several months 
ago a bonus of 3s. per week. This they find insufficient 
in view of the increased cost of living, and they now 
ask, in some districts, for a further increase. The 
extent of the increases varies with the districts, and 
we are told that in South Wales the railwaymen 
demand a rise of 10s. per week. At the close of 
Monday’s meeting, the following communication was 
issued : —‘* The Executive have had the whole matter 
under review, and are taking such steps as are neces- 
sary to deal with the situation.” A meeting was also 
held on Tuesday and Wednesday, when it was stated 
that a request had been eent to the railway companies 
to arrange for a joint conference to consider the situa- 
tion. 








100-Yxear-Otp Enoing.—According to the Glasgow 
Herald, a letter from the Farme Colliery was read at a 
meeting of the Corporation of G , Stating that they 
had in their colliery at Rutherglen an old ‘* Atmo- 
spheric” engine, which was to be sunt Se one of 
modern construction. It was an interesting unique 
relic of the early days of steam, and would, no doubt, be 
of intereet to the city with its engi ing industry. The 
firm offered the engine to the tion on the under- 
standing that it would be in one of the parks, 
Mr. Steele suggested that the engine might be put - 
side another relic of the same kind at Kelvingrove. It 
was agreed to accept the offer, and thank the donor. 
The “ Atm ric” or Newcomen engine has been at 
work at the Farme Colliery drawing coal since it was 
erected in 1809 until a month ago. During that time, 
with the exception of one or two spur-wheels which were 
broken by accident, no part of the engine has been 
renewed. Until it was superseded an engine of 
modern construction, a month ago, it was the oldest 
engine at work in Scotland, and the only ‘* Atmospheric” 


g 





engine at work in Great Britaim. 
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PIPE-SCRAPER IN 








Fig. 1. 


PIPE-SCRAPING. 
To THe Eprror or ENGINEERING. 

Srr,—In view of your recent article on the use of pipe- 
scrapers at Ayr, and the letter in your issue of this week 
describing similar work in Bombay, it ocours to me that 
your ers may be interested in the enclosed photo- 
graphs, Figs. 1 and 2 above, which show the type of scraper 
a in Edmonton, Alberta, Canada. 

The North Saskatchewan River, which furnishes the 
water supply for the city of Edmonton, is characterised by 
ry high summer turbidity, and carries excessive quantities 
of silt in suspension, especially after a rise in level due to 
heavy rainfall or the melting of snow in the mountains. 
Until the last year or two the sedimentation basins and 
mechanical filters had been unable to cope with the con- 
ditions, and consequently it was often necessary to pump 
water direct from the river into the mains. A certain 
proportion of the silt was deposited in the latter, the 
accumulation eventually reaching almost to the centre of 
the large mains. 

In the fall of 1912, when the period of turbidity, which 
had been particularly bad that year, was over, it was 
decided to attempt to clean the mains by means of a 
scraper, or “* go-devil,” as it was called by the workmen. 
The two 20-in. mains from the pumping-station to the 
centre of the town—a distance of nearly a mile, with a 
rise of about 160 ft. on a very steep queltent-oene first 
tackled. The main was cut near the pump-house, the 
scraper inserted, and the main closed again. The first 
** port of call” was on the crest of the hill, where a check- 
valve had been removed to permit the passage of the 
scraper. The latter, however, did not get so far, but 
stuck at some valves about 100 yards from its starting 
point, Although the mains were 8 ft. below ground, the 
movement of the scraper could be heard, and it could be 
followed at walking pace. It was removed from its 
resting place and re-inserted on the far side of the valves, 
— ib a = aw or a incident. pas 

or a good part of the way the pi were of spi 
riveted construction, but the deapheate ¢ gave no trouble. 
The pipes had in place about six years, and there 
was no inorustation on the interior, but the silt, which 
was about 8 in. or 9 in. thick where the scraper started, 
formed a hard and almost cement like deposit. Previous 
experience, however, had shown that such a deposit was 
very amenable to a good current of water, and it was 
hoped that the flow of water through the adjustable 
holes in the scraper would be fierce enough to cut away 
the silt in front. This, fortunately, proved to be correct, 
although a little judgment was needed in deciding u 
the size of the orifice, as a flow could only be obtain 
the expense of the driving force. 

Yours faithfully, 
R. H. Parsons, M. Can. Soc. C.E. 
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A COMPULSORY SYSTEM OF COMBINED 
OIVIL AND MILITARY TRAINING. 
To Tae Eprror or ENGINgERING. 

Srr,—It is pleasant to have Mr. Swan in lighter vein, 
and I bow to the gentle badinage of his last ph. 
In my letter of September 3 I touched upon im 
ance of his encyclical, but I doubted his infallibility, and 
as it seemed not nn that some perplexed minds 
would veer to his War-Office-controlled education, I 
ventured a word of caution. 

To keep myself right with readers who may be inte- 
rested, let me say that while I see the great present need 
for national service, and the need for fostering in our 
youths —. ideals of service generally, I do not discern 


ing helpful in the scheme put forward by Mr. Swan. 


t form this immediate national service may take I can- 
not predict. It may be that the physically fit over sixteen 
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USE AT EDMONTON, ALBERTA, 
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years of age will have to answer a call for personal labour, 
in which ease the secondary schools, imbued with the 
spirit which Lord Kitchener evokes, will doubtless make 
special paration towards that end. But that is a 

roposition quite different from the overturning ideas of 

r. Swan. 

He tells me that ‘‘ destructive criticism ” of his views is 
not of much value, and seems to think that the directions 
in which progress was being sought—viz., in ‘‘a closer 
personal relation between staff and pupils, a clearer view 
as to values of specific lines of training, a freer provision 
of courses suitable for individual pupils, an increased 
attention to genuine exercising of mind and body, a wider 
study of the important aspects of human life and effort, a 
oteeky growth of corporate feeling rather than of personal 
ambition, and a pervasive sense of responsibility” should 
have been given in fuller detail and with illustrations. 
But, Sir, this is not quite the place for exposition of 
method, and obviously those and associated suggestions 
are hard to codify. The jpectuses, however, of the 
secondary schools of Scotland will, I feel sure, give 
useful information to those who are alive to the full supply 
of able and earnest young men, now ready, or getting ready, 
to carry on the industrial, commercial, and professional 
work of the country. They will also help to explain the 
marvellous fact that, within a few months, so many 
highly efficient officers, but the other day in these 
schools, have been able to offer for their country, brave 
hearts, balanced minds, and — bodies. The Times 
of this date calls attention to the magnificent and effective 
heroism of Lieutenant William Forshaw, V.C., school- 
master, but does not set that down as the outcome of a 
military-controlled education system. 

T have _ over forty years in responsible education 
work. I think I know what our schools have been trying 
to do in building-up character, in SS and 
mental fitness, and in preparing for practical life. 
my conviction that whatever reconstruction may take 

ace will be on the lines of the free development of the 
individual through the operation of atmosphere, person- 
ality and training, so that he become conscious of his 
part in society and confidently equipped to play it, rather 
than towards a rigid compulsory system upon a military 
basis as advocated by Mr. Swan. 

My belief in the value of athletic exercises, strenuous, 
well-ordered games, military drill with shooting, labora- 
tory and workshop training of all kinds, is fixed and has 
found expression in my professional work. Mr. Swan 
queru y remarks, ‘‘to what good, what advantage or 
betterment, is this additional knowledge to be put, if not 
national defence, national readiness to fight when neces- 
sary?” One might infer that Mr. Swan’s outlook on life 
is somewhat distorted, if not hopeless. Now this, of 
course, cannot be, and ingly infer that the differ- 
ence between us is due to our looking on the “‘ better 
citizen” from different points of view. 

Most people, and I confidently include teachers and edu- 
cational authorities, are of the opinion, that perfection iu 
educational ideals and methods not yet been reached. 
That progress is being made is beyond dispute. That Mr. 
Swan’s scheme would block that progress is what I fear. 


port- | The British Association has been considering inter alia the 


discovery and the encou ent of quality with a view 
to the increased demand for specialists, and it will be a 
function of the school to aid in the To me it 
seems that the freer the atmosphere of a school the more 
readily will quality emerge, be recognised, and cherished. 
That, of course, is only one of the many ways in which 
the school can do national service. In wisely adminis- 
tered vocational training there is a similar promise. All 
around are problems the solutions of which will affect our 
view of the function of a school. As an instance of ideas 
which in materialising might induce modification of 


It is |}, 
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view, take Sir William Mather’s dictum to-day that ‘‘ the 
true relationship between labour and capital is that of 
partners.” Obviously it is better in the meantime not 
to worry about new systems of education, but to advance 
firmly and thoughtfully along those roads of which we 
have reliable knowledge. 
Yours faithfully, 
JouN G. Kur. 
Allan Glen’s School, Glasgow, September 11, 1915. 





Tue Restoza Stezt Works.—A_ correspondent writ 
ing in the Jron Age says that the Resicza Steel Works, 
Hungary, are regarded by military men as the coming 
storm centre of immediate operations in the event of the 
Balkan countries deciding to join forces with the Allies. 
The Resicza plant is located in the V formed by the 
frontier lines of Serbia and Roumania, and is directly 
in the forepart of any aggressive move of Roumanian or 
Bulgarian troops. The importance of Resicza as a great 
munition-manufacturing works, apart from its iron and 
steel and railway equipment manufacturing facilities, 
cannot be over-estimated. The plant is easily the first 
of its kind east of Vienna. Its relation to Hungary is 
that of Le Creusot to France, and Krupp to Germany. 





THE GraPHic REPRESENTATION OF DatTa.—A joint 
committee of the American Society of Mechanical Engi- 
neers, the American Statistical Association, the American 
Institute of Electrical Engineers, and the American 
Association for the Advancement of Science have pre- 
ape a preliminary report on the representation of data 

y curves. The most important of their recommendations, 
and one on which too much stress cannot be laid, is that 
the zero line should, whenever practicable, appear on a 
diagram. If the scale will not permit of this conveniently 
the zero line should still appear by making a horizontal 

reak on the diagram. ‘This recommendation we can 

heartily endorse, as the common practice of omitting zero 
lines is often most misleading. The committee also 
recommend that the zero lines should be sharply dis- 
tinguished from the other co-ordinate lines by making 
them heavier. and, similarly, the curve should be drawn 
with a heavier line than the co ordinate lines, and of the 
latter not more should be used than are necessary to 
guide the eye in reading the diagram. 





TrounicaL Cotieck Catenpars.—The new session 
of the City of Bradford Technical College opens on 
Monday, September 20. Courses of instruction are pro- 
vided for day and evening students in various 
branches of technology. In view of Bradford’s im- 
portance as the centre of the Yorkshire woollen trades, 
— attention is paid to the study of the textile in- 

ustries, but there are in addition courses in chemistry 
and dyeing, and in various departments of neering. 
The engineering studies as a whole are under the direc- 
tion of Professor Charnoch. The College is provided 
with well-equipped workshops and laboratories. Part- 
time courses in various branches of engineering form 4 
special feature of the syllabus of the Manchester Muni- 
cipal School of Technology, the new session of which 
commences on the 27th inst. These part-time courses have 
been established not only for the ordinary engineering 
apprentice, but include advanced classes for the benefit 
of medents whose daily vocations occupy the ree 
of their time. es the Muni- 
cipal Technical are particularly —- for 
research work in the testing of materials, yaraalice, 
and applied thermodynamics. The electrical engineering 
laboratories include four 100-kw. engine-driven gene- 
rators, with complete plant for electrical testing, and for 
research in wireless telegraphy. 
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EXPERIMENTAL INVESTIGATION OF THE 
THERMAL EFFICIENCY OF A’ GAS- 
ENGINE.* 

By G. Asakawa, Honorar 


‘Victoria University, 
Technical School, 


Research Fellow of the 
eesor of the Tokyo Higher | 


ie and J. E. Peravet, D.Sc., 





| f engineers to the advantages to te gained t 
compression, u past years a num 

ments have Seok ease te —— the ectual effece of 
com 


| ments of this nature with an engine of 7.8 in. cylinder 
| diameter and 11.8 in. stroke, in which the variation of | respectively. 


p fa ne higher 


ion on gas and oil-engi’ 
In 1897, Peatianer E. Siegen, of of Berlin, made experi- 


Rocinontal, 


- - 21, 53 
calorific wer of 651 B.Th. 


a ceded were, at full load, 


oem, cingiocaing fe ocengines made 
3, 68 brake “bores a Anbin alpe 
indicated 


This result shows $ in gas-engines of 


* | compression ratio was between 2.7 and 4.0. He found | similar construction relative efficiencies increase with 

ae aa » the Vietors Unt that the thermal efficiency calculated from the indicated ~ mad a size of the cylinder. 
’ horse-power varied in accordance with the above theo-| Experiments made in 1907 by Professor F. W. Burstall 
INTRODUCTION. retical law. At all compression ratios & indicated | have a more direct bearing on our subject. Burstall used 


Tue study of the effect of compression ratio on the | efficiency was 58 per cent. of the air standard 


a “Premier” gas-engine of cylinder diameter 16 in. and 


FULL-LOAD TESTS WITH VARIOUS COMPRESSION RATIOS AND VARIOUS STRENGTHS OF MIXTURES. 


TABLE I.—Compression Kartio, 5.61. 




















































































































| ] 
No. of Test 105 7) 6©| 85 81 78 84 74 75 82 32 | 87 | 76 80 5 86 | 106 83 
Indicated horse-power* | 324 | BL3 | 8L5 | SLE 801 | 81.4 8922.7 | 9 | SLE | 205 | SL4 | O27 | SLB | BL4 | BLE | O89 | BO4 
Brake horse-power ee 24.9 | 2.0 | 2.2 | 238 22.9 24.1 22.5 22.7 24.2 22.6 24.1 22.5 24.1 | 26.8 24.0 21.8 23.6 
Number of revolutions per minute . os ..| 206.6 204.7 204.7 204.1 203.9 | 204.2 203.7 203.5 | 203.8 201.2 203.9 202.9 203.5 | 201.6 208.6 203.0 198.0 
Percentage of working cycles os --| 66.2 75.0 | 74.4 78.6 76.3 | 79.9 77.5 82.2 84.9 79.9 | 85.5 82.0 88.3 | 88.0 87.4 93.6 99.6 
Ratio: __“it __. in average working eyeies 5.4 71 Wa- |. 22 8.0 | 8.0 8.2 85 | 86 8.7 a7 | 80 90 | 04 9.4 97 | 103 
Excess air} in average working cycles. 18 0.55 | 0.57 0.68 0.74 | 0.77 0.78 0.85 | 0.87 | 0.89 0.93 | 0.94 | 0.96 0.98 1,08 112 | 1,24 
Lower calorific value of pe | gas, B.Th.U. per! } } | } 
cub. ft., 0 deg. Cent., 760mm. .. 497 490 497 49) | 490 490 490 497 611 490 | 490 497 490 490 496 497 
Absolute indicated thermal efficiency per cent. | 33.1 34.6 34.9 34.9 36.0 | 85.8 35.8 35.8 35.3 36.1 35.3 | 386.0 34.6 84.4 35.0 31.9 33.2 
Absolute brake thermal efficiency .. os 25.4 26.5 26.8 26.8 27.4 27.1 27.1 27.2 27.1 27.6 27.1 27.3 26.6 26.6 26.9 263 ¥6.8 
TABLE II.—Compression Ratio, 4.85. 
No. of Test 108 92 89 88 93 90 91 31 o4 104 2 96 
Indicated horse-power* 31.3 31.3 31.5 313 31.5 31.6 81.4 22 8 8| 31.5 2.0 8 8 814 Bhd 
Brake horse-power 24.1 | 24.2 24.4 24.2 24.4 24.5 24.4 22.4 | 24.4 22.0 24.5 24.3 
Number of rev olutions | per minute . 206.0 205.0 204.5 204.2 204.8 204.0 203.5 199.8 203.9 203.6 201.5 202.3 
Percentage of working cycles 67.3 74.6 76.2 78.1 77.8 83.6 86.0 83.3 87.0 92.2 84.4 97.6 
Ratio : ea — — in average working cy an 5.5 6.7 7.1 7.3 7.3 7.9 8.7 8.8 8.9 | 9.3 10.8 10.2 
oal-gas 
Excess airt in average working cycles 0.20 0.52 0.60 | 0.65 0.66 0.78 0.96 0.91 1.02 1.04 111 1.31 
Lower calorific value of coal-gas, B. Th.U. per | 
cub. ft., 0 deg. Cent., 760mm. .. 496 486 493 493 486 493 493 51 486 496 504 486 
Absolute indicated thermal efficiency per cent. 30.9 33.1 32.3 33.4 33.8 33.5 33.3 34.2 33.8 83.7 83.5 $1.5 
Absolute brake thermal efficiency ’ 23.8 25.6 25.4 25.8 26.2 26.0 25.9 26 2 | 26.2 25.6 26.1 24.6 
| 
TA BLE III. —ComPaEssion Ratio, 4. ul. 
No. of Test 132 124 133 | 24 134 27 135 120 121 30 122 142 123 144 | 188 145 
Indicated horee- -power* | 8L3 31.4 31.4 30.7 31.4 30.8 81.3 | 31.2 $1.2 | 28.2 31.3 30.7 81.0 28.4 30.7 28.3 
Brake horse-power se | 24.5 24.6 | 24.6 24.1 24.6 24.2 24.6 24.4 24.4 2138 24.5 24.0 24.3 21.9 24.1 21.8 
Number of revolutions per minute . | 205.4 205.5 |} 2048 | 202.2 204.7 201.6 203.8 | 204.6 204.9 200.5 204.2 203.0 203.8 203.1 2038.4 202.4 
Percentage of working cycles -| 734 75.0 79.8 78.2 82.6 78.4 87.2 | 87.0 | 86.6 80.5 91.9 | 916 96.3 | 90.3 97.0 98.9 
Ratio : Geonee — in average working cycles... | 5.4 5.6 5.9 | 6.2 6.4 6.8 6.9 7.4 7.4 8.3 8.2 8.4 8.8 8.9 9.2 10.0 
Excess airt in average working cycles r 0.23 0.22 0.35 | 0.37 0.46 0.40 0. 0.61 | 0.61 0.78 0.78 0.91 0.92 | 1.02 1.09 1.30 
Lower calorific value of coal-gas, B. Th.U. per | | } 
cub. ft., 0 deg. Cent.,760mm. .. 493 497 493 | 620 493 524 493 495 | 495 528 495 495 497 495 495 495 
Absolute indicated thermal ee per cent. | 29.0 29.4 30.0 | 80.2 30.1 29.8 30.2 30.7 | 380.6 30.5 30.5 30.6 30.5 80.6 30.8 29.8 
Absolute brake thermal efficiency . ” 22.7 23.0 23.56 | 23.7 23.6 23.4 23.7 24.0 | 23.9 | 23.6 23.9 23.9 23.9 | 23.6 23.8 23.0 
| | | ' 
TABLE IV.—Compression Ratio, 3.75. 
in ™ 
No. of Test 109 26 25 108 110 29 107 lll 146 1l4 | 147 148 149 
Indicated horse-power* 81.1 30.3 30.4 81.1 30.9 28.0 30.8 81.1 30.6 $1.0 30.4 28.1 28.0 
Brake horse-power ° 24.6 24.0 24.1 24.6 24.4 21.8 24.4 24.6 24.0 24.5 24.0 21.7 21.7 
Number of revolutions per minute.. 204.0 201.0 | 202.0 203.7 204.4 200.7 203.4 204.1 203.38 208.3 208.1 | 203.2 202.8 
Percentage of working cycles 76.3 81.2 | 80.4 80.2 80.0 76.6 85.3 85.6 89.6 93.6 98.4 91.9 98.2 
Ratio : Seatgus in average working cycles 6.5 6.0 6.1 6.3 6.6 6.7 71 7.3 7.4 7.7 8.3 8.4 9.3 
Excess airt in average working cycles 0.18 0.29 | 0.35 0.35 0.42 0.44 0.52 0.5 0.68 0.70 0.89 0.91 Lil 
Lower calorific value of coal-gas, B.Th.U. per 
cub. ft., Odeg. Cent., 760mm. . 490 524 520 49.9 490 5% 490 490 493 483 493 493 493 
Absolute indicated thermal efficiency per cent. 26.7 27.3 27.4 27.3 27.9 28.0 28.2 28.8 28.8 29.1 28.8 29.3 28.9 
Absolute brake thermal efficiency 9 2u1 21.6 21.7 21.6 22.0 21.8 22.3 22.8 22.7 | 230 22.7 | 226 22.4 
_ = - ——————— —EEEE es —_ = —EE —_ = _— — 
TABLE V.—HAatr- F-Loap Teste WITH _Vantous Compassion Ratios. TABLE VI.—Qvarrer-Loap Tests with Various Compassion Ratios. 
8 he Z — — - Ls, SEES = aiememadniomn amenebaninainl 
Compression ratio .. -) «CS 5.24 4.85 4.11 3.94 3.75 Compression ratio os 5.61 5.24 4.85 411 | 3.04 8.76 
No. of Test ws +-{ 88842) $8840 358 44| 61 & 57 53455 46% 48 No. of test 84& 43 394 41 | 87445 62458 | 54 & 56 47 & 4D 
Indicated horse-power* .. - - .-| 2h1 te eT? 20.5 20.3 20.0 Indicated horse-power* 14.2 14.0 13.9 | 13.6 13.4 | 188 
Brake horse-power . ~ --| 142 14.2 14.8 14.2 14.2 14.1 Brake horse-power . 7.30 7.29 7. 7.26 7.24 7.27 
Number of revolutions per ‘minute --| 2024 202 8 202.9 202.2 202.1 201.7 Number of revolutions per ‘minute | 204.1 204.2 | 204.1 | 203.8 2038.1 203.1 
Percentage of working cycles .. on | 584 59.3 58.4 65.6 57.0 65.1 Percentage of working cycles | 86.8 40.0 89.0 | 882 | 35.5 | 387.8 
Ratio: - _—_ a in average working cycles. . &.7 8.9 8.5 8.1 7.9 7.5 Ratio: alr aoe in average working cycles .. 88 | 907 9.5 | 84 | 80 8.2 
val-yas 
Excess airt in average panes cycles 0.85 0.87 , 0.81 0.76 0.72 | 0.64 || Excess airt in average working “ex! 0.87; 1.06) 101) 0.83) 0,74 0.80 
Lower calorific value of coal gas, B.Th.U. per| Lower calorific value of coal-gas, B.Th.U. per 
cub. ft., 0 deg, Cent., 760 mm. 523 520 523 495 496 504 cub. ft., 0 deg. Cent., 760 mm. . 523 520 622 | 196 496 504 
Absolute indicated thermal efficiency... pc. 33.3 82.8 32.3 81.1 29.8 28.6 Absolute indicated thermal efficiency e . ; 33.6 82.4 81.6 | 8.7 29.8 23.0 
Absolute brake thermal efficiency oe 22.4 221 | 219 21.5 20.8 20.2 Absolute brake thermal efficiency --| 17.3 | 169 16.6 | 164 16.1 | 16.3 


Sa a ee iawn 


* In these tables the indicated horse-power is not taken trom the indicator-cards, but cal 


drawn indicator-card. 


efficiency of the gas-engine has an sapestans bearing 

both on thermo-dynamics and practical engine design. 
The thermo- -dynamic theory indicates that the efficiency 

of an ideal engine using air as the working standard is 


represented by the expression 1 — er} (where r is the 


compression ratio). Clearly, however, a relation based on 
the physical properties of air cannot more than a) 
rough guide to the performance of commercial 

which use a much more complex working fluid. ore 
than thirty years ago, Dugald Olerk a the attention 








* Paper read before Section G of the British Associa- 
tion, at Y Manchester, September 8, 1915. 





lated 





We shall see later that this result can only be regarded 
as @ coincidence, for, in view of more recent work on the 
variation of the specific heat of gases, there appears to be 
no reason for expecting a constant ratio between the 
results predicted for an ideal —— using air as a working 
fluid, and those recorded in the case of an actual gas- 
engine. 

n 1905 the Committee of the Institution of Civil 4 
published a number of results bearing on the 
subject. PThe Committee used three different sizes of the 





' ' 


n the r described in the text. ‘It corresponds to the positive ai area of a correctly. 
+ Excess air: This quantity is the ratio of the air present, but nee soqaived for complete combustion, to the air required for complete combustion. 


stroke 24 in.* The compression ratio varied between 
4.36 and 8.07. Beare -gas made from bituminous coal 
was used, the lower calorific value of the gas aimed at 
throughout the test — 160 B.Th.U. per cub. ft. All 
the results are based on the measurement of the diagrams 
taken with a carefully calibrated Crosby indicator. 

The results were subjected to a searching analysis by 
Dr. Clerk, who con ed that they were not inconsis- 
tent with an indicated efficiency of 71 per cent, of the air 
standard throughout the entire range, as some of the 





* See Proceedings of the Institution of Civil Engineers, 
1905-6, vol. cliii.; also Clerk, ‘‘Gas, Petrol, and Oil- 








Engines,” vol, i., page 252. 


of the Institution 
ENGINEERING, January 


* For details, see Proceedi 
Mechanical Engineers, 1908, 
17, 1908. 
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observations made at higher compression ratios were 
probably subject to considerable errors. By cane wpe 
ducer-gas, Professor Burstall was able to attain higher 
com ion ratios than are convenient in experiments 
carried out with town gas. 

Quite recently a on this subject by Professor 
Gibson and Mr. Walker was read at the Institution of 
Mechanical Engineers. They found thatat normal speed 
the indicated efficiency relative to the air standard was 


7U per cent. for compression ratios between 5.2 and 6.6. | da: 


In the present Fay teen 9 ae may — 7 ae 

ine similar in genera ign to the engines y 
the Committee of Civil ineers, but of a more recent 
type. Tke compression ratio could be altered from 3.75 
to 5.61 by altering the length of the connecting-rod. Three 
series of tests were made: “‘ A” at normal full load 
of the engine (25 horse-power), ‘* B” at half-load, *‘ C” at 
quarter-load. In each series the proportion of idle cycles 
were kept nearly constant. The experiments extended 
over three years and about 300 complete tests were made. 
As far as possible the following factors were kept con- 
stant throughout all the tests :— 

i. about 200 revolutions per minute). 
™ 2. Temperature of outlet of jacket water (about 140 deg. 

‘abr.). 

3. Angle of advance of ignition (about 23 deg.). 

‘The results are summarised in the Tables I. to 1V., page 
297, showing a nuinber of full-load experiments which were 
carried out at four compression ratios of 5.61, 4.85, 4.11, 
and 3.75 with various strengths of mixture of coal-gas 
and air. Some experiments were also made at compres- 
sion ratios of 5.24 and 3.94. 

Tables V. and VI. give a summary of all results 
obtained at half-load and one quarter-load with various 
compression ratios from 5.61 to 3.75. These tests were 
made with the gas mixture which previous work had 
shown to be the most efficient. In order to obviate the 
errors inherent to results depending on the measure- 
ment of indicator-cards, all the data used in the discus- 
sion were derived from determinations of the brake 
horse-power and from a systematic study of the mecha- 
nical feaned. 


APPARATUS AND Meruop Usep. 

The experiments were carried out at the Whitworth 
Laboratories of the Victoria University of Manchester. 
The 25-brake-horse-power “* National” gas-engine used was 
governed by hit-and-miss, and was fitted with a low- 
tension Bosch magneto. The cylinder was 11 in. in dia- 
meter and the stroke 19 in., the normal s: 200 revo- 
lutions per minute, the normal compression ratio 4.85, 
and the compression space 469 cub. in. 

Brake Wheel.—A hollow cast-iron water-cooled brake- 
wheel, 5.76 ft. in diameter was bolted to one of the fly- 
wheels. One-inch ropes were used, making the effective 
radius 2.92 ft. The ropes made one complete turn round 
the wheel ; one end was supported by a 270-lb. spring- 
balance, the other end carried a scale-pan, on which the 
weights were laid. The spring-balance was calibrated at 
frequent intervals, and due allowance was made for the 
weight of the vertical part of the ropes. ; 

Compression Ratios.—The compression of the engine 
was varied by inserting packing pieces 0.453 or 0.812 in. 
thick at the large end of the connecting-rod. For the 
lowest com ratios a new connecting-rod 1.98 in. 
shorter than the original one was used. ] 
the following clearance volumes and corresponding com- 
pression ratios were obtained :— 


Clearance Volume. Compression Ratio. 


cub, in. r. 
6.61 

426 5.24 

469 4.85 

580 4.11 

614 3.94 

GH i an con, | 

In all cases the volume swept out by the piston was 


The clearance volume under normal 
running conditions was determined by measuring the 
weight of water required to fil] the clearance the 
higher and lower compression ratios being calculated 
from the length of the connecting-rod used. 

Indicators. — Indicators of two different makers, 
McInnes Dobbie and Crosby, were used, and a number 
of cards were also taken with a Hopkinson optical indi- 
cator. The springs were calibrated at frequent intervals 
by a Bailey or Schaffer and Budenberg apparatus, but 
despite all precautions, the results so obtained were not 
sufficiently reliable for the pu in view, and, as will 
be seen later, the values of the indicated horse-power 
used in the discussion were derived from the measure- 
ments of the brake horse-power and of the various losses. 

Ther s.— The 1 eters were com 
before and after the research with the standards kept in 
the physical laboratories of the Victoria University. 

Counters.—A_ revoluti ter was fixed directly on 
the end of the crank-shaft, and an explosion - stroke 
counter was attached to the gas-inlet valve stem; the 
latter recorded the total numbe: of explosion cycles which 
had occurred during the test. 

Exhaust -Gas Samplings.—A sample of the exhaust 
gases was taken for anaiysis from the small branch-pipe 

, in gem — ee Se —— — 

was rough sulpburic acid in ler to 
ahontt | the moisture and was collected in a small gas- 
holder, The rate of flow was as far as possible kept 
constant during the ex t. In order to minimise 
selective absorption, gas-holder was filled with 
glycerine which had been saturated with gas of similar 
composition. In some the later experiments two 
ee The first, collected 
as above indicated, represented the average composition 
of the gas passing through the exhaust-pipe. The second 


1805 oub. in. 





In this manner T 


pared | accuracy, the measurement of the indicated horse- 





sample was collected through a small water-jacketed 
valve, which only opened after a working cycle ; this gave 
the sempesition of the burnt gases without admixture 
of air. For this sample a mercury gasometer was used. 
Sampling of Coal-Gas.—Samples of the coal- were 
taken before and after the tests. These samples were 
collected from a T on a ch-pipe, through which 
a rapid current of gas was maintained, and were stored 
over mercury. An analysis of the gas was made every 


y- 
Cylinder-Jacket Water.—The cylinder-jacket water was 
supplied from an auxiliary tank placed about 20 ft. above 
the floor. The water in this tank was kept at a constant 
level. A thermometer inserted into the supply-pipe about 
5 ft. from the engine gave the inlet temperature of the 
water. The temperature of the water at the outlet was 
obtained from a thermometer placed in a ket in the 
delivery-pipe, near the cylinder. The volume of water 
discharged from the cylinder-jacket was measured in two 
calibrated tanks p side by side. The full capacity of 
each tank was 850 lb. The two tanks were used alter- 
nately, the one receiving the flow from the jackets while 


the other was Th i 

The exhaust gases 
through ashort length of 3-in. pipe, covered with BE nnn 
lagging to a calorimeter.* The calorimeter consisted of a 
vertical cast-iron cylinder fitted a The 
incoming gas passed up through a water y to 
the exit pipe at the top of the vessel. The heated eater 
was disc near the bottom of the calorimeter through 
a short channel to a tank fitted with a Borda orifice 
which was provided with a cylindrical guide and cross- 
guide plates. To damp out fluctuations in the flow, a 
number of baffie-plates were fixed in the channel lead- 
ing from the calorimeter to the measuring apparatus. 
The height of the water above the orifice was indicated 
by a light float which carried a finely divided scale. On 
several occasions the actual weight of water discharged 
was measured and thus a direct calibration of the meter 
obtained. The flow of water into the. exhaust calori- 
meter was measured by a Venturi méter which was 
calibrated in a similar way. Thermometers were fitted 
in the inlet and outlet water-pipes. The temperature 
of the gases at exit was indicated by a ther ti 


total loss of power at no load. The values thus obtained 
are given in Table VIIL. The total loss under full-load 
conditions will not, as is frequently assumed, be the 
same, and to determine it we must ascertain how each 
separate loss changes with the load on the engine. The 
friction will, of course, vary with the temperature of the 
engine and with the lubrication. To eliminate these 
factors, the engine was always run for some time before 





TaBLe VII.—Calorific Values and Analysis of Coal-Gas. 


Calorific Values. B.T.U. | | 











per Oub. Ft.,0 Uent.,| Weak. Strong. | Average. 

700 MM a. 
From Higher ..| 542 594 554 
calorimeter {Lower .. 486 528 496 
From Higher .. 540 580 557 
analysis Lower 482 615 495 

Analysis. 

Oarbon dioxide 3.3 2.0 3.6 
Ethylene 4.8 6.3 4.7 
Oxygen ae o- 0.1 0.0 0.4 
Carbon monoxide .. 14.1 10.9 9.2 
Marsh gas .. . 26.2 | 27.6 28.5 
Hydrogen 37.6 45.4 40.6 
Nitrogen 13.9 8.8 13.0 
Total 100.0 100.0 100.0 


TaBLeE VIII.—Horse-Power at No Load by Retardation 





Method 

Compression ratio .. ..| 5.61 4.85 4.11 3.75 
No. of test .. .. —../. 10L_ | 100 | 141 | 140 
Instantaneous speed change ; | 

from — to — revolutions } | | 

per minute .. os -  ,210—190 210—190 210—190)210—190 
Number of experiments i m@ | a? i eB i @& 
Average number of revolu-| j } 

tions during above - men.| | | 

tioned change of instan-| 

taneous 8 | 27 | 2 | 80 | 82 
Horse-power at mean speed, | 

200 revolutions per minute 6.38 5.94 5.74 5.38 





which —— into the outlet pipe. Tothe heat ab- 
sorbed by the calorimeter must fe added the heat lost 
by radiation from the surface of the calorimeter, and 
from that of the lagged exhaust pipe. A set of experi- 
ments was specially made to determine the amount of 
this correction. 

Temperature and Presswre of the Gas Supply.—The 
temperature and pressure of the gas supply were measured 
by a thermometer and water manometer placed close to 
the gas meter. Barometric readings were taken at the 
commencement of each test, and all measurements have 
been reduced to 0 deg. Cent and 760 mm. 

Gas Analysis.—A Hempel gas apparatus was used. 
Among the hundreds of gas analyses e during the 
course of the work, a few have been collected in Table 
VII. These indicate the quality of the gas supply. 

Calorific Power of Coal-Gas.—After every engine test 
the calorific value of the gas was determined by a —— 
calorimeter, which was run under steady conditions for 
an hour before the readings were taken. Each value was 
obtained from the combustion of about 1 cub. ft. of gas. 
he meter was calibrated from time to time against a 
small gas-holder of standard capacity. In most cases the 
calorific value of the was also calculated from the 

ysis ; the calculated values were usually in close agree- 
ment with the experimental determinations. 

Time of Observations.— Before every test the gas-engine 
was run for one hour at a given load in order to get all 
the conditions steady, and when the load was changed 
after the end of an experiment, half an hour was allowed 
to elapse before the beginning of the next set of observa- 
tions. The duration of most of the tests was an hour. 
During a test indicator-diagrams and a complete set of 
temperature and metre readings were taken every five 
or ten minutes. 

Gas-Meter.—The gas-meter used was miade by Orme 
and Co.; it had a positive correction of about 1 ~ cent., 
which was allowed for in the estimation of results. 

Tachometer.—A Horn tachometer was fitted to the en- 
gine. This was carefully calibrated from time to time. 


INVESTIGATION OF THE MECHANICAL LOsSES AT 
No Loap anp Fou Loan. 


Before proceeding to the discussion of the thermal 
efficiency 1t is necessary to consider in some detail the 
methods used in obtaining the values given. 

Brake and Indicated Horse-Power.—Whereas the 
brake horse-power of an engine can be determined with 
wer 
offers considerable difficulties. All indicators suffer in 
more or less degree from defects due to the inertia of the 
parts, the friction of the mechanism, and the back lash 
of the joints, hence although there may be some diversity 
of opinion with regard to the merits of any given o-. 
it is ly admitted that the probable error in the 
readings obtained is rarely less than 2 per cent. and 
usually above 4 per cent. Under these circumstances it 
becomes desirable to adopt some indirect means of 
determining the mechanical losses. 

Analysis of Losses.—For a complete theoretical study 
of a gas-engine it is necessary to know the amount 
of work available, and the work lost in friction, ay 
ing. win &c. Usually the loss is measured by 
difference 


tween the indicated and the brake horse- 
power ; if we wish to be free from the errors of the indi- 
cator we must find means of measuring independently 
both the useful work and the power lost. As the moment 
of inertia of the working parts is known, the retardation 
of the engine when the gas is cut off gives at once the 





N.B.—During the experiments the gas supply was cut off. 


Taste IX.—Puwmping Losses at Speed of 200 Revolutions 
per Minute and Compression Ratio 4.85. 























Full Load. No Load. 
gF8 Eats For g°2 
is) a 3 2 
s 2 oe 
Cycle. afe. 853, Cycle. nes 553. 
ie g5- 358 ae 
932.992. $35. 9837 
CRP ACE Se Shae 
a = |= eo 
Idle .. si 3.3 2.3 Firstidle .. 3.3 23 
First working 2.6 1.8 Second idle .. 3.0 2.3 
Secondworking) 2.8 1.8 Thirdidle ... 28 | 23 
Third working 2.8 1.8 Fourthidle ..| 28 2.3 
Fourthworking 2.8 1.8 Fifth idle 2.8 23 
Fifth working 2.8 1.8 Sixth idle 28 2.3 
Sixth working 2.8 18 Working ..| 26 1.8 
Sum 19.9 | 131 Sum .. / 201 | 15.6 
Both sum of 7 Both sumot7) 
cycles... os 33.0 cycles | 35.7 
Pumping Pum ping oe 
losses ip losses in 
horse-power 2.15 horse-power 2.33 





Norse.—If there were no explosion cycle, and other conditions 
were similar, the mean suction vacuum would be 2.8 and the mean 
exhaust pressure 2.3 lb. per sq. in. for all pumping strokes ; this 
corresponds to losses of 1.28 and 1.05 horse-power respectively at 
normal speed (200 revolutions per minute). 


TaBLe X.—Effect of the Compression Ratio on the Mean 
Area of the Compression Loops. 
Mean Difference of Pressure Between the 


Compression Compression and Expansion Curves of 
Ratio. an Idle Cycle, in Pounds per Sq. In. 
5.61 1.94 
4.85 1.60 
4.41 1.26 
3.75 0.79 


Taste XI.—Analysis of the Power Losses. 
Speed .. revs. per min.| 200 — 
Total power lost a h.p.| 5.94 See Table VIII. 


Fly-wheel’s windage.. | e Appenc 
| 


0.68 See Appendix i 
Power loss for suction ..| 1. ; 
exhausting..| 1. } Bee Note of Table IX. 








Frictional losses of 
connecting-rod, &c. 


--| 07 \Caleulated from Table X. 
piston, 
--| 238 |By difference. 


N.B.—The above table gives the losses when the engine is running 
at a compression ratio of 4.85 and with the gas supply cut off. 


the determinations were made, the jacket temperature 
was adjusted by keeping the outlet temperature of the 
circulating waver at about 140 deg. Fabr., and the same 
conditions of lubrication were maintai power 
losses may be enumerated as follow :— d 

1. The power absorbed by pumping during the suction 
and exhaust strokes. ‘ 

2. The power accounted for by the difference in pres- 
sure between the compression and expansion strokes of 
an idle cycle. 

3. The windage of the fiy-wheel. 
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Figs. 1 and 2 show clearly that at all com 
the oes efficiency is obtained when the volume of 
air which takes no active part in the chemical combina- 
tion is about equal to that required for complete combus- 
tion. With a mixture of this composition small altera- 
tions in s produce little effect on the efficiency, 
which remains nearly the same when the excess air is 
varied from 0.7 to 1.0; for town gas of the composition 
used at present this corresponds to a ratio of gas to air of 
from 1:8 t01:9, or 1:10 to 1: 12 for the richer coal- 
gas used in most of the standard closed-vessel experiments 

Theoretical Effciency.—We have just shown that, at 
all compression ratios, as the s' of the mixture 
decreases the brake efficiency rises to a maximum, and 
falls off again. It is clear from the results referred to 
above that this variation is not accounted for by a ch 
in the mechanical losses ; we must therefore look for the 
reason of the alteration in the distribution of temperature 
over the cycle, and compare the indicated efficiencies with 
those theoretically possible. For this purpose the air 
8 will not serve as a useful guide, for the working 
fluid of the gas-engine differs in specific heat from air, 
and its properties vary according to the strength of the 
mixture used. 

Variable Specific Heats.—The variation of the specific 
heats of gases has been measured by numerous observers. 
Langen’s results may be expressed as :— 

Air, Ny, O,. CO Ce = 18.6 + 4.66 x 10-84, 

CO. Cy, = 26.0 + 20.2 x 10-%¢, 

H,0 CO, = 22.9 + 16.7 x 10-8 ¢, 
where the energy is in foot-pounds per cubic foot, and 
the temperature in degrees Centigrade. These equations 


pression ratios 
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give for a mixture of 12 per cent. water vapour, 5 cent. 
carbonic acid, and 83 per cent. of diatomic a 

O, = 19.5 + 6.88 x 10-3 ¢, 0 deg. Cent., 
whereas for a similar mixture Clerk found— 

Cy, = 19.4 + 5.45 x 10-5 ¢, 0 deg. Cent. 
Wimperis gives— 

Cy = 18.8 + 8.2 x 10-%¢ 
as re’ mting the internal energy curve published b 
the British Association Committee in theit 1908 sapeek 
Stodola and others give expressions involving the square 
of the temperature. The difference between the various 
expressions implies an uncertainty of + 1.5 per cent. 
in the theoretical efficiency, but the variation in effi- 
ciency produced by a change in composition of the gas 
may be estima to a much closer approximation if 
any one consistent set of values is chosen. 

Lengen's results give the specific heats of all the con- 
stituent gases, and the specific heat of the above standard 
mixture as derived from them falls between the value 
given by Clerk and that given by Wimperis. For these 
reasons Langen’s results have been in the course of 
the present work. theore*ical variation of efficiency 
with > of mixture and with compression ratio is 
given in Figs. 3 and 4, the assumptions being that the 
coal-gas has the following analysis* :— 

CO, = 3.6, C,H, = 4.7, O, = 0.4, CO = 9.2, CH, = 28.5, 
-_ H, = 40.6, N, = 13.0, . 

which was the average composition of the gas used in our 

ex periments. 
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* The theoretical efficiency for a given strength of 
mixture varies slightly with the analysis of the gas even 
when the co nS 2 oat 
case, ono y giving amount of air present in 
excess of that required for complete combustion. 








RELATION BETWEEN THEORETICAL AND INDICATED 
EFFicrency. 


Referring again to Hig. 2. it will be sean that for all 
compression ratios between 3.75 and 5.61 and for all mix- 


tures between 0 and 0.7 excess air ( =75 tory) the 


indicated efficiency relative to the gas standard remains 
constant and is 88.341. For all weaker mixtures the 
efficiency falls .off rapidly. If we draw the theoretical 
indicator-cards for the various mixtures and compare 
their shape with that of the average card obtained the 
explanation of the above result apparent. Figs. 5, 
6, and 7 refer to a compression ratio of 4.85 and are 

culated for mixtures of 0.20, 0.5, and 1.3 excess air 
respectively; the adiabatics being of the form, 


log ¢ = a log + b(@ — %) differ slightly in three cases, 


as the specific heats and temperatures vary with the 
mixtures. In -—_ = the ae a the two 
areas ts the loss in power, which is per cent. 
for the ret case, 9.8 per cent. for the second, and 19.8 

er cent. for the third. It is apparent that the difference 

tween the efficiency of the two stronger mixtures and 
that of the weaker one is almost entirely due to the fact | 
that, owing to the slower combustion of the latter, part 
of the heat is added late in the cycle. 

We may obtain some useful information from a further 
analysis of the diagram. Drawing an adiabatic tangential 
to the expansion curve, we separate the shaded area, or 





lost work, into three parts 
ts the effect of a loss of heat at the com- 
mencement of the stroke. 













little light on the thermodynamic defects of the engine. 
In several previous investigations more or less successful 
efforts have been made to analyse the jacket losses in 
the manner indicated above. It is of interest, however, 
to note that the results so obtained are not inconsistent 
with those given in Tables XIV. and XV. 


Errgct oF Compression Ratio at Fuut Loan. 

At full load, in Figs. 8, 9, 10, and 11, the absolute 
thermal brake efficiencies and indicated efficiencies are 
plotted in terms of the compression ratio. As we have 
already seen, the indicated efficiency relative to the gas 
standard is 88.3 per cent., and remains constant at all 
— ratios and for all mixtures excepting the 
weakest. In the case of the engine used in the present 
vests the corresponding brake efficiency was about 69 per 
cent., and showed little alteration. The former fact 
represents a definite thermodynamic condition, and 
probably remains true for any engine having the same 
size of cylinder and running at the same speed ; the latter 
is the result of the particular design of the engine with 
regard to the ment and lubrication of the bearings 
and size of the valves, the dimensions of the fly-wheel, 
the shape of the inlet and exhaust-pipes, &c. 


Error or CoMPRESSION Ratio aT HALF AND 
_ Quarter Loaps. 

It is interesting to note that the indicated thermal 
efficiency falls but slightly as the load decreases. At 
full 1 it av per cent., at half and quarter 
load it is still about 84 per cent. (see Fig. 14). I 
is only for no load and for high-compression ratios that 
the loss becomes considerable. A comparison of the two 


cards, Figs. 12 and 13, shows that the change is due, not 
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B represents the loss of work due either to leakage or 
to the transmission of heat to the cylinder surface during 
ion. 

represents the loss of work due to delayed explosion. 
These three areas represent respectively about 5, 7.1, 
and 0.1 cent. of the total available power in the 
case of the strongest mixtures, and 9.7, 0.5, and 9.7 per 
cent. in the case of the weakest mixtures. We do not 
hereby imply that the above paae represent the 
actual loss of heat, but merely t an engine having such 
losses would have the same indicator-card and the same 


Exons air 6 Gras Sb0Ut 678 


2 
Volume 





> the actual engine used. 
The above analysis shows clearly why the efficiency of | 
the stronger mixtures relative to the gas 8 remains | 
nearly constant, and why that of the weaker and slower | 
mixtures falls rapidly. It indicates also that for the weaker | 
mixtures any loss of heat to the walls during expansion is | 
balanced by an equal inflow of heat from the hot surfaces, | 
or by an evolution of heat from the incompletely burnt 
gas. The decrease of efficiency of the weaker mixtures is 
thermodynamically accounted for by the fact that a large 
pro ion of the heat is added. not at the commencement 
of stroke, but during the first quarter of the expan- 
sion. A complete energy ce for the various mixtures 
is given in Tables XIV. and XV., which include also | 
values corres! ing to balf and quarter-load. 
In an ordinary engine the jacket loss, as measured by 
the change of temperature of the cylinder water, amounts | 
to about 28 per cent. of the total heat. Part of the heat 
thus measured—probably about one-third—passes to the | 
jacket after the end of the working stroke, and should | 
therefore be added to the heat of the exhaust gases; part | 
of it represents frictional loss, and the balance may be 
lost either at the commencement of the stroke, where the 
effect on the indicated horse-power would be large, or near 
the end of the stroke, where the effect would be inappre- 
ciable. It is therefore clear that even the most careful 
measurement of the so-called jacket losses can throw but 





. Air 
ar ies isi about 











2 4 


to an appreciably larger heat transmission to the walls 
during expansion, but to slower combustion, which mus? 
be attributed to the lower temperature reached at the 
time the gas is fired. 


CoMPARISON WITH RESULTS OF PREVIOUS 


INVESTIGATIONS. : , 
The question of the effect of compression ratio has 
formed the subject of many previous and, in 
as far as the work bears on this sub; & direct 


comparison ot results is both possible interesting. 
The absolute indicated and brake thermal efficiencies 


| deduced from the observations of various investigators 
| are given in the following tables :— 


Full-Load Indicated Thermal Efficiencies (in per 
Cent. of the Total Heat"). 


| + 











: | qd ia.'g|e4 
Compression 5 | LC.E. Committee ¢ =u 3 sé 
Ratio. S | Report. t a &§ S| 2g 
_ a im* sia 
3.5 MOiam| — | — |] «| — |—|] mo 
4.5 2.0; — | —| — | 20| — | —| 820 
5.5 — 31.0 33 35 34.5 os 35 35.5 
6.5 _ _- —_i- 87.0 37.0 37, — 
Size of engine : 
Diameter ef | | | 
cylinder..in. 7.8 5.5 9 14 160) 11.5 11 110 
Stroke ..,, 118 10.0 17 22 24.0 21.0 19 19.0 
1 





* In most cases the mixture used was that giving maximum 


t Report of the Committee of the Institution of Civil Engi- 
neers, 1906; and D. Clerk's ‘‘ Gas, Petrol, and Oil-Engine, vol. i. 


page 252. 

fore og of the Institution of Mechanical Engineers, 190s. 
; Thid., 1908 ; Exourmmrine, May 15, 1908. 
|| Tbid., 1915; Exommurine, May 21, 1916. 
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Full-Load Brake Thermal Efficiencies (in per Cent. of 
the Total Heat). 
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GENERAL CONCLUSIONS. 


Indicated Horse-Power.—Atv full load under the most 
favourable conditions the indicated horse-power of a gas- 
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engine is 88 per cent. of that of an ideal engine working 
with a similar mixture. 

This holds true for all except very weak mixtures, for 
which the relative efficiency is lower (see Fig. 2). For 
Mixtures containing only a slight excess of air, the above 
corresponds to an absolute thermal efficiency of 27 per 
cenv. ab @ compression ratio 3.75 and 33 per cent. at a 
compression ratio of 5.6; for mixtures containing twice 
the amount of air required for complete combustion the 
absolute efficiencies are 29 and 36 per cent. The indi- 
cated efficiency relative to the gas standard falls from 
- +. per cent. between full load and quarter-load (see 

1g. . 

Brake Horse-Power.—At fall load the brake efficiency 
relative to the gas standard varies from 70 per cent. ab 
the compression ratio 3.75 to 67.5 per cent. at the com- 
Pression ratio 5.6. This holds true for all except the 
weakest mixtures for which the relative efficiency is 
ower, 

_ Tbe absolute brake efficiency is 21 cent. at compres: 
sion ratio 3.75, and 25.5 per cent, at compression ratio 5.6 








for all mixtures containing little excess of air ; and 23 and 


|27 per cent. respectively for mixtures containing twice 
| the amount of air required for complete com 
| maximum brake efficiency obtained in the 


bustion. The 

t experi- 
cent., and occurred at the hi b 
| compression ratio for a mixture slightly stronger than 
| this (see Fig. 1). At light loads the brake efficiency rela- 
| tive to the gas standard decreases more rapidly as the 
compression ratio rises. For the higher compression 
ratios the increase of theoretical efficiency is about counter- 
| balanced by the increase in frictional loss, and thus 
| the om efficiency becomes nearly constant (see 


|ments was 27.4 


. 11). 
echanical Losses.—The mechanical losses increase 
| compression ratio. For the engine under test at normal 
| speed (200 revolutions per minute) the mechanical losses 


COMPARISON OF IDEAL AND ACTUAL 
ENGINE AT FULL LOAD AND NO LOAD. 






Fig12. MEDIUM MIXTURE 
AT FULL LOAD. 
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amounted to 5.6 horse-power at no load, and 6.3 horse- 
power at full load when the compression ratio was 3.75, 
and 6.5 horse-power at no load, and 7 horse-power at full 
load when the compression ratio was 5.6. e pomping 
losses are an important part of the total mechani 
losses ; at a compression ravio of 4.85 they represent 2.3 
horse-power at no load, and 2.1 horse-power at full load, 
= 38 and 31 per cent. respectively of the mechanical 
osses. 

Thermal Losses.—The loss of power due to thermal 
losses amounts at full load, under the most favourable 
conditions, to 10 per cent. of the total available energy, 
and at quarter-load this increases to 16 per cent. 





APPENDIX I. 
Pumping Losses (see page 299). 

In connection with the above work it was necessary to 
determine with some accuracy the power lost during the 
— and as ae of the engi mt, is obvious 

t four princi cases are possible, suction or 
exhaust may form part of an idle cycle or a working 
cycle, and the curves will be slightly different in shape 
when the ae concerned follows a working cycle and 
when it follows an idle one. The four cases are given 
in Figs. 14, 15,17, and 18. From the diagrams it will 
be seen that the’ suction is greatest during an idle cycle 
which follows a working one, and least during the second 
of the two successive working cycles. 

The pressure at the end‘of an exhaust stroke is greater 
for an idle cycle than for a working cycle. After two 
successive working cycles the suction and exhaust strokes 
show no further modification, but in the case of a series 
of idle cycles a constant state is only reached after a 
third suction stroke (see Fig. 16). ‘able IX., which 
refers to observations made at a compression ratio of 4.85, 
shows that when the engine is firing six times out of 
seven, as at full load, the pum ag ane at normal speed 
is 2.15 horse-power, and it is 2.33 horse-power when the 
engine is missing six times out of seven, as at light load.* 
Table XII. summarises similar results obtained at other 
compression ratios. 

Some measurements were made to ascertain the pro- 
portion of the loss due respectively to gaseous friction in 


to the 


* As already pointed out, this result refers onl 
am | in the 


arrangement of suction and exhaust-pipes 


present experiments, in some cases there will be a con- 

siderable differenco. Hopkinson, for instance, found 

that the umping loss was nearly double when the engine 
g: 





was not 








the connection-pipes and in the valve- The 
maximum and minimum pressures outside the inlet and 
outlet-valves were measured by means of a special appa- 
ratus ; these showed that normal conditions the 
loss due to the inlet-pipes was 31 per cent. of the total 
pumping losses ; the valve-passages accounted for 31 per 
“Kiclseudy wapatigun tao eckan gts pased through 
a y ment the exhaust 
a calorimeter fitted with baffie-plates. © removal of 
the plates produced a slight change in the shape of the 
exhaust curve, but had no appreciable influence on its 
area. It appears that the water-spray and baffle-plates, 
while increasing the resistance to the passage of the 


| exhaust gas, diminished its volume by an amount suffi- 
| slightly in absolute amount with the load and with the | ci i 


cient to cancel any change of total resistance. A number 
of experiments were made to ascertain the extent to 
which an increase in the richness of the mixture altered 
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Fig.14. SUCTION PRECEDING AND EXHAUST 
FOLLOWING A FIRST IDLE STROKE. 
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Fig.15. SUCTION PRECEDING AND EXHAUST 
FOLLOWING A SECOND IDOLE STROKE. 
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FOLLOWING A THIRD IDLE STROKE. 
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Fig17. SUCTION PRECEDING AND EXHAUST 
FOLLOWING A FIRST WORKING STROKE. 
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Fig.18.SUCTION PRECEDING AND EXHAUST 
FOLLOWING A SECOND WORKING STROKE. 
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the pumping diagram. It was found that 
the effect was aol Rot ine particular case the nega- 
tive pressure averaged 3.1 1b. per sq. in. when no gas was 
being used, 2.8 lb. for the weakest mixture, and 2.6 lb. 
for the strongest. 


APPENDIX II. 


Windage, Main-Bearing Friction, and Side-Shaft 
Friction. (See Page 299.) 

To determine these losses the connecting-rod was 
removed and the engine run somewhat above the normal 
speed by an electric motor. When a speed of about 215 
revolutions per minute had been reached the driving-belt 
was thrown off and the retardation measured. time 
required for the speed to fall by 10 revolutions at various 
speeds will be found in Table A (overleaf), which also 
gives the loss in horse-power at speed. Part of the 
power is required to overcome air resistance, and part to 
overcome frictional resistance. It is reasonable to assume 
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in Table B. The power loss under these conditions is 

represented closely by the following equations :— 
Horse-power lost = 1.93 x 10-* N + 6.57 x 10-8 N® 

where N is the number of revolutions per minute. 

TasLe A.—Speed Drop and Corresponding Time ( Mean) 


| } 
Instantaneous speed, Lee 8. Ge 
revolutions per min. |210 290 190 180/170 160 150)140 130,120, 110 
Time, ae ae 


27 56 87/120 155/192 231/272 315) 361 


Taste B.—Power Lost in Fly-Wheel Windage, Main 
Bearings, and Side-Shaft Friction. 


Speed in revolutions per min. 200 175 150 125 
| 


Power lost in main bearings) 

and side-shaft friction, 
horse-power .. 2. eof 0.34 0.29 0.24 

Power lost in fly-wheel wind-| 
oe --| 068 0.35 0.22 0.13 


age, horse-power 


APPENDIX III. 
Determination of the Change of Frictional Loss 
with Load, 


The series of experiments referred to on page 299 were 
carried out in the following manner :--The engine was 
first run for a considerable period at full load in order to 
obtain uniform conditions with regard to temperavure 
and lubrication. Two comparative sets of retardation 
readings were then taken. For the first the brake was 
lifted and the Clerk mechanism operated at the com- 
mencement of a working cycle; for the second at the 
commencement of an idle cycle. A number of such com- 
parative tests were made, and these gave results similar 
to those reeorded below. 


No. 246 B, 








Experiment .. ..| No, 246A. 
Average speed in revolutions per minute) 200 | 200 
Rate of retardation in revolutions per | 

ee on oc ae sa OS 4 a 
Moment of inertia of rotating partes in 

pound-inch? eo es - ..| 3.002 x 106, 3.002 x 106 
Power given out by fly-wheels, horse- | 

power oe ee ee oe oe! 2.65 | 2.71 
Work done by gas (from indicator) | 

measurements) .. a ma iia 2.85 | 0.22 
Total frictional loss in horse-power .. 5.5 2.93 
Average pressure on piston in pounds | 

per square inch above atmosphere ..| 41.2 14.0 


Under the conditions of this experiment all four strokes 
of the cycle were made under pressure, and the results 
show that an increase of mean pressure of 27.2 lb. per 
sq. in. produces an increase of frictional loss of 2.57 
horse-power. A series of experiments similar to those 
recorded above led to the conclusion that between the 
mean pressure of an idle stroke and the mean pressure of 
a working stroke each pound increase of pressure in- 
creased the friction during a stroke by 7.8 ft.-Ib. 


APPENDIX IV. 


Methods of Determining the Composition of the Explosive 
Mixture (see page 299). 

In all cases the amount of gas was directly measured 
by a meter, which was calibrated before and after the 
experiments, 

Three methods can be used to determine the quantity 
of air :— 

1. A direct measurement, obtained by passing the air 
through a dry meter. 

2. An estimation from the number of explosions, the 
volume swept out by the piston, and the av pressure 
and temperature of the mixture at the end of the suction 
stroke. 

3. An estimation based on the analysis of the exhaust 


gases. 

The first method has the disadvantage that the work- 
ing conditions of the engine are somewhat abnormal, 
for the vacuum during the suction stroke is i b 

The second method lacks accuracy, inasmuch as the 
average temperature at the end of the suction stroke is 
difficult to estimate. 

The third is accurate provided that some mechanism is 
ava‘lable by means of which a sample of gas is taken 
from every explosion cycle, and no air introduced when 
an idle cycle occurs. The numbers used in the present 

per were obtained from samples of exhaust gas col- 
ected in this manner. 





The strength of the explosive mixture is indicated by | be 


iving the proportion of excess air present, this ratio 
ing defined as equal to :— 
Total vol. of air present - air required for complete combustion 
Air required for plet busti ‘ 


The more usual method of indicating the ratio of gas to 
air is, of course, simpler, but has the disadvantage of 
being very indefinite; for, as is well known, the chemical 
composition of coal-gas varies considerably. Thus a 
mixture of nine volumes of air to one of the town’s gas, 
as at present supplied, corresponds to a mixture of about 
11 to 1 of the town’s gas as used in most of the standard 
closed-vessel experiments, and a similar variation, though 
of lesser magaitude, takes place from day to day. 








Tue Newsk1 Surpyarp in Rossta.—The Newski ship- 
ard in Rassia, which is closely connec’ with the 
utilow works, and is being financed by a Russo-French 
group of capitalists, shows a loss for 1914 of 358,347 
roubles ; the capital of the company is 7,000,000 roubles. 
Since the beginning of the war the Newski yard is stated 


to have worked exclusively for the Government, 





UNITED STATES MARITIME LAWS. 


Tue terrible disaster which befel the excursion steamer 
Kastland in the Chicago River on July 24, when the 
vessel capsized while embarking passengers, resulting in 
nearly 1000 lives being lost, has, according to the investi- 
gations of the Grand Jury of the Cook County Criminal 
Court, shown the sy not only for the very careful 
revision of the maritime laws of the United States, but 
also for reorganising the administration for the carrying 
into effect of legislative regulations. We do not propose 
here to make any comments on the subject, because the 
matter will, no doubt. be more fully investigated. The 
facts disclosed in the fina! finding of the Grand Jary are 
in themselves proof of the need for such investigation 
pre’ tory to amendments in the law. In the course of 
their report the Grand Jury said :— 

**The underlying cause of the disaster was the general 
construction of the vessel and that of her ballast-tanks. 
The water-ballast sytem was single, permitting the filling 
of the tanks from one sea-cock by gravity only, and made 
it impossible to empty some tanks while filling others, or 
to pump from one set to another. She was unsafe for 
——— unless properly ballasted, and a — imper- 
‘ect system of water-ballast was used when fix last 
sufficient for proper stability should have been required 
by the inspectors and owners. 

** As actually operated, with the tanks used for trim- 
ming purposes only, the safety of the boat at all times 
depended, first, on the quick wit and the judgment of 
the engineer and the captain ; second, on the operating 
condit:on of the valves, pumps, and sea-cock, any of 
which could have easily been clogged, and thus prevented 
the stabilising of the boat. 

‘*The instability of this vessel, abundantly indicated 
by experience, would have been easily shown by calcula- 
tion or by inclining test, and could have been easily cor- 
rected by means of fixed ballast. That it was not cor- 
rected years ago the jurors regard as indicating criminal 
carelessness or incompetence on the part of all persons 
connected in any way with the design, construction, 
control, operation and inspection of the steamship. 

“The fact that at various times, from the date of the 
construction of this boat to the time of the disaster, in- 
spections were made by inspectors representing ship 
registry companies and insurance companies for the pur. 
pose of classifying said steamship Eastland for insurance 
purposes or vessel-rating purposes, is an additional con- 
tributory cause to this great disaster, and adds to the 
chain of careless, reckless, and criminally negligent in- 
spection of boats. 

‘The Government inspectors had authority to refuse a 
permit to the Eastland until such changes had been made 
as would have made her seaworthy under all conditions 
of service. It appears, however, that the most important 
and fundamental question of stability was never investi- 
gated by the inspectors. The steamboat inspectors are 
generally not trained technical men, and are therefore 
not competent to make reliable stability calculations or to 
conduct inclining tests, and to make competent calcula- 
tions to determine the stability of the boat inspected by 
them under various loading and other service conditions. 

‘The filing of plans of boats to be built or recon- 
structed has only been required in recent years, and the 
jurors were unable to get any plans at all of the Hast- 
land. Such plans as have been turned in during the last 
two years have been used to determine only the character 
and strength of structures, machinery, boilers, and appur- 
tenances, and have not been used. except possibly in a 
visual manner to determine the stability of vessels. 

** In compiling the following recommendations, as well 
as in the preparation of the report, Mr. Allen had the 
advice ef Colonel Henry A. Allen, mechanical engineer, 
who has been representing the city of Chicago in its 
investigations as to the future tests and inspections. 

“1. The jurors recommended that no permits be 
issued — plans and calculations are submitted and 

proved, 

**2. That proper inspection be maintained during 
construction. Upon completion the vessel shall be sub. 
jected to inclining tests and calculations made from the 
tests to determine the safe load-carrying capacity under 
service conditions. 

**3. That the stability of the vessel used in passenger 
service shall in no case depend u movable ballast. 

**4. That water ballast shall allowed for trimming 
pur only, and when used the system shall be arranged 
with at least two sea cocks with pipes cross-connected, 
so that one set of tanks on one side can b> filled while 
the other set is being pumped out, and so that water may 
pam from one set to another. 

**5. That all pe. tinent data relating to stability under 
service conditions shall be reduced to a convenient form, 
and a printed copy containing necessary and desired in- 
formation shall posted in a prominent place in the 
p lot-house of all vessels for ready reference by the officers 
of such vessels. 

**6. That definite regulations be issued by the Federal 
Government governing the carrying capacity of excur- 
sion and other ae steamers, specifying the carry- 
ing of sufficient life-saving equipment, nger space, 
and limiting the number of p:ssengers thas can safely be 
carried, such loading to be based on the stability of the 
vessel under certain conditioas.” 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several co'onial and 
foreign eoguanting projects, taken from the Board of 
Trade J urther information on these projects 
oan be obtained from the Commercial Intelli Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 





_ South Africa : The office of H.M. Trade Commissioner 
in South Africa has forwarded an extract from the local 


Press, giving particulars ding a new scheme for the 
disposal of sewage in the Cape Town suburbs. The pro- 
posal is, breadly stated, to convey 74 per cent. of the 
sewage of Woc r cent. of that of Mow. 


tock, and 114 
a to the present outfall at Three Anchor Bay, and to 
deal with the sewage of the remaining suturbs at the 
Corporation farm at Mowbray. The cost of the under- 
taking is estimated at 489,000/., of which sum 316,850/. is 
allotted for the construction of main and subsidiary 
sewers, and 13,0007. for the main pumping-station and 
equipment. 

New Zealand : H.M. Trade Commissioner for New 
Zealand has forwarded an extract from the local Press 
which states that at a meeting of the Wellington Harbour 
Board last June it was resolved that inquiries should be 
made as to the cost of a floating dock for Lambton 
Harbour, to take vessels of up to 1000 tons. 


Spain : The Gaceta de Madrid contains a notice, issued 
by the Ministerio de Fomento, granting a concession to 
Don Evaristo San Martin y Larraz for the eonstruction 
and working, for a period of ninety-nine years, of a 
funicular railway from Bilbao to the Achanda Hill. Abt 
least three passenger coaches must be available for the 
working of the railway. Construction work must be 
commenced within a period of three months and com- 
pleted within a year. The estimated cost of the under- 
taking is 488,407 pesetas (about 19,500/.). The Gaceta 
also notifies that tenders will be opened at the Direccidn- 
General de Obras Publicas, Madrid, on November 10, for 
the construction and working, for a period of ninety-nine 
years, of a strategic railway from Ferrol to Gijén. The 
cost of construction is estimated at 88,185,606 pesetas 
(about 3,527,000/.), on which interest not exceeding 5 per 
cent. per annum will be guaranteed by the State. The 
minimum rolling-stock required to work the line will be 
thirty locomotives, 102 passenger-coaches, fifteen biake 
vans, 300 goods wagons, and fifteen trucks. An option 
on the concession is held by the Sociedad Iberia. Con- 
struction work must be begun within three months from 
the date of the award of the concession, and completed 
within a period of eight years. Although the foregoing 
contract will probably be awarded to a Spanish firm, 
nevertheless the carrying cut of the work may involve 
the purchase of material outside Spain. 


Portugal : The Diario do Governo publishes a Bill to 
authorise the Government to make arrangements for the 
construction of the last section of the Aveiro branch of 
the Vale do Vouga line—viz., from the station of Aveiro 
to the Canal do Cojo. The Diario also publishes a Bill 
to authorise the construction of a brcad-gauge railway 
from Carregado to eee, pans through Alenquer, 
Merceana, Vila Verde and Uadaval. The Diario further 
publishes a law authorising the Government to raise 
loans for the construction of the following railways :— 
(1) From Estremoz, via Portalegre, to Castelo de Vide ; 
(2) from Vila Vicgosa to Elvas; (3) from Amarante to 
Mondim de Basto; and (4) from Mora to Rui Vaz. 





New Zeacanp Coat.—The yearly production of coal 
in New Zealand in the ten years ended with 1913 inclu- 
sive was as annexed :— 


Year. Tons. Year. Tons. 

1904 . 1,537,838 1909 .. 1,911,247 
1905 . 1,585,736 1910 .. 2,197,362 
1906 . 1,729,536 1911 .. .. 2,066,073 
1907 . 1,831,009 1912 .. .- 2,177,615 
1908 . 1,860,975 1913 . 1,888,005 


Coal was imported into New Zealand in 1904 to the ex- 
tent of 147,196 tons ; in 1913 the imports had advanced to 
468,940 tons. Tho exports of coal from New Zealand in 
1904 were 165,560 tons, and in 1913, 216,590 tons. Down 
to the close of 1913 the aggregate output of coal in New 
Zealand, from its first settlement as a British colony, had 
been 37,318,819 tons. This total was made upas follows :— 
Bituminous and semi-bituminous coal, 29. 486,37 tons ; 
pitch, 1,993,595 tons; brown coal, 11,074,944 tons; and 
ignites, 1,793,954 tons. The principal coal-mining dis- 
tricts in New Zealand made the following contributions 
to the aggregate production of 37,348,819 tons effected to 
the close of 1913 :—Auckland. 3,127,113 tons; Waikato, 
3,474,084 tons; Bullen, 12,157,911 tons; Grey, 7,132,072 
tons ; Otago, 7,965,296 tons; and Southland, 2,266,837 
tons. 





German Iron Founprtks.—A Silesian report states 
that the active demand for foundry articles has not only 
been maintained, but has further increased in the diffe- 
rent branches, and that a for the army 
have grown considerably. Also what are now called 
peace requirements are on the increase, but they have 
to put up with the second place, and the slow deliveries 
cause a good deal of inconvenience. Production, on 
the whole. is not behind that in times of peace, and 
although the shortage of labour to some extent has been 
regulated, the works are unable tosatisfy their customers. 
In order to mend matters the works are introducing 
technical improvements and extensions where such are 
possible. Selling prices have been further advanced in 
all branches of the foundry industry. Higher prices have 
more especially manifested themselves in deliveries to 
neutral countries within the scope left by the many export 
prohibitions. It is, however, claimed that increases in 
prices for raw materials, such as foundry pig, bematite 

ig, and coke, in y are materially smaller than 
in land. Pending the fixing of new prices, the various 
combines have decided not to effect any sales beyond the 
third quarter. With exception of quality iron, which 





continues scarce, the want of raw materials has, to 4 
great extent, subsided, 
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THE BRITISH ASSOCIATION. 
(Continued from page 285.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


Section A met in the Physics Theatre of the 
University on Wednesday, Thursday, and Friday, 
the 8th, 9th, and 10th inst., both mornings and after- 
noons, and can look back—as Professor Richardson 
observed when proposing a vote of thanks to the 
President of the Section, Sir Frank W. Dyson, 
F.R.S., the Astronomer Royal—on a much more 
successful meeting than anybody had hoped for. 
The organising committee had not invited miscella- 
neous contributions, but had arranged for discus- 
sions of definite problems. Thusthe whole number 
of papers and reports received was only seventeen, 
counting a discussionasone. Considering the short 
time at disposal this year, this non-encouragement 
of miscellaneous papers certainly proved success- 
ful, and the proceedings attrac’ " attend- 
ances throughout. A sub-division of the Section 
was not necessary. None of the discussions directly 
touched upon the war. But the war had claimed 
its victims ; twice the President had to ask for 
votes of condolence. Mr. H. G. J. Moseley, who 
had done much of his splendid work on character- 
istic rays in the laboratories adjoining the Sec- 
tion-room, had been killed in the Dardanelles 
a few weeks previous, and Professor Bragg had 
received news of the death of one of his sons at the 
Front on the very morning when he was opening a 
discussion on X rays and crystals, problems which 
he has been investigating together with another 
son, still in Government service. 

The officers of the Section were :—President, 
Sir Frank W. Dyson, F.R.S.; Vice-Presidents : 
Professors H. Lamb, F.R.S., and Sir Ernest 
Rutherford, F.R.S., both of Manchester, and 
H. H. Turner, F.RS., of Oxford ; Secretaries : 
Professor A. 8S. Eddington, F.R.S., of Cambridge 
(Recorder) ; Messrs. E. Gold, M.A. (of the 
Meteorological Office), A. O. Rankine, D.Sc. (of 
University College, London), and W. Makower, 
D.Sc. (of Manchester). We group the papers irre- 
spective of the order in which they were taken, 
and begin with the presidential address. Astro- 
nomical questions were prominent. 


THe CONSTRUCTION OF THE HEAVENS. 


Sir Frank W. Dyson’s address was an account of 
the manner in which astronomers have investi- 
gated the skies, and of their conclusions as to 
what Herschel called ‘‘ The Construction of the 
Heavens.” Our knowledge of the fixed stars, 
he said, was derived from two sources: (1) the 
measurement of small changes in the positions of 
the stars, and (2) the analyses of the light received 
from the stars and the measurement of its amount. 
The changes in position of the stars among them- 
selves were of two kinds; the first consisted of 
small periodic movements about a mean position 
due to parallax, and in the case of double stars due 
to orbital motion ; the second, proper motions of 
stars were determined by comparing the stellar 
positions after intervals of years. Photometry and 
spectrum analysis had helped materially in the 
classification. In its general outline Herschel’s 
view appeared still correct. In discussing the 
principal methods used to obtain a more definite 
knowledge of the extent and constitution of 
the ‘‘island universe,” Sir F. Dyson remarked 
that if the distance of a star had been measured, 
Its co-ordinates, velocity perpendicular to the line 
of sight and luminosity were easily found ; in the 
case of double stars of known orbits the mass 
might also be determined. But only a very small 
Proportion of the stars were sufficiently near for 
the distance to be determined with any accuracy. 
Taking the distance corresponding to a parallax of 
one second of arc (one parsec) as unit—i.e., 200,000 
times the distance of the earth from the sun— 
fairly accurate determinations could be made up 
to 25 parsecs. For much greater distances average 
results were obtainable from proper motions and 
the mean distances of particular c of stars— 
of a given magnitude or type of spectrum—up to 
500 parsecs. Provided the stars were sufficiently 
bright, their velocities to or from the earth could 
hg for oe distances. For distances 

© 1000 parsecs the knowledge was very vague. 

p Baferting to parallax in the first Aer Mon the 
resident stated that the sounding line which 
astronomers had thrown into space had first touched 











bottom when Bessel, Struve and Henderson deter- 
mined the — of three stars in 1838. Within 
a sphere of five (one million times the sun’s 
distance) 19 stars had been found, and disregarding 
very faint stars, the total number of stars in this 
volume was probably 32 (Eddington) ; they would 
on average be twice as far apart as the sun was from 
its nearest neighbour, a Centauri. Many of these 
stars were binaries, and the range in their masses 
was small. The combined mass of Sirius and its 
companion was 34 times that of the sun, the mass of 
a Centauri twice that of the sun, and there was no 
evidence of any stars of 100 times the sun’s mass, 
or of a much smaller mass. The bright helium stars 
seemed to be the biggest (7 times the mass of the 
sun), and the largest known, the variable star 
V-Puppis, was 19 times as massive. The absolute 
luminosities had a much wider range; Sirius 
radiated 48 times as much light as the sun, 
Canopus possibly 10,000 times as much, Groomidge 
34 only one-hundredth part. The type of spec- 
trum seemed to be important in this respect, at any 
rate for stars near the solar system ; Sirius was 
a blue hydrogen star; Procyon, less blue, was 
10 times as luminous as the sun ; a Centauri (more 
yellowish, like the sun) twice as luminous; 61 
Cygni, redder than the sun, one-tenth as luminous, 
and the red stars were still less luminous. At 
the commencement of this century the parallaxes 
of only 80 stars had been known; now measure- 
ments were made or completed on 1100 stars. 

The determination of the velocity in the line of 
sight, initiated by Huggins, and made reliable by 
Vogel in 1890 (photographic method), was now 
considered accurate, for bright stars with sharp 
lines, within } km. per second, and the average 
velocity of stars was between 10 km. and 20 km. 
The observations of 1200 bright stars gave for the 
fundamental constant of the solar motion the 
value 19.5 km. per second (Campbell) ; that ie, the 
solar system moved through space at the rate of 
4.1 times the distance of the earth from the sun 
per annum. The radial velocity again changed 
with the type of spectrum, from A (blue) to M 
(red) stars.* Helium B stars (the hottest) had an 
average radial velocity of 6.5 km. per second, 
hydrogen A stars of 11 km., solar stars 15 km., red 
M stars 17 km., planetary nebulze (with bright line 
spectra) 25 km. persecond. These estimates, con- 
firmed in various ways, were very difficult to 
understand. According to Eddington the velocity 
might be an indication of the part of the universe 
in which the star was formed ; stars of small mass 
might be formed in outlying parts of the universe, 
and the observed velocities might represent the 
kinetic energies which they had acquired in arriving 
at their present positions. 

Proper motions, Sir Frank Dyson proceeded, 
had become better known as the time interval in- 
creased since Bradley’s first observations in 1755. 
The proper motions had appeared quite irregular 
and padlinig until Kapteyn showed (at the British 
Association meeting in Cape Town, 1905) that the 
tendency of motion was towards two different points 
of the sky, not towards one, as would appear if the 
stars moved haphazard, but were viewed from a 
point in rapid motion (the earth, moving with the 
sun). This view of two streams was more clearly 
formulated by Eddington (analyses of 4000 stars), 
and modified by Schwarschild, who considered that 
the stars exhibited a polarity in their proper 
motions. It was difficult to say which of the two 
views harmonised better with the observations ; 
they agreed in the fact that the stars had a decided 
preference for motion towards a point in the Milky 
Way, in the constellation Ophiuchus, and to the 
opposite point in Orion. This star streaming 
applied, with the exception of the helium stars, 
to all stars up to 200 , at any rate. H. H. 
Turner had sugges a motion in radial lines (to 
and from a centre) instead of in parallel lines ; 
Sir F. W. Dyson could not share this view. A 
different discovery had Leen made in 1908 by 
Boss, whose catalogue gave the — motions of 
6200 stars. He found that some forty stars near 
Taurus were all moving with the same angular 
velocity towards the same point, and inferred that 
they were travelling in parallel paths with the 
same linear velocity. The conclusion implied that 
neighbouring stars could have little gravitational 
effect upon one another, and that the movement of 
each star was determined by the total attraction of 





* The eo, on stellar evolution will farther 
fr) pointe. 


explain some of 





the whole mass of stars (Eddington). Several 
similar star clusters had been found since. 

From similar considerations, Ka and 
Seeliger, and further Schwarzschild, drawn 
conclusions as to the statistical distribution of the 
stars, and it would follow that solar stars were 
nearer the earth than either blue or red stars. As 
r blue stars, this would be in agreement with 
other facts; but red stars seemed to consist of 
two classes, one of great and one of feeble lumi- 
nosity, and on this peculiarity both Hertzsprung 
and H. N. Russell had based conclusions as 
to stellar evolution ; it would also appear possible 
- estimate oe distan . ce of ne A remote stars from 
their itudes and types of s ° 

Then festunes were further discussed in the last 
section of the address, in which the President dealt 
with photometry and colour, and alluded, in the 
first instance, to Hertzsprung’s determination of 
the distance of the Clouds of Magellan, two faint 

tches of light on the dark southern sky, which 
ooked like pieces torn off the Milky Way. In the 
twenty-five faint variable stars of these clouds Miss 
Leavitt had observed a relationship between the 
logarithm of the period (ranging from 1.25 to 127 
days) and the apparent magnitude, and as these 
— were at the same ae . relation — 
also for the intrinsic magnitude. Hertzsprung then 
found thirteen similar variable stars in the catalogue 
of Boss, and for some of these he calculated an 
absolute magnitude of —7.3 m., the luminosity 
being 600 times that of the sun, whilst the Magellan 
cloud stars had an ap nt magnitude of 13 m. 
Thus the cloud stars should be 20.3 times fainter 
than if they were at a distance of one parsec, and 
their distance would be 10,000 parsecs. This 
example illustrated the importance of exact photo- 
metric measurements such as were carried on at 
Harvard and Mount Wilson. A trustworthy scale 
had been obtained by the use of extrafocal images, 
= and screens in front of the object-glass, and 

y studying the effects of different apertures and 
times of exposure. Counts based upon such tabula- 
tions aimed at the determination of two things : 
how the numbers varied in different of 
the sky, and what was the ratio of the number of 
stars of one magnitude to that of the preceding 
magnitude in the same area of the sky. All these 
estimates brought out an increase in the number of 
stars as one proceeded from the poles of the 
Galaxy to the Galaxy, and the Milky Way itself was 
now generally considered as ‘‘ our island universe,” 
not as a system of stars beyond the others. There 
was less ment as to detail, however. The 
total number of stars (deduced from the gradual 
diminution of the ratio for successive magnitudes) 
was estimated at 1000 or 2000 millions, the median 
being about itude 23, and the total light re- 
ceived from all the stars was regarded as equivalent 
to the light of 700 or 800 stars of the first magni- 
tude, half of this coming from stars of magnitudes 
up to 10. For every increase of 5 magnitudes there 
was a diminution of light in the proportion 100 : 1. 

Since the mye: ic plate was more sensitive 
to the blue than to the red, the difference between 
en so ge and visual itude was an index of 


the colour, and the colour index was closely related 
to the type of s m. As stars became fainter 
they became 


der (Seares) ; that might be for 
three reasons: the stars might be bright and red, 
but very remote ; they might be faint and red, but 
near ; or the blue rays might have been absorbed 
before the light reached the earth. The absorption 
of light in space seemed to be very small, however, 
and the more distant stars ap really to be 
weak in blue rays (Adams). the other hand, 
one could so far only guess at the distance of the 
Milky Way, and of that part of it which was nearest 
the earth, and at its movements. Nevertheless the 
whole subject of the construction of the heavens 
had been opened up in a remarkable manner in the 
last few years. 
The vote of thanks to Sir Frank W. Dyson for his 

remarkably lucid and comprehensive address was 

roposed by Professor J. C. McLennan, F.R.S., of 

‘oronto, and seconded by Professor Gilbert T. 
Walker, F.R.S., of Simla, a fellow student of the 
Astronomer Royal at Cambridge. 

Further light was thrown on these fascinating 

problems by the discussion on stellar evolution. 


Star Spectra anp Stretitar Evotvrion. 
In opening the discussion on ‘* 8 Classifi - 
cation of Stars and the Order of Stellar Evolution,” 
Professor A. Fowler, F.R.S., remarked that he had, 
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from the vast amount of astrophysical and astrono- 
mical work, selected the evidence which would best 
serve to indicate the nature of the problem and the 
ground fora belief in celestial evolution. The first 
systematic classification of stars according to their 


spectra and colour, made by Secchi fifty years ago, 
had distinguished four types of to which 
Wolf-Rayet had added a fifth of stars giving 


spectra c rised by emission lines. It was soon 
recognised that the classification re ted more 
than a descriptive distinction, and that the spectro- 
scopical differences did not primarily suggest differ- 
ences in chemical composition, but that the classes 
and the transitional between them rather 
suggested successive stages of cooling and evolution. 
The sun, it was thought, was once a star like Sirius, 
which would in due course become a star like the 
sun, while the sun would meanwhile have turned 
into a red star with a band spectrum. This idea 
of celestial evolution was the basis of subsequent 
classifications, the most generally accepted of which 
was that of Draper (Harvard Observatory). The 
following table indicated the Secchi and Draper 


classifications :— 
Secchi. Draper. 

Nebule ... ion P 
Wolf-Rayet stars Vv oO 
Helium stars... oO B 
Sirian stars ae L A white 
Procyonian stars I. to IL. F 
Solar stars Il. {g yellow 
Antarian stars ... ITI. x} sed 
Piscian stars IV. N 


The alphabetical uence was, unfortunately, 
not maintained, but that could not be altered 
without causing confusion. Passing with the aid 
of slides to particulars, and beginning with the 
end, Professor Fowler said that the direct succes- 
sion of N stars to M stars had oftened been ques- 
tioned. M s were characterised by the 
absorption flutings fading to the red and ascribed 
to titanium oxide ; the bands occurred also in sun- 
spots, and the transition from the sun to M stars 
was completely represented, though there was no 
obvious reason for the significance of TiO,. But 
transition stars from to the redder N stars 
had not yet been found, and the two types might 
be alternative rather than successive; the occurrence 
of carbon and cyan bands favoured this view. 
On the other hand, — were confined to a small 
number of elements, and their importance might 
be overrated, merely because they happened— 
owing to the peculiarity of our sight—to make a 
great display in the visible spectrum. At the other 
end of the spectrum the evidence of continuity 
from B stars to gaseous nebuls was sufficiently con- 
vincing, and probably 99 per cent. of the stars 
fitted into the series from P to N. Some stars 
between B and F were characterised by excep- 
tionally narrow hydrogen and helium lines, or 
unusually intense metallic lines; those were dis- 
tinguished by the letter c (after Miss Maury). 

Though the Draper series was originally based 
upon spectral types, without further considerations, 
other physical properties were in accordance with 
it ; such were: colour, there being a regular change 
in the colour-index ; surface temperature (esti- 
mated s - photometrically ; Brion nebula, 
15,000 deg. Cent.; B stars, 10,000 deg. and more ; 
M stars, 3000 deg. Cent.); slight variation of the 
wave-length with type (Albrecht); increase of the 
peculiar velocity of the stars B to M. Great sup- 
port was obtained from laboratory experiments, 
especially from the study of Lockyer’s enhanced 
lines, which appeared only (or more intensely) in 
the spark spectrum, and not (or faintly) in the are 
spectrum. Thes of powerful sparks would, 
according to Lockyer, consist of enhanced lines 
only if all low-temperature radiation could be 
screened off. Gas-discharge s displayed 
similar variations, which had their els in 
stellar spectra, and electric effects were not out of 
question on stars. 

Having exemplified the apparent occurrence of 
arc and spark and other lines in star s Pro- 
fessor Fowler asked how the simplicity of the 
spectra of nebule was to be reconciled with the 
complexity of the spectra of stars supposed to be 
evolved from nebule. Of the proposed explana- 
tions Professor Fowler mentioned two. @ ex- 
treme temperature conditions of nebulz might, so 
far, not be realisable in the laboratory. Or the 
elements in the nebule might still be in an un- 
finished state of evolution, the nebula resembling 
a highly exhausted vacuum tube, and being com- 





of a set of simplest chemical forms not found 
in the Periodic Table—a kind of converse of radio- 
activity (Nicholson). The first Boyne of this 
evolution were found in the Wolf-Rayet stars, 
hydrogen and helium perhaps being next in the 
order of evolution. 

The order of evolution suggested by the Draper 
classification was, however, strongly opposed 
N. Lockyer, H. N. Russell, and others. Wi 
Lane and Ritter, Lockyer had pointed out that there 
must be stars getting hotter, as well as stars get- 
ting cooler, if nebule were com of swarms 
of meteorites. Spectra of stars of increasing tem- 
perature could be distinguished from those of stars 
of decreasing temperature (at the same tempera- 
ture) by the smaller thickness of the hydrogen lines 
and the greater thickness of the helium lines, and 
the simplicity of the nebula spectrum would be due 
to the fact that most of the elements were not yet 
volatilised, and hence gave no lines (Lockyer). 
Russell arrived at somewhat similar conclusions, 
but by totally different arguments. Together with 
remy he assumed two classes of red stars 
{see Sir F. W. Dyson’s address, above}, the ‘‘giants 
and dwarfs” of Hertzsprung; they were of the 
same mass, but the giants were more luminous, 
because they had much er volume and lower 
density than the dwarfs; the giants would then 
represent an earlier (not a later) state of evolution. 
On that view the history of a star would begin with 
a cool nebular mass, which would condense into a 
red M star, turn into a yellow and white star with 
increasing temperature, and then go back through 
the F, G, K, M stages while cooling. 

Sir F. W. Dyson, who spoke after Professor Fowler, 
agreed that the Draper classification, according to 
decreasing temperature and advancing age, held in 
the main, for instance, for the stars named in the 
Draper series. But there were very faint and 
highly luminous red stars of similar spectra, e¢.7., 
Gr. 34 and Antares, which, with masses of 0.2 
and 20 suns, and luminosities of ,4, and 600 suns 
seemed to have the densities 5.5 and 0.00015 
(referred to water) ; these giants and dwarfs could 
hardly be in the same stage of evolution. Begin- 
ning with red stars of low density, there was 
probably a gradual condensation with rise of 
temperature, the increase in surface intensity ap- 
proximately balancing the diminution of surface ; 
thus there were giants of all spectral classes. 
When, however, a density of 0.1 or 0.2 occurred, 
the star was no longer wholly gaseous, Lane’s law 
did not apply, and further condensation was accom- 
—_— by a fall of temperature ; that gave rise to 

warfs of classes A to ft. This theory, given by 
H. N. Russell last year in Nature, sought the 
order of evolution essentially in diminishing density 
rather than in diminishing temperature. 

Professor Eddington said that he found a crucial 
difficulty in Russell’s theory. Stars, however 
different their state of diffuseness, would show 
the same spectrum provided they had the same 
effective temperature. That view might appear 
difficult to physicists, but the evidence was quite 
explicit, and the densities of stars showed the 
same bifurcation in passing along the series of 
spectral types that the luminosities did. The 
sun, ¢.g., was of type G, with a density of water, 
and three other & stars had a density less than 
air. To get over this, the method of measuring 
density would have to be challenged ; and it might, 
indeed, seem extraordinary that the density of a 
star of unknown distance and dimensions could be 
measured. But in astronomical units density had 
the dimension [time]-*, so that the only absolute 
measurement required was that of time, the period 
of the eclipsing binary; lengths only came in as 
ratios. Russell’s theory played havoc with what had 
seemed orderly ; the progression of speed, and of the 
separation of Siocsies, with , became meaning- 
less ; but, modified perhaps, the theory was a last- 
———— to the subject. 

he Rev. A. L. Cortie, 8.J., of Stonyhurst Col- 
lege, illustrated by slides the transition of —- 
types on the sun, stars, and new stars ; the Draper 
series placed nebulz and Wolf-Rayet stars wrongly, 
he thought, and the velocity relations would rather 
suggest evolution of stars from nebule than the 
opposite. Dr. J. W. Nicholson, on the other 
hand, supplemented Fowler's remarks by indicat- 


ing that the a of also existed 
between nebule and Wolf-Rayet stars. In the 
nebulz were found lines of hy and helium, 


and lines interpreted by the vibrations of certain 
simple ring atoms, the most important being 


an atom with a Rutherford nucleus and four ex- 
ternal electrons, all of which it could lose, being 
thus quadrivalent. The Wolf-Rayet stars con. 
tained also hydrogen and helium lines, and some of 
unknown origin, of wave-length 
a= 2% | 
1+nd° m3? —p 

where m and » were integers, d an absolute con- 
stant ; A, had the values 5007 and 4363.5 of the 
strong nebular lines due to the quadrivalent nebu- 
lium ; p had a series of values which could dyna- 
mically be deduced from the nebulium atom. The 
nature of these latter values inditated that the 

stem emitting these lines could only differ from 
the nebulium atom as regards nuclear structure ; 
the new atom would still be quadrivalent, and if 
terrestrial at all, should be an atom of carbon. 
Professor Nicholson referred to Mr. Merton in this 
connection. There were other lines common to 
nebulz and Wolf-Rayet stars, and the continuity 
in the order stated was quite as certain as that for 
the other classes. Mr. T. R. Merton assented, 
referring to his production of new carbon lines, 
which apparently occurred in the Wolf-Rayet sfars 
and required stronger electric stimulation than the 
B star lines. Sir Hrneat Rutherford thought there 
might be more than one line of development. Dr. 
F. A. Lindemann also spoke. 

Called upon to reply by the Astronomer Royal, 
Professor Fowler remarked that there was no 

m known marking the transition from pri- 

mordial nebulous matter to M stars, as demanded 
by Russell’s views ; surely such stars could not rise 
suddenly to prominence. The assumption of stars 
of vastly differing densities, though at the same 
temperature, and of a star like W Crucis, which was 
credited with the density of the air in a vacuum 
bulb, and yet had a solar spectrum, appeared diffi- 
cult to him. The ap nce of new stars, to 
which Sir E. Rutherford had referred, he did not 
regard as normal events; there was probably an 
explosive outbreak, and the observed changes in 
the spectrum, the temporary ap; ce of nebula 
lines, might be due to escape of gas and to expan- 
sion effects, whilst ordinary stars showed condensa- 
tion effects. Progress peer mainly on our 
knowledge of the nature of nebule, and he looked 
forward in particular to further laboratory experi- 
ments and to a development of Nicholson’s re- 
searches. 


AUSTRALIAN Sotark Puysics OssERVATORY. 


With regard to the Federal Solar Physics 
Observatory at Canberra, the capital of the 
Australian Federation, Dr. W. G. Duffield, of 
Reading University, reported that the Prime 
Minister had given a favourable reply to the 
British Association deputation which he had re- 
ceived last year, and subsequently confirmed this 
in writing, accepting the apparatus on behalf of 
the Government ; but observations were not to be 
commenced during the war. 


THERMOIONIC Emission. 


Opening the discussion on ‘‘ Thermoionic Emis- 
sion,” Professor O. W. Richardson, F.R.S., of 
King’s College, London, gave a résumé of the main 
observations, largely connected with his own name, 
which any theory should account for. We would 
refer our readers to our notice of Professor 
Richardson’s recent discourse on ‘‘ Electrons and 
Heat,”* and further to Sir J. J. Thomson’s new 
views on electric doublets and a chain theory of 
electrons.t The ions emitted from the surface of 
hot bodies, Professor Richardson said, might be 
positive or negative; though intimately related, 
the two phenomena might be quite distinct. That 
was certainly so for metals; platinum heated in 4 
vacuum first gave a large positive emission, but 
that fell off at higher temperatures, and was not 
characteristic of the pure metal, since the carriers 
of this emission were almost entirely potassium and 
sodium compounds. The electron emission, on the 
other hand, was permanent (in Coolidge tubes it 
lasted months) ; it increased enormously at higher 
temperature, and was extraordinarily sensitive ‘o 
the presence of traces of gaseous impurities. Ac- 
cording to Langmuir, however, the emission from 
tungsten was decreased by hydrogen, whilst it was 
the same in argon as in a vacuum. The effects might 
be physical or chemical. On the first view the large 





* See EncIngErtne, June 4, 19'5, 





page 631. 
+ See “‘The Conductivity of Metals,” ENGINEERING, 
May 28, 1915, page 577. 
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amount of kinetic energy would enable the electrons 
to jump out of the hot substance ; but at high tem- 
peratures chemical reactions might also be powerful, 
and a crucial experiment, heating a pure motal in 
a gas-free enclosure, was not realisable. Many 
chemical reactions had been su to be asso- 
ciated with the liberation of electrons, but in all 
these cases other effects (bubbling, spraying, &c.) 
had been possible, except in the one experiment 
by Haber and Just, in which electrons were 
evolved when alkali metals were acted upon by 
vaporised water, hydrochloric acid, carbonyl 
chloride. Even there the effect might be second- 
ary, however, and the speaker was repeating the 
experiment. The distribution of the kinetic 
energy in the electrons of hot bodies followed 
Maxwell’s law, whilst in chemical action it seemed 
to co md to photoelectric effects. On the 
other hand, many experimenters (Fredenhagen even 
in the Haber-Just case) had found the thermo- 
ionic emission very y reduced (to one-mil- 
lionth, e g.), apparently by the chemical reaction 
of minute traces of active gases. To avoid these, 
Professor Richardson chiefly experimented with 
tungsten as the most refractory and generally most 
suitable material. Physically the thermoionic cur- 
rents might be a kind of evaporation (compare our 
previous article) or of photoelectric nature. The 
photoelectric currents, likewise, should vary with 
the temperature, as they did, and he had hoped that 
they would also prove of sufficient intensity; but in 
the case of platinum, at 2000 deg. Cent. absolute, 
the photoelectric emission was only 5 x 10-" ampere 

r sq. cm., whilst the thermoionic emission was 
6 x 10-4 (i.e., ten million times greater). This 
recent result had been disappointing to Pro- 
fessor Richardon. He said, in conclusion, that he 
considered the thermoionic emission of hot elec- 
trons to be mostly of a physical character, and in 
some cases probably chemical. 

Dr. F. A. Lishemaen, of Farnborough, who spoke 
next, was disappointed that Professor Richardson 
had so little entered into the thermodynamic 
theory, which he forthwith discussed, attacking 
both the general theory of electronic conduction 
and the new chain theory. Sir J. J. Thomson 
was not present, and his name was not mentioned. 
On the electron theory, Dr. Lindemann said, the 


heat capacities of c, of conductors and of dielectrons | pers 


should differ, which was not the case. Professor 
Richardson had in his formule, assumed electrons 
to resemble a perfect gas. But the c, formula had 
to be based on atoms, and could not be based 
on electrons; for the electrons could hardly 
oscillate, whilst there was no reason why the 
atoms should not oscillate, and the moving particles 
in a gas were known to be the atoms (not electrons). 
Further, atoms oscillated, and did not rotate ; they 
might rotate though (whilst a nuclear atom could 
not), but the movements of the atoms in a gas were 
translational, and not ro , Since rotation would 
not lead to gas pressure. ence the atomic heat 
must be due to oscillations of the atoms, and there 
was no trace of evidence to prove that the free 
electrons had any appreciable heat capacity. Having 
shown in detail that the old electron theory led to 
impossibly large atomic heats, Dr. Lindemann pro- 
ceeded to prove that the new chain theory of rotating 
doxblets was likewise unsatisfactory, and could not 
account for electric and thermal conductivity; each 
doublet should emit an electron at least 1.3 x 10" 
times per second, for instance. Finally he suggested 
the conception of an ne pes pw or solid space- 
lattice, the electrons to be of small mass, high charac- 
teristic temperatures, and inappreciable heat —_ 
city, and yet capable of conducting heat, like a dia- 
mond at low temperature—a new electronic theory, 
as Professor Rutherford, who presided, put it. 

Mr. E. Newbery, of the Electrochemical Labora- 
tories, Manchester University, rising next, criticised 
Professor Richardson severely. He pointed out 
that Pring and Parker had, in 1912, reduced the 
apparent thermoionic emission from carbon to a 
very small order by eliminating impurities and by 
working at very low pressures. Richardson, ad- 
mitting these influences, had then modified his 
formula ; but new experiments of Pring had yet 
given emissions only of the order of 10—* of the 
new formula (and of 10—" of the old) in the presence 
of active gases (nitrogen, carbon monoxide and 
dioxide) which increased the emission, whilst in- 
active gases (argon, helium) had apparently had 
no effect. uir’s experimente* on the ionisa- 





tion from tungsten and molybdenum had, no 
doubt, been very carefully carried out, but had, 
in Mr. Newbery’s opinion, been-very badly in- 
terpreted. Langmuir had sometimes observed an 
increase in the ionisation, as the residual gas 

ure decreased ; but the tungsten filament 
itself was used to absorb the last traces of gas, 
and tungsten, instead of being the most suitable 
material, was probably the most unsuitable. For 
hot tungsten was supposed to exclude chemical 
action, which it really favoured, since tungsten 
vapour combined directly with oxygen, nitrogen, &c., 
to solid compounds. The incandescent tungsten 
filament was surrounded bya vapour zone in which 
reversible changes went on. Instead of Richardson’s 


formula : thermoionic current i = A T e~"/?, Mr. 
Newbery, starting from Van ’t Hoff, suggested 


a similar formula: i = ae”, with different co- 


effcients and without the T’, but otherwise re- 
sembling Richardson’s formula ; that formula better 
agreed with observations, because it involved (in the 
B = Q/R) the latent heat Q, which changed at high 
temperature. As the vapours being evolved from 
the decomposing solid bodies in the hot tungsten 
could not be removed by any pumping, the gas- 
pressure values were fallacious. Platinum was 
—-_ to tungsten, because its surface could 

tter be kept clean of oxides, &c.; but H. A. 
Wilson’s observations that hydrogen increased and 
oxygen decreased the ionisation from platinum was 
puzzling, considering that they both increased the 
ionisation from carbon. In their new experiments, 
made by preference with purified carbon, Dr. J. N. 
Pring and the speaker had avoided some sources of 
error which Langmuir had pointed out ; the amount 
of current which a filament could pass per unit area 
in a vacuum was limited (the importance of this 
‘*volume charge” was often overlooked), and the 
ions might be deflected or curled up (and not reach 
the surrounding electrode) by the magnetic fields 
caused by the heavy currents used in heating the 
carbons. The ionisation decreased as the gas pres- 
sure round the carbon decreased, even at the lowest 
pressure obtainable. 

Dr. J. A. Harker—whose joint researches with 
Dr. Kaye in this field we have noticed—mentioned 
that, according to Hale and King, the emission 
isted even at pressures of 20 atmospheres ; 
their experiments, as well as those of Lummer* on 
the liquefaction of carbon,were very important astro- 

hysically. Professor McLennan referred to pecu- 
iarities of the emission of electrons from zinc under 
a-ray excitation. Dr. W. G. Duffield questioned 
the enormous number of electrons in Richardson’s 
estimates ; the electric arc between carbon elec- 
trodes transported only four electrons per atom of 
carbon according to his experiments. Professor 
Soddy asked whether ions falling upon the elec- 
trodes might not excite the emission of electrons. 

Professor Richardson, in briefly replying to the 
speakers, said that he had found no Sellinabe of 
heavy ions, and he did not see the advantages of 
carbon, which had given very different results in 
different hands, over tungsten. He was himself 
severely puzzled by the theory of electronic 
conduction. 


X Rays anp Crystat Structure. 


The subject of a joint paper, by Professor 
W. H. Bragg, F.R.S., of Leeds, and of Mr. 
W. L. Bragg, of Cambridge, on ‘‘ X Rays and 
Crystal Structure” has also several times been 
noticed in our columns, the last time in connec- 
tion with the Royal Society Bakerian Lecture by 
Professor W. H. Bragg,t who opened the discus- 
sion. The X-ray examination, Professor Bragg 
explained in a short lucid summary, disclosed 
crystal structure by determining the representa- 
tion pointe, which might be likened to points in 
the pattern of a wall-paper. Any point of the 

ttern might be taken as centre, and the pattern 

cut up by any system of intersecting pairs of 
parallel lines. In the three-dimensional crystal 
the planes in which the atoms were arranged 
replaced the lines, and the parallelopipeds formed 
by the intersecting planes were the crystal units ; 
but the representative intersection points might 
be occupied by one or more molecules, and 
not every such point need be taken up. The 
reflection or diffraction of the X rays gave the 
spacings between the successive parallel planes, 








* See Enginggrine, May 7, 1915, page 523. 


and the density of the crystal ; the weight per cubic 
centimetre would indicate the esatneet alone 
per point. How the molecules were grouped about 
a representative point, or how the flowers in the 
paper pattern were arranged, was a problem which 

nothing to do with the spacings. But if the 
successive planes were likened to the lines of a 


ting, when the intensities of the gratin of 
ifferent orders would depend upon the form of the 
grooves, then the heights of the o ed X-ray lines 


would correspond to the intensities of these 

and would depend upon the grouping of the mole- 
cules about the point. When these intensities or 
heights varied much, it might be concluded that the 
successive planes—i.e., the arrangement of the 
layers of atoms or the density distribution—did 
not follow a simple sine law, but some harmonic 
curve. In all such problems previous knowled 
of the crystal structure was a t help. Thus the 
crystal structure of magnetite Fe,O, resembled that 
of diamond, and the X-ray analysis brought that 
out. But F,O, was considered to be FeO . Fe, 0,; 
there were bivalent and trivalent oxygen atoms, 
the former arranged at the corners of a tetra- 
hedron, the latter at the corners of a hexahedron. 
The distance of an Fe atom from the neighbouring 
O atom was revealed by the intensity of the line. 
All the oxygen atoms were in close packing, but 
the two kinds of oxygen atoms in different arrange- 
ments. 

Alluding to mechanical difficulties, Professor 
Bragg mentioned that the angles of reflection 
could be measured with much greater than 
the intensities, which were influenced by the im- 
perfections of crystals. Crystal faces were often 
twisted or in steps and puckered, and had hence to 
be ground (not polished). It was difficult to say 
where the individual molecule really was in a 
crystal, just as in close os one Fe atom 


seemed to belong to one molecule as much almost as 
to another. ut different crystal faces were 
differently suitable for study. the flat cane- 


sugar crystals, for instance, all the reflection 
seemed to come from the large top and bottom 
faces, a from the ~~ oe dint dy atoms 
in suc — seemed to ike the 
leaves of a book. 

Sir Joseph Larmor, F.R.S., M.P., rising first, 
remarked that Lord Rayleigh had pointed out 
years ago that reflection from a stratified medium 
was one of the foundations of Lippmann’s colour 
photography, the light being reflected many times ; 
in such cases optical intensity was a periodic 
function of the density. As the edges of Bragg’s 
lines appeared to be sharp, hundreds of planes 
a? to be —— in the —— Dr. 

. W. Evans, speaking as a crys her, 
asked whether feldspars had been studied. and 
whether the X-ray study would reveal their 
complicated composition (which would be all the 
more difficult probably to trace because silicon 
and aluminium had nearly the same atomic 
weight), and the percentage of lead in rocks could 
be investigated in this way. Dr. W. Rosenhain 
inquired whether any light was thrown on the 
structure of allotropic metals by these researches. 
Heat should alter the mutual 2 of the atoms, 
and have influence on the X-ray lines. To rub 
the crystals down appeared dangerous to him, 
since it altered the condition of the surface 
layer ; but perhaps too many of the deeper 
layers took part in the phenomenon, as Sir J. 
Larmor had already suggested. Was etching per- 
missive ? 

Sir Ernest Rutherford stated that C. G. Darwin, 
in his laboratory, had found the reflection from 
rock-salt crystals much too small, and had ascribed 
that to the bent shape of the crystals. He (Sir 
Ernest) did not quite see how there was any sharp 
reflection at all for short wave-lengths, consider- 
ing the dimensions of the atom and ite nucleus. 
The constancy of the reflections seemed to indicate 
that the range of movement of the atoms, to which 
Rosenhain had referred, must be small. 

Professor Bragg, replying, said that his remark 
about grinding the crystals had been misunderstood ; 
this had to be done very gently, with water on a 
piece of glass. The sharpness of his lines was not 
so great as to allow of mathematical orgy mar 
his lines were really all bands, the width depend- 
ing upon the width of his slit, 0.1 mm. or less ; the 
study of allotropic modifications had been taken up 
by his son. The work was very large, and likely to 
occupy many observers for many years. 





* See ENGINEERING, page 244 ante. 
+ See Encivggrine, April 2, 1914, page 369. 
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10-TON CRANE WITH 


TOPLIS HORIZONTAL LUFFING-GEAR AND BALANCED JIB. 


CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 
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Tue illustration above shows a large dockside jib- 
crane, designed and built by Messrs. Stothert and Pitt 
Limited, of Bath, for the Hill’s Dry Dock and Engineer 
ing Company, Limited, Cardiff. The crane is noticeable 
for the fact that it has horizontal luffing over an 
unusually large range, and is further provided with a 
balanced jib. It has a maximum working radius of 
84 ft. 3in., and at this radius it is capable of dealing 
with loads up to 3 tons. The maximum radius for 
6 tons is 65 ft., and for 10 tons 50 ft. The minimum 
radius for all loads is 26 ft., and the extreme range of 
derrick is therefore 58 ft.3 in. The time occupied in 
derricking from maximum to minimum radius, or 
vice versd, with full load is only 49 seconds. The 
Toplis patent horizontal luffing-gear, with which the 
orane is fitted, was described by us in detail in our issue 
of June 26,1914. It maintains a horizontal path for 


the load when luffing over this abnormal range, and | h 


since the jib is balanced in any position by the counter- 
weight, shown on the back of the superstructure of the 
crane, the net amount of work performed in this opera- 
tion, whatever may be the load on the hook, is nil. 
Practically speaking, there is friction to overcome, 
but the saving in time and consumption of power is 
considerable. As an example, we may mention that if 
this crane had been of the non-horizontal luffing type, 
with unbalanced jib, the load in derricking would 
have been actually lifted a distance of 33 ft., and the 
centre of gravity of the jib a distance of 33 ft., making 
a total amount of work to be performed in this 
instance of some 410 foot-tons. The motor for this 
motion, which is now 10 horse-power, would, to derrick 
the jib in the same time over the same range, be 
increased to 100 horse-power. 

Another great advantage of this horizontal motion 
is the fact that it enables the driver to have a clear 
conception of the path of the load when luffing, and 
this enables him to judge his clearance of obstacles 
with ter ease and acouracy. The mechanical 

involves no sacrifice 
» has no peculiarities, 
is extremely simple. The horizontal motion of 


arrangement of the luffing- 
in principle or details of > 
an 





the load is obtained by the combination of the 
reeving of the hoisting-rope and the proper selection 
of the centres of the pulleys at the front of the super- 
structure relative to the jib-head pulleys and the jib- 
pivot. There is no extra wear induced in the ropes, 
and there is no addition to the ordinary gear and 
machinery. The load is as free from ‘‘ dancing ” as in 
the ordinary type of crane, and high speeds of slewing 
can be accomplished without inconvenience. The 
balancing of the jib does not increase the weight of 
ballast, as the moving counterweight is utilised to 
provide the necessary stability for the crane as a whole. 

Since in the Toplis luffing-gear the resultant of the 
load forces at the jib-head always ses through the 
jib-pivot, there is no load moment about the jib-pivot, 
and the jib has therefore no tendency to run out or to 
Nps no matter what load is suspended from the 
ook. 

The range of luffing is controlled by self-resetting 
interruptors, which cut off the current when the maxi- 
mum or minimum radius is reached. The luffing-rope 
is in four parts, two being anchored to the luffing- 
barrel, and to the same barrel are anchored the other 
two _— of the rope which carry the jib balance- 
weights. Both the jib-rope and balance-weight ro 
are fitted with a compensating device, which readily 
takes up any inequality in length due to stretching, 
&c. The spur-gear for operating this motion is very 
simple, and is driven by a 10-brake-horse-power motor, 
the whole being under the control of a magnetic brake 
and a mechanical ‘‘ screw-down ” emergency brake. 

Messrs. Stothert and Pitt, Limited, inform us that 
they have a large number of these cranes erected and 
in course of construction for docks at home and 
abroad, and that they have given complete satisfaction 
in practice. 





_ Tae Nmameur.—An importent project is under con- 
sideration for making the Nilambur navigable for timber 
and other traffic in its upper reaches some 50 miles from 





the coast. It is proposed to dee the river by dredging 
so as to ensure & minimum depth of water at the various 











levels during the dry season. If the works contemplated 
are carried out, it is expected that timber traffic on the 
Nilambur valley will be handled much more expedi- 
tiously than it now is. Government teak plantations, 
which lie along the banks of the Nilambur and its 
tributary streams, cover over 5000 acres, and there are 
also extensive forests owned by the Nilambur Rajah and 
other landed proprietors. 





Our Coat Asproap.—Our coal exports have now to 
compare with the war conditions prevailing last autumn, 
and the long-continued decline in shipments has not only 
heen arrested, but bas been succeeded by larger deliveries. 
The shipments in August were 3,650,472 tons, as com- 
pared with 3,070,742 tons in August, 1914, and 5,819,162 
tons in August, 1913. When aceount is taken of coke 
and patent-fuel shipments, the totals are increased to 
3,853,794 tons, 3,209,399 tons, and 6,072,863 tons. There 
were no exports of British coal in August to Germany, 
Belgium, the Austro-Hungarian Empire, Roumania, 
Aden, and Ceylon. The aggregate exports to August 31, 
this year, were 29,522,179 tons, as compared with 
44,257,161 tons to August 31, 1914, and 48,320,608 tons to 
August 31, 1913, these totals being increased by the addi- 
tion of coke and patent fuel to 30,962,900 tons, 46,276,159 
tons, and 50,396,630 tons respectively. They were further 
increased by the addition of coal shipped for the 
use of steamers engaged in foreign trade to 40,620,827 
tons, 59,525,186 tons, and 64,127,190 tons respectively. 
It will be seen that this year’s exports of fuel of all de- 
scriptions show a falling-off to August 31 of 18,904,359 
tons, as compared with the first eight months of 1914. 
Our coal shipments to Russia to August 31 amounted to 
only 35,495 tons; to Sweden, to 1,895,325 tons ; to Nor- 
way, to 1,872,214 tons; to Denmark, to 2,231,186 tons; 
to Holland, to 1,154,243 tons; to France, to 11,537,001 
tons ; to Spain, to 1,396,077 tons; to Italy, to 3,844,360 
tons; and to Argentina, to 1,156,992 tons. The general 
trend of our exports has, of course, been downwards this 
year, but the 11,537,001 tons shipped to France compared 
with 8,471,077 tons exported to the same country in the 
first eight months of 1914. The exports to Norway also 
advanced from 1,673,336 tons to 1,872,214 tons; and those 
to Denmark from 1,861,470 tons to 2,231,186 tons. The 
most striking feature in this year’s coal ex s has been 
the almost total cessation of deliveries to Russia. 
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STEAM-TURBINE BLADING. 
Specifications for - ~ lig St sg Superheated Steam- 


By W. B. Parker, F.1.C. (Rugby). 


THis paper is confined to the consideration of so-called 
non-ferrous metals and alloys, although incidental refer- 
ence may be made to ferrous metals (steels). In the earl 
days of steam-turbine construction there were two chief, 
sharply-defined types of steam-turbines, which sub- 
sequently developed into extensive commercial use. 
These can be described as the (a) reaction turbine, and 
(b) impulse turbine. The most prominent example of the 
first type is the one invented by Sir C. A. Parsons (1884), 
and now commonly described as the ‘‘ Parsons” turbine. 
The present leading example of the second type is that 
invented by Mr. Ourtis, of New York (1896), and now 
usually described as the ‘‘Curtis” turbine. ‘he Curtis 
turbine was, however, not the first successful impulse 
machine, for this honour belongs to one patented by Dr. 
De Laval in 1889, which was a re tative of the 
* one stage” form of this type—that is, the simplest _ 
sibleform. Although the Curtis turbine was not the first 
of its type, yet it has been the one most extensively 
developed, and since 1902 very greatly utilised both in 
America and Great Britain. 

At the present time, owing to the freedom of use pro- 
duced by the expiration of basal patents, it is frequently 
the case that turbines do not belong entirely to either of 
these pure types, but are combined forms, containing 
both. When considering the question of suitable material 
for bladingt during the early and eras differentiated 
period, it * 2 of primary yee _ 6 into sae 
the special requirements imposed by the particular type 
of aie being designed. In combined machines, i 
the individual portions are of large power, it is still 
considered advantageous to give each portion oupuaote 
consideration with respect to the nature of the blading 
materials ; but this is probably mainly due to the fact that 
there is at present no perfectly satisfactory and universally 
applicable materialavailable. Itis, however, now becom- 
ing clear that, apartfrom the purely commercial question 


Tasie I.* 
Items of Design Influencing 
Choice of Blading. 
Steam pressure at valve (Ib. per 
sq. in.) .. oe ee se 
Steam temperature at valve .. 


Approximate Values. 


150 to 400. 
185 deg. Cent. to 400 deg. Cent. 
(365 deg. Fahr. to 752 deg. Fahr.) 


27 deg. Cent. to 59 deg. Cent. 
(80 deg. Fahr. to 120 deg. Fahr.) 


Steam temperature at condenser 
end 


Steam velocity : average value 
for all stages .. és *. 

Speed of revolutions of the 
wheels or drum 

Peripheral speed of wheels : 


600 ft. to 2000 ft. per second. 
3000 to 5000 revolutions per 
minute. 


Maximum ee About 800 ft. per second. 

Average .. ” ” ” 

Minimum . es +: » 350,, ” n 
Clearance between tips of the { — type: 0.03 in. to 

rotating blades and steam : " : 

oe Impulse type: 0.125 in. to 
an we a a A 0.875 in. 

earance ween edges o . ; 

the Reems Pe and a yA type: C195 in. to 

stationary ing varies 4 ° hin « 

with each machine, but is a. type: 0.10 in. to 


about equal to 


* The lengths of the buckets vary greatly in one and the same i 


machine ; in the huge marine turbines and some very large land 
machines they may vary from about } in. to 24 in. in length. 


of available economy in first cost, a blading material 
which answers the requirements of modern high-speed 
impulse turbines working with highly superheated steam 
will also meet those of reaction turbines. 1b will be noticed 
that the above fact, once it is acknowledged as esta- 
blished, will — the blading problem considerably. 

It evidently follows that the first manufacturer who is 
successful in producing at reasonable cost a really satis- 
factory blading material for modern impulse turbines will 
have the whole world of turbine manufacturers as - 
sible customers. This means the possibility of building 
up an enormous business, and it should be an incentive 
ped ee in this branch “ oe non-ferrous 

industry. © special this is to 

place before manufacturers of Geding materials the chist 
oral Soe — influence — = of a 
rial for a high- turbine driv - 
beat stom, ing gh-speed riven by super 

Table I., above, summarises certain designing data from 
which the metallurgical requirements for the present and 
immediate future on be deduced. 

To avoid side issues in any discussion with which this 
paper may be honoured, attention is here called to the 
fact that Table I. states the case generally, and is in no 
Sense intended to be indicative of the relative merits of 
the two types of turbines, or to give rise to discussion of 
such matters. 


—, date have the following metallurgical signi- 
. Pressure of the Steam.—This may be taken first merely 
in order to dismiss it promptly, for it is the least im- 
portant of the items so far as direct infil 


Temperature of Steam at the Entrance Nozzle.—This is 
probably the item having the greatest direct influence 
upon the selection of blading materials. It is self-evident 
that if this temperature did not exceed 100 deg. to 150 
deg. Cent., almost any of the already-known materials 
would be suitable, for they have already been used in a 
great variety of instances at such temperatures. I is 
mainly because the steam at the point where it impinges 
upon the first rows of beng, = Sey | have a temperature of 
230 deg. Cent. (446 deg. Fahr.) that there exists an im- 
perative demand for materials radically different from 
those commonly in use for ordinary purposes. Develop- 
ments will considerably increase this temperature, for 
already, concomitant with the increase of steam pressure 
to 400 lb. per sq. in. and added superheat, we obtain a 
stesm temperature of 399 deg. Cent. (750 deg. Fahr.) at 
the nozzle entrance. Consequently the material of the 
first row of blading of a reaction turbine working with 
400 Ib. pe sq. in. pressure would not only have to with- 
stand the pressure drop across the blade, but would be 
expected to successfully carry this while it is at a tem- 

ture of nearly 400 deg. Cent. In all turbines the 
lading is further required to be able to withstand the 
continuous application of the working temperatures not 
merely for a year, but for many years, without serious 
loss of strength or other physical properties. Metallur- 
gists will at once recognise that the above conditions are 
equivalent to a process of very prolonged an ing. In 
the case of the rotating or wheel blading there is yeta 
further complication of a very important nature—namely, 
that this prolo annealing is being carried out while 
the blades are all the time under considerable stress, due 
to the centrifugal forces resulting from the fact that 
they are fixed upon the peripheries of the rapidly rotating 
bucket-wheels or drums. ‘This feature will be discussed 


Temperature of the Steam at the Exhaust.—There is a 
continual ‘‘drop” in the temperature of the steam as it 
flows through the turbines, and, of course, a correspond- 
ing increase in the ‘‘ dampness” of the steam. The actual 
percen of the initial heat which is so transformed is 
mainly dependent upon whether the machine is non- 
condensing or condensing. Most modern plants are 
of the condensing t: with the condenser coupled up to 
an air-pump for obtaining a vacuum in the condenser. 
The present-day greatly improved air-pump for con- 
densers has le it possible readily to obtain a vacuum 
in the steam receptacle of the condenser equal to 29 in. of 
em . With such a ge the —— Sag nome of 
the turbine is increased, consequently the tem - 
tures to which the last rows of blading are sahdewel eon 
be as low as 26.6 deg. Cent. (80 deg. Fahr.). Some plants 
are not built for such efficiency, and so it may happen 
that the temperature at the last stage is between 37.7 deg. 
Cent. (100 deg. Fahbr.) and 65.5 deg. Cent. (150 deg. Fahr.). 
If you pe doth —~y % from a peso of 150 lb. per 
sq. in. (gauge) down to 29 in. vacuum, the tage of 
dry steam at the exhaust would be between Bo and 85 per 
cent. in another form, known as mixed-pressure 
turbines (which are worked with low- 
as waste steam from another plant), 


the steam may often be 

cent, uently the material must 
be able to wit! both highly superheated (dry) steam 
and low-temperature (damp) steam, which tends to rust- 
ing, &c., and all conditions intermediate between these. 


f | again later. 


re steam, such 
pe > initial oy of 
as hi as cent, to r 
desired b ood i o 


The importance of the conditions at the exhaust end will | b! 


be more fully disclosed by consideration of the next 


tem. 

Flow-Speed of the Steam.—The available veloeity varies 
with the initial boiler re, and whether the plant is 
condensing or non-con = The theoretical velocities 
of the steam are very hig . For instance, steam at 
204.5 deg. Cent. (420 deg. Fahr.), expanding in one stage 
from 180 lb. to 14 lb. per sq. in. pressure (absolute), would 
theoretically attain a velocity of 3094 ft. per second. 
Steam at deg. Cent, (750 deg. Fahr.), expanding 
in one s from 400 lb. per sq. in. to 0.49 Ib. 
per sq. in. (absolute)—that is, into a vacuum of 29 in. 
of mercury—would theoretically attain a velocity of 
5200 fb. sad second, assuming 100 per cent. nozzle effi- 
ciency. But with the exception of De Laval turbines 
of small horse-power, the use of the steam pressure 
in a single stage is not commercially and mechani- 
cally feasible, and it is therefore utilised in stages. 
Generally speaking, the steam issues from the nozzle- 
valves of impulse turbines of the Curtis type with a velo- 
city correspondi to nearly the full drop of pressure 
between stages. © momentum of the steam attained 
by expansion is abstracted in s until it flows into the 
condenser with practically no poe In the early stages 
the velocity may be between 2000 ft. and 1200 ft. per 
second. Mechanical difficulties, which need not be 
detailed, partly account for the lower velocities actually 
used in the turbines. In the reaction turbines the veloci- 
ties attained vary from 1500 ft. to 600 ft. per second ; the 
different system of expanding the steam causes the differ- 
ence in speed. It is self-evident that any fluid movi 
at high speed must have per se a scouring 
“ sand-blast” action upon 


or 

through f the fe rere eotaler re h 
passing , even I uid and ma @ con- 
duit are cold. But in turbines the fluid has one or other 
of the temperatures previously named, and the 


on con- 

~ nature of the blading material is concerned. " he | duit is very nearly at the same temperature, through 

— Pressure is not actually exerted upon any portion of | contact with it, so that the material of the conduit 

~ad a but a fraction of it is ex upon each | (blading) is under, comparatively speaking, a bad con- 
of the 


lading in the reaction type of turbines. 

" Paper read at the autumn mee ing of the Institute of 
petals, held at the rooms of my Shem: I Society, 
95.8" House, London, on Friday, September 17, 


t Blades are also often termed “ buckets” and ‘‘ vanes.” 











dition to resist wear, because the hardness of a metal 
is almost invariably lower when hot than at ordi- 
nary temperature.“ Any erosion resulting from this 
scouring or sand-blast action produces a shower of very 





9 in, Revue de Métallurgie, 1908, No. V., page 893 ; 
1909, No. VI., page 162. 





minute particles of metal, which are carried onward in the 
stream of steam with very considerable velocity, and they 
a — each succeeding conduit, and in turn erode 
it, and so further augment the amount of solid material 
in the steam. Similarly, any dirt, metallic dust, or other 
hard, solid substances, which may get into the steam 
accidentally, act in the same manner. If the material of 
the nozzles, nozzle-p or guide-vanes, and the first 
stages of buckets seriously loses its tenacity and starts 
disintegrating under the combined effects of working 
stresses, high temperatures, and erosive action of the 
steam, the pieces of metal so detached are also driven 
with much force into each succeedi ray Fy nozzles 
and buckets, and so the action gute tone to worse, 
until possibly an extra large piece wedged in a posi- 
tion where it tears the moving blades, or entirely 


them off, and then there results more or less complete 
stripping of the blading and other severe which 
necessitates a shut-down for re-blading, &c. clear- 


ances between the mo and stationary blades of both 
typés of turbines, and (in the case of reaction tur- 
bines) between the tips of the blades and the cylindrical 
steam- » are so small that there is practically no 
chance of chips, &c., falling clear of the moving 

In the early days of dev ent such accidents did 
occur. The velocity of ‘the steam therefore necessitates 
the selection of blading material as initially and naturall 
hard as possible, and possessing retentiveness of its hard- 
ness at working temperatures. There are, however, 
other desired physical properties, which must be con- 
sidered in conjunction with the hardness. 

At first sight it might be thought that erosion or sand- 

blast action would be generally limited to the first few 
rows or stages of blading, because there is a considerable 
“drop” in steam velocity before the middle and later 
stages are reached, and a fallin temperature. But 
in actual practical experience it is found that another 
form of erosion occurs in the middle and some of the 
immediately succeeding stages, and that this is due to 
the water in the steam, the dampness of which by that 
time is noticeable. 
f ber —— in the ne is the cause of ee erosion 
in middle and lower stages eu stages being per- 
fect) hus been called into question by some investigators, 
who, the author believes, are not directly connected with 
the manufacture of caybines 5 but there is no doubt this 
is the correct explanation. 

The fact is that the entrances and exits of the blading 
are based upon calculations which only consider the 
volume of the live steam still present in the stream of 
steam, and its velocity. The condensed steam consti- 
tuting the wetness has a greater inertia than the live 
steam, and this causes more or less of it to be caught as 
a film of solid water upon the surfaces of the blading. 
This film of water is driven forward at a comparatively 
slow rate, and, so to speak, drips from the edges of sta- 
tionary blades on to the convex sides of the moving 
gee which J mee > _ —— f because 
they are travelling at high peripheral speeds. water, 
though a liquid, is suffictently ard to cut and wear away 
the back of the leading-in or entrance edges of the blades 


for a certain length and width. 
Once the blow from the moving blade has shattered the 
dripping-water particles, and given their f ts a 


velocity practicaly equal to the velocity of the 


c ie, the 
erosion ceases, ani 


is not again noticed on that particular 
lade, but is again found upon the entrance edge of the 
next row of moving blades. We may term this *‘ water 
erosion,” to distinguish it from the ‘‘ steam erosion” pre- 
2 gene as sometimes occurring in the first rows 
oO ing. 

One of the possible advantages of using very highly 
superheated steam is that water erosion should be 
lessened, because the zone at which the wetness becomes 
serious is thereby moved farther and farther towards the 
exhaust outlet. If at some future date it pos- 
sible to obtain and utilise steam having from about 432 
deg. Cent. (800 deg. Fahr.) to 538 deg. Cent. (1000 deg: 
Fahr.) superheat, it is possible that water erosion wi 
be eliminated, for it can be arranged that such steam 
would just be saturated at the end of its complete 
expansion. 

Peripheral Speeds and Stresses in the Blading.—The 
rotating ion of a reaction turbine is usually a drum 
or cylinder of steel, and is termed the drum or rotor. 
The rotating portions of an impulse turbine are usually 
apart ony om emp a 

speeds at whi ese revolve vary wi © purpose 
and power of the turbine, and these factors also control 
their diameter, The peri speeds are therefore very 
variable in different machines, and depend upon the 
ratios of the above factors. The peripheral — are 
the direct cause of the stresses to which the blading is 
subjected when actually working, and are consequently 
oo ey reason for the demand for s' material 


or These stresses are borne by or ted in 
ed pnts: we of the blade by which it is fixed in the 
w or drum—they are not evenly distributed over the 
whole section of the blading as it is manufactured by the 

ing manufacturer. This is not the occasion to go 
into the question of the various methods used for fixing 
the blades into the rotating parts, but it is necessary for a 
correct realisation of the specific requirements of turbine 
manufacturers in this matter to give at least one typical 
example of everyday practice, which is termed the 
* dovetail ” method. 

The dovetail method is readily understood by examina- 
tion of Figs. 1 and 2, 308. In this case the shoulders 
of the dovetail are u compression and shear stress, 
and the neck is under a tensile stress. 

The tension stresses in the neck of the blades may vary 
from, say, 4480 Ib. (2 tens) per sq. in. to 15,680 Ib. (7 tons} 
per sq. in. of the area of the It depends somewhat 
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upon the conditions of the contract covering the design. | 
Is might be noted that some contracts —— 25 per 

per cent. overspeed tests, which increase stresses on 
the blades about 50 per cent. Ib is important to notice 
that the neck is formed within the thickest portion of the 
blade cross-section, and therefore, comparatively speak- 

ing, of the weakest portion of the section. This point is 
common to many other systems of fixing blades. Con- 

sequently, when turbo - blading specifications specify 

strengths, &c., they intend that the thickest portion of 
the section shall possess the strength and other properties 
specified. It is no use suppliers complaining that this is 
unfair, difficult, and so on, for it is an absolute necessity, 

and a practical condition which must be met. The most 

suitable shape and dimensions for the dovetail of each 

size and design of turbine has been decided by a long 

series of tests, using actual sections made up with all the 
various blading materials so far offered by manufacturers. 

‘There is no need to detail these, as they are of no imme- 

diate importance to blading manufacturers. 

Stress plus Temperature, and Prolonged Duration of 
Both.—It is of the utmost importance to bear in mind 
that during the whole working life of the turbine, the 
stresses are im upon the material of the neck and 
dovetail, while it is simultaneously heated to tempera- 
tures ranging from 26.6 deg. Cen». (80 deg. Fahr.) to 
399 deg. Cent. (750 deg. Fahr.), and it isimperative that 
it should possess considerable rigidity under these condi- 
tions. The exact combination of stress and temperature 
constituting the working condition varies not only from 

hine to ine, but also, as previously mentioned, 
with the position the blades occupy relative to the steam 
inlet and exhaust outlet. The general condition is, that 
the longest blades are the highest stressed and the most 
moderately heated, because they are only required for 
the low-temperature (and eee end of turbines. The 
shortest blades are the highest heated and the most 
moderately stressed, but p: in turbine manufacture 
is now demanding that they carry still higher stresses 
at these higher temperatures. om 

Having indicated how the data or “ limits ” commonly 
quoted in engineering descriptions of turbines should be 
interpreted into metallurgical equivalents, we now turn 
to the more specific properties of non-ferrous blading 
materials which are commonly named in specifications 
with a view to obtaining material to withstand these 
conditions. The exact understanding of specification 
limite is very highly necessary, and yet, unfortunately, it 
is nob uncommon bo find would-be suppliers have very 
hazy conceptions of them. Many experts have detailed 
these matters in text-books, but it appears n to 
reconsider them yetagain with special reference to blading 
specifications. 

Properties of Materials Detailed in Specifications.—The 
most common property specified is the so-called tensile 
strength. This should always be interpreted to mean 
what is called in scientific literature the maximum load 
(or stress)(German, Bruchgrenze). 

In the old — designers based practically all their so- 
called factors of safety upon this value, and usually con- 
sidered a factor of 5—+.¢., one-fifth—of the tensile strength 
as fit and proper to use. For up-to-date steam-turbine 
design this is being, and ought to be, abandoned, and in 
its stead the working stresses are b upon one or other 
of the three “limits,” which are connected with the elas- 
ticity, extensibility, and rigidity of the materials used. 

he author is perfectly aware that in some quarters a 
greatdeal of opposition exists to the insertion of a clause 
specifying either of theselimits. When faced with oppo- 
sition of this kind upon commercial matters, it is some- 
what desirable to obtain not only an acquaintance with 
the objection, butalso with the objectors, just asin naval 
matters we consider not only the calibre of the guns, but 
also of the personnel behind them. ‘The author therefore 
ventures to observe that, speaking generally, ties 
offering such resistance may possibly be either quite out 
of touch with modern engineering requirements and pro- 
blems, or not sufficiently versed in the constructional 
properties of materials to supply serious technical 
arguments and data to back up their views, which are 
frequently merely personal predilections. In some cases 
the objectors have no mechanical or chemical laboratory 
of their own, and when this is the case they rely for 
scientific advice upon outsiders’ tests. Without doubt 
the better class of public testing establishments do first- 
class scientific and reliable work, and report in a proper 
manner ; but it is advisabie to remember that there is at 
least a possibility that there are others who perform their 
duties in a rather perfunctory and unilluminating manner, 
and consequently discrimination must be exercised from 
this side also. 

There is certainly a mk ye gene difficulty in stating 
the elastic property requi in an unambiguous defini- 
tion, and one which readily lends itself to use in both 
thoroughly-equipped laboratories, manned by scientifi- 
cally trained operators, and in ordinary works test- 
houses, which may be indifferently yr pee and staffed. 
It is largely to help to clear up this difficulty that this 
part of the paper is added. 

Elastic Timit.—Ot all the terms descriptive of ,» sical 
properties of metallic materials, probably that Glastic 
limit is the most a and misused. This partly results, 
in this country at any rate, from the fact that we have, 
up to the present, no recognised authority for standardi- 
sation of such terms. 

Tn Germany the large Royal Testing Laboratories at 
Berlin and Charlottenburg have obtained ition as 
authorities upon such matters, and the accessibility and 
wide distribution of their valuable contributions to the 
science of testing materials has popularised the definitions 
they use. There are indications that these definitions are 
now fairly on the way to be accepted by up-to-date workers 





It is freely admitted that the application of the German 
definition for elastic limit places this item outside the 
bounds of ordinary commercial testing, use it cer- 
tainly necessitates the use of very delicate, accurate, and 
somewhat slow and costly measuring-instruments. The 
term “‘elastic limit” (German, Hlastscitdtsgrenze) should 

ore be completely abandoned for commercial 
specification purposes, and not used to cover any condi- 
tions of testing which do not conform to the term. 

Apparently this term has not yet been defined in a 
pa) previously read before the Institute of Metals, 
a as it is an important one, it is considered worthy of 
fuller definition ; moreover, dealing with it now should 

vent confusion in discussion of subsequent statements 
in this paper. : 3 

Definition of ‘‘ True Elastic Limit.”—A concise defini- 
tion would be “‘ the unit stress, beyond which a portion 
of the elongation remains as a permanent set.” 
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This is evidently dependent upon the delicacy of the 
instrument used, and obviously such a modification of the 
definition as ‘‘ the true elastic limit is the stress at which 

rmanent set first becomes visible” is no improvement, 

or itis again merely a question of delicacy of testing 
method—+.¢e., whether the naked eye, hand lens, or a 
microscope, &c., is used. 

_ For actually corryae out the determination in a scien- 
tific manner, compatible with the spirit of the definition, 
the use of an extensometer instrument, capable of mea- 
suring the elongation of the gauge length of the material 
to an accuracy of sate in., or finer, is a necessity, and 
also skilled operators to work it. If such scientific 
determinations are demanded, then the cost of the work 
must bs faced. However, there always appears a desire 
to shirk the cost—in other words, too much is expected by 
buyers for their money. 

rdinary test-hovses bave made various attempts to 
work to this definition with cheap and rapid instraments, 
because specifications have been issued which specified 
elastic limits, either under misconception, as indicated, 





of all countries as satisfactory scientific definitions. 


or because their authors indiscriminately substituted the 
term for another term—viz., yield-point. 





This has resulted in numerous definitions of the value 
of the “set,” and has created great confusion. For 
instance, one firm defined the term as: ‘‘The load per 
square inch which uces & permanent set of one- 
thousandth of an inch (0.001 in.) on a 2-in. gauge length.” 
Another takes “‘ A set of three one-thousandths of an inch 
(0.003 in.) on a 3-in. gauge length,” and it is one often 
used in specifications tor so-called manganese-bronze 
castings. 

One specification submitted to the author which covered 
wrought manganese-bronze actually allowed a set of one 
one-hundredth of an inch (0.01 in.) on 2in. It is only 
fair to add that this test was headed “ yield-point;” 
consequently, in spite of its evident inconsistency (for it 
attempts to define flow or yield phenomena in terms of 
permanent set—+t.e , residual elongation), it is clear that 
the framer of the test was not confusing it with the true 
elastic limit. It is obviously quite wrong to apply to 
such definitions as the three above the term “* true elastic 
limit,” or *‘ elastic limit.” But there is no reason why a 
clause which embodies these magnitudes of set should not 
be employed in specifications, provided it is headed 
‘permanent set test,” and thus honestly distinguishes 
the test from the true elastic limit of precise scientific 
literature. 

However, even for these more crude permanent set 
tests, an extensometer should be employed, and this 
instrument should be accurate to quite + 0.0001 in. 

joom in.). The use of a proper honestly-made instrument 

is, in the long run, more rapid than the crude ‘inside 
micrometers” now commonly used (which allow much 
room for trickery). 

The three best extensometers for this purpose, and for 
general laboratory work, are :— 

_ (1) Professor Unwin’s micrometer and spirit - level 
instrument. 

(2) Professor Ewing’s microscope and lever instrument. 

(3) The Cambridge ‘‘Touch” micrometer and lever 
nstrument. 

The first is the most all-round single instrument, for it 
can be used for all gauge lengths from 2 in. to 10 in. long, 
vad all diameters or widths from 0.1 in. to 3in. In use 
they are all about as rapid as each other, though possibly 
she second has a slight advantage. The permanent cet 
test, if conducted accurately, is comparatively a slow 
vest, for it necessitates a? at a rate not greater than 
L ton per sq. in., until within 3 tons of the expected load, 
wnd then in $-ton or }-ton increments, until the load 
woually protecing the specified test is reached or just 
passed. The repeated application and removal of the 
‘oad requires time, and the smaller the set specified the 
greater the care required. The best method is to deter- 
mine for each specimen four or five sets, say 0.0005 in., 
0.001 in., 0.002 in., 0.003 in., and 0.004 in., and plot these 
on a good quality of squared paper to produce a stress- 
set curve, and from this to read off the required set and 
corresponding load per square inch. 

teld or Flow Point.—A ‘‘limit” occasionally met 
with in specifications and literature covering non- 
ferrous metals is that commonly known in the steel 
trade as the “yield point” or “flow point” (German, 
Ytreckgrenze or Fliessgrenze). It has been applied to non- 
ferrous metals from a mistaken idea that at ordinary 
temperatures non-ferrous metalsand alloys behave under 
stress in the same manner as wrought iron and steel of 
medium and low carbon content. But extremely few 
of them do so, and those which do, happen to be totally 
unsuitable for steam-turbine blading, usually because 
they cannot resist the action of steam and heat. Certain 
aluminium alloys show a definite yield-point, 

It might be noted that the flow or yield-point pheno- 
mena are only habitually and markedly possessed by 
steels containing under, say, 1 per cent. carbon. This 
term is therefore not one which can be applied to anything 
and everything which is metallic, and should not be applied 
to the ordinarily known non-ferrous metals and alloys 
unless accom ed by an explanation to show exactly in 
what sense it is intended to apply. 

Provided this precaution is taken, there appears to be 
no reason for objecting to the insertion of a clause which 
defines the elastic properties in terms of the strain (ex- 
tension) produced by a given stress (load) per square inch. 
This type of definition is somewhat more difficult to con- 
dense, but the following could be quoted as an instance : 

** Test-pieces of the material when under a stress (load) 
of 12 tons per sq. in. shall not elongate more than 
0.00166 in. for each inch of length of the standard-gauge 
length employed. The test-pieces shall be machined in 
accordance with the dimensions for the British Engi- 

ing Standards Committee (E.S.C.) standard test- 
pieces, and the largest standard specimen which can be 
obtained from the material shall be used.” 

To comply with thisspecification, the metal would have 
to possess a Young’s modulus of about 7300 tons per 

. in, anee Ib. per sq. in.) ; such metal is obtain- 
able in blading sections. 

If the test is performed upon short-ga length 
ome (such as E.S.C. specimens OC, D, E, and F), 
the use of a ee (such as the three 
named above) is utely necessary. But these sizes 
of specimens cannot as a rule be obtained from actual 
oa? f E.S.C. specimen 

owever, by vantage 0! .8.C. specim 
B, one is enabled to use a 6-in. gauge length, or even 
longer, provided the length used is not less than eight 
times the diameter. i 

The E.S.C. test-piece ‘‘ A” can be utilised upon the 
same principle, and since it is cheaper to mill out long 
specimens from blading sections than to turn them in 4 
lathe, this is very convenient. 

On a 6-in, gauge length, the extension to be measured 
will be 0.01 in. (approximately), so that less finely 





graduated instruments can be used; and it is not difficult 
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to construct such cheaply and strongly, and in a form 
which allows rapidity of use. The above, being a stress- 
strain test, brings us to the scientific definition used 
when considering this phenomena—viz., the propor- 
tionality limit. 

The Proportionality Limit (German, Proportionalitdts- 
grenze).—This term refers to the limit of proportionality 
between stress and strain. It is based upon Hooke’s law. 
From this law we know that, up to a certain point, the 
elongations produced by loading are almost exactly pro- 
portional to the loads per unit area of cross-section which 
are required to produce them. After that point is reached, 
the proportionality ceases—the elongations start increas- 
ing ata greater rate. This limiting load is scientifically 
the proportionality limit. In Great Britain this limit is 
frequently mistermed the ‘‘elastic limit,” and thereby 
gets mixed up with the true elastic limit, which we have 
already discussed. 

The Engineering Standards Committee definition uses 
the term elastic limit in this doubtful manner, and until 
a few years ago the author did also, but prefixed the word 
‘: proportional,”* He is now of opinion that a sharper 
distinction is very necessary, because accumulated ex- 
perience (with non-ferrous metals especially) tends to 
prove that fairly frequently these two limiting points 
do not coincide. 

More research is required finally to clear up this + 
tion, and for this work only specimens of very carefully 
selected materials must be used; which materials must 
be given treatments the particulars of which are fully 
known and stated, and which aim to produce perfect uni- 
formity. physically and chemically. 

The E.S.C. definition reads as follows : — ‘‘ Elastic 
Limit.—The elastic limit is the point at which the exten- 
sions cease to be proportional to the loads. In a stress- 
strain diagram plotted to a large scale it is the point 
where the diagram ceases to be a straight line and be- 
comes curved.” 

An extensometer of the Unwin, Ewing, or Cambridge 
type is required for the determination of this value. 

We will, pro tem., leave the question whether the name 
proportionality limit or elastic limit is to be retained, and 
note the fact that this E.S.C. definition really defines the 
proportionality limit. 

he proportioaality limit is very closely connected 
with the modulus of elasticity (Young’s modulus), and 
all those metals which possess a constant modulus over 
a range of stress also have a proportionality limit. The 
difficulty of applying the test for the proportionality 
limit (or E.S8.C. qaetle limit) is not so much the amount 
of time consumed—in fact, the test can be performed 
in quite reasonable time if the Ewing extensometer 
is used in the manner devised by Mr. C. E. Skinner 
(of Engineers and Research Department, the Westing- 
house Electrical Manufacturing Company, East Pitts- 
burg, Pa., U.S.A.), who works it with an autographic 
attachment which registers the stress on the specimens at 
equal increments of strain ; the operator merely observes 
the latter, and presses a switch-button, which actuates 
the stress-recorder. 

The real difficulty lies in standardising the stress and 
strain scales for the plotting of the stress-strain curves. 
The accuracy of taking off the proportionality limit is 
dependent upon u-ing a fairly large scale, and the scales 
used should bear a reasonable relationship to the required 
accuracy or delicacy of the measurement of each factor, 
and the requirements of designing. In Great Britain the 
Buckton testing-machines are largely used, and when 
these are operated by entirely mechanical drive (not 
hydraulically) they are very suitable for quick extenso- 
meter work, because the loads can be applied with pre- 
cision and remain steady and full on the specimen no 
matter how long they are applied, and this permits of 
accurate readings of instruments. The load-scale and 
vernier of the Buckton machines of 25 tons capacity and 
upwards usually read to ;},5th of a ton (22.4 lb.); on 
10 ton and smaller machines tue graduations are finer. 

On a specimen of 0.02 sq. in. area, 22.4 lb. actual load 
equals 4 ton per sq. in., and on a specimen of 1 sq. in. ib 
equals 0.01 ton per sq. in. The first is an extreme case, 
and it is probable “thas very few specimens of oe 
material with less than 0.05 sq. in. area are tested, an 
on the latter area 22.4 1b. load equals 0.20 ton per sq. in. 
Consequently for engineering purposes a scale which 
represents the stress by 0.5 in. a = 1 ton per sq. in. 
stress, is amply open, because blade-designers hardly 
take cognisance of stress differences so fine as 0.05 ton per 
sq. in., and even for scientific work 0.1 ton per sq. in. is 
usually considered a close limit. 

With respect to the strain scale, in commercial design- 


ing itis rare that any strain finer than ‘ oom in. (0.0001 in.) 


is calculated upon, and certainly this would be an ex- 
treme limit for blading design. 

Consequently we can represent the strain with sufficient 
accuracy by making 1 in. length = 0.004 in. strain (actual 
extension), provided we work upon a 2-in. extensometer 

— —which is by far the most usually employed 
ength. If the instrument is worked u a longer 
gauge-length (i.e., 3 in., 4 in., &c.), in order to include 
more metal for obtaining a better average value for its 
properties, it is often still sufficiently accurate to use 
this scale: but itis in such instances better to calculate 
from the actually observed figures the extension corre- 
sponding to a 2-in. gauge length, and to plot this value, 
using the above scale. 


The author has found these scales sufficient for all | dend 


general investigations, and therefore recommends their 
use on accurately ruled squared paper, divided into 
10ths or 20ths of an inch, with prominent lines at every 








4in.* For stress-set curves, it is best to use for the set 
scale 1 in. = 0.001 in set, because on 2in. a permanent 
set of 0.0001 in, or 0.00005 in. may be of some importance. 

Autographic Becorders.—Many attempts have been 
made by investigators to devise an autographic record- 
ing apparatus which permits of an accurate determina- 
tion of the proportionality limit. But noneof these have 
yet reached the point where they can accurately trace a 
curve in which actual extensions of 0.004 in. can be mag- 
nified and recorded as a movement of 1 in. upon the strain 
abscisse. Many of them necessitate the use of only one size 
of specimen—that is, they are not of general works utility. 
Others need the use of spots of light and photographic 
camera methods—things quite unsui to the average 
works laboratory, which is very seldom free from vibra- 
tion caused by adjacent machinery, railway traffic, &c. 

By mechanically magnifying the strain ten times and 
a gauge-lengths (4-in., 6-in., 8-in., and 10-in.), 
and having the strain attachment (cord) fixed directly 
on to the actual gauge-length of the specimen (and not on 
to the grips, aedien or pulling-heads of the testing- 
machine), some generally useful autographic curves can 
‘ obtained which serve for the routine testing of de- 
liveries, but not for investigations. The author has 
proved the general reliability of the curves thus obtained 
by making check-tests with both extensometer and the 
autographic recorder attached simultaneously on to the 
same specimen. The author is adverse to the use of 
standard spring attachments to machines for preparing 
stress-strain curves of non-ferrous materials. 

Use of Proportionality Limit in Specifications.—It 
appears that until further reforms have occurred with 
respect to the accuracy and quality of the testing carried 
on in works testing-rooms, the use of clauses specifying 
proportionality limit values will be difficult, for only 
educated and efficient staffs can undertake real tests for 
this physical property. 

The author has made various trials to introduce this 
clause in an easily understood manner, and to avoid the 
use of the actual term proportionality limit. Such a 
method of specifying the property can only be utilised 
after extended study of each specific material, because it 
depends upon selecting a strain measurement for each 
individual material which coincides on the average with 
its proportionality limit when determined upon a stan- 
dard gauge length (which is selected to be of such length 
that the actual elongation to be measured is of the order 
of 0.01 in. or 0.02 in.). 

For example, the ~ rtionality limit of a certain 
rm ese brass regularly coincides with an extension 
(strain) of 0.0052 in. on a 2-in. gauge length ; consequently 
by stipulating the use of an 8-in. gauge length, and re- 
quiring that this shall not strain more than 0.02 in. when 
loaded with a specific load—say, 17 tons per sq. in.—the 
manufacturers are in actuality working to a proportion- 
ality limit specification. The accurate determination of 
even such comparatively coarse measurements as the 
above is outside the range of those operators who are 
only provided with a 6-in. rule and a pair of more or less 
blunt compasses, and it should be noted that there there- 
fore exists a good business opening for the firm of 
instrument - makers who first devises and markets a 
generally applicable, robust, simple, speedy, accurate, 
and not too costly attachment for determining strains of 
this order. 

The other items usually named in specifications are :— 

Elongation per Cent.—The gauge lengths used for this 
determination should have the ratio to the area and 
general shape of the specimen specified by the Engineer- 
ing Standards Committee (British Standard) for their 
specimens A, B, C, D, E, or F, as the case may be, but 
to give manufacturers a general idea of the proportions 
of elongation per cent. it is not a bad practice to state 
‘* elongation per cent. on 2 in. to be not under . . . per 
cent.,” it being understood that the E.S8.C. specimen 
C is here referred to. 


Maximum load 
- stress 
Ultimate stress 


They refer, of course, to the greatest load the specimen 
will take just prior to serious local reduction of area. It 
is in most materials a value quite distinct from the breaking 
load or stress. The latter has no “‘ designing” value. 

Reduction of Area—This is not always specified, but 
is so useful in judging the general properties of a metal 
that it is always worth determination. 

Hardness. This is seldom specified, but is useful as 
indicative of the degree of ‘‘ work” given to the material 
by manufacturing processes. At present there is no stan- 
dard method for this test. 

In concluding this portion of the paper, the author 
urges the British non-ferrous trade to undertake at an 
early date the standardisation of a definition for each of 
the physical properties named, and suggests that they 
ell being over-biassed by E.S.C. definitions now exist- 
ing, which have been mainly created by the steel and iron 
trades. The non-ferrous metals deserve quite separate 
treatment in this respect. 


(To be continued.) 


\ These are all synonymous. 





Tue GermMaNn-LuxemBurG Works.—Few of the lar 
German industrial concerns, if any, have ap y 
suffered more from the effects of the war t the 
Deutsche-Luxemburg, the war having for the second 
time prevented the company from declaring any divi- 
, whereas for the last preceding seven years a 
dividend of 10 to 11 per cent. has been paid. 


* If still greater accuracy be required, the strain-scale 
can be made so that lin. length = 0.002 in. length strain; 





* Encineexina, July 10, 1908, page 56. 





this gives excellent curves. 


MANCHESTER ELECTRICITY SUPPLY. 


The Extension Scheme of the Manchester 
Electricity Undertaking.* 
By 8. L. Pearcr, City Electrical Engineer, Manchester. 

Berore dealing with the main subject of this short 

per, it may be desirable very briefly to review the past 

istory of the undertaking. The Electric Lighting Pro- 
visional Order was acqu in 1890, and the supply of 
current (for —— purposes chiefly) was first given in 
1893, for the cen area of the city, from the Dickin- 
son-street Station. Consequent upon the growth in 
the general demand for electricity supplies, and in order 
to provide the necessary current for working the trams 
in the centre of the city, a site for a second generating 
station was acquired in 1896 in Bloom-street, and opera- 
tions were commenced therefrom in 1901. Both the 
Dickinson. street and the Bloom-street generating stations 
are situated on the Rochdale Canal, and epee thereon 
for coal and condensing water supplies. Their combined 
installed plant capacity is 14, k.w., and they are 
operated on the continuous-current, low-tension system, 
with a generating voltage of 420 to 550. Slow-speed 
reciprocating-engines are chiefly employed as prime 
movers, although it is interesting to note that two of 
the earliest large Parsons continuous-current sets can be 
seen at the Dickinson-street Station. 

Concurrently with the devek pment of the city supplies, 
the Corporation, between the Bn 1898 and 1902, took 
over the Electric Lighting Orders of the then out- 
districts of Moss Side, Withington, Levenshulme, Heaton 
Norris, Denton, Droylsden, Audenshaw, Gorton, and 
Failsworth. Several of these districts are now within 
the boundaries of the city of Manchester. In order to 
deal with the electricity supplies to these out-districts, 
and to vide the nevessary current for working the 
trams within these said out-districts, the Corporation 
acquired in 1898 a site at Stuart-street on which to erect 
the third generating station. 

If you trace the history of most undertakings, the 
sequence of events will be found to be the same as that 
experienced in Manchester—viz., a small power-house 
installed more or less as near the centre of the area of 
supply as possible, and equipped with continuous-current 
plant to deal with the load on a very compact area. The 
growth of the demand in the central area, or an exten- 
sion of demand towards the outskirts, or an extension of 
the boundaries of the area of supply itself, all in time 
necessitate an extension of the Fee md plant and a 
raising of the supply ure. ore often than not the 
system is also changed toon continuous current to alter- 
nating current. Rarely is it possible to extend on the 
site of the original station, so that the ineer is driven 
to the outskirts of the area of supply to find a site which 
shall meet the requirements of the new power-station. 
The importance of interconnecting the various power- 
stations of a supply system needs no emphasising. 

The Stuart-street station has an installed capacity 
of 60,000 kw., and employs chiefly turbine plants, the 
rating of the various generating units ranging from 
1500 kw. up to 15,000 kw. It is operated on the high- 
tension, three-phase, alternating-current system at 
volte, and supplies were first given therefrom in 1902. 
In connection with the Stuart-street system some twenty- 
two public supply sub-stations have been erected, with 
an installed capacity of 36,907 kw., of which 7000 kw. is 
installed at Dickinson-street station, and, in addition 
thereto, some seventy sub-stations on the premises of 

power consumers, with an installed capacity of 
45,211 kw. The area of the district over which powers 
to supply current are held by the Manchester Corpora- 
tion now amounts to 46 sq. miles, and serves a popula- 
tion estimated at 750,000. In addition, Manchester is 
furnishing a bulk supply of electrical y to the 
Borough of Middleton on the three-phase, alternating- 
current system at 11,000 volts. 

The total length of ry pny main conductors laid 
to date in Manchester and the out-districts is 450 miles— 
ee to some 1000 miles of single conductor—of 
w _ total the high-voltage mains account for some 200 
miles. 

The bulk of the distribution on the general supply 
mains is carried out on the conti rent system, the 
networks being arranged on either the three-wire or five- 
wire principle, the latter being chiefly used for the central 
area of the city, and the former in connection with the 
distribution from the sub-stations. For the out-districts 
the distribution is carried out on the three-phase alter- 
nating-current system, three-wire or four-wire networks 
being used. The total units generated for the year ended 
March 31, 1915, were, for the whole system, 162,699,530, 
and the a figure for units sold is 127,735,646. 
_ Inasmuch as the effective ogonty of the three exist- 
ing qumecatiog stations is within measurable sight of 
being fully u , the Corporation have secured at 
the westerly end of Trafford Park, in the parish of Davy- 
hulme, whereon to erect a fou g ting-station, 
= = _—y ~¥ the Barton Power-Station. 

thoug’ designs for this new generating-station are 
well advanced, considerable delays are likely to be er peri- 
enced in its construction and completion owing to the war. 

The area of land required for a modern power-station, 
and assuming a natural circulating water supply, may be 
said to vary between the following limits 050 aq. yard 
per K.W.I. to 0.25 sq. per K.W.I. for capacities 
varying between 50,000 K.W.I. and 150,000 K.W.1. The 
actual figure for Barton is 0.270 sq. yard per K.W.I. 
These figures include the provision :f coal-silos and 
su table railway access, but require increasing where 








* Paper read before Section G of the British Associa- 
ticn at Manchester, on September 9, 1915. 
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cooling towers are used. The Barton station is being 
a for an ultimate plant egy By: 160,000 kw. 
The first section will accommodate 30,000 kw. of plant. 

The Barton site bordere on the Bridgwater and 
is in close “imity to the Manchester Ship Canal. It 
will also have railway connection with the principal 
railway systems by means of the Trafford Park Estates 
lines. 

The chief factors which enter into the calculation when 
deciding on the merits or demerits of various sites for 
a power-station are the following, placing them in the 
order of their importance :— 

(a) Facilities obtaining ample and cheap supplies 
of fuel, and by fuel is not necessarily implied coal 


(b) Facilities for obtaining supplies of cold water for 


con meee perpen. f i) E 

(c) Suitable geographical position, having regard to 
length of transmission lines and the relative position of 
the site selected to the area to be supplied. 

(d) Suitability of foundations. 

ie Price of land. 

© Barton site fulfils these n conditions, as 

by means of the Bridgwater Canal the West Lancashire 
coalfields are easily accessible, being only four miles away, 
while the Trafford Park ae Loner through com- 


munication with the generally. In the 
matter of water for ing p the site is also 
convenient to the Manchester Ship As, however, 


the consent of the Canal Company to the use of the water 
is at present withheld, it is proposed to use the sewage 

and subsoil water—in the form of a purified effluent— 
which passes down the main outfall sewers to the Cor- 

ome a sewage works at Davyhulme, situated some 
400 yards from the Barton site. 

The Barton site is about fivemiles from the centre of 
the city, being actually neaver than an alternative site 
within the city area, which met with some favour ; trial 
borings have also shown as regards foundations that red 
sandstone rock underlies the whole of the site at a depth 

ing from 7 ft. to 8 ft., and, farther, there are good 
poms for considering that at least 14 million gallons of 
good-quality water can be pumped from boreholes in this 
rock every 24 hours. It will be necessary to construct a 
new bridge across the Bridgwater Canal to carry coal 
“nthe pret he tn 7 ne hich 

C) iminary plans o ng station, whic! 
are reproduced, show that it will be essentially a “ big 
unit” station. (See Figs. 1 to 6, on our two-page plate.) 

It is to erect it in four sections, each of 
which will contain two complete steam-raising, electrical 
generating and auxiliary plants, thus providing eight 
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complete plants in the station. This allows of one spare | of 160,000 kw. The ent includes four boiler- 
plant, one set aside for repairs, and six plants in com- | houses, each with two batteries of water-tube boilers 
mission. As posed, the first four generating units | facing on to a central firing-floor—t.ec,, one battery © 
will be turbine sets of 15,000 kw. each, and the remain- | boilers for each turbine set, and four coal-silos practically 
forming extensions of the boiler-houses, but separated 


ing four, similar sets of 25,000 kw. each, making a total 
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‘TLHINGTON 43. From Stuart-street through Armstong, Whitworth’s new 
Sub-Station, and then on to old one. 
44. From Stuart-street througa Oldham- 
45. ,, Queen’s-road through Irkdale Printing Company. 
(4) HEATON NORRIS 46. ,, Spare at Queen’s-road. 
47. ri, Someone, My bone to ee - 
48. m Stuart-street through Transformer-House, Byrom's 
C2 DIDSBURY Mill, Droylsden, &c., and on to Openshaw (loop). 
49. ,,  Oheetham Hill to Manchester Dyers. 
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. 52. ,, Stuart-street to Johnson and Nephew and Bengal Mill. 
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. ” » ~ a Parkes and the Shirt-Manufacturing Company. 54. From Shaw-Jardine’s to the Lioydsfield Mill. 
my ” ” Rusholme, with tees to Polygon. 23. From Stuart-street to Queen’s-road. 55. ,, Stuart-street to Brunswick Mills and Shaw-Jardine’s. 
ri ” ” Moss Side. « = », Harpurhey, with tees to Bell-houses. 56. ,, » » _ Bradford Mill. 
_ oo” » 25. From Stuart-street to Harpurhey, with tees to Bellhouses. 57.» = 8-road Sub-Station to Jones's Mill. 
a ” ” a Whalley Range and Chorlton. i. oe Px », Newton Heath. 58. From -street to Southern Nephew Cold-Air 
. = ” ” ” ” * 27. From Stuaré-street through Mather and Platt and Connor's Stores and Cornbrook Sub-Station. 
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~~ and Co, Minshall Mills, to Dickinson. street. 28. From Stuart-street to Openshaw and through Switch- 60. ,, Beyer, Peacock’s to Orossley Motors. 
1), Prom Stuart-street through Polygon to Dickinson street. House to Denton, with tees to Kendall and Gent. 61. ,, Armstrong, Whitworth’s to Rolling-Mills. 
- * a »» to Levenshulme and Heaton Norris. 29. From Stuart-street tu Openshaw and through Switch- 62. ,, Switch-House (High Bank) to Ryland’s Mill and 
1.” ae; ” ” ” House to Denton, with tees to Kendall and Gent. Slack and Brownlow. 
“ ” ” Bennett-street. 30. From Stuart-street through Armstrong, Whitworth’s, to 63. From Oldham-road Sub-Station to the Manchester Meat 
i ” ” ” ” Openshaw. Salesmen’s Ice Compenz. 
|” ” ” as = 31. From Openshaw to Beyer, Peacock’s. 64. ,, Oarruthers-street Mill to Marslands Mill. 
So »  y» through Ashbury’s to Bennett-street. 82. , through Livingston’s Mill, to Beyer, ©. _.. Nowten Heath Sub-Gtation to the Livingstone Mill. 
i » ¥» », Johnson's, Bengal Mill, Car- Peacock’s. 66. From Levinstein’s Sub-Station to Manchester Workhouse. 
ruthers-street Mill, McConnell’s Mill, to Oldham - road 33. From Oldham-road to Shaw Jardines. @. w rranti, Limited, to Bower Colliery. 
1g, And Sherbourne-street -_ te e - Se « rhey Sub-Station to Middleton Motor-House 
ip, / Tom Stuart-street to Sherbourne-street. 35. ,, Didsbury to Hans Renold’s. 69. ,, Stuart-street to Armstrong, Whitworth’s. 
20. Fre = ” Oldham- B+ ,, through Transformer-House, to Hans Renold’s 70. 4,  DentonSub-Station toKing’s-road and Hooley-hill,&c. 
‘ ain eet trent through Wellington Mill, Brunswick 37. From Newton Heath through Switch-House and Fails- 71. From Transformer-Chamber, Droylsdon, to Lumb Mill. 
21, Fr ills, Oldham-rd., Chronicle Office to Sherbourne-street. worth Kiosks, to Ferranti, Limited (tees to Johnson, 72 Connor’s to Monsall Hospital. 
° with eee etreet to Queen’s-road and Cheetham Hill, Clapham and Morris, and Moston Castings Company) 73. ,, Johnson and Nephews old Sub-Station to new Sub- 
with tees to O.W.S. Biscuit Works. 38. From NewtonHeath through Switch- House to Ferranti_ Ltd. Station, Forge-lane. 
fro : ‘ 7 fy» . , 5 : 
noel pot sae by a canal dock for the reception of water- | ing the boiler units in two rows facing a central gangway. | turbines, each house complete with its own cooling 


Five boilers per row is an ideal lay-out. This design is | ar ts, chimneys, steam and feed-water piping, 


It is now the ve . “ A : . 
: try generally accepted practice to build | necessary with very large steam-turbine units, and prac- | and accessories, but at the same time means are pro- 
the boiler-houses at right angles to the engine-room, plac- | tically amounts to having one boiler-house ~y every two vided for interconnecting the various boiler-houses in case 
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of breakdown or . Prelimi estimates show 
that 500,000 tons of coal per annum will be required by 


the complete plant, and the canal can handle at least 
1000 tons a day, while over the Trafford Park railways 
300 tons of coal an hour can be handled, sidings being 
provided for its reception (see Fig. 2.) 

Coal-handling plant is a very essential portion of the 
ay of every modern power-station. Apart from 
the difficulty of dealing by hand with the yn 
ties of coal required, it has been found that cost of 
mechanical handling is only one-fourth to one-fifth that 
of hand-firing. The coal silos, to which reference has 
been made, will hold a two months’ supply of fuel ; 
each silo will be equipped with two endless | ucket-type 
conveyors into which rail-borne coal can be fed through 
Senger below rail level, situated at one end of the silo, 
while water-borne coal recei in the dock will be fed 
into hoppers at the other end. For this om gee? the 
dock between the boiler-house and silos, which will be 
roofed in, will be provided with a travelling-crane with 
bucket or grab for removing coal from the barges. Each 
silo conveyor will run across the dock and empty into an 
elevated coal-hopper at the end of the adjacent boiler- 
- returning through a tunnel under the dock and 


08. 

The elevated coal-hopper in turn will feed two endless 
bucket-conveyors situated (both lead and return) over the 
bunkers in the adjacent boiler-house, which are designed 
to carry thirty-six hours’ fuel supply. 

It is advisable to keep down the overhead storage in 
the bunkers of the boiler-house to a minimum on account 
of the additional steel-work that would otherwise be 
necessary to carry a very large weight of coal, and, 
further, in order to obtain the maximum amount of light 
on the firing floor. A 36 hours’ storage in the boiler- 
house bunkers is considered sufficient. Attention has 
also be given to the subdivision and ventilation of the 
bunker storage provided, so as to be able to deal effec- 
tively with any spontaneous combustion of the coal that 
may arise. In a well-designed station, with coal con- 
stantly on the move, the latter danger is negligible. 

The suction system is proposed for the removal of the 
ashes and soot, the pipe systems ing to receivers on 


the canal dock-side, which will discharge into barges, and | rail 


to other receivers at the end of the coal silos, which dis- 
charge into ieee am, the soot and the ashes being 
kept separate. ( Fig. 2, on the two- plate.) 

odern ash-handling plant in boiler- is prefer- 
ably of the suction type, a great advantageof the system 
being its cleanliness, e —— at which the ash can 
be removed from the ashpits of the boilers after o euees 
through the crushers into the pipe-lines. These lead to the 
receivers, where the ash receives a thorough drenching 
with sprays of water, and from which it is removed, in 
the case of Barton, by water, road, or rail. 

For the first section of the station—viz., 30,000 kw. of 
plant—there will be installed eight water-tube boilers, 
each with a normal rating of 50,000 lb. of steam per hour 
and a maximum rating of 60.000 lb., and complete with 
= one ee ay ae, induced-draught plant 
and chimney— t system being proposed in regard 
to the latter. (See Figs. 5 and 7.) 

Where floor space is expensive, or where it is desired 
to instal the maximum of power in the minimum of s 
and with the highest efficiency, the adaptation of the 
water-tube marine-type boiler for land purposes is desi- 
rable. The evaporative capacity of every boiler is, 
broadly speaking, governed by the amount of grate area 
provided, for with a given fuel and a given draught, the 
coal consumption per square foot of grate area is a con- 
stant. A boiler such as the water-tube marine, which 
enables the whole ground space to be utilised for grate 
area, will give the maximum evaporation per square foot 
of boiler-house floor, such area required being with this 
ey age type of boiler from 12 sq. ft. to 14 sq. ft. per 

000 Ib. evaporated. The marine type is now built in 
this country in sizes to evaporate normally 50,000 Ib. of 
water per hour, with maximum ratings of 60/65,000 Ib. of 
water per hour. 

In Table IV. are given some comparative data of large 
water-tube boilers installed by the Stirling Boiler Com- 
pany and the Baboock and Wilcox Boiler Conergy of 
America, at Detroit and Chicago respectively. ith 
these may be contrasted the boilers for the projected 
Manchester station at Barton. 


The Prat system is one of induced d ht, in which 
the fan only & very small part in the induction of the 
sao-gueee ike the straight, induced-d ht plant, 
in which the whole of the flue-gases pass through the fan, 
in the Prat system only a very small proportion of the 
gases passes through the fan, with the result that the size 
of the equipment and the motive power required should 
be substantially reduced. The steel chimney of the Prat 
system is comparable in design and in function to that of 
an ordinary ejector, the suction inducing the upward flow 
of the bulk of the flue-gases being created by the pro- 
pelling oo discharged from the fan into the chimney. 

The first section of the generating plant will consist of 
two 15,000-kw. turbo-alternaters, generating three- 
current at 6600 volts, fifty cycles, with a speed 1500 
revolutions per minute, and developing their normal out- 


put at 0.85 power-factor. (See Figs. 1, 2, and 3, on the | scheme 


two-page plate. ) 
Turbine progress in this countr 

shadowed by developments in the States so far as mere 
output is concerned, where the General Electric Company 
are building individual sets of 30,000 kw. for the Common- 
wealth Edison Company, of Chicago; of 35,000 kw. for 
Philadelphia, and even 50,000 kw. sets have been designed 
for the former undertaking. A f 


is somewhat over- 


ment of turbine in this country has been in 
increase in 8 involving blade velocities as as 
700 fc. per second. Steam consumptions in the neigh- 





bourhood of 11 Ib. of steam per kilowatt-hour at full load 
are anticipated, or its equivalent—viz., 74 lb. of steam 
per indicated -horse-power hour. 

Cool air for ventilating the tors will be drawn 
iu from outside the building and passed through wet-air 
filters on the way to the machines (Fig. 1). The bulk 
of the steam and water-pipe work, whilst being kept under 
floors—which will add to the ral appearance of the 
station—is, nevertheless, readily accessible. Considerable 
attention has given to the question of the various 
levels, so as to facilitate ease of operation. ; ’ 

An unusual feature of the design—at any rate, in this 
country—is the pump hall. Herein will be installed two 
steam-driven and one electrically-driven boiler - feed 

umps, each with a rated capacity of 25,000 gallons per 

our, for each complete boiler-house. The upper part 
of the bay will contain hot-well and reserve feed-water 
tanks. Beneath the floor of the pump-hall the main steam- 
header, the condensing-water culverts, and the weigh- 
bridges for testing the steam consumption of the turbines 
will accommodated. In addition, from the floor of 
this hall the various sectional valves controlling the steam 
and water supplies will be operated. 

Another feature of the station will be a very complete 


installation of indicating and recording instruments, such | fi 


as are necessary to record steam and water pressures, 
steam and water temperatures, temperatures of electrical 
generators, transformers, oil-immersed switches, &c., 
temperatures of stored coal and temperatures of inlet 
and outlet cooling-air. Electrical output being largely a 
question of permissible temperature rice, considerable 
importance is attached to the installation of the above. 
At the north-west end of the station there will be a 
sub-station, designed to contain the necessary kilowatts 
of plant incidental to the op control of the current 
required in the station, &c.; above the sub-station a 3000 
ampere-hour capacity battery for general continuous- 
current supply, and an excitation and switch-gear trip- 
coil battery, will be accommodated on the first and second 
floors. (See Fig. 2.) 

Between each pair of turbine sets there will be an open 
well (Fig. 2) containing the condenser auxiliary plant, and 
between the first turbine and sub-station there will be a 
ilway track connecting with a general workshop form- 
ing @ continuation of the switch-house, but detached from 
it, The dismantled machinery will be transferred by an 
overhead travelling crane on to a trolley and passed 
straight into the workshop. At the other extremity of the 

ine-house a similar unloading space will be provided, 
the railway track being in connection with the general 
railway system. The design adopted provides a spacious 
engine-room, as the pump-hall at the side is open to the 
main building below crane-girders, and the sub-station 
will also be visible through three open arches. (Fig. 1.) 

Reference to the sectional elevation shows four circu- 
lating water inlet culverts below basement level, and 
adjacent to them four ommgentne outlet culverts. 
yy ill be connected to the a. sewage works. 

t is proposed to erect a pumping-station there, equi 
with electrically-driven hi lift pumps, together oy 
local sub-station for controlling the general supply to the 
sewage works. The purified effluent at these works will 
be drawn from a large storage reservoir, which will also 


pace | fulfil the function of a settling-tank, and from which the 


effluent will be pumped up to the rating-station, 
where it will pass through a ——_ igned valve- 
chamber before entering the condensers ; the discharge to 
the se works for final treatment will take place at a 
substantially higher level than the intake, and, owing to 
this increased head, the capacity of the sewage works can 
be poate increased. Moreover, the discharge effluent 
will gain some 15 deg. in temperature in passing through 
the condensers, which will result in important economies 
in\the subsequent purification processes. 

The main cables from the generators will run direct 
to their step-up transformers, two three-phase 7500-kw. 
sets in from © for raising the transmission pressure to 
33,000 volts. These transformers and the necessary 
E.H.T. switch-gear will be housed in a separate fire- 
proof switch-house ; the switch-gear, of the oil-immersed 
and the remote-con ill be operated from a 
control gallery communicating with the ine-room. 

Inall recently-designed stations it has been the practice 
to instal the whole of the control switch-gear in a sepa- 
rate house. From the point of view of safety this is 
undoubtedly a wise proceeding ; also from the point of 
view of operation it has much to commend it, in that the 
operator is left free to give his sole and undivided atten- 
tion to the control of the load.- The switch arrangements 
at Barton will provide for coupling the generator direct 
a the step-up transformers and duplicate oil- 
switches to its out-going feeder. The machines can also 
be connected to a coupling bus-bar through 5 per cent. 
reactances. A transfer bus-bar will be provided between 
the feeders. (Big. 8, page 310.) 

Fig. 8, page 3 , shows the diagram of switch-gear con- 
nections. h 15,000-kw. generator is connected to two 
7500-kw. step-up transformers, by which the pressure of 
generation, 6600 volts, is raised to the pressure of trans- 
mall switchong will be a the la I 

switching wi one at the latter pressure. Ina 
of this magnitude it is considered desirable that 
the ultimate itude of the current to be handled 
should be kept down to a minimum; in other words, 
that it is easier to handle big pressures than big currents. 

The diagram is self-ex , but it will be ob- 
served that simplicity and flexibility are the objects that 
nthe aero the and h 

way separating engine-room switch- 
house will be roofed in, and 


uipped with a travelling 
crane for lifting and mo’ transformers from the 


station eight generators and eight 33,000-volt feeders, 
running to a central transforming station in the existing 
area of supply—near which a large number of the existing 
high-tension feeders from Sbtuart-street station pass — 
w it is proposed to step-down the pressure to 6600 
volts, for the purpose of interconnecting the existing 
Stuart-street high-tension feeder network with Barton. 
It is not proposed that the whole of the electric high- 
tension feeders from Barton will terminate at this new 
central distributing station, but they will be continued 
on as and towhere the demands — in the future at 
the ty py of 33,000 volts. (Fig. 9, page 311.) 
In Table V. a comparison of transmission costs at 6600 
volts, 20,000 volts, and 30,000 volts is made. Contingent 
upon the assumptions therein made, it is shown that the 
most economical pressure to be adopted is the last-named. 
Alternative routes are available for the feeders running 
from Barton—+.e., along the tow-path of the Bridgwater 
Canal into the city at Cornbrook, and by the main road 
through Trafford Park to Old Trafford, and thence to the 


city. 

The estimated capital cost of the completed Barton 
station, including the culverts to Davyhulme, is 11/. per 
kilowatt. Details are a. in Table L., with which the 
gures given in Table II. may be compared. 


TaBix I.—Barton Power-Station. 


Rated output of power-house 160,000 kw. 
Over-load oe ee ee 200, 





Cost per Kilowatt. 
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£ £ | £ 
Land and easements .. 40,000 | 0.25 | 0.20 
Bui es 1. aa | 400,000 | 2.50 | 2.00 
New road and bridge .. 13,000} 0.08 0.06 
Docks and tow-path 9,000 | 0.06 | 0.05 
Water culverts .. 70,000; 044 | 0.35 
Storage tanks 3,500 | 0.02 0.02 
Pipe-work. . ee . : 56,000 | 0.35 0.28 
Cranes... ee os | 4,500 | 0.03 0.02 
Coal-unloading plant .. --| 60,000 | 0.37 0.30 
Ash-d t  .. ..| 24,000 015 | O12 
Feed-water heaters -_ aot 2,000 | 0.01 0.01 
Water-softening J meee ra Ja 3,000 | 0.02 | 0.02 
Chimneysand induced-draught | | 
— . «2 sf 0.23 0.18 
Switch-gear - ai --| 100,000 | 0.63 | 0.50 
Lighting, wiring, office accom- | 
modation - . --| 4,000, 0.03 0.02 
Pumping plant .. --| 18,000 | 0.11 0.09 
Boiler-house plant -.| 875,000 | 2.34 1.87 
Turbine-room plant 400,000 | 2.50 | 2.00 
Instruments . 2,000 | 0.01 0.01 
Transformers’ .. a0 ..| 650,000 0.31 0.25 
Converting plant - 10,000 | 0.06 0.05 
Batteries and boosters. . 10,000 0.06 | 0.05 
Contingencies .. - ..| 85,000 0.53 | 0.43 
| | a 
Total «-| 1,775,000 11.09 $8.88 


TaB.E 1I.—London County Council Power-Station. 

















Rated output of power-house 120,000 kw. 
Overload .. se os - 150,000 ,, 
Capital Cost per Kilowatt. 
Item. Cut. BR it, =: ee 
Rated Load.| Overload. 

£ & | £ 
Land ee oe 50,000 0.41 | 0.33 
Buildings .. ee - 344,000 2.87 2.30 
River work and pier 102,000 0.85 0.68 
Coalandashplant .. 59,00u 0.49 0.40 
Boilers and economisers 199,000 1.66 1.33 
Pipe-work and pump .. io 05,000 0.88 0.70 
Turbo-generatorandcondenser| 430,000 3.68 2.86 
Switch-gear, &c. << a ,000 0.56 0.44 
neering expenses and con- 4 
tingencies ¥e oa --| 115,260 0.96 0.77 
Total 1,471,260 12.26 |; 981 


* “ Power Hcuse Design,” by John F. C. Snell. 

Parliamen estimates of the operating cost of the 
Barton ro ona 40 per cent. station load-factor and 
with coal at 9s. ton (Table III.), show works costs 
0.138d., capital deena 0.088d., or a total cost per unit, 
apart from administration charges, of 0.226d., this figure 
comparing with a similar total cost for Stuart-street 
Station, with a 37 per cent. station load factor of 0.3534. 
per unit. On the present annual output from Stuart- 
street, the difference in favour of the new plant would 
be nearly 57,000/. a year. 


TasieE III.—Station Operating Costs. 


Barton, 40 per cent. 
Station load factors fomees ted ng 87 per cent. 


| 


Barton. Stuart Street. 
|Per Unit Delivered Per Unit Delivered 
them. | to Feeders in to Feeders in 
Pence. Pence. 
Coal 0.1163 0.175 
Oil 0.0010 0,003 
Water .. wo ee 0.9006 0.006 
Waste and sundrie- 0.0005 0.001 
rs es se | 0.0100 0.021 
Wages and salaries. . 0.0096 0.023 
ree m 
Works costs .. 0.1380 0.229 
Capital charges... “ 0.0880 0.124 
Total cost apart from ad- , 
ministration charges... 0.2260 0.853 








— switch-house. (Fig 1.) 
present designs contemplate for the complete 
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Except as regards its adjacent situation, the Barton 
station will, under present arrangements, have no con- 
nection with the growing manufacturing area of Trafford 
Park, where, at the present time, many concerns possess 
their own power plants, and the local power supply in the 

ark averages under 3000 kw., representing some seven 
million units a year. 

TaBLe 1V.—Details of Some Large Water-Tube Boilers. 





Detroit. | Chicago. | Manchester. 


Heating surface ..aq. ft 23,650 12,250 | 11,600 
Economiser surface - None 8,500 5,800 
Superheater surface _,, — 612 3,924 
Grate area .. co 6 400 274 $12 
Evaporation.. lb. perhour 130,000 70,000 50,000 to 
{ 60,000 
Consumption of fuel pe | 
square foot of grate area | 
per hour .. ° _ 45 21 to 26 
Gauge pressure 
— Ib. per eq. in. 200 210 225 
Superheat .. dey. F — 225 275 
Diameter of tubes.. in 4 4 Bhe 
Water evaporated pe) 
hour per square foot of) 
heating surface .. ia 5.64 6.53 4.76 
B.H.S./G.A. .. a eek 69/1 | 44/1 35/1 
Temperature of feed water | 
deg. F.| — | 260 210 





TABLE V.—Comparison of Transmission Costs. 


Size : 0.25 sq. in. 8core .. .-| 11,000 v. | 20,000 v. | 30,000 v. 
Capacity current per mile -- |0.955 amp. 1.268amp. 1.63 amp. 
Apparent kilowatts to charge up| 





cable per _ ee oe 18.2 43.8 84.5 
Actual dielectric hysteresis losses 
rmile .. oo - } 0.51 1.23 2.37 
Dielectric loss na at Th annum ..| 10.81. 261. 501. 
Capital charges at r cent.| 
we annum ee --| 1601. 1961. 2101. 
Cost per annum per mile per 
kilowatt carried by cable, 
assuming full load and omit- 
ting C2 Rlosses.. .. ..| 0.0222 | 0.015. | O.O1I1. 





Coste are based on current at 0.4d. per unit. 








Persona. — Mr. C. L. Faulkner, of 5, Laurence 
Pountney Hill, London, E.C., has been appointed selling 
agent here for the American Sveel Foundries, of Chicago, 
New York, Pittsburg, St. Louis, &c. e firm make 
high-grade “—< a from 1 > to 50 tons, = every 
description, for urposes, and to any specification, 
also electric and allo steel castings of all kinds, and 
railway springs, helical, elliptic, and volute. 


Scnoot or Art Woop-Cakvine.—The School of Art 
Wood-Carving, 39, Thurloe-place, South Kensington, 
has been reopened after the usual summer vacation, and we 
are requested to state that some of the free studentshi 
in the evening classes, maintained by means of funds 
granted to the school by the London County Council, are 
vacant. The day classes of the school are held from 
9 a.m. to 1 p.m. and 2 p.m. to 5 p.m. on five days of the 
week, and from 9 a.m. to 1 p.m. on Saturdays. ie even- 
ing class meets on two evi a week. Forms of appli- 
cation for the free studentships and any further parti- 
culars relating to the school may be obtained from the 
secretary. 





TrapE ScHOLARSHIPS FOR Bors.—The London County 
Council offers about 250 trade scholarships to boys be- 
tween the ages of 124 and 16 years. The scholarships 
tg free education (with maintenance grants ranging 

rom 6/. to 15/. a year) for one, two, or, in certain cases, 
three years, at trade schools approved by the Council. 
The instruction provided at these schools is designed to 
enable boys on leaving school to take up either appren- 
ticeship or employment in skilled trades. Instruction is 
given in motor-body building, engineering and allied 
trades, building ren hy furniture and woodwork trades, 
book production, silversmithing, photo-engraving and 
photo-process work, and in professional cookery and 
waiting, to train boys as chefs and waiters. Application 
form and full particulars of the scholarships may be 


obtained from the Education Officer, London County When 


Council, Education Offices, Victoria Embankment, W.C., 
to whom all applications must be forwarded not later 
than Saturday, October 16. 





Tux ENGIngeRinc StanpaRps CommMiTrex.—We have 
received a copy, which has now been issued, of the 
Report, No. 37, of the Engineering Standards Commit- 
tee, revised August, 1915, entitled ‘‘ British Standard 
Specification for Electricity Meters (excluding Electrolytic 
Meters).” The sub-committee on Electrical Accessories 
(Mr. C. H. Meigs oe chairman) has been 
on the revision of first edition of this ification 
{issued in 1907) during oo twelve months, and has 
found it necessary to redraft it entirely and to extend 
it considerably, in uence of the large increase 
during recent years in the size of individual installations, 
arising from the extension of the use of electrical energy 
supplied from central stations. The first edition referred 
only to consumers’ meters of sizes up to 100 amperes, 
but the re isi 
the very largest sizes in use, as well as for three-wire and 
three-phase meters. The report, the price of which is 
is. 9d., post free, inay be obtained direct from the offices 
of the Committee, 23, Victoria-street, Westminster, S. W., 
and is published for the Committee by Messrs. 


report includes provision for meters up to | all 


** WORK-WEARINESS.” 

To THe Eprror oF ENGINEERING. ; 
Str,—You did very well last week to call attention to 
the question of work-weariness, and it is to be hoped 
your article will be widely read both by workmen and by 
works managers, for both can do much to expedite the 
output of munitions if they realise the sources and the 
remedies for work-weariness. This complaint is of two 
distinct variations—physical and men The former 
supervenes when the demands made on the body during 
the hours of labour are greater than the recuperative 
power can deal with during the hours of rest. Under 
this condition either the man must break down in time 
or else his constitution must protect itself by relaxing its 
efforts. Anequilibrium must be established in some way, 
and the easiest way is by reducing the output. Ib is 
futile to — e hours of work if the rate of work- 
ing is red: part passu, and the sooner this is admitted 
the better it will be for all. The overworked man is apt 
to seek help in stimulants, with the result that he gains a 
momentary strength, only to find himself weaker in an 
hour or two, and still less inclined to work. 
There is, however, very little really heav 
engineering works devoted to munitions. 
part of the work-weariness which develops is mental, due, 
as you say, to monotony, and to the strain on atten- 
tion. Now, the remedy for brain-weariness is not rest, 
but change of thought. Monotony tires because it con- 
centrates all the cerebral activity on one spot, and relief 
can be found by bringing other portions of the brain 
into action. The greatest defence against monotony 
is an interest in one’s work. This, no doubt, it is 
difficult to maintain when the work consists in the con- 
stant repetition of a single action, but at the present 
time, when our future as a nation hangs in the balance, 
even the most trivial operation assumes an im Ce) 
which lifts it out of the common rut. If we, who work 
at lathes, had a fuller appreciation of the part we are 
playing in the war, we should find a satisfaction in the 
contemplation of a day’s work, which would bring 
a glow into parts of our brain which at other times are 
apt to become atrophied for want of use. Mental 
weariness needs to be met by mental activity, and there 
are few occupations in which it is not possible to find 
sources of interest if they be sought — snp The 
work-weariness that comes from monotony can pre- 
vented to a great extent by greater intellectual activity. 

Yours truly, 
TURNER. 


toil in an 
@ greater 





To THe Eprror OF ENGINEERING. 

Srr,—I read, with considerable interest, your article on 
** Work-Weariness ” in the current issue of ENGINEERING. 
From my experience of many years, I f y agree with 
your view that it is of the greatest importance that con- 
tinuous work should be relieved by frequent seeppagee. 
There are many who advocate only one break in jay, 
so that the men could start later in the morning, 

ially in the winter season ; but I have had doubts as to the 
efficiency of such a system, for the simple reason that it 
would make the period of continuous work before the mid- 
day meal hour, and after it, too long for the maintenance 
of effort at the ae. In y, where 
the spells were long, the practice was to allow the men 
a few minutes to take of a cup of cucoa, but such an 
interruption is of longer duration than is to be com- 
mended. I do not think, however, that with the present 


and frequently much shorter, there is much to com- 
plain of even with the greatest concentration of mental 
and physical effort at a machine-tool. The ordinary 
workman has not much to complain of, so far as week- 
days are concerned, use if he is suffering from work- 
weariness, he takes the law into his own hands and 
remains off a morning or two, or, indeed, for a whole day. 
This can only be excused by the great amount of overtime 
necessary, and particularly by the fact that in some estab- 
lishments there is still Sunday work. 

It is on this latter — that I think you might bave 
laid greater stress. I know that in a previous article you 
devoted considerable attention to this part of the subject 
and condemned the practice, but it continues still in far 
too many factories ; and it would have been well if your 
influential journal bad once more embraced the oppor- 
tunity of enforcing the inefficiency of Sunday work. 
men sre asked to work seven days a week, and 
particularly where two or three hours’ overtime’ are 
added to the week-day’s work, work-weariness is inevit- 
able, and the men, with the best intentions in the world, 
cannot go on week after week doing strenuous labour 
for seven days per week. 1 am glad that you enforced 
the hardship on the foremen and members of the 
staff. As one of the former, I frankly admit that the 
stress is having its effect, not only on the physical 
resources, but on the mental calm of many of my 
class. It is inevitable that we should be eneppy par- 
ticularly with men who absent themselves from the shops 
and upset the flow of work. If one machine is not in 
operation, the manager is naturally ‘‘down on us,” and 


that not without cause, because delay in the ining 
of a job may hang up the whole operation. It is true 
the men are fond of Sunday work because they get double 


pey for it, and it is very difficult, where there is no 
unday work, to keep the men from deserting the firm 
and going to one where they have Sunday work. It is 
good enough for them, use they can absent 
themselves, and do abeent themselves, during one 
of the week-dayse. They are to 
because when a man, for instance « riveter, can earn from 
5s. to 6s. an hour on Sunday, he is well disposed to 


Crosby | Sunday work, and prefers it to the week-day, because he 


system, where the spell is rarely as much as four hours, | M 


be excused for this, | wou 


Sunday earnings. Indeed, there is discontent at the 
2s. 6d. to 3s. earned on the week-day when double that 
can be taken for Sunday work. The only real solution for 
the whole difficulty is for the Government to lay down the 
rule that Sunday work is prohibited, and then all in the 
factory will be sure of one day’s rest in seven, and this 
would, toa very considerable extent, overcome work-weari- 
ness. Unless this is done there is certain to be a greater 
amount of sickness, particularly on the part of foremen 
and the staff during the coming winter, because the strain 
is affecting the normal health already, and the proportion 
of sickness is very high, especially in works engaged 
on Sundays. I am sure, too, that the cessation of 
Sunday work would not reduce the total amount of work 
done per week under mt conditions, and would at 
the same time reduce the cost of work to the nation. 


Yours truly, 
Glasgow, September 21, 1915. ForeMAN. 





HISTORICAL STEAM-ENGINES. 
To tHe Eprror or ENGINgERING. 
Sm,—The subject of historical engineering and the 
preservation of o! imens of machinery is one deserv- 
ing more attention it receives. e ph at 
the foot of page 295 in the current issue of GINEERING 


in this forms oom reading. 

The y ots authorities are indeed fortunate in 
obtaining possession of one of the last ‘‘ Atmospheric” 
engines, and I have no doubt that full use will be made 
of the exhibit from the educational standpoint. With 
this object in view, I would that a hand-winch 
be provided to enable the beam to be drawn down, so that 
the operation of the various valve-striking gears can be 
demonstrated. 

I wish to correct the statement that the Farme Colliery 
engine is the last ** Atmospheric” to be worked in Great 
Britain. Thissummer I paid a visit to Pentrich Colliery, 
Derbyshire, and there I saw a Newcomen engine engaged 
on pum work. The ine dates from somewhere 
between 1790 and 1800, and it puts in a regular spell of 
work daily, with oocasional ‘‘overtime,” assisting the 
modern electric-pumps during the ‘‘ busy ” season. 

The steam pressure appeared to be about 5 lb., and the 
steam consumption was nothing like the 11 lb. per 
kilowatt-hour Mr. Pearce expects to get with his new 
station at Manchester (see 281 ante). A curious 
feature of the engine, and one I have never noted before, 
was the method of keeping the piston tight by means of 
a layer of water on the top. 3 

A other interesting things to be seen at the colliery 
is an old “ bee-hive” boiler, long since dismantled, but 
now doing duty as a ‘“‘convalescent” home for indis- 
posed ponies. I strongly advise engineers to pay Pentrich 
a visit, and feel sure the management will welcome 
interested visitors with the same cordiality as they did me. 

Yours —— 
H. O. Orark. 
39, Cecil-road, Norwich, September 21, 1915. 





Work 1s Lorrainz.—The Lorraine Hiitte Union 
Aumetz-Friede makes it known that no dividend will be 
declared for the year 1914-15, whereas the company paid 
a dividend of 6 per cent. for the preceding year. 


Tue Nortuampton Potytrgcunic InstrruTs. — We 
have received the new syllabus of the Northampton 
Institute, Clerkenwell, of which the session on 

onday, October 4 next. The Institute provides wf 
and evening courses in ineering (civil, mechanical, 
and electrical), in technical optics, and in horology ; 
whilst there are also evening courses in electro-chemistry 
a The equipment of the Mechanical 





ey has tly been increased b: 
ineering tory recently in 

ay addition of a Heenan and Froude d omen 
and additions have also been made to electrical 
laboratories. 





papenerees omens, = ~ war has men | 
cri our exports of agricultural machinery, whi 
declined in August to 239 tons, as compared with 1204 
tons in August, 1914, and 2757 tons in August, 1913, 
while in the eight months ended August 31, this year, 
the shipments did not exceed 2938 tons, as compared 
with 23,779 tons and 21,901 tons. The demand from 
European countries to August 31, this year, was only 
1226 tons, as compared with 16,305 tons and 15,108 tons. 
The colonial demand to August 31, this year, was repre- 
sented by the following figures :—South Africa, 87 tons; 
British India, 955 tons; Australia, 292 tons; and New 
Zealand, 92 tons. In the first eight months of 1914 the 
ing totals were: — South Africa, 227 tons; 
British India, 1480 tons; Australia, 453 tons; and New 
Zealand, 117 tons. . 
Metat Mosi.isaTion 1n Germany.—Some time ago 
the German Government com stores of cop 
in the crude or half-worked state. By July further 
sources of copper and other metals were looked for, and 
the War Office established a general Metal Mobilisation 
Bureau, and sent out inquiry sheets to firms likely to have 
copper which would sell to the Government. The 
uestion naturally touches the electric me | very 
osely, and in the Elektrotechnische Zeitschrift of July 29 
L. Schtiler discusses means which copper might be 
saved. The replacement of overhead or. uctors 
_— or zinc wires would hardly be advisable, because 
les might not carry the heavier conductors. But it 
Ta be ible to work feeder-lines at higher voltages, 
and to reduce the cross-section of some wires—at a sacri- 
fice in efficiency, of course—to save in transformer 
construction, &c , though most of these steps would in- 








Lockwood and Son, 7, Stationers’ Hall-court, E C. 


can stay away one weekday and only lose half his 








volve laborious and costly alterations. 
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PIRN-WINDING MACHINERY. 
(For Description, see Page 323.) 
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Fies. 2 anp 3. AMERICAN Pren-WinpER; THE INTERNATIONAL WinpING Company, MANCHESTER. 


suitable prices. About two-thirds of the boreholes and | kartel, and as there are, besides many large undertak- 
a | a similar portion of the stocks of raw petroleum are stated | ings, also a great number of small concerns, # well-ordered 
| to have escaped the ill-effects of the war, nor have many | arrangement through private initiative is almost out of 
F . of the branches suffered so much that they cannot be put| the question. The refineries are organised in a kartel, 
16.1, SHurries with Respsorrvety a Pirn jn working order again without serious trouble. he | whose influence on prices and sales forms a sufficient 
AND a Cop. —— a resumed, the question remains basis for a ay distribution of the products, and 
x - | how the yield can be made to answer the joint interests of | does not leave so much room for speculation as the con- 
EXPROPRIATION OF THE GALICIAN PgTroLguM.—The | the Austro-Hungarian Monarchy and the German Empire. | ditions within the raw petroleum industry. Should the 
State has taken over all the petroleum which, after the day | The new arrangement, it will be seen, does not comprise the | refineries not work satisfactorily the Government will, no 
after the publication of the Decree, August 17, is being pro- | old stocks, and of the new production only the raw petro-| doubt, introduce maximum prices, as has already been 
duced in Galicia. The object is stated to bea more rational |leum. This is, no doubt, owing to the fact that the| done in Germany. Germany, too, expects to benefit by 
distribution of the raw oil amongst the refineries, and at Galician raw petroleum industry is not organised in any | the new order of things in Galicia, 
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FRIDAY, SEPTEMBER 24, 1915. 


THE PITFALLS OF THE PROMOTED. 


Tue transfer from the factory to the fighting line 
of so many mechanics, including non-commissioned 
officers of the Territorial Force, and the great 
increase in the numbers of the workers in muni- 
tion and other factories, have resulted in the 
promotion of a large number of tradesmen 
to the position of foremen. The conditions and 
qualifications essential to their success—a ques- 
tion of interest at all times—becomes of inten- 
sified importance at the present juncture, not 
only because of the ever-present need for tact- 
ful treatment of the men by those placed over 
them, but because of the importance of ensuring 
the maximum production with the minimum of fric- 
tion under present trying circumstances, excessive 
demand and consequent fatigue giving rise to 
possible irritation. At all times a foreman can 
exercise great influence upon his men. Persuasion, 
with an underlying current of forcefulness, has a 


—|great effect ; whereas domination, even when 


veneered by a display of sympathy, tends to active 
guardianship of privileges cherished by the worker, 
and the exercise of that freedom which finds 
expression too often in an enforcement of selfish 
rights. In fact, were one to probe deeply into 
the basal cause of many disputes in works, it 
would be found that in a large number of cases a 
little thoughtfulness and tact on the part of the 
foreman would have nipped the trouble in the bud. 

Some of the pits into which those promoted fall, 
with regrettable results not only in respect of effi- 
ciency, but in friction with the workers, are dug 
by the foremen themselves ; others are created by 
those in responsible positions over them. It is not 
inopportune at this time that attention should 
be directed anew to the difficulties. The charac- 
teristics which enable a man, who is promoted, to 
rise to new responsibilities, and the principles 
which ensure success, are common to every 
rank in industrial or commercial life, whether 
regard be had to the man placed over a mere 
handful of workers, or to the manager, or even 
to the managing director. Consequently each 
step in the ladder of advancement involves new 
responsibilities, a broader outlook, and an in- 
creased exercise of all that is embraced in that 
comprehensive term ‘‘ tactfulness.” The case of 
the workman promoted to be foreman involves 
perhaps a more radical change than in that 
where, subsequently, he achieves advancement. In 
the latter case, the psychological attitude is more a 
matter of progression than of change. The new 
foreman has a new standpoint as well as new duties 
and new responsibilities. Without seeking to con- 
sider whether the outlook of the capitalist or 


» | labourist is different—a subject too great for inci- 


dental discussion—it may be accepted that there 
exist two points of view. At the outset of his 
career, in a new capacity, the foreman is faced with 
new standards. Hitherto he has been concerned 
with the selfish aim—it may be justifiably selfish 
—of securing as an individual the greatest remu- 
neration for his work. As a foreman, his interest 
is to ensure a happy blending of this aim, on the 
part of the workers under him, with the achieve- 
ment of sound economic results, in order that the 
work done in his department may be marketable 
under the most favourable conditions. There are 
employers who consider that when a workman is 


_| promoted he should cease to be a member of any 


trade union ; and there is much to be said in favour 
of this view, because the fundamental reason for 
the combination of workers is the securing of the 
most favourable conditions for the worker, apart 
altogether from works economy. Here again, 


1| without attempting to enforce that the one is 


dependent upon the other, we must accept the 
situation, and a foreman obviously cannot continue 
to be the supporter of views on one side which are 
at variance with the correct holding of the balance, 
which is one of the duties of his new office. We 
therefore commend, and would enter a plea for, a 
fuller recognition by employers of the advantage of 


825 | insisting that the foreman should belong to the 


Foremen’s Mutual Association, not in antagonism 
to trade unionism, but as a means of ensuring the 
dissemination among all foremen of that broader 





point of view incumbent upon those placed between 
the employer and the worker. 

Another difficulty experienced by the promoted 
workman is the recognition of the difference in the 
respective duties of the worker and the foreman. 
The one is concerned with direct operations. He 
has his specified job to execute, and, consequently, 
has one interest. The foreman, on the other hand, 
must not concern himself with any one machine 
or operation, or even one class of work. He has 
to take a general supervision over his department, 
and any concentration on detail is at the expense 
of general efficiency. We have known men who 
had for years shown a very high efficiency in one 
particular class of work being unable to divest 
themselves of interest in that class of work when 
they became foremen, with the result that the 
efficiency of other operations in the shop has suf- 
fered. There is need also for a change in one’s 
mental attitude toward, and social relationship 
with, one’s fellows. In the interests of discipline 
it is in the highest degree important that a gradual 
but distinguishable change should be patent to 
the foreman’s old colleagues. A quick assertion of 
superior authority awakens resentment on the part 
of the old associates, with the result that the 
atmosphere becomes charged with those elements 
which conduce to storm. Here particularly condi- 
tions arise which are responsible in very many 
cases for disputes. Indeed, the view is held by 
many that because of the difficulties of balancing 
accurately the conflicting elements—the assertion of 
change and the avoidance of an overbearing manner 
—it is not desirable to promote a workman from 
the bench to the position of foreman in the same 
department or establishment. The enforcement of 
this rule, even if it were desirable—that foremen 
should be taken from other works—has its objec- 
tions : in the first place, because the manager of the 
establishment is the best judge of the qualifications 
of his own workmen for promotion ; and, in the 
second place, because a man promoted from the 
ranks will fall in more readily with the peculiarities 
of the managerial and administrative system of the 
factory. There is the other difficulty of a foreman 
—perhaps ae a oe ee great zeal 
at the outset of his new career. is fact is not 
usually recognised by the manager, and recom- 
mendations for changes are made witha persuasive- 
ness which misleads the manager. One instance is 
in regard to rate-fixing. Either the new foreman 
considers that the time has come for a reduction in 
piece or standard rates, or he fails to resist the 
continuous tendency of the office to exact new 
conditions from the workshop. A new foreman 
ought to be very cautious in effecting changes, not 
only because he is suspect as a ‘‘new broom,” but 
because he has much to learn regarding the 
**economy of high wage.” This is an economic 
doctrine difficult to understand; only by careful 
study can the truth of the apparent paradox be 
realised — increased diligence and constancy of 
attendance at work may give an augmentation of 
output from expensive machinery which justifies 
the higher rate of wage. It would be well that new 
foremen should set out on their career first with a 
determination to go slowly, and also with a desire 
to study more closely such questions as industrial 
economics. 

As to the difficulties created by managers for new 
foremen, perhaps the test is the failure on the 
part of those reponsible clearly to define to the pro- 
moted his rank, responsibilities, and duties, and to 
take silent, yet significant, means of eT 
foreman in his new position. Where it has n 
a game of ‘‘ general post,” and each of the staff has 
moved one rung up the ladder, the trouble is 
intensified, because many men cannot at once dis- 
sociate themselves from the old work, and will 
interfere with, and therefore challenge, the pre- 
rogative of their successors. It is a natural failing, 
but for this reason ought the more continuously to 
be fought against. Too often does it happen that 
&@ man, promoted to manager through the rank 
of foreman, forgetting himself, delivers instruc- 
tions direct to the men, ignoring the new foreman. 
There is nothing which causes greater trouble and 
makes the position of the new geen more diffi- 
cult than this a mt ignoring of his new i- 
tion. Moreover, Dusqibrantve of discipline. Either 
the appointment of the new foreman was necessary 
to the effective working of the establishment or 
it was not; in the latter case, the old foreman 
promoted to oy could carry the duties of both 
offices, But the foreman having been appointed, 
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the new manager must ise such succession, 
and refrain most cuttanenle and rigorously from 
performing any of his old duties, preferring, with 
scrupulous care, to recognise his successor, not 
only for the successor’s good, but to establish his 
rights and responsibilities in the presence of each 
workman in the department. Unless this is care- 
fully done, a link in the chain of control, from the 
head to the humblest, is weakened. Confusion 
must result, especially in the absence of the 
manager, because the worker may not so readily 
comply with the requirements of the foreman whose 
— has been, probably py oem ignored 
»y the manager in the presence of the men. 

There is another difficulty, and that is in the rela- 
tionship of a new foreman to experienced and old- 
established draughtesmen. Where design is entirely 
a function of the drawing-office, there is often a 
tendency to ignore the suggestions even of old- 
established foremen, and as each new man is 
appointed to be head of the workshop the tendency, 
unfortunately, is to flout still further any sugges- 
tions of the foreman. Again, we must resist the 
temptation to dilate on a broad question—the 
advantage of close contact between those who 
supervise the construction and those at the head of 
the designing department, and will content our- 
selves with a plea in favour of the management 
ensuring the recognition by the drawing-office of 
the promotion of a worker to the rank of foreman. 
This done, the foreman has an improved status in 
the sight of the designer, and can, with greater 
confidence, put forward, for what it may be worth, 
his suggestions, notably, for instance, for the details 
in design being determined with due regard to 
facility and cheapness in casting and in machining. 
The designer has still the right to apply it or reject 
it ; that isa matter for the management; but we 
fear that in too many instances the rejection is based 
on grounds other than those of general efficiency. 





FACTORY-LIGHTING. 

Nowapays one is apt to look at everything from 
the point of view of the war. The Departmental 
Committee on Lighting in Factories and Work- 
shops has just issued a report,* and one’s first 
feeling on taking it up is a hope that it may be of 
service in connection with munition manufacture 
on account of the large amount of night-work now 
going on. Actually, of course, the report has no 
special reference to the war, except that, owing to 
the present economic disorganisation, the Committee 
thought it desirable to submit at once an interim 
report, making genorally available the work they 
have already done. It is hoped to continue the 
work and publish fuller conclusions later. For 
the present, the specific information given refers 
only to the engineering, textile, and clothing trades. 
The Committee acts under the chairmanship of 
Dr. Glazebrook, and was appointed in January, 
1913. 

The report does not propose anything very 
drastic—its recommendations indeed are very mild 
—but it is an absolutely new departure that ma 
be looked on a8 a virtue, and in respect to the data 
collected and collated the report is admirable. We 
may first deal with the positive proposals. It is 
recommended that there should be a statutory 
provision requiring adequate and suitable light- 
ing in every part of a factory or workshop, and 
that the Home Secretary should have power 
to define adequate and suitable illumination for 
different trades and processes. It may be noted 
that general provisions similar to the above alread 
exist in the Factory Act of 1901 in connection wi 
heating and ventilation. Extension of such over- 
seership to lighting appears a very reasonable step 
at this time of day. At present the only statutory 
requirement of adequate factory-lighting in this 
country appears to relate to undeground bake- 
houses, but certain special provisions also exist in 
reference to lighting in what are defined as danger- 
ous trades. These provisions apply in certain 
circumstances to docks, the use of locomotives, the 
generation of electrical energy, the vitreous enamel- 
ling of metal and glass, and the manufacture of 
pottery. Abroad matters are very different, and 
the codes of all the chief European countries, the 
United States, and India contain provisions requir- 
ing adequate lighting in factories. A definite stan- 
dard for the general lighting of factories is in force 
in New South Wales: 


* First of the Departmental Committee on 
Lighting in Factories and Workshops (Cd. 8000). 








It is clear that a technical committee is likely to 
be better able to specify ‘‘adequate” lighting in 
definite terms than is the Home tary, and the 
report makes no effort to evade the matter. Defi- 
nite recommendations are made. They deal, how- 
ever, only with general lighting, and not with the 
special illuinination which may be required to carry 
on specific processes. The reason of this is that the 
Committee did not feel that they yet had sufficient 
information to enable them to define the desirable 
minimum for special lighting. It is clear that the 
only criterion for a definition of adequate local 
lighting for, say, the manipulation of an engrav- 
ing-machine is experience, and to attempt such 
definition the collection of a very large amount of 
data would be n This work has not yet 
been done. For general lighting the same proce- 
dure is necessary, but the work is much simpler, 
as the number of individual cases is fewer. The 
minimum general lighting determined for one 
machine-shop would probably be satisfactory for 
most. Before coming to their conclusions the 
Committee paid visits of inspection to 86 factories, 
and had 4000 illumination measurements made in 
163 rooms of 57 factories. The data thus obtained 
gave a good idea of current lighting practice and 
of the minima which might reasonably be called 
for without hardship to existing installations. 

It is proposed that over the ‘‘ working areas ” of 
work-rooms the illumination, measured on a hori- 
zontal plane at floor-level, shall be not lees than 
0.25 foot-candle. This recommendation is in no 
way concerned with the illumination required for 
the work itself. As we have said, that aspect of 
the problem has been left over. It is further pro- 
posed that in all parts of iron foundries in which 
work is carried on, or over which any- person is 
ordinarily liable to pass, the horizontal illumination 
at floor-level shall be not less than 0.4 foot-candle. 
For parts of workshops not covered by the above 
recommendations, and over which persons em- 
ployed are liable to pass, a horizontal illumination 
at floor-level of 0.1 foot-candle is suggested, and 
for open spaces in use between one hour after sun- 
set and one hour before sunrise, a similar illumina- 
tion of 0.05 foot-candle. It should be noted that 
the first three of these recommendations apply to 
natural as well as artificial lighting. These pro- 
posed standards are not high, and it is not intended 
to suggest that a work-room with a general illumi- 
nation of 0.25 foot-candle, and no local illumination 
over machines and benches, would be satisfactorily 
lighted. The idea has been to suggest a legal 
minimum which might be enforced without hard- 
ship, and would raise the level of illumination in 
those factories which at present are behind good 
current practice. The values pro are con- 
siderably below those found to exist in most of 
the factories which were visited. 

The case for the adequate illumination of fac- 
tories rests mainly on its value in preserving the 
health of the workers, preventing accidents, and 
improving output. These aspects of the matter 
are dealt with in the report. On the first of 


Y | them, however, the Committee have been able to 


obtain but little positive evidence. Most people 
will be prepared to admit that inadequate lighting 


may damage eyesight and health, but the proving | pa 


of the statement from the evidence of experience 
does not appear easy. Evidence in general terms 
of the evil effects of glare and of the prevalence of 
the use of spectacles in certain trades, such as 
embroidery, brass-wire weaving, and tailoring, was 
easy to obtain, but it can hardly be said that the 
Committee got any clear evidence of direct injury 
to the eyes owing to bad conditions of illumina- 
tion. As we have said, however, most people will 
be prepared off hand to admit the bad effect of in- 
adequate lighting on eyesight, while its insani 
effect in possibly leading to the accumulation of 
dirt is obvious. 

In the connection between lighting and accidents 
one should be on surer ground. Accidents and 
their nature are tabulated—all the information is 
available—and one might expect that no difficul 
would be found in demonstrating that more acci- 
dents happen in shops when the illumination is at 
its minimum—i.e., when artificial lighting is being 
used—than at other times. The report makes a 


= effort to deal with this aspect of the matter, 
ut we fear we are not greatly impressed with the 
result. One must admit that, other things bei 
equal, accidents are more likely in a badly-ligh 
but again it seems diffi 
The factory accidents 


shop than in a good one ; 
cult to prove it in terms. 





tary | Speed Superhea 





over fourteen months (1913 and 7 of 1914) 
have been analysed and curves plotted showing the 
relation between specific types of accidents and 
total accidents at different times of the year. 
Altogether forty-two curves of this type appear in 
the report, but we cannot think they prove any- 
thing. They are very erratic, and their most 
noticeable feature is that they show accidents to 
be low in August, which may be put down to 
holidays rather than questions of illumination. 

The most satisfactory curves from the present 
point of view are those dealing with accidents due 
to persons falling. These show a decided rise in 
winter, and, as the report justly points out, they 
are of a type which may quite specially be due to 
bad lighting. A final point in this connection is 
that many of the curves show a sudden rise in 
October. The report, commenting on this, says it 
is difficult to explain, but we think it is a fairly 
well-known phenomenon. It has ey! been 
dealt with by American writers, and the Fidelity 
and Casualty Company of New York has stated 
that ‘* statistics show that the greatest number of 
accidents occur during the months of diminishing 
light.” The probable explanation is that with the 
coming of the autumn evening, the eyes of work- 
people and others do not at first easily accustom 
themselves to the altered or inferior illumination 
given by artificial lighting. We do not know if 
the curves given in the report are the first evi- 
dence of this autumn effect in this country, but if 
so, it may, perhaps, be put down to our longer 
twilight, making it less important here than in the 
United States. 

The third argument for adequate illumination, 
that of improved output, is — somewhat 
outside the reference of the Committee, and they 
do not say much about it. As before, within 
limits, the thing is obvious. If a man on a night- 
shift has not got ——- light, he will work neither 
so quickly nor so well as if he has. Specific in- 
stances, however, are interesting, and we could 
wish the report gave more. It, however, mentions 
one case in which the output was diminished 12 to 
20 per cent. during the hours of artificial illumina- 
tion, and another in which the earnings of the 
workers were increased 11.4 per cent. after the 
installation of a better system of lighting. This 
aspect of the matter has been dealt with a good 
deal by American writers, and we have referred to 
it in the past. Closely connected with it is the 
improvement in discipline which may follow im- 
provements in lighting, and opportunities for im- 
morality which in certain cases may be afforded by 
inadequate light. 





THE INSTITUTE OF METALS. 

Tue autumn meeting of the Institute of Metals 
was held on Friday evening last, in the rooms of 
the Chemical Society, Burlington House, under the 
presidency of Vice-Admiral Sir John Oram. 

In opening the proceedings, Admiral Oram said 
that last year it been thought advisable to 
abolish all the usual functions associated with their 
autumn meeting, holding it merely pro forma 
in order to satisfy their statutory obligations. No 

pers were nee | and there was no verbal discus- 
sion on them. This course was not very satisfac- 
tory, and hence it had been decided to have this 
year an evening meeting, at which, at any rate, 
members could meet each other. None of the 
papers presented would, however, be read, but they 
would be discussed so far as time permitted. 


ALLoys FoR TURBINE-BLADING. 


Mr. W. B. Parker then gave a very short abstract 
of his paper on ‘*Specifications for Alloys for High- 
ted Steam Turbine-Blading.” His 

main object, he said, was to set forth the conditions 
on which turbine- blades were used, the nature of the 
troubles met with, and, following this, to lay down 
the lines on which specifications for the material 
should be drawn up. In his he reviewed the 
chief materials used, and concluded with suggesting 
the best methods by which better materials mig! t 
be secured. We commence the publication of this 

r on page 307 of this issue. 

P*The discussion was opened by Professor A. K. 
Huntington, who said that the questions raised 
by the author as to the definition of the elastic 
limit and of the yield - point and the bearing 
of these ies on the utility of materials, 
Lristled with difficulties. The ageeiivins of defi- 
nite elastic properties was, indeed, a frequent 
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source of heart-burning. As to the methods of 
determining elastic limits and yield - points in 
practice, the War Office, in some of their 
specifications for non-ferrous alloys, called for 
an extension of 0.003 in. on a 2-in. gauge- 
length under some specified load. This, he held, 
was a most rational procedure. The extensometer 
used in testing material under this specifica- 
tion was a gauge 2in. between shoulders on the 
one side and 2.003 in. on the other, and it was 
simply and easily applied. With other extenso- 
meters a much greater length of specimen was 
commonly required. The Ewing instrument, for 
instance, required, he believed, a length of 10 in., 
which was too great for works use, for which the 
2 in. length was very convenient. It had, how- 
ever, the drawback that accurate measurement was 
more difficult with the short length. The author, 
in one part of his paper, stated that all artificially 
enhanced properties were more or less unstable. 
The speaker had, however, in his paper presented 
at the spring meeting of the Institute, shown that 
certain of the copper alloys did not give up the 
whole of such enhanced properties until a very high 
temperature was attained. Many other alloys, no 
doubt, did part with the enhancement even at low 
temperatures. This, however, was not the case 
with the special alloys to which he had directed 
attention. These had to be heated up to 800 deg. 
Cent. before the effects of the hardening treatment 
were entirely lost. In fact, the metal had to be 
raised to a temperature at which recrystallisation 
could occur. e speaker thought, therefore, that 
more attention to these alloys might be profitable. 
They did, it was true, part with much of their 
enhanced properties at a relatively low tempera- 
ture; but, this done, they then remained unaffected 
until the temperature of recrystallisation was 
attained, Some of the ternary alloys of copper, 
nickel and aluminium, on which the speaker had 
worked fifteen years ago, also showed great endur- 
ance. After an immersion of nine years in sea- 
water they were just as good as when put in, and 
they had, moreover, a high tensile strength. A 
year ago he had made up a further batch of these 
alloys and tested them in torsion with very satis- 
factory results. They ap to be some of 
the best available, and well worthy of further 
investigation, possibly with the addition of a little 
manganese. 

Dr. W. Rosenhain, who followed, said that 
the paper showed the qualities wanted in mate- 
rial for turbine - blades, and some of these 
qualities would, he did not doubt, be secured 
in due course. The author’s observations on the 
elastic properties showed that he had been a 
careful student of the publications of the Reichs- 
anstalt, but he had evidently neglected those of 
the National Physical Laboratory, and, in par- 
ticular, he had entirely overlooked the extremely 
valuable work of Bairstow on the elastic pro- 
perties of steel. Any writer should, in fact, be 
very cautious in departing from the definitions of 
the elastic limit as laid down by the Engineering 
Standards Committee. The fact that many non- 
ferrous metals did not show a definite yield-point 
was not sufficient justification for introducing a new 
set of definitions, and it was no use in any case to 
demand something that could not be determined 
in the ordinary works laboratory. The ‘true 
elastic limit” was in actual fact a very definite 
quantity, being the limit of proportionality between 
stress and strain after the material had been nor- 
malised by subjection to alternating stresses. It 
was therefore a very different quantity from that 
detined by the author, which was sim ly the limit 
above which permanent set might be detected with 
suitable apparatus. The fact that the limit thus 
detined was alterable at will sufficed to show that 
there was nothing permanent about it. Hence 
the author should be careful in advancing new 
Suggestions, or the already existing confusion in the 
use of terms would be increased. Nevertheless, 
standardised methods of testing non-ferrous metals 
Were wanted, corresponding to those now - 
nised for the dynamic testing of steel, and on this 
matter a committee of the Institute of Metals 
might prove of great service. The engineer required 
to know what stress the material would stand in- 
detnitely, and the speaker thought the best way 
of ascertaining this was to find the safe range of 
Secnating stress. This could be done very simply 

y breaking three specimens under stress of this 


difficulty in conducting them even at high tem- 
peratures. The method of determining the stretch 
of a specimen described by Professor Huntington 
was satisfactory only if the ——- were straight 
and concentrically loaded. He did not agree with 


works use. The Dalby instrument was very satis- 
factory. Professor Dalby placed a nickel-chrome 
steel rod in series with his specimen. One mirror 
apparatus was attached to this chrome-steel bar, 
and another to the specimen. A ray of light 
reflected from both mirrors recorded on a photo- 
graphic plate an accurate stress-strain curve. The 
whole operation only took 3 or 4 minutes. 

In the case of a steel bar the determination of 
the yield-point from the curve presented no diffi- 
culty, and by a convention a satisfactory yield- 
point could be fixed for non-ferrous metals, which 
‘*had’nt got any.” Thusacopper bar gave « stress- 
strain curve like the diagram annexed. A conven- 
tional yield-point for such cases had been defined 
by Scobell as the intersection of the straight part 
A B(prolonged) with a tangent meeting the curved 
portion at a definite angle. This conventional 
yield-point was constant for a given quality of 
material. The author had observed that ductility 
was not needed in turbine blades. No doubt, once 
the blade was in place, this might be true, but the 
blades had to be manufactured, and unless a 
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material showed an elongation of 20 per cent. it 
could not be drawn. He would suggest that pure 
nickel and. some of the richer nickel alloys were 
well worth further study as blading material, and 
cobalt also showed promise. Perhaps a nickel- 
cobalt or a nickel-cobalt-chromium alloy would 
prove suitable, having remarkable resistance to 
corrosion. 

Mr. O. F. Hudson thought the paper would be 
of great value, as showing the line along which 
research was necessary. Many difficulties arose in 
connection with the definition of the elastic limit, 
and required clearing up. The trouble arose partly 
because the question had been treated solely in the 
light afforded by tests on steel, a metal which 
behaved differently from most of the non-ferrous 
alloys. Some standard definition of a ‘‘ maker's” 
elastic limit was much needed. Mr. Parker had 
suggested that alloys showing a structure similar 
to that of steel would probably prove best, but this 
might be dangerous. The 60-40 copper-zinc alloys 
had such a structure, but the speaker gathered that 
these had not proved very suitable for turbine- 
blading. 

Mr. Arnold Philip asked whether the ridges 
shown in the author’s illustrations of eroded blades 
were the metal of the blade or foreign material 
adhering thereto. He would also like to know if 
the author had come across deposits adhering to the 
concave faces of turbine-blading. The speaker had 
analysed material of this kind removed from a 
turbine in a power-station, and found that it con- 
tained a considerable amount of lime, carried over, 
he presumed, by priming. 

rofessor C. A. Edwards suggested that the 
solution of blading difficulties might be found in 
the adoption of steel containing 6 per cent. of 
chromium and 0.65 per cent. carbon. This steel 
was perfectly malleable, but could be hardened 
more easily and accurately than a pure carbon 
steel, and it could, moreover, be tempered to any 
degree. It would retain its hardness (if too high a 
figure were not insisted on) at very high tempera- 
tures; such a figure as 450 Brinell being quite 
permanent at 600 deg. Cent. The steel was, more- 
over, almost non-corrctible, and could be obtained 
from a number of Sheffield makers. Neither 
strong acids nor such organic acids as vinegar or 
tomato juice attacked it, the steel being unstained 
after some weeks’ immersion in the latter. 

Professor Thomas Turner said that one point he 





type. Such teste gave the true elastic limit in 
every sense of the word, and there would be little 


wished to raise was the position of the engineer and 
the metallurgist relatively to the subject of mecha- 





the author that autographic testing was barred for | mad 


nical tests. It might, in a scientific establishment, be 
all right for such tests to be under the control of the 
engineer; but in works it was the metallurgist who 
should supervise the mechanical, just as he did 
the chemical and physical tests of the material 


e. 

Mr. J. T. Milton, after expressing his disagree- 
ment with Professor Turner's ton deeeel that 
two kinds of test were required—the scientific 
and the commercial. The importance of the 
former could not be overrated, and in such tests 
the elastic limits would, of course, be determined. 
In ordinary every-day commercial testing, how- 
ever, what was necessary was to discover whether 
materials came up to standard, and it was not 
ible to afford the time necessary for determin- 
ing elastic limits, but some other property which 
could be measured promptly and accurately must 
be adopted as the criterion governing the — 
ance or rejection of large quantities of valuable 
material. Hence determinations of yield-point 
and of the elastic limit should not be required in 
commercial tests. It was for this reason that the 
elastic limit was omitted from one of the specifica- 
tions pre by the Engineering Stan Com- 
mittee. oreover, of roperties of a material 
the elastic limit was that “ which the measurement 
could be most easily ‘‘ jockeyed,” and if there was 
any risk of a batch being rejected on this ground, 
it might be taken as certain that such jockeying 
would be resorted to. Whether the elastic limit of 
an ordinary mild steel was 49 per cent. or 50 per 
cent. of the tensile strength was a matter of indif. 
ference so far as its structural value was concerned. 

Admiral Oram, in closing the discussion, said 
that millions of turbine-blades were in use in the 
Navy, and had proved perfectly satisfactory as to 
strength. They had, further, had no troubles from 
either erosion or corrosion so long as salt was kept 
out of the boilers. He would not say that the 
material actually used was the very best conceivable, 
and, of course, high superheats were unknown in 
the Navy ; and he would go further and say that 
he much wished they had not got the few superheat 
installations they actually had. He would not say 
that they had no troubles in the early days, when 
too much stress was allowed on the blades. Since 
then, however, the thickness had been increased, 
and there had been no further trouble. He men- 
tioned this as he did“not wish the meeting to get 
the impression, from Mr. Parker’s paper, that the 
British Navy was in a parlous position on account 
of blading failures. He agreed with Mr. Milton 
that it was doubtful whether extensometers and 
autographic recorders could be used in commercial 
testing. In the case of steel, the specification of 
a breaking stress taken in conjunction with the 
known methods of manufacture, ensured reason- 
able reliability in their supplies of this material. 
In the case of brass alloys, the question of cost 
could not be ignored, and it was doubtful, even if 
Mr. Parker's standard material suitable for all types 
of turbine could be produced, whether it could 
be obtained at the same price as the copper-zinc 
alloys, which had proved quite satisfactory with 
low pressures and no superheat. He thought that 
the author's suggested specification was open to a 
good deal of criticism, for which there was not time 
that evening, but he hoped the matter would be 
discussed further in the correspondence. 

In reply, Mr. W. B. Parker said that Professor 
Huntington’s method of taking extensions was 
quite correct with aecurate test-pieces, but the 
gauge was liable to be deformed by handling, and 
the consequent temperature rise, and if the 
material tested were soft, the shoulders were liable 
to be worn away. He could not accept Dr. Rosen- 
hain’s charge that new definitions of elastic pro- 
perties were embodied ia wr me as he believed 
the definitions given ante-da' ose recommended 
by the National Physical Laboratory, in which 
the ‘‘true ” elastic limit was obtained from tests 
with alternating stresses. The method of —s 
the yield-point of an alloy attributed to Scobel 
was, the speaker thought, really due to Johnson. 
It was quite true that if blades were to be made of 
drawn material, a certain ductility was n ; 
but blades were now frequently finished by milling 
after being forged to shape. If a suitable alloy 
were available, it would pay to adopt it even if 
extra machining were necessary, so that ductility 
became a matter of minor im) . Asto the 
point raised by Mr. Hudson, he had noted that 
certain alloys having a ‘‘ steel ” structure showed 





a definite proportional limit, and he had found 
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these relatively satisfactory. The ridges shown 
on the eroded blades were, he informed Mr. 
Philip, actual metal, the blades being quite clean, 
but they had simply been eaten away by the wet 
steam. The deposits referred to by Mr. Philip 
could always be traced back to some body in the 
boiler-house which should not be there. In one 
case he had known tanner’s waste put into a 
boiler in order to soften the water, and the re- 
sultant priming caused the blades to be ‘‘ messed 
up” in notime. With respect to steel, in a forth- 
coming paper to be read at the Iron and Steel 
Institute, the possibilities of the nickel steels for 
use in turbine-bladings would be touched on. 
Chrome steels, he might add, had been tried 
in the United States, but were subject to the 
objection that if extreme strength were aimed 
at, there was a liability to quenching cracks. 
In fact, such cracks had been found even in 4 to 
5 per cent. nickel steels, and their presence 
rendered the blade unable to stand up to its 
work. He quite agreed with Professor Turner 
that the metallurgist should control the testing 
laboratory, but he should, at the same time, co- 
operate with the engineer. Many seemed to be 
under the impression that the determination of the 
elastic limit would take a very long time, but with 
proper apparatus the whole test need not require 
more than twenty minutes. This, in the speaker’s 
opinion, was by no means excessive when it was 
considered that a turbine of moderate size would 
cost 6000/1. To attempt to save in the testing 
department was to tinker at the wrong end. More 
time was lost in clerical work than in testing, and 
without anything like the same return. The com- 
mercial testing of steel had, in his opinion, degene- 
rated into mere ‘‘smashing.” Indeed, he had known 
testers to boast of making 100 tests in an hour. 


Ternary ALLoys or Copper, Zinc, anp Tin. 


The next paper taken dealt with ‘‘ The Constitu- 
tion of Brasses Containing Small Percentages of 
Tin,” its authors being Mr. O. F. Hudson and 
Mr. R. M. Jones. The paper describes an investi- 
gation of the equilibrium diagram at ordinary tem- 
oem of ternary alloys of zinc, copper, and tin. 

he copper content ranged in different cases from 
50 to 70 per cent., which was found to cover the 
whole useful range. A constitution diagram, based on 
the observations made, is given in the paper, Most of 
the alloys were found to belong to one of two classes : 
(1) those having the ordinary constitution of the 
copper-zince alloys, the tin being held entirely in solid 
solution ; and (2) alloys in which a constituent re- 
a the 3 of the copper-zinc alloys is present. 

n the first class as much as 2 per cent. of tin may 
be held in solution, this figure being attained when 
the copper forms 70 per cent. of the whole. As 
the proportion of copper is diminished the solu- 
bility of the tin decreases, and with 64 per cent. of 
copper only 0.5 per cent. of tin can be dissolved. 
This latter alloy consists almost entirely of a. With 
a further diminution of the copper 8! appears and 
the solubility of the tin begins to increase again, 
attaining a maximum of 1.75 per cent. when the 
copper proportion is 55 per cent. This alloy is 
almost wholly 8'. Any tin in excess of the limits 
stated gives rise to the appearance of 5, and the 
alloys consist accordingly of either a + 8 or 
a + p' + 3. 

The paper was not read, but Mr. Hudson added 
that the bluish constituent, generally called 3 in 
the paper, might be y, and in certain instances had 
been referred to as the latter. 

Professor A. K. Huntington said that the paper 
was an exceedingly practical one. Some work on 
the solubility of tin in brass had been carried out 
in the speaker’s laboratory by Dr. Desch some 
years ago, and more work of the same kind since 
undertaken confirmed the authors’ conclusion that 
the point of minimum solubility was attained just 
as the §' was on the verge of ap nce. He 
presumed that in referring so the solubility of tin, 
the authors did not intend to imply that the tin 
was dissolved qua tin, but as a compound of tin with 


copper. 

Gsteune Thomas Turner drew attention to the 
very small proportion of the whole equilibrium dia- 
gram covered by the research, yet in this small pro- 
portion, he observed, were to be found all the alloys 
of real commercial importance. The prosecution 
of the work had been hampered by the fact that 
the laboratory of the Birmingham Univer- 
sity been converted into a military hospital 


with 1000 beds. The authors had therefore to 





operate in a borrowed building, and with limited 
a 

n replying for the authors, Mr. R. M. Jones 
expressed his agreement with Professor Hunting- 
ton’s view that the tin was not necessarily dissolved 
as tin. 


TWINNING aS THE ResuLT oF MECHANICAL 
STRAIN. 


The next paper, contributed by Professor C. A. 
Edwards, dealt with ‘‘ Metallic Crystal Twinning 
by Direct Mechanical Strain.” In certain cases 
crystals do not complete themselves in the normal 
way. A corner or larger portion is missing, and is 
replaced by another incomplete crystal, exactly 
similar to the first, and pl with regard to this 
exactly as if it were a mirror reflection of it. Such 
double crystals are known as twinned crystals, and 
different opinions have been expressed as to their 
origin. In Professor Edwards’s paper evidence is 
brought forward to show that twinning may be the 
direct result of mechanical strain—a view which has 
hitherto been combated by Dr. Rosenhain. 

The discussion was opened by Dr. Rosenhain, 
who said that he accepted the evidence now brought 
forward as proving that mere mechanical strain 
might give rise to twinning. On the other hand, 
however, the further discussion of the phenomena 
by the author was largely speculative, and to some 
extent, he thought, imaginary. The speaker had 
since long years been interested in the nature of 
plastic deformation. Benedicks had suggested that 
slip-bands consisted of very thin layers of twinned 
crystals, but the speaker thought that, on the 
whole, the evidence was against this. The only 
criteria used by the author to determine this 
matter gave negative results, and, in the speaker’s 
view, slip-bands occurred independently of twin- 
ning, and he did not accept the author’s state- 
ment that the disturbance along the parting 
planes of twinned crystals was comparable with 
that along planes of slip. If that were the 
case, twinned material should be hardened. 
Moreover, contrary to the author, he did not 
consider the twinned condition unstable. Indeed, 
in the process of annealing twinning actually 
tended to increase, and, in the case of brass, 
it was necessary to raise the temperature to 
near the solidus in order to get rid of twinning. 
The representation of the common plane of the 
twins given in the author’s paper was, he thought, 
misleading, giving the impression that this plane 
was very rough, an idea which was negatived by 
the occurrence of slip along the octahedral planes, 
and not along the critical planes of a crystal. 
Further, the speaker thought that the author had 
exaggerated the. amount through which sliding 
must occur in the formation of twins, and believed 
that all that was necessary to this end was that 
each particle should be capable of rotating indi- 
vidually, which it might do without much disturb- 
ing its neighbours. Twinning was merely the 
conversion of the crystal centres from one space- 
lattice to another, and this could occur, he thought, 
without much translation of the centre of gravity 
of the part transformed. 

Professor H. C. H. Carpenter asked if any 
method was known of definitely distinguishing 
slip-bands from twins. 

n reply, Professor Edwards said that the last 
speaker’s question touched on the points raised by 
Dr. Rosenhain, and in his view almost every argu- 
ment adducible in favour of the existence of slip- 
lines might be taken as evidence of twinning. 
The only objection was that, if twins were present, 
they should not disappear on polishing and etching. 
He would suggest, however, that the mere act of 
polishing might evolve enough heat to anneal the 
exceedingly minute twins out of existence. 

Dr. Rosenhain here pointed out that further 
evidence in favour of the independent existence of 
slip-lines was afforded by micrographs taken across 


oe 

‘o this Professor Edwards replied that the 
microscope was incapable of detecting the existence 
of such minute twins as those assumed in his view 
of the question. He could not agree that the 
twinned condition was really a stable one, since 
the twins had a tendency to disappear. 


HicH-TeMPERATURE THERMOSTAT. 


Mr. D. Hanson, of the National Physical Labora- 
tory, next gave a synopsis of a paper by Mr. J. L. 
Haughton and himself on ‘“‘A Thermostat for 





Moderate and High Temperatures.” 





The instrument described consists of a double- 
walled bulb of glass or silica, something like a vacuum 
flask, which may be wound externally with a resist- 
ance wire, so that the whole constitutes an electric 
furnace. The object to be heated is placed inside 
the bulb, whilst the interspace between the two 
walls is connected up with one leg of a U tube, filled 
with mercury. A rise or fall of temperature in the 
bulb changes the level of the mercury accordingly, 
and cuts extra resistance in or out of the heating 
circuit. In order to avoid difficulties arising from 
changes of atmospheric pressure, the other leg of 
the [J tube is coupled up to a second bulb, which 
is placed in a vacuum flask packed with ice, so that 
its temperature will remain constant without further 
attention for 24 days. Since the heat which reaches 
the specimen has to traverse the air-space of the 
bulb, temperature lag is abolished. Moreover, 
only a portion of the heating current is under 
control of the thermostat. The principal part of 
the current is supplied from a constant source, and 
the thermostat merely varies a supplementary 
current. The instrument has been found to work 
with great accuracy, maintaining a fairly high 
temperature constant within a limit of } deg. 

In the discussion, Dr. Rosenhain suggested that 
by a slight modification the instrument could also be 
used to give either a very slowly increasing tem- 
perature or a very slowly falling temperature, 
which was often a desideratum in micrographic 
work. This could be done by connecting one of 
the bulbs by a side tube to a chamber containing 
some absorbent. For instance, if the bulb 
were filled with oxygen, the side chamber might 
contain ferrous sulphate or sodium sulphite, which, 
by gradually inating the oxygen, would cause a 
corresponding variation in the temperature main- 
tained. 


Tue Harpness or Coprer-Zinc ALLoys. 


A paper by Dr. Domenico Meneghini, of Padua, 
on ‘*The Hardness of Copper-Zinc Alloys,” was 
read by title, and adiscussion opened by Professor 
Thomas Turner, who said that the author had 
confirmed results obtained previously in the 
speaker's laboratory. The methods and instru- 
ments used differed, but the results corresponded 
closely, and he thought, therefore, that the hard- 
ness of this series of alloys might now be taken as 
definitely determined. 





NOTE. 
Ionic DirFuston IN PERMUTIT. 

Wirs regard to the technical use of permutit for 
water-softening, it is interesting to learn that the 
ready exchangeability of the sodium in the per- 
mutit against the calcium and magnesium of hard 
water—the essence of the softening process—has 
the character of a diffusion of ions, and not of an 
ordinary diffusion. Permutit is a kind of artificial 
natrolite, a hydrated sodium-aluminium silicate of 
the zeolite group ; the zeolites are well-crystallised 
decomposition products of the feldspars, and are 
themselves inclined towards further decomposition, 
finally yielding clay. When permutit is p in 
water containing other salts in solution, the sodium 
in the permutit is replaced by the other metal ; to 
a smaller extent the crystals of natrolite have the 
same property, but permutit is purposely made 

rous in order to favour this apparent diffusion. 
That metals will slowly diffuse into one another 
has long been ised. That metals will also 
diffuse into glass, ~ it is softened by heat, was 
observed some years ago, and it was found that 
the diffusing particles were metallic ions. Thus 
silver ions replace the sodium in glass, when 
a plate of glass is immersed in fused silver nitrate, 
and the electrolytic conductivity of the hot glass 
depends upon the travelling ions. Last winter 
Giinther hulze (Zeitschrift Physikal. Chemie, 
vol. lxxxix., page 168) placed natrolite and per- 
mutit in aqueous solutions of silver nitrate, and 
observed that 93 per cent. of the sodium was re- 
placed by silver. Makingsimilar experiments with 
various solutions—ammonia, ammonium nitrate, 
mercury chloride and nitrate, cadmium iodide, “c. 
—he ascertained that the rate of diffusion depended 
upon the concentration of the metallic ion in the salt 
solution, and not directly upon the salt concentra- 
tion. There was little diffusion in the case of 
ammonia, which is only weakly dissociated, but 
considerable diffusion in the case of ammonium 
nitrate, which is strongly dissociated. The electro- 
lytic conductivity of the permutit could not directly 
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be determined owing to its high porosity. To 
measure it Schulze poured a solution of sodium 
nitrate over the powdered permutit, and deter- 
mined, as far as possible, the conductivities of the 
solution above the permutit and of the permutit 
itself ; this operation was repeated several times, 
after adding more and more permutit to the liquid. 
In this way a conductivity of 6.53 x 10-* recip- 
rocal ohm was observed for sodium —— and 
of 4.48 x 10-‘ for silver permutit. e permutit 
contained about 30 per cent. by volume of pores. 
Diffusion and conductivity experiments indicated 
fairly the same porosity; it was concluded that 
permutit has about nine times the active surface of 
the solid material. 





THE IRON AND STEEL INSTITUTE. 

Tue autumn meeting of the Iron and Steel 
Institute was opened yesterday and is being con- 
tinued to-day, in the Hall of the Institution of 
Civil Engineers. In the enforced absence of the 
President, Dr. Adolphe Greiner, Dr. Arthur 
Cooper, the immediate Past-President, occupied the 
chair, and on his own behalf and on that of all the 
members expressed regret at the fact that late 
news from Dr. Greiner stated that he had been 
very ill, but was improving, although it would be 
long before he could resume his active work. He 
also expressed the hope that Dr. Greiner would 
soon be restored to health. 

At yesterday’s meeting the Council called atten- 
tion to Rule 20 of the present bye-laws, according 
to which ‘‘ no alterations of the bye-laws shall be 
made except at the annual general meeting, and 
notice of any proposed alterations shall be given at 
the general meeting to be held in the autumn.” 

The Council therefore gave formal notice of their 
intention to submit to the annual meeting in May, 
1916, the following new rules for addition to the 
existing bye-laws :— 

1. In the event of a state of war existi 
Great Britain and any other country, or State, all 
members, honorary members, and honorary vice-presi- 
dents who shall be subjects of such enemy country, or 
State, shall forthwith cease to be members, honorary 
members, or honorary vice-presidents of the Institute ; 
but they may, if the Council thinks fit, be reinstated 
after the termination of the war. 

2. The Council shall have absolute power to remove 
from the list of members of the Institue the name of any 
member, whether ordinary or honorary for wilful contra- 
vention of the bye-laws or for any other reason which 
seems to them sufficient, and such ordinary or honorary 
member shall thereupon cease to be a member of the 
Institute. 

The Secretary, who read the above draft, added 
that it was open to any member at the meeting to 
propose amendments to these new draft bye-laws. 
Such amendments could be debated and their final 
consideration adjourned, if desired, until the next 
annual meeting, when the adoption of the new 
bye-laws would be formally proposed. 

After discussion, it was decitied to delete from 
bye-law 1 the words ‘‘ but they may, if the Council 
thinks fit, be reinstated after the termination of the 
War,” and to replace them by the following : ‘* but 
they shall be eligible in the usual manner.” The 
bye-laws so amended will come up for final settle- 
ment at the annual meeting in May, 1916. 

The following papers were then read and dis- 
cussed :—‘‘ Effect of Chromium and Tungsten upon 
the Hardening and Tempering of High-Speed 
Tool Steel,” by Professor ©. A. Edwards, D.Sc., 
and H. Kikkawa; ‘* Iron and Nitrogen,” by Pro- 

fessor N. Tschischewski. 

We shall deal in detail with yesterday’s and 
to-day’s proceedings in our next issue. 


between 





Coxe-Oven Gas DisrripvTion 1n GeRMANY.--The 
distribution of coke-oven gas for light and heat was 
introduced in Germany years after it had gained a footi 
in the United States, but in the former country it 
assumed considerable importance by the end of 1913, 
when about 8 per cent. of the total gas consumed was 
coke-oven gas. The start was made in Westphalia. The 
two most important plants are that of the born Col- 
liery, which sends coke-oven by lines about 30 miles 
long to Barmen and to W: the mains having a dia- 
meter of about 20 in., and that of the Rheinische Elek- 
trizitatswerke which sends the gas from the Mathias 
Stinnes collieries to several municipalities through a pipe 
System 140 km. in length. These two pipe systems are 
imterconnected to meet emergency cases. Fifty munici- 
rere: in Westphalia and Rhineland burn coke-oven gas, 
5: ch is also much used in the Saar district and im Lower 
Silesia. The price varies, or varied before the war, con- 
siderably, the minimum being 1.5 pfennige per cubic 




























































—viz., 1875-kw. and 1250-kw. The converters supply 
600-volt direct current to the railway, and the direct- 
current feeder-circuit panels have each a capacity of 
5000 amperes. 

The track-work involved in the electrification com- 
prises the laying of a third rail and the bonding of 
1913. The scheme is one of the t of ite kind| the running rails of some 140 miles of single track. 
undertaken in this country, and for the present | The third rail is laid at one side of the track, 16 in. 
involves the conversion of the circular route from | from gauge and 3 in. above rail level. It is made of 
Waterloo, via Wimbledon, Kingston, Twickenham, | high-conductivity steel, having a resistance approxi- 
and Richmond back to Waterloo ; the Hounslow loop- | mately 67 times that of copper. The rail weighs 100 Ib. 
line ; and the Hampton Court, Claygate, and Shepper- | # yard, and is bonded at the joints with four copper 
ton branches, The total length is about 47 route| bonds having a total cross-sectional ares of 1.4 eq. in. 
miles and 140 miles of single track. At later date a| The jumper cables, connecting adjacent lengths of the 
further system of about 50 route miles, equivalent to} third rail at crossings and other points where it is 
100 miles of single track, may be undertaken. The | necessary to gap the rail, are of 1 sq. in. sectional area, 
work follows familiar lines. Three-phase current at|and are made up of one hundred and twenty-seven 
11,000 volts will be generated and transmitted to sub-| 0.101 copper wires, insulated with rubber, bitumen- 
stations, where it will be stepped down to feed ro sheathed and braided. The return circuit is formed 
converters, which, in turn, will supply 600-volt direct | by the running rails, which have been bonded at each 
current to a third rail. joint by two protected-type copper bonds, placed 

The Fn es grea is situated at Durnsford-| under the fish-plate, and having a total cross-sectional 
road, Wimbledon, on a site adjoining the River | area of 0.33 sq. in. The running rails are also cross- 
Wandle. As the ground slopes from the railway | bonded at frequent intervals to equalise the current 
towards the generating-station and the river, it has| returning by the different rails. 
been found practicable to omit all the usual coal-| The rolling-stock consists of two hundred and filty- 
handling plant and to arrange for the discharge of | two 51-ft. compartment coaches, which until recently 
coal direct from the railway trucks to the overhead | were used for steam working, but have been converted. 
bunkers in the boiler-house. A viaduct 550 ft. long | for the electric service. e stock is made up into 
by 19 ft. wide carries the trucks to the top of the| permanent sets of three coaches, and is equipped with 
boiler-house. For the greater part of its length the} multiple-unit control, so that trains ang be formed of 
viaduct is provided with open decking, so that coal | one or two three-coach units to meet the requirements 
can be discharged when necessary direct from the| of traffic. Each three-coach unit has a motor bogie 
trucks to a 10,000-ton reserve storage below. — two 275-horse-power motors under each end. 
The main members of the viaduct consist of one 50-ft.| Each unit weighs 94 tons unloaded, and seats 190 
steel-girder span and twenty 25-ft. Mouchel-Henne-| passengers. The motors are of the usual series- 
bique ferro-concrete spans. The generating-station is} wound totally-enclosed type. The control is of the 
a brick building with two 230-ft. brick chimneys. It| type in which the rate of acceleration is governed by 
is divided into a boiler-house, 237 ft. sey by 130 ft.|@ relay. The relay is controlled partly by the motor 
wide, and an engine-house, 257 ft. long by 55 ft. wide. | current and partly by a dashpot time-lag. Marks 
will be fixed on the line to indicate to the motormen 
when to shut off current ; and this, in conjunction 
with the automatic control of the rate of acceleration, 
will enable the most economical method of running to 
be ensured. 

The sub-stations, passenger stations, goods yards, 
and some of the sidings will take their lighting 
supply through a separate cable, which will also serve 
for supplying power in connection with the track- 
circuit signalling arrangements. Single-phase alter- 
nating current at 3300 volts will be supplied through 
this cable to 3300-200-volt step-down transformers 

laced in brick chambers built at intervals along the 
ine. The 3300-volt supply will be obtained from 
single-phase generators driven by induction-motors, 
which will obtain their supply from the 11,000-volt 
bus-bars through step-down transformers. These sets 
will be situated at the generating station and at 
Waterloo, nee Junction, Raynes Park, and 
Twickenham. To ensure absolute reliability, two 
motor-generator sets, driven from the auxiliary supply, 
will also be situated in the generating station, and 
& third, driven from a 600-volt stand-by lighting 
battery, at Waterloo. The 3300-volt feeders will be 
sectionalised and connected to oil-switches at the 
transformer chambers. The oil-switches will be fitted 
with trip-coils operated by relays, the coils of which 
will be connected to the copper tapes on the cables. 
In the event of a fault, the relays at each end of the 
defective length will come into operation and trip the 
switches, thus cutting out the length. 


THE LONDON AND SOUTH-WESTERN 
RAILWAY ELECTRIFICATION. 


Tue electrification of the suburban lines of the 
London and South-Western Railway is now nearin 
completion. The work was started in the summer o 


At present the boiler-house contains sixteen Babcock 
and Wilcox boilers, each having normal evaporation 
of 20,000 lb. of water an hour. They are arranged in 
two rows, with a firing-floor between, and deliver 
steam at 200 lb. per eq. in. in pressure and 200 deg. 
Fahr. superheat. Economisers are fitted, and the 
basement contains a suction ash plant, by which the 

ashes are discharged to an overhead receiver outside. 
The main generating plant consists of five 5000-kw. 
turbo-alternator sets, running at 1500 revolutions per 
minute and generating 11,000-volt three-phase current. 
The turbines are of the impulse type, and each is pro- 
vided with a se te surface-condenser, situa in 
the basement. nder normal conditions, the circu- 
lating water will be obtained from the River Wandle, 
but in order to meet conditions of prolonged drought, 
a series of cooling-towers has been erected at the end 
of the generating station nearest the river. For the 
purpose of conveying the water to and from the 
station, two ferro-concrete ducts have been con- 
structed. Two motor-driven screens are provided in 
the inlet duct for removing leaves and refuse from the 
river water. The outer screen consists of fixed bars, 
cleaned by means of a motor-driven rake, and capable 
of dealing with 2,000,000 gallons of water an hour. 
The inner screen is in the form of a rotating disc, 
with water jets playing on it. It collects fine particles 
and gelatinous matter which have passed the outer 
screen. In addition to the main turbine sets, there 
are two 400-kw. units consisting of turbines running 
at 5000 revolutions per minute and driving direct- 
current generators, through gearing, at 575 revolu- 
tions per minute. These sets supply current at 200 
volts for auxiliary power and lighting purposes. All 
umps and all auxiliary machines are electrically 
riven, except twoof the four boiler feed-pumps and 
one boiler sump-pump. The boilers and turbines are 

on the unit system, four boilers supplyin 

each turbine, but the steam-pipe lay-out allows a 

units to be worked from a common main if desired. 

The switch-gear is housed in a separate bay, which 
runs the full length of the engine-house. The high- 
tension gear is of the remote-control type. The high- 
tension feeders, between the generating station and 
the sub-stations, are of the 3-core type, paper-insu- 
lated, lead-sheathed, single-wire armo » and jute 
served. They are in general run beside the line on 
hooks fixed to poste 5ft. 6in. apart. When they 
cross the line or run through station platforms, they 
are laid in Howard asphalt troughing. A Jarge 
—— of the 11,000-volt feeder system is in the 
orm of # ring main, and where duplicate cables are 
provided in this oy Barns | are fitted with protective 
gear —— of balanced relays. Duplicate feeders, 
which do not form part of the ring main, are provided 
with balanced relays at the feeding end, and balanced 
reverse-power relays at the receiving end. Two 
lengths of single feeder are fitted with Merz-Price 
protective gear. The 11,000-volt supply ie delivered 
to sub-stations at Waterloo, Clapham Junction. Raynes 
Park, Hampton Court Junction, Kingston, Sunbury, 
Twickenham, Isleworth, and Barnes. Two sizes of 








Our Locomotive Exports.—There was some improve- 
ment in August in the exports of locomotives from the 
United Kingdom, the increase occurring ially in 
shipments to British India. The value of the exports 
to the Argentine Republic rallied in August to 44,6171,, 
as compared with 9092/. in August, 1914, and 90,031/. in 
August, 1913, The aggregate value of the shipments in 
all directions in A it was 297,326/., as compared with 
210,260/. and 301,1 The aggregate value of the ldco- 
motives shipped in the eight months ended A 31, 
this year, was 1,788,221/., as compared with 2,641,5841. 
in the first eight months of 1914 and 1,788,211/. in the 
first eight months of 1913. 





InpDIAN Fever RatLwars.—A resolution was recently 
introduced into the Bombay Legislative Council by the 
Hon. Dewan Bahadur Godbole urging that in certain 
cases special facilities should be aff for the construc- 
tion of feeder railways. Most of the Indian trunk systems 
bave now been constructed, and the urgent question for 
consideration is the rapid construction of feeder lines by 
rupee capital. Mr. Godbole urged that bullock-carts, as 
& means of travel and transport, should not be used for 
distances of more than 10 or 12 miles. He also urged 
that every town with a population of 7000 or 8000, and 
every agricultural or irrigated centre, should have railway 
communication. Present feeder railway terms offer 
investors a fixed antee of 34 per cent. per annum 
from the Indian Exchequer, with a division of fits if 
they are in excess of 5 per cent. per annum. It has been 
urged that provision should be made for a division of 





metre (5d. per 1000 cub. ft.), 





ts above fh per cent. per annum until the Provincial 


vernment recou ad ich i 
ay tere ane. ped any advances which it 





rotary converters have been adopted for these stations 
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INDUSTRIAL NOTES. 


Apropos of our leading article in last week’s issue, 
on ‘* Work-Weariness,” we are pleased to learn that 
the Minister of Munitions of War, with the concur- 
rence of the Home Secretary, has appointed the 
following Committee ‘‘ to consider and advise on 
questions of industrial fatigue, hours of labour, and 
other matters affecting the personal health and 
physical efficiency of workers in munition factories 
col workshops ”—viz. :—Sir George Newman, M.D. 
(Chairman); Sir Thomas Barlow, Bart., K.C.V.O., 
F.RS.; G.. Bellhouse, Factory Department, Home 
Office; Professor A. E. Boycott, M.D., F.R.S. ; 
J. R. Clynes, M.P. ; E. L. Collis, M.B., Fac’ De- 
partment, Home Office; W. M. Fletcher, M.D., F.R.S., 
Secretary of the Medical Research Committee ; 
Leonard E. Hill, M.B., F.R.S8.; Samuel Osborn, J.P., 
Sheffield ; Miss R. E. Squire, Factory Department, 
Home Office ; Mrs. H. J. Tennant. Mr. E. H. Pelham 
has been appointed secretary to the Committee. The 
Committee will hold its meetings at the offices of the 
Board of Education, and all communications should 
be addressed to Mr. Pelham there. 


An amending Bill has been introduced in the Aus- 
tralian Commonwealth House of Representatives, 
which will have the effect of doing away with the War 
Pensions Board proposed in the original Bill, and 
substituting for it a Commissioner, with Deputy 
Commissioners for each State. The powers of the 
Commissioner and Deputy Commissioners are defined, 
and provision is made for the payment of pensions to 
dependants of deceased soldiers other than wives and 
children. 








The annual report of the Department of Mines for 
New South Wales for the year 1914 records that the 
number of persons who found employment in and 
about the mines of this State during the year 1914 is 
estimated at 37,470—a decrease of 1410 on the year 
1913. 

The number employed in connection with metal- 
liferous mines was 17,493, and in the coal and shale 
mines, 19,977. 

A decrease of 2421 is recorded in the total number 
of persons engaged in metalliferous mining, the figure 
for 1913 having been 19,914. The largest decrease 
occurs in connection with silver-lead mining ; 4 falling- 
off in the number of gold-miners, .totalling 127, is also 
disclosed. In copper and tin the numbers have dimi- 
nished by 1272 and 194 respectively. There is an 
increase of 287 in the number ed in mining mis- 
cellaneous metals. The total number of employees in 
coal and shale-mining—19,977—exceeds the total for 
1913 by over 1000. 

The number of fatalities recorded in connection with 
mining operations during 1914 was 43, as compared 
with 48 during 1913. The number of employees 
reported as seriously injured was 112, being four more 
than in the previous year. 


Mr. J. E. Williams, the secretary of the National 
Union of Railwaymen, is reported to have declared 
recently that all British railway servants were united 
in their determination that Prussian militarism must 
be crushed. ‘‘ But for that very reason,” he added, 
‘*we do not want to see the same militarism introduced 
in England. We have under our eyes a specimen of 
the effect it can have on a nation’s mentality, and we 
regard militarism as the road to the loss of all our 
liberties. We remember how the French railway 
strike was crushed by bringing into play the military 
organisation. We are convinced that the volun 
system will give the Government all the soldiers 
nD , and already the railwaymen have replied in 
great numbers to the Government’s appeal for men.” 

Mr. Williams further stated: ‘‘If the Ministers 
tell us conscription is » we shall ask for 
figures and precise reasons, if such figures and 
reasons conviction to us, then we shall probably 
mdify our attitude, provided it be — that 
conscription, if it has to come, shall be in force only 
for the duration of the war. But I repeat that we do 
not believe in this necessity.” 

As regards the claims recently formulated by the 
union, Mr. Williams said: ‘‘Our demands are very 
modest. They are entirely justified, and they will be 
accepted. But be assured that thore need be no fear 
of a strike on the railways.” 








The following statement was issued at the conclu- 
sion of a conference of the executive committees of 
trade unions concerned in the manufacture of muni- 
tions, held at the Central Hall, Westminster, at the 
end of last week :— 

**That this conference of representatives of execu- 
tives of trade unions whose members are engaged upon 
munitions and other work essential to a satisfactory 
termination of the war, accepts the statement of the 
Minister of Munitions that further effort is — 

in- 





in order that the supplies of war material may 
creased and 


accelerated. It learns with satisfaction 





of the proposed appointment of a Government Central 
Munitlone Tahowt Gunster Committee, invested with 
extensive powers, to carry out the following objects :— 

‘“*A joint committee representing the National 
Labour Advisory Committee and Ministry of 
Munitions, with additional members to advise and 
assist the Ministry in regard to the transference of 
skilled labour and the introduction of semi-skilled and 
unskilled labour for munition work, so as to secure 
the most productive use of all available labour supplies 
in the manufacture of materials of war. The confer- 
ence expresses the opinion that, in order to render 
effective the work of this Committee, it is essential 
that there should be complete co-operation between it 
and the local representatives of the trade unions and 
others concerned through the medium of the Munitions 
Committee. Further, in order to give effect to the 
Treasury agreement of March, 1915, the Conference 
pledges itself :— 

**(1) To secure the suspension of all restrictive 
rules, practices, and customs, such as the limitation of 
overtime and prohibition of piece-work on war work 
in Government arsenals and controlled establishments, 
subject to the statutory saf of the Munitions 
of War Act ; (2) to render all sible assistance in 
the carrying out of a systematic ee not 
only in Government arsenals and controlled estab- 
lishments, but in all other factories, with a view 
to determining the least possible amount of skilled 
labour necessa to enable the machinery to 
be employed for the full twenty-four hours each 
day ; 8) to assist in the reorganisation of the 
skilled labour employed in Government arsenals and 
controlled establishments in order that semi-skilled 
and unskilled male and female labour may be em- 
ployed on # much more extensive scale, subject to the 
conditions of Schedule 11 of the Munitions of War 
Act ; (4) to give all possible assistance in securing the 
transfer of suitable men enrolled under the munitions 
and volunteer scheme to any district where their ser- 
vices may be required, subject to the observance of 
the conditions applying to the volunteer munition 
scheme, and to assist in the further enrolment of 
volunteers for this purpose. 

‘** That in order to give effect to the above scheme, 
the Conference strongly recommends that local con- 
ferences of branch and district officers and shop 
stewards be held in various munition centres as 
early as can be arranged, at which the Minister of 
Munitions or representatives of his department shall 
be present.” 





The Press Bureau has issued a Report of the 
National Advisory Committee on War Output, and 
Members of the Parliamentary Munitions Committee, 
on their Visit to France from August 27 to 30, from 
which we take the following :—‘*. . . It was from our 
conversations with the soldiers in the firing-line that 
we learned most about the realities of war, and we 
were _ by the need for an overwhelming 
supply of munitions. A vast preponderance of pro- 
jectiles is required to enable us to shorten the war. . . . 
The requirements of our army in the field areenormously 
in excess of all previous calculations. This has been 
realised since the beginning of the year, and ments 
have been drawn up and accepted by the principal trade 
unions with a view to securing & maximum output. 
Safeguards have been framed, guarantees have been 
given, and everything which experience and ingenuity 
could suggest has been devised to protect the workers’ 
interests after the war is over; but arrangements 
which deal with masses of men are of little moment if 
the individual does not feel his personal responsi- 
bility. It was todrive this question of direct personal 
responsibility home to the munition worker that this 
series of delegations, com chiefly of workmen 
directly engaged in munition manufacture, bas been 
undertaken. ... If our gallant fellows at the Front 
are to be hampered owing to any slackness in the 
workshop, disaster will be the inevitable result. The 
delegations have seen and talked to the men who 
are in the battle-line, who are optimists to & man, 
cheerful, resourceful, pe the and expectant. 
They declared: ‘Once our lads in the shops realise 
the need for an overwhelming supply of munitions, 
they’ll work till they drop so that we won’t go 
Ce « 54:0 

According to the Sheffield Daily Telegraph, the recent 
decision of Lord St. Aldwyn, the independent chair- 
man of the South Wales Conciliation Board, in grant- 
ing the application of the men for an advance of 
124 per cent. on the new standard, the equivalent of 
18? per cent. on the old standard, raises wages to the 
— figure ever reached in the South Wales coal 


e. 

Taking the figures on the old standard, the men 
receive an advance of 5 per cent. on the Lloyd George- 
Runciman settlement, 174 per cent. war bonus, and 
the present award of 18? per cent , thus bringing the 
wages to 101} per cent. be the 1879 basis. The 





maximum percentage on 
terminated on June 30 was 60 per cent. above the 


© wage agreement which | fi 


standard, so that the men have obtained advances 
aggregating 41} per cent., or the highest figure yet 
reached in't the South Wales coalfield. i ‘ 
Lord St. Aldwyn’s decision afforded great satisfac- 
tion to South Wales miners, who pointed to it as a 
complete justification of their action, especially as the 
independent chairman could only grant or reject, and 
not vary the amount of the advance claimed. 

Mr. Thomas Richards, M.P., general secretary of 
the Miners’ Federation, said he could not conceive 
how Lord St. Aldwyn’s decision could be anything 
but in their favour, as, in framing their demand, they 
made every allowance possible for increase in the cost 
of production due to the war. 





From July 1 the Danish State has the right to erect 
unemployment bureaux in localities where such bureaux 
are deemed expedient, and where the municipalities 
do not themselves take the matter in hand. The 
number of these new State bureaux is rapidly in- 
creasing, and during the first month State bureaux 
had been erected in eleven towns, in addition to 
which agreements have been arrived at concerning 
the erection of unemployment bureaux for larger dis- 
tricts in some twenty places. Negotiations are pend- 
ing with reference to several other localities. During 
July co-operation had been established between the 
central ay bureau and all the local 
bureaux. It been ascertained that there is a 
marked exodus of labour from the towns to the 
country. 

The Board of Trade Labour Gazette states that in 
the United Kingdom retail prices of food advanced 
about 1 per cent. during the month of August. The 
articles showing marked increases in price between 
July 31 and September 1 were bacon and butter, 
which rose about 5 per cent. on the average ; fish, 
about 4 per cent. ; and eggs, which were about 11 per 
cent. dearer. On the other hand, the average price 
of potatoes was about 20 per cent. lower on Septem- 
ber 1 than a month earlier. With both eggs and 
potatoes, the movement was seasonal. Changes in 
the prices of other articles were comparatively un- 
important. 

compared with September 1, 1914, the general 
level of prices showed an increase of about 23 per cent. 
British beef was dearer at the latter date by about 
35 per cent., and British mutton by about 30 per cent., 
the increases in the average prices of imported beef 
and mutton being about 4 per cent. greater in each 
case. Fish increased in price during the year by over 
40 per cent. ; bread, flour, tea, and eggs by 25 to 30 
rcent. Butter and cheese were about 20 per cent. 
earer on September 1, 1915, than a year earlier. The 
average prices of bacon, milk, potatoes, and granulated 
sugar increased by 13, 11, 8, and 3 per cent. respec- 
tively during the twelve months, and margarine alone 
among the articles included showed a net decrease in 
price during the year. 

Taking all the articles together, and making allow- 
ance for their relative importance in working-class 
household expenditure, the ave’ increase in the 
retail prices of food since the beginning of the war 
“< be _ at about 35 per cent. 

his figure relates to food only ; and in estimating 
the increased cost of living generally, this increase 
must not be applied to the total family expenditure, 
but only to that og agen which is expended on 
food. the whole the increase in other items of 
working-class expenditure has been considerably less, 
especially as regards rent. 


The latest available data concerning retail food prices 
in Berlin, published in the official Prussian Statistisch 
Mortespention, render it ible to give a series of 
ivdex numbers showing the changes in the general 
level of such prices during the period from July, 1914, 
to July, 1915. After a sharp rise in the first month 
of the war, prices declined somewhat in September, 
1914, but from that month moved steadily upward 
until July, 1915, in which month they reached a figure 
which represented an increase of nearly 70 per cent. 
on the prices of July, 1914. 

Official data taken from the same source indicate 
that the prices of several articles of food in Berlin 
underwent further appreciable advances in July, 1915, 
as compared with the previous month, more especially 
potatoes (50 per cent.), eggs (7.1 per cent ), sugar 
(6.9 per cent.), and butter (5.6 per cent.). There were 
also slight increases in the prices of beef, mutton, 
bacon, lentils, rice, and lard. Other articles, how- 
ever, showed either no change or a slight reduction, 
the net result being that the level of prices was only 
2.6 per cent. higher in July, 1915, than in the previous 
month. 

In the case of bread and flour the advance in prices, 
as compared with that of last year, is to some extent 
prey te | changes in quality due to various Orders 
of the Federal Council requiring inferior substitute: 
or mixtures to be used instead of pure wheat or rye 











* 
In the case of Vienna the data as to retail food 
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prices are taken from the periodical return of prices 
issued by the Ministries of Commerce and Agriculture 
(Warenpreisberichte). In order to get a general figure 
showing the aggregate monthly increase in the price 
of food, it has been assumed that the proportions in 
which the various articles are consumed in Vienna 
are the same as in Berlin. This assumption neces- 
sarily involves some inaccuracy in the resulting index 
numbers, but not sufficient, it is thought, to deprive 
them of all value for measuring approximately the 
extent of the rise in the general level of food prices 
in Vienna during the first twelve monthsof the war. 
Taking food prices in July, 1914, as equal to standard 
(100 0), the figure for July, 1915, is found to be 178.6. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 8. 

PRESSURE for war munitions is becoming greater 
week by week. Figures purporting to represent the 
aggregate of the business per week and month and the 
grand total appear from time to time, and are pre- 
sumably at least approximately correct. The French 
inquiry for 300,000 tons has only been partially 
accounted for. Russia and Italy have agents pick- 
ing up capacity wherever they can find it. British 
steel firms are equally active. Enormous sales of 
steelmaking pig and semi-steel are repo fre- 
quently, and latest inquiries will require more, if 
filled, than can be furnished in 90 days. Pig-iron has 
advanced 1.25 dols. since July 1; sellers refuse to 
quote for 1916. There is an enormous demand for 
unrolled steel for export to be rolled in Europe. 
Transactions repo in basic iron for the week 
are 125,000 tons. Many of the large concerns will 
close for large blocks of basic during the week. So- 
called fancy prices are now readily psid for uv- 
finished steel. The American mills are stripped 
for the fight, so to speak, for an unparalleled pro- 
duction. More steel capacity is being turned into 
the production of ‘‘rounds.” Rail 8 recognising 
the strong probability of prolon war conditions 
are becoming more apprehensive of 1916 rail require- 
merte, which will be unusually large owing to the 
enforcement of extreme economies in railroad exten- 
sions and repairs during the past two years. They 
will probably endeavour to place orders sooner, but 
the possible obstacle of rail-mills oversold for rounds 
will have to be confronted. Speculative buyers for 
pig-iron are appearing, especially in Southern markets, 
and they are not receiving encouragement ; conditions 
are becoming more and more complex. Munition 
manufacturing capacity is being enlarged with sur- 
prising rapidity, but it will be winter before the 
volume of output will be sufficiently great to be relied 
upon. 

‘con reports indicate the railroads will have 
abundant traffic. The lesser industries are profiting 
by the general war activities. Interesting and impor- 
tant developments are announced in the dye industry. 
Coke production is on the increase to supply expand- 
ing furnace and foundry requirements. 





GepMaN TRADE wiTH CuInA.—The following informa- 
tion is reproduced from The London and China Telegraph 
of the 13th inst. :—*‘ Instances continue to come to hand 
of the efforts of German traders in the Far East to oust 
British goods. Some of the methods they employ are 
well worth the attention of British manufacturers. The 
latest example of German ‘slimness’ is reported in a re- 
cent issue of the North China Herald. Our contemporary 
points out that the drug trade in China has seen con- 
siderable growth during the last half century, being built 
up principally by four well-known British manufacturers, 
and the ‘ B.P.’ mark—the mark of the British Pbarma- 
copceia—has come to be recognised as a sure guarantee of 
first-class quality. In Germany, the standard used is 
that of the Pharmacopeia Germanica, or * Ph.G.,’ and 
for home consumption the German manufacturer is 
doubtless subject to strict supervision and penalties for 
telling an adulterated article. But no such scrupulous 
care on the part of the Germans can be observed in 
China in regard to their efforts to extend their trade 
in drugs and chemicals. man traders, asserts 
our Shanghai contemporary, have made very extensive 
use of the ‘B.P.’ label, which is the British manu- 
facturer’s ball-mark for the purity of his goods, and 
they have never attempted to use their own ‘Ph.G.’ 
label, invariably using the ‘B.P.’ for any rubbish which 
they care to unload on the native market. Further, it is 
stated that o 1e German firm of chemical manufacturers 
represented in Shanghai has resorted to the expedient of 
procuring sto -ks cf drags and chemicals bearing the 
labels of a nei:ral country, and these are actually being 
shipped to Shwgbai in’ British vessels. Upon their 
rival in Shangbai the original capsules and labels are 
removed, and the articles are re-labelled and re-capsuled 
with labels and capsules of the German home manufac- 
turer. The agents have been well supplied with material 
for the purpose, doubtless with the object of keepin 
their mark before the Chinese during the war. It is wort 
while drawing prominent attention to these unfair 
tricks in order that British traders may be on their 
guard, and realise that in spite of the war Germans will 
— every artifice to retain their hold on the China 


THE COLLISION ON THE CALEDONIAN 
RAILWAY. 


Railway Department, Board of Trade, on the double 
collision which occurred on May 22, at Quintinshiil, on 
the Caledonian Railway, explains that a special troop 
train from Larbert to the south collided with the 
6.10 a.m. local train from Carlisle to the north, which 
had been crossed over from the down to the up line 
opposite Quintinshiil signal-box, and shortly afterwards 
the was run into b 
senger train from Carlisle to the north. 

be report states that the responsibility lies with the 
two si men on duty at the time, for the reasons which 
it gives. Dealing with the fire which occurred in the 
wreckage, the report adds that the force of the first colli- 
sion threw a large quantity of coal off the tender on to 
the foot-plate of the engine of the local train, and the 
same thing happened in the case of the second collision. 
A fire under such conditions was inevitable, and Lieut.- 
Colonel Druitt considered that the cause of the outbreak 
in the main part of the wreckage was due to the live coals 
from the overturned ou of the troop train. This was 
afterwards intensified by the escape ep from the 
cylinders as these burst. But he considered, also, that a 
fire would have occurred even if all the vehicles had been 
fitted for electric lighting, as a separate fire immediately 
broke out among the ns of the 4.50 a.m. 8 train 
on the down loop, caused by ashes from the leading engine 
of the en, while the wagons were covered with 
wreckage from the troop train. 

The circumstances attending this disastrous collision, 
as far as the troop train was concerned, were altogether 
exceptional, and in regard to suggestions for preventing 
the terrible results arising from fire breaking out in 
wreckage after a bad collision, Lieut.-Colonel Druitt said 
he n only refer to the recommendations made in pre- 
vious accident reports. He gives the following principal 
ones for coaching stock on main lines and for express 
trains :—1. The construction of the coaches to be of steel 
as far as possible, with shock-absorbing buffers, and 
any timber or other combustible material used to be 
rendered non-inflammable. Special attention to be 

id to the construction of the doorways so that the 
, aol shall not jam when a collision occurs. Burs 
across the windows to be easily removable, and windows 
to be capable of being opened to their fullest extent. 
2. The provision of electric lighting in all new stock, 

lighting in existing stock to be abolished and electric 
fighting to be provided as opportunity admits. 3. The 

vision of tools and appliances for extinguishing fires 
in all brake-vans, sleeping-saloons, &c. 

With regard to the action taken by railway companies 
in these matters, Lieut.-Colonel Druitt understands that 
the principal companies have already carried out these 
recommendations, or are gradually doing so. 





New Heap or Woo.twion ArsENAu.—Mr. Vincent L. 
Raven, of the North-Eastern wen has been i 

inted temporary head of Woolwich Arsenal. r. 
— has been connected with the Ministry of Muni- 
tions for some time, and his new appointment follows 
on the transference of Sir H. F. Donaldson from Wool- 
wich to other important work in connection with the 
Ministry of Munitions. 





Tue vate M. Gaston Romazzorti1.—The death of 
M. Gaston Romazzotti, of the Engineering Department 
of the French Navy, is reported. M. Romazzotti, who 
joined the staff in 1874, was largely concerned in the 
design of submarines. He collaborated with M. Zéde in 
the design of a small submarine as early as 1885, and in 
later years was responsible for large numbers of these 
vesse 





Correr in New Sours Wates.—The value of the 
copper preduction in New South Wales to the end of 
1914 is estimated at 12.657,506/. The output for the year 
1914 is valued at 274,671/., and is a decrease of 324 > 
compared with the year 1913. The mines in the Cobar 
district supplied the largest portion of this yield, the 
value of the production from this centre being 116,460/. in 
1914, or a decrease of 275,454/. on that for the year 1913. 





Reputsion oF Discs Neariy in Contactr.—While 
attempung to register the excursions of a horizontal 
dulum by the aid of displacement interferometry, 
0. Barus noticed that metallic discs nearly in contact 
with one another repelled one another instead of attract- 
ing one another. Barus describes his experiments in two 
papers published in the American Journal of Science of 
June, 1b14, and January, 1915, and he has not yet been 
able to account for the peculiarity. The pendulum was 
constructed for determining the gravitation constant and 
also for seismometry ; conversely the pendulum was to be 
graduated by means of the constant. The pendulum 
consists of a beam, from which a brass disc, 10 cm. in 
diameter, 0.6 om. thick, is suspended between two ether 
discs by two fine wires. The di-c is co-central with the 
two other larger discs, 15 cm. or 20 cm. in diameter, 6 cm. 
thick, vertically mounted on a Fraunhofer slide, the one 
fixed, the other movable. The observed repulsion was 
several times greater than the expected attraction. Elec- 
tric effects were apparently excluded, as it made no 
difference whether the three discs were electrically con- 
nected or not; in any case the effect was a hundred times 
las than the Volta effect should have been. The vis- 
cosity of the air between the discs (layers 1 mm. or less 
in thickness) did not explain the matter either. Voltaic 
contact may, perhaps, after all, be ible, and ex- 





responsi 
periments are to be made with a floating pendulum. 
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NOTES FROM THE NORTH. 

: Guaseow, Wednesday. 
ow Pig-Iron Market.—Prices were fairly steady at 
yw fone market, and in the afternoon 

tons of Cleveland warrants hands at 
e close sellers’ 
prices stood at these figures, and 65s. 4d. was quoted one 
month. At this latter price one warrant was dealt in at 
ie afternoon session, and the only alteration in the 
closing sellers’ prices was that one month’s iron was 

quoted 65s. 34d. per ton. No business was done at Frida: 

morning’s market, and prices dropped 24d. per ton, wit 
. per ton cash, 65s. 14d. one 


las 
1500 


movement was ap t, and only one lot of Cleveland 
iron was Guad @ 65s. one month. The closing 
sa were the same as at the morning session, 
with the exception of three months iron, which was 
noted at 65s. 104d. per ton. Monday forenoon 
© transactions were limited to a small business of 
1500 tons, which changed hands at 64s. 6d. ton cash, 
and 64s. $d. sixteen days. Sellers’ prices at the close were 
24d. per ton below Friday’s level, the quotations for cash 
being 64s. 64d.; for sixteen deve, 64s. 8d.; and for one 
month, 64s. 104d. per ton. alness prevailed in the 
afternoon, —— 5 # further deal of 1500 tons took place, 
64s. 9d. one month being the price quoted. Abt the close 
another $d. per ton was dropped from the sellers’ prices 
of the morning. This inactivity continued on Tuesday 
at both sessions of the pig-iron market, and in the morn- 
ing prices were nominally 1d. to 2d. ton from the 
previous day. At the close cash sellers’ prices were 
— 64s. 5d. per ton, and for forward account 64s. 94d. 
he afternoon’s movements were rather narrow, the only 
transactions omouaties to some 1500 tons of Cleveland 
warrants, for which the price was round about 64s. 24d. 
cash, 64s. 5d. being paid for twenty-four days forward. 
For closing sellers the quotations were 64s. 3d. cash, 
64s. 5d. twenty-four days, and 64s. 74d. one month. No 
change took p in the market this (Wednesday) morn- 
ing, when 2000 tons were dealt in at 64s. 2d. cash, 64s. 6d. 
one month, and 65s. 14d. three months. At the close 
sellers were —— 64s. 24d. ton cash, and 64s. 7d. 
one month. In the afternoon business was at a complete 
standstill, with prices round about the morning level. 


Sulphate of Ammonia.—Sulphate of ammonia is still in 
quiet, yet steady, demand, and remains firm at the price 
quoted for some weeks past—14/. 15s. = ton for prompt 
delivery Glasgow, and 15/. for prompt delivery Leith. 

Scotch Steel Trade.—In certain circles the extreme 
activity in the steel trade in Glasgow and the West of 
Scotland is of the utmost interest, and there is no 
copemaaee of any falling-off in the immediate future ; 
indeed, both demand and output are likely to be very 
materially increased before long. Notwithstanding the 
abnormal output, there is a constant cry that the supplies 
still fall far short of the demand, both of our own and 
the Allied Governments. Without doubt the absorption 
of this enormous Government output is telling very 
seriously on the ordinary mercantile business, notably 
that of the export trade. Of course, even were this 
pressure for munitions and Admiralty work not of so very 
much importance, the matter of freight and freight 
would militate groatly inst this branch of trade, for 
although consumers ise that the higher rates must 
be paid, there is also the additional dubiety of de- 
liv: owing to the irregularity of steamer sailings. 
At the same time, so long as this overseas trade is 
an absolute necessity to our national commerce, some 
immediate steps will require to be taken in order to 
keep faith with customers in other parts of the world who 
depend upon our country for many of their supplies. Bar 
iron is in extraordinary demand, and that at prices which 
might almost be described as sensational, although, in 
comparison with the price of some es of finished steel, 
it is questionable if the rates in demand are actually as 
high as they seem at first glance. Steel bars made from 
American billets have also reached a rather high level, the 
cause for this being, of course, the price of the imported 
billets. All the same, business is exceptionally good, and 
premium prices are not unknown. tional material is 
much in dem and so also is high-tensile steel for 
shells, the bars being round about 16/. 10s. per ton. 
Boiler-plates run from 10/. 15s. to 11/. per ton—less 24 per 
cent. for Glasgow or equal oe ee ship-plates and 
angles are quoted 100. 5s. to 102. 15s.—less 24 per cent,— 
although some makers are charging up to 11/. for angles. 


Malleable-Iron Trade.—Just at the moment a rather 
quieter feeling prevails in the malleable-iron trade, 
although as much business is in hand as the manufac- 
turers are able to cope with, looking always to the diffi- 
culty experienced in obtaining a sufficiency of labour to 
overtake the necessary orders. quantities of 
material are being turned out, and t too with the 
utmost possible dispatch. Small sizes are most exten- 
sively in demand. For prompt delivery, Glasgow or 
com the bes» quality ‘‘Crown” bars are quoted 111. 5s. 
to 112. 10s. per ton, less the usual 5 per cent., and even - 
in some cases a higher rate is being demanded and paid ; 
while for export trade the price is round about li net. 
The new revised list of extras which has now come into 
operation is working quite satisfactorily. 

Scotch Pig-Iron Trade. — For various unavoidable 
reasons movements in the local pig-iron trade run on very 
narrow lines at the moment, and makers report that con- 
sumers are only placing orders for such supplies as will 
meet their most pressing needs. Little improvement has 
taken place regarding export which is still 
much under normal itions. Al foundry 
material is not much in request, the demand for hematite 





is good, and the price round about 100s. per ton for large 
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quantities, smaller lots drawing « trifle more than this. 
Even at ti considerable quantities are being 
delivered to local users, although it is said that at 
present the consumption isunder production. The price 
for makers’ (No. 1) iron is still quoted as follow :—Cly€e, 
Calder, Gartsherrie, Summerlee. and Langloan, 85s. per 
ton (all shipped at Glasgow); Eglinton, 80s., and Gien- 
garnock, 86s. (both at Ardrossan); Dalmellington, 81s. (at 
Ayr) ; Shotts, 85s., and Carron, 863. (both at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—There is a moderate 
amount of business passing, with plenty of inquiries for 
forward deliveries. House coal is in good request, and 
rices remain firm. Gas-coal is also going away freely. 
rge deliveries are being made under contract to 
inland works. Gas companies are piling up stocks to 
meet war uirements. There is also a fairly active 
demand for shipment, France being a consistently good 
customer. In these conditions gas-coal pits are prac- 
tically free from stock. With regard to best steam 
bards, there is i pe demand from railway companies, 
manufacturers, exporters. Pits are fully onplares, 
but there is still some evidence of selling pressure. The 
local demand shows no weakening. Cobbles and nuts are 
also an active market. There is still some little weakness, 
but not sufficient to affect prices. Steel coke is firm 
round about 32s. 6d. per ton, delivered at works, but 
there is no improvement in blast-furnace coke, which is 
quoted from 15s. 6d. to 163. 6d. Quotations :—Best branch 
hand-picked, 20s. to 21s.; Barnsle: bag Silkstone, 17s. 6d. 
to 183. 6d.; Derbyshire best brights, 17s. 6d. to 18s. 6d. ; 
Derbyshire house, 15s. to 16s. ; best large nuts, 14s. 6d. 
to 15s. 6d. ; small nuts, 14s. to 15s. ; Yorkshire hards, 16s. to 
17s. ; Derbyshire hards, 16s. to 17s. ; best slacks, 11s. 

to 12s.; seconds, 9s. 6d. to 10s.; smalls, 8s. to 9s. 


Tron and Steel.—There is not much change to report in 
the position of the pig-iron trade. Heavy tonnages are 
going away on contract account, but in the open market 
conditions are quiet, and prices show, if anything, an 
easier tendency. Production is well in excess of the 
current demand, and stocks are accumulating despite the 
fact that the number of furnaces in blast is considerably 
fewer than at this time last year, Steel-making irons, on 
the other hand, have again nm in strong demand, and 
West Coast makers have experienced no difficulty in 
securing higher prices for special qualities. Armament 
and munition aalens are compelled to buy to keep pace 
with the increased demand upon their output. A firmer 
undertone is evident in Kast Coast hemati though 
prices have not yet madeany upward movement. The diffi- 
culty of meeting the commercial demand for steel, tools, 
machinery, and implements increases with the greater in- 
flux of war work. Not only have firms been compelled to 
turn down promising inquiries from new sources whieh they 
would gladly have ded to had they been able, but 
they have been obliged to popes indefinitely the eom- 
pletion of orders which they had already booked. The 
smallest of engineering concerns are doing their share of 
war work, and the character of their original business is 
hardly recognisable in the goods which they are now 
producing. Under the new arrangements for the control 
of tungsten powder and ferro-tungsten, high-speed steel- 
makers have entered into arrangements through the 
medium of the local Chamber of Commerce for supplies 
for the ensuing twelve months. Constructional steel 
and high-speed twist-drills are in unprecedented demand, 
chiefly on Government account. The file works are 
supplying a record output to Government engineers, 
and to keep pace with increased requirements are work- 
ing 12 hours on Sundays. Workmen en in con- 
trolled establishments have in many cases taken s 
exception to the rules which have n camper up, inti- 
mating that fines will be inflicted for the loss of time and 
other derelictions of duty, and in one or two instances 
the union officials have had the greatest difficulty in dis- 
Acid steel is in such 
demand for Government work that many furnaces 

2 converted to ensure increased production. 


suading them from downing 
stro! 
have 





. NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLesBRoucH, Wednesday. 

Cleveland Pig-Iron Trade.—Once more buyers of Cleve- 
land pig are holding off, and values are steadily falling. 
Prices, in fact, are lower than they have been for a month 
past. A feeling, however, prevails that good 
military news would have a very stimulating effect on the 
market, and would probably cause renewal of buying, to 
be followed immediately by upward movement in quota- 
tions. No difficulty is now experienced in purchasing 
No. 3 g.m.b. at 64s. 74d., and even that figure might be 
shaded. No. 4 foundry is on sale at 64s. 14d.; No. 4f 
is 63s. 6d.; and mottled and white iron each 63s. 3a. 
There is only a limited supply of mottled and white, due 
to the continued ex » working of furnaces and conse- 
quent general make of better ki No. 1 is still com- 
paratively too high to tempt buyers, with the result that 
usual consumers continue to use No. 3 in ee of the 
superior quality. Sellers are rather pressing No. 1 on the 
market at 693.—a figure buyers consider altogether prohi- 
bitive. This quality, though still by no means tiful, 
is less scarce it has been, the persistent abstention 
of buying having allowed stocks to accumulate somewhat. 

Hematite Pig-Iron.—East Coast hematite pig is steady, 
with ® tendency to greater firmness. There are 
inquiries in the market both on home and foreign account, 
and further substantial transactions are confidently 





anticipated. More sales to Italy are re 


ported, and 
customers there are pressing for delivery. Sheffield 
consumers are still open to buy. Since our last report 
they have purchased on the basis of 963. 6d. for Nos. 1, 
2, and 3, and many makers will not now quote below that 
figure. There are buyers, however, who declare that 
they can still purchase mixed numbers in small lots, both 
—_ second hands and from producers, at 95s. 6d. or a 
trifle over. 


Shipments and Stocks of Pig-Iron.—Shipments of pig- 
iron from the Tees are very disappointing. To date this 
month they average but 892 tons per working der, the 
total despatches being officially returned at only 16,9656 
tons. To the same date last month the clearances 
amounted to 20,528 tons, or a daily average of 1074 tons, 
and for the corresponding part of September last year the 
loadings reached 32,134 tons, or an average of 1744 tons 
per working day. The stock of Cleveland pig-iron in 
the public warrant store, all of which is No. 3 quality, 
alters very little, and now stands at 141,397 tons, or 672 
tons Jess than at the beginning of the month. 


Foreign Ore.—Though business is on a very limited 
scale, great firmness characterises the foreign ore trade. 
The absence of transactions is entirely due to sellers 
refusing to commit themselves ahead beyond a week or 
two. umers are more anxious than ever to make 
arrangements for supplies over the winter, fully recog- 
nising the possibility of shortage, in spite of the present 


huge imports. With prospects of higher freights and | P® 


scarcity of suitable tonnage, however, forward business is 
almost impossible. Market rates are based on fully 27s. 
ex-ship Tees for Rubio of 50 per cent. quality, and some 
sellers are now quoting on 27s. 6d. Imports of foreign ore 
to the Tees to date this month amount to 129,536 tons. 
Freights Bilbao-Middlesbrough are quite 12s. 6d., and 
vessels are difficult to fix at that figure. 


Coke.—There is little coke-buying for local use, con- 
sumers having arrangements made to cover their needs 
for some little time. Prices are very weak. Durham 
blast-furnace coke of average quality is offered freely 
at 24s. delivered at Tees-side works, and no doubt con- 
tracts could be made ata lower figure. 


Manufactured Iron and Steel.—Very little that is new 
can be reported as to the various branches of the finished 
iron and steel industries. A great deal of work is being 
turned out, almost entirely on Government account, 
and it is very difficult to place ordinary commercial 
orders, even at considerable premiums. uotations all 
round are very strong. Common iron bars are 111. 10s.; 
best ee tei) 17s. 6d.; —_ a my E - 
iron el), 8/.; packing-iron (tapered), .; iron 
and steel ship-plates, each 10/. ; iron ship-angles, 11/. 10s.; 
iron ship-rivets, 13/.; steel ship-angles, 9/. 15s. ; steel strip, 
10/. 15s. ; steel hoops, 111. ; steel joists, 9/. 17s. 6d. to 10/.; 
ae | steel rails, 9/.; and steel railway sleepers, 10V. 
—railway material net, and all other descriptions less 
24 per cent. There is an inquiry in the market for 10,000 
tons of 100-lb. bull-headed rails for the Great Indian 
Peninsular Railway. 





Coat AND Iron in New South Wates.—The total 
quantity of coal raised in New South Wales to the end of 
1914 is estimated at 202,400,767 tons, valued at 76,595,823v. 
The output for the year 1914 amounted to 10,390,622 
tons, valued at 3,737,761. The coal exported during the 

ear amounted to 5,868,083 tons, valued at 3,159,151/. 

he quantity of pig-iron made in the State during 1914 
from native ores was 75,150 tons, the value of which is 
estimated at 254, 257/. 





Tas SutpHate or AMMONIA TRADE.—A pamphlet 
dealing with the origin and aims of the Sulphate of 
Ammonia Association has reached us from that body, 
whose address is 84, Horseferry-road, Westminster, S.W. 
The first association of British manufacturers of sulphate 
of ammonia, known as the Sulphate of Ammonia Com- 
mittee, was formed in 1897 asa result of the disastrous 
fall im prices which arose from the fact that production 
had exceeded consumption. As evidence of the utility of 
this Committee, acting in conjunction with similar ies 
on the Continent, it is only necessary to mention that 
the world’s consumption — rose from 250,000 
tons in 1896 to 1,250,000 tons in 1913, and that, in spite of 
ever-increasing production and severe competition from 
other forms of nitrogen, the price has been maintained 
at from 11/. to 14/. a ton, as compared with 7/. to 8J. 
a ton, which was the price ruling when the Committee 
commenced operations. For some few years past it has 
been evident that the industry is —— another 
crisis, and the appearance of synthetic phate of 
ammonia as a commercial product in 1913 convinced the 
Committee that the scope of their work and influence 
would have to be largely increased. As a result, the 
ened Sulphate of Ammonia Association was formed 

t autumn, with a branch to carry on the propaganda 
work of the old Committee, and a selling branch to act as 
a central channel through which all British manufac- 
turers may dispose of their production. The nature of 
its work and the need it aims at supplying are fully 
explained in the pamphlet, but they ma summed up 
by saying that the chief object of the iation is to 
unite all British producers into’ one body and to use the 
eae of individual experience for the common good, 

thus to present a united front to foreign competition. 
There are between 500 and 600 —— of sulphate of 
ammonia in this country, and of this number about two- 
thirds already subscribe to the Association. 
remainder are invited to join. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has exhibited a quiet tone; 
tonnage arrivals were moderate, although an improve. 
ment in this respect was anticipated over the -end. 
Notwithstanding larger shipments of late in consequence 
of the relaxation by the authorities of export restrictions, 
stocks of coal are still considered excessive; and as 
officials are not disposed to grant licences for more than 
the current output, there is little —— of accumula. 
tions being cleared off. Upon the whole, both large and 
small have remained about stationary. Several firms 
have arranged supplies of good Monmouthshire and ordi- 
nary steam grades for the Paris, Lyons, and Mediter- 
ranean and the Paris and Orleans Railway Companies. 
Shipments for French railways will for some time be 
necessarily regulated by the authorities, and the contracts 
made must have their approval. Ooke and patent fuel 
have exhibited a firm tone. The best Admiralty large 
steam coal has been, to some extent, nominal ; secondary 
qualities have made 23s. to 24s.; best bunker smalls, 
17s. to 18s.; and cargo smalls, 10s. to lls. per ton. The 
best household coal has made 23s. to 24s.; good house- 
holds, 21s. to 22s.; No. 2 Rhondda large, 18s. to 19s. ; 
and No. 2 smalls, 12s. to 12s. 6d. per von. The latest 
quotation for patent fuel is 30s. to 34s. per ton. Special 
foundry coke realised 42s. to 44s. ; foundry coke, 
36s. to 40s.; and furnace coke, 30s. to 33s. per ton. As 
regards iron ore, Rubio has been quoted at 24s. to 25s. 
ton, u a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Welsh Trade Matters.—The Goat Mill at Dowlais 
Works has been working full time upon an urgent order, 
and there has been a moderate demand at Dowlais for 
steel rails, steel sleepers, and blooms. Shipping at Port 
Talbot Dock has shown a Food deal of activity, the 
tonnage recently dealt with heing well over the average. 
Messrs. Lambert Brothers, Limited, coal exporters, of 
London and Cardiff, pose to pay a dividend of 10 per 
cent., and a bonus of 10 per cent. for the year ended 
June 30, making 20 per cent. for 1914-15. The dividends 
distributed for the five years ended with 1915 inclusive 
have been as follows:—1911, 6 per cent.; 1912, 10 per 
cent.; 1913, 15 per cent.; 1914, 10 per cent.; 1915, 20 per 
cent. Mr. T. Gibb, of Port Talbot (youngest son of Mr. 
R. Gibb, of Danygraig, Raglan), has been elected a 
director of the Glenavon Garw UCollieries, Afon Valley. 
Mr. E. R. Moxey, Cardiff, and Mr. D. Forbes, Port 
Talbot, have also become members of the board. The 
directors of the Cardiff Collieries, Limited, have an- 
nounced a dividend at the rate of 10 per cent. per annum. 
Mr. R. > liquidator of the Inston Steamship 
Company, Limited, who made a return of 10/. per 10/. 
share in August, has now announced a further return of 
7l. 10s. per share, — to-day (September 24), making 
171. 10s, per 107. share to the current date. A final divi- 
dend is to be declared later on. The directors of the 
Dulcia Steam Shipping Company, Limited, have 
announced an interim dividend at the rate of 374 per 
cent. per annum. Duri the financial year ended 
March 31 the Pontypridd District Council realised a 
gross profit of 6027/. upon its gas undertaking, repre- 
senting a return at the rate of 4.85 -per cent. per annum. 
After allowing for interest and sinking fund, there was, 
however, a deficit for the year of 744/., as compared witli 
a profit of 12337. in 1913-14. The tramway undertakin 
of the Pontypridd Council realised a gross profit o 
65751. in 1914-15, or 4.93 per cent. upon the capital ex- 
pended ; there was, however, a net deficit of 1860/. upon 
the year’s a interest and sinking fund were 

rovided for. e electric-light undertaking of the 

ontypridd Council realised a gross profiv of 6129/. in 
1914-15, or 7.58 per cent. upon the capital expended ; 
in 1913-14 the corresponding profit was 63401., or 8.02 per 
cent. upon the capital. © net result of the year’s 
working, after allowing for interest and sinking fund, 
was, however, a loss of 181/., as compared with a profit of 
10352. in 1913-14. 





Conrracts.—Messrs. A. A. Tattersall and Co., of 
Blackburn, inform us that they have just completed a 
contract for 2000 special abrasive wheels for grinding 
high-explosive shells, and have received a contract for 
10,000 more for delivery at the rate of 600 per week. 
They are also —s 1000 special abrasive scrubbing- 
blocks for tramway-rail grinding. 

Tae Wor.p’s Perroteum Trape.—The quantity of 
petroleum which entered the markets of the world in 1914 
amounted to 400,483,489 ing to statistics 
compiled under the —— ion of Mr. J. D. Northrop, 
of United States logical Survey, and referred to 
by the Canadian Engineer. Of this output the United 
States is credited with voege Dc cent. in rela- 
tive —— of producers affected only Japan and Peru, 
the former superseding the latter by a narrow margin. 


Tue Merat anp Mrninc InpusTRy OF THE URAL.— 
The rapid coves of the mining and metallurgical 
industry of the Ural district does not appear to be impeded 
by the war. During the first four months of the ent 
year the production of coal amounted to 30,126,754 
poods, which marks an increase of 1,117,049 poods as 
com wi corresponding period of 1914. During 
the first four months of 1915 the production of copper in 
the Ural district amounted to 357,793 33,276 poods 
more than for the same period last year. juction 
of iron and steel rose to 13,445,032 poods, wing an 











increase of 981,448 over the co ing period of 
the precedi age he se one gery metal wire 
amounted to 





729 poods, 585,216 poods more than for 
year. 


the same period 
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PIRN-WINDING MACHINERY. 


Wixpinc machinery which will produce what is 
known as a ‘‘pirn,” an example of which is shown 
in the left-hand shuttle of Fig. 1, page 314, is by no 
means new. The original type of pirn-winding'machine 
was & slow-running a chiefly engaged in windin 
coloured yarns. Recent improvements have .enlar, 
the scope of this machine, and in certain trades 
—the woollen industry for one—have almost revolu- 
tionised the weaving conditions. Although a machine 
known as 6 ‘“‘ pirn-winder ” was already in existence, 
it may be safely said that the evolution of the new 
« self-contained” winder is due to American inven- 
tion. The introduction of an American machine into 
this country, and its excellent success, has resulted in 
a considerable activity amongst British and foreign 
makers, so that at the present time quite a number of 
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high-productive machines of the individual type are 
available. 

Within recent years, although the abnormal con- 
ditions of the present time have rather altered the 
position, Lancashire has been suffering from a scarcity 
of efficient weaving labour. It has been freely stated 
that, given a “‘boom” period, there will not be enough 
weavers to go round. Various remedies have been 
proposed, and recently, at the spring meeting of the 
lextile Institute, a paper was read on the ‘‘ Coming of 
the Automatic Loom.” As was pointed out in our 
issue of May 28, 1915, page 605, this is an extreme step. 
Briefly, it means throwing out a lot of very useful 
machinery, and installing entirely new looms—that is, 
if the attempt be made—to give completely efficient 
results. There is, however, an intermediate stage 
which manufacturers will undoubtedly consider. By 
installing the new type of winding-machine the number 
of weavers per 100 looms may be materially decreased. 
The explanation is visually apparent from the illus- 
a of two plain loom-shuttles given on page 314 

g. 1). 


These shuttles are the same size, but that on the 





left has been cut away to a ter extent at its 


forward end. The shuttle on the left contains a pirn 
of weft wound on one of the new machines. ‘The 
shuttle on the right contains a cop of weft as taken 
from the self-acting mule in the spinning-room and 
delivered to the weaving-shed. e material in cop 
form, as shown, is largely used in Lancashire. It! 


tance it makes contact with a stop-motion and the 
spindle is sto 

motions are ms 
breakage of a thread. The tensionin 
this machine is somewhat ingenious. { 


» winding, of course, ceasing. Stop- 
provided to come into action on the 
of the yarn in 
: tis effected by 
ing the thread between two highly polished and 
ardened-steel discs, which are 


ressed together b 
will be understood that the shuttle traverses hori-| weights hung on to a lever, the Tater quale =e 
zontally across the loom to lay the weft or filling-| cap soldered to the outer disc. There is sufficient 


thread, and that periodically it becomes exhausted. 
The greater the length of weft-thread the shuttle 
carries the longer will be its working periods. The 
shuttle on the left of Fig. 1, with its re-wound pirn, 
contains 3057 yards of yarn ; that on the right con- 
tains only 1178 yards. In a fabric 36 in. wide, pro- 
duced in two looms, running at the same speed— 
namely, 200 picks or shuttle traverses a minute—the | 
shuttle on the left would become exhausted in approxi- 





lateral movement between the discs to allow of the 
widest range of counts the machine is capable of wind- 
ing ; at the same time the discs are so finely surface 


ground that they will put under tension, in an 


rotative position, the finest silk wound. The discs 
are also partially rotated with every traverse, so as to 
prevent any part of their surfaces becoming nicked by 
wear. In addition to the tension obtained by the 
discs just described, there is a further tension con- 
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mately 15 minutes, while the shuttle on the right would 
be exhausted in just under six minutes. As the weaver’s 
work lies largely in replenishing the loom with weft, by 
adopting the re-wound pirn it has been found possible 
to put one weaver to tend six looms instead of four, 
or a saving of weavers in a 500-loom shed of 41. 
Other advantages accrue from the employment of such 
machines, such as better selvedges, higher production, 
and better quality fabrics, which are solely textile 
considerations. 

The mechanism is of a comparatively a. though 
ingenious, nature. Two distinct classes of machines 
are made: first, those in which the spindle rotates 
and a thread-guide reciprocates ; and, secondly, those 
in which the thread-guide is normally stationary and 
the spindle reciprocates as well as rotates. The 
former type will be described first. 

The machine illustrated in Fig. 2 is known as the 
No. 90 pirn-winder, and is an American machine, 
sold in this country by the International Winding 
Company, of Manchester. It is a simple, but very 
efficient, machine, and has had a large vogue, particu- 
larly in the woollen districts of Yorkshire. Each 
winding-spindle is independent, but the yarn-traverse 
guides are actuated from a common cam and rocking- 
shaft, although separate adjustments can be made to 
effect a greater or less traverse. The gearing of 
two heads is shown in Fig. 3, page 314. The end 

ear-box, common to the whole machine, contains a 

orizontal cam below the lower r-wheel. The 
cam actuates, through the arm or lever C, a rocking- 
shaft A. To the latter a reries of traverse-arms or 
levers B are attached. Each lever is provided 
with a series of holes, in order to permit adjustability 
of the connection between it and the thread-traverse 
guide, and thus secure a greater or less traverse as is 
required. Thespindle D is driven through gearing, as 
shown. The whole of the parts run in oil, and con- 
sequently a very sweet motion is secured. The manner 
in which the pirn is built up is the same in principle 
on all these machines, although the mechanism differs. 
In the present instance the traverse-guide spindle is 
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trolled by a reverse tension-lever, which is operated 
by the traverse-bar, so as to rise and fall between 
the stop-motion lever and an auxiliary lever. The 
purpose of this action is to compensate for the differ- 
ence in tension due to the travel of the guide over the 
differing diameters from the nose to the largest dia- 
meter of the pirn. Thus, when the guide has 
traversed to the nose of the pirn, the reverse tension- 
lever is at the highest position, imparting the most 
tension, and binding the nose of the pirn to prevent 
soft winding ; and when the guide has traversed to the 
base of the pirn, the reverse tension-lever will be at 
its lowest position, imparting the least tension. The 
net result of the operation of this lever is that, com- 
pared with the difference of speed of winding from 
the nose of pirn to the full diameter, the tension is 
equalised throughout the traverses of the guide, thus 
making a pirn of equal solidity throughout, and having 
no tight layers of yarn to disturb other layers in the 
process of weaving. 

The gear-box of a single head of the “ Rapid” 
machine is illustrated in Fig. 4. The machine is of 
Swiss origin, and is sold by the Rapid Pirn- Winding 
Company, Manchester. is is a type of machine 
in which the spindle reciprocates and rotates. The 
spindles are driven by friction through diecs mounted 
outside the gear-box. The top of one such disc can 
be seen in Fig. 4. A series of pulleys, mounted on a 
shaft running the length of the machine, drive the 
spindles through these discs. The motion is trans- 
mitted from the disc shaft to the spindle by gearing. 
The reciprocating or traverse motion of the spindle is 
secured Sees the cam, a portion of which is » rom in 
Fig.4. One particular feature of this mechanism is 
that any single spindle can be run at a speed different 
from its neighbours or from any of the remainder. The 
thread-guide and cop-former A is mounted on the rod 
B, the upper surface of which is cut with a series of 
fine rack-teeth. The spindle passes through the cop- 
former, the details of which are illustrated in Fig. 5. 
On the left is the former and thread-guide complete. 
The former is a cone-shaped piece provided with ball- 





screw-threaded, and a knurled wheel is screwed on to 
it, the latter being attached to or carrying the thread- | 
ide which lays the thread upon the pirn carried | 
y the revolving spindle. As the layers of yarn build | 
up on the pirn they eventually make contact with the | 

knurled wheel and partially rotate it, moving it out- 
wards slong the screwed traverse-rod. The knurled | 
wheel can be clearly seen in Fig. 2at A. When the| 





knurled wheel has been moved a predetermined dis- | 


bearings and rotating easily within its bearing-hole. 
The thread-guide A is of the usual type. A spring 
detent B (Fig. 5) is fitted to the me eg! ne former. As 
the layers of yarn on the pirn make contact with the 
cone-shaped portion it is rotated, and as they build 
up the cop-former is forced outwards slong the rod B, 
Fig. 4, the detent preventing any backward movement 
of the former. The movement continues until the cop- 
former makes contact with a full-pirn stop-motion. One 
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PIRN-WINDING MACHINE WITH ROTATING AND RECIPROCATING SPINDLES. 
CONSTRUCTED BY MESSRS. JOSEPH STUBBS, LIMITED, ENGINEERS, MANCHESTER. 
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very useful application of this type of winding head is 
to take a single spindle with its complementary mecha- 
nism and attach it to the framing of or alongside a 
silk loom, the weaver taking his pirns of material 
from the machine as required. The spindle speed of 
these machines is high, being anything from 2500 to 
4000 revolutions per minute. 

One of the latest types of pirn-winding machines has 
been introduced by Messrs. Joseph Stubbs, Limited, 
Anvcoats, Manchester. It is of the rotating and re- 
ciprocating-spindle type. In the illustration, Fig. 6, 
which is a section through the gear-box, it will be 
seen that the spiniile is reciprocated by means of a 
cam. A distinct improvement has been made in this 
machine by providing a three-throw cam which, in 
combination with a series of cop-formers H of 
different gauges, provides a very wide range of 
traverse and the possibility of dealing with a big 
variety of yarns. The spindle is driven from the 
driving-shaft C, shown in Fig. 9, through the arms D, 
which pass through a collar E on the spindle B. The 
driving-shaft C (Fig. 9) carries a friction-dise K, which 
makes contact with and is driven by the pulley M. 
The motion of the cop former H and the thread-guide I 


is effected as has previously been described—that is, 
by the impin t of the layers of yarn inst the 
interior o! © former. An improvement has, how- 


ever, been secured by the method adopted to prevent 
backward movement of the cop-former. In machines 
in which a rack and deter.t are employed, the move- 
ment is limited to the pitch of the teeth on the rack. 
Further than this, the detent and teeth are liable to 
become worn. In the Stubbs machine the method 
adopted comprises a spring - controlled detent O, 
operating in conjunction with a groove cut in the 
traverse-rod P. Tt will be seen that the detent has a 
cam-shaped engaging face, and owing to the eccen- 
tricity of this engaging face and the spring control, 
while easy movement in a small degree is permitted 
in an outward direction, no such movement is per- 
mitted towards the gear-box. By compressing the 
arm R the whole can readily be slid to ite starting- 
point. Another ingenious improvement relates to the 
method of carrying the cop-former, which, as has been 








stated, is interchangeable. Hitherto the ball-bearings 
have had to be removed with the former; but in the 
Stubbs machine, by employing a bracket having an 
annular recess in combination with a flanged —- 
between which bushing and annular recess the balls 
are carried, this difficulty is got over. A suitable 
clamping device, comprising a split-ring, holds the cop- 
former in position. 

To effect the stoppage of the spindle when a thread 
breaks or becomes exhausted, the thread-guide roller S 
(Fig. 7) is utilised. Normally the th when intact 
supports the thread roller-guide S ina vertical position. 
Ona the thread breaking, the roller-guide and its lever 
T swing, and actuate the plate U, shown in Fig. 7, so 
that it is brought into contact with a collar on the 
reciprocating spindle. The action of the spindle-collar 
impinging against the plate U is to cause the plate- 
lever X to fulcrum and move away from the handle W, 
which is weighted at V, as shown in Fig. 9. The 
handle W being released, the weight V causes it to 
rotate and move the holding detent, or catch, Z away 
from the collar on the shaft C, and allow the spring 
to move the shaft C, so that the friction-disc K 
is removed from contact with the pulley M. The 
same mechanism, with the exception of the thread 
roller-guide, and with the addition of a stop on the 
cop-former rod P, can be utilised to effect the stoppage 
of the spindle when the pirn is completed. 
~in Bo “ — machine, illustrated 

igs. 10 to vier. td is different in many respects 
from those previously described. It is the product of 
Messrs. Duckett Morrison, of Stalybridge, and 
the object sought has been to construct a simple 
machine at a low price. From the line illustration, 
Fig. 10, it will be seen that the spindle A is arranged 
vertically, and the thread-guide traverse-rod B at a 
— angle to the vertical. The spindle A is driven 
indirectly from a tin roller and spindle-band, a common 
method of driving spindles in textile machinery. It 
is also vertically reciprocated. The spindle-band I 
drives the inclined friction-cup J, the latter — 
contact with and driving the friction-dise K, moun 
on the spindle A. The pirn is built up in a special 
manner, involving the employment of a cone D for 





forming the base of the pirn. The thread-guide is 
supported and attached to the knurled wheel E 
threaded on the traverse-rod B. As the layers of 
yarn are wound upon the spindle A, the knurled 
wheel makes contact with them and is slightly 
rotated, moving upwards on the screwed traverse- 
rod B. At the same time the wheel E is forced out- 
wards, and as the rod B can swing from ite upper sup- 
port F, the wheel eventually makes contact with the 
cone D, the inclined face of which effects the forma- 
tion of the base of the pirn. The cone D is set eccen- 
trically on its and by ge it a varying 
degree of cone formation at the base of the pirn can 
be secured. The vertical spindle is reciprocated by 
means of the cam H. é 

The driving-cup or bush J is carried in swing- 
bearings, and is attached to a jaw-lever L. f 

At the upper part of the frame si = trip mechanism 
M supports the thread-guide N. e jaw-lever L and 
the driving-cup J are attached to this trip mechanism. 
Reciprocating catch mechanism is —— to be 
operated from a cam P. Should a thread break, the 
trip mechanism M is actuated and the lever L allowed 
to swing, so that the driving-cup J is moved out of 
contact with the friction dise K ; and as the spindle A 
is raised, the said disc K s into the jaw of the 
lever L, and is held. Similarly when the pirn is 
completed, the knurled wheel comes in contact 
with the catch R, raising it and yy mechanism 
M to effect the of the spindle. Tension ie 
imposed on the thread 8 by passing it between discs 
T, the upper one being removable and replaceable by 
one of heavier or lighter structure to accord with the 
class of yarn being wound. 





New Zeatanp Rattway AccipEents.—The number of 
accidents upon New Zealand railways during the ten 
years ended with 1914 inclusive was as annexed :— 


Year. Accidents. Year. Accidents. 
1905 . 493 1910 741 
1906 529 1911 786 
1907 690 1912 848 
1908 669 «=: 1918 915 
1909 7220-1914 1051 
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THE “CLIMAX” PIRN-WINDING MACHINE. 
CONSTRUCTED BY MESSRS. DUCKETT AND MORRISON, ENGINEERS, STALYBRIDGE. 


(For Description, see Page 323.) 
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Fra, 12. 
COLONIAL the di of in the Town suburbs, the 
a ENGINEERING ofc ol aa, Frede Comimianioner i South Africe has 
Wr give below a few data on several projects, taken | [°¥ {orm & copy Of the report © y Engineer 
, , - | Of Town, which gives details of the scheme, and is 
from + e@ Board of Trade Jowrnal. Further information Se 7 by diagrams and plates. The proposal . 


Converning these j btained from Com- 
mercial Inbelligente Heane rae ~ 


li-street, London, E.C. 


‘ ‘ present outfall at Three 
South Africa: With reference to the new scheme for | the sewage of the remaining suburbs at the 























Fig. tt. 


is, 

: broadly stated, to convey 74 per cent. of the sewage of 
ch, Board of Trade, 73, Basing- Woodstock and 114 per cent. of that of Mowbray to the 
r Bay, and to deal with 


I uding building, motors, pum 
rising main, and approach road), 13,000/.; cub plaaiog 
stations (including und d chambers, motors, 
pumps, and aang aan, 15,6000. ; and extension of sea 
outfall, 12,0001. ‘The office of H.M. Trade Commissioner 
adds + there is little doubt that the scheme will in 
due course receive approval. 


Australia: H.M. Trade Commissioners for Australia 
paste that tenders will be received by the New South 

ales Department of Public Works, up to 2 p.m. on 
November 29, for the supply and delivery of machinery 
for the manufacture of locking-bar pipes at the Govern- 
— Dockyard, ee on _—— including aeooe 
plate-bending presses, hydraulic presses, verti 8, 
and plate-edge planers ; also a set of shears, a guillotine, 
and a 10-cwt. special hammer. Copies of the specification 
and forms of tender may be obtained from the New South 
Wales Department of Public Works, Sydney. Tenders 
for amounts between 500/. and 1000/. must be accompanied 
by a deposit of 10/., whilst for tenders amounting to 1000J. 
and over the deposit is to be 1 per cent. the total 
amount (maximum deposit 500/.). It will be observed 
that the time for the receipt of tenders is limited, and 
this intimation will therefore be of use only to firms 
gm in the Commonwealth who can be instructed 
by cable. 


Portugal : The Diario do Governo, Lisbon, publishes 
a Law — the Government to raise a loan of 
5,000,000 escudos for the execution of port improvement 
works at Lisbon as follow :—Modification of the Alcantara 
dock and construction of the west breakwater of the 
Santos dock, 1,000,000 escudos ; construction of the east 
breakwater of Santos dock ; construction of the third 
section (Santa Apoldnia to the Poco do Bispo), 1,300,000 
escudos; Oustom House, warehouses, &c., 1,100,000 
escudos. [Escudo = about 3s. at current rate of ex. 
change. } 

in: The Gaceta de Madrid notifies that tenders 
will be opened at the Direccién-General de Obras 
Piiblicas, Madrid, on November 12, for the construction 
and working, for a period of 99 years, of a secondary 
railway from Manacor to Artd, in the island of Majorca. 
The cost of construction is estimated at 4,491,265 pesetas 
(about 179,6502.), on which interest not exceeding 5 
cent. per annum will be guaranteed by the State. 
minimum rolling-stock required to work the line will be 
4 locomotives, 13 passenger-coaches, 5 brake-vans, and 
27 ee og An option on the concession is held 
by Rafael Blanes Tolosa. Construction work must 
begun within six months from the date of the award 
of the concession and completed within a iod of two 
years. Although the contract will probably be awarded 
to a Spanish firm, nevertheless the carrying out of the 
works may involve the purchase of materials outside 
Spain. ith reference to the call for tenders for the 
construction of a railway station at Canfranc, on the line 
from Zuera to Olorén, the Gaceta de Madrid notifies that 
the contract has been awarded to Don Vicente Riestra, 
of — at the price of 2,084,000 pesetas (abou 

Brazil: The Diario Oficial, Rio de Janeiro, publishes 
a Decree (No, 11,680) approving reviaed plans and specifi- 
cations presented by the Companbia Mogyana de Estredas 
de Ferro e Navegacio in connection with the construc- 
tion of the railway from Igarapava to Uberaba, involving 
the erection of a bridge over the Rio Grande. The 
estimated cost of the works to be carried out has been 
increased from 4,166,000 milreis to 4,493,537 milreis—i.e., 
from about 214,800/. to 231,700/. at current rate of er- 
change. The Diario also publishes a Decree (No. 11,683 
authorising, on the recommendation of the Ministry o 
Communications and Public Works, a revision of the 
contract entered into with the Theresopolis Railway 
Company in 1911. Under the revised contract, the works 
to be undertaken are as follow:—The construction of an ex- 
tension of the Theresopolis line to Sebastiana, in the State 
of Rio de Janeiro; the reconstruction of the existing line to 
Theresopolis, and its equipment with improved rolling 
stock ; and the improvement of railway facilities in the 
harbour of Piedade, the starting-point of the line to 
Theresopolis. The company is authorised to import from 
abroad material for the construction and equipment of 
the line, but such material will not be exempt from 
import duty. Plans of all the works to be undertaken 
must be presented to the Government for a val within 
six months, and the line must be completed within a 
period of five years from the date of the approval of the 


Siam: With reference to the call for tenders by the 
Siamese Royal Riilway Department (Broad Gauge) for 
the supply and delivery of bogies and frames for rolling- 
stock, the Acting British Consul-General at Bang’ 
reports that the contract in question has been awarded 
to an American firm, whose name, together with the 

ice quoted and other particulars, may be obtained by 
Bai ingdom contractors for railway supplies at the 
Commercial Intelligence Branch. 





Inp1an Harsourns.—At a Conference at Ootacamund 
with » to the Vizagapatam Harbour question, it wae 
SS poet bn aes Ber a 

worked as an integral undertaking 
Bengal-N r Railway P mertrle Plans prepared by 





Sir J. Wolfe Barry were a ved, and it was also agreed 
that working details should be proceeded with at once. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


‘ED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification Drawings is stated 
ae Saortnene ts montonad tha igotdenion ta aah 
from abroad, the Names, éc., 

ven in italics. 
obtained at the Patent Office, Sales 
Chancery-lane, W.C., at 


‘rated, 
Where inventions are 
ovine 
of Specifications may 
6 none Buildings, 
The date of advertisement of the 


Ke ape nf AF = Rates one the 
atent has been sealed, when the date of sealing is given. 
Any perme ee time within two months from the date of 


of a Complete Specification, 
‘ the 
gin nts atthe Patent flr of eppoiton 10 ih grant ef 6 
GUNS AND EXPLOSIVES. 


8016/14, Sir A. T. Dawsonand G. T. Buckham, Lon- 
don. Ordnance: [5 Figs.) March 30, 1914.—This invention 
relates to ordnance of the kind working on the semi-automatic 
principle, in which the empty cartridge is automatically extracted 
and ejected from the breech-chamber during the run-out move- 
ment of the gun after recoil. The ejection of the case is at 
times so violent that it is liable to b lamaged or to damag 

rts of the mounting, and also to injure any of the gun’s crew 

n the vicinity, more especially when the case falls a compara- 
tively great distance, such as may occur when the gun is on a 
mounting in which the magazine is situated a considerable dis- 
tance beneath the gun, and when the latter ie of large calibre 
and the cartridge-case consequently — 4 According to this 
invention, a movable stop-device is provided, which is 80 con- 
structed and arranged that during ejection the cartridge-case 
will come into contact therewith, and thus be prevented from 





Fig.1 





‘B” yd 








becoming completely ejected from the breech-chamber. The 
device can then be displaced into a position to enable the case to 
be removed by band. A is the breech end of the gun. B repre- 
sents the movable stop-device, which, in the example shown, is 
hinged on alongitudinal pivot carried on a bracket B! extending 
rearwardly from the gun-cradle. The forward portion of the stop- 
device carries a buffer b!, controlled by a spring or otherwise, 
which absorbs the shock of inipact of the -case. The 
device is provided with a handle B®, by means of which it can be 
shifted into the position shown by chain-lines (Fig. 2) to enable 
the cartridge-case to be completely removed from the gun. The 
stop-device is so arran; that its weight causes it to assume its 
operative position, or it may be spring-controlled so that it nor- 
mally assumes this ition. The stop-device may have two pro- 
jections b?, (b3 which co rate with a fixed stop b+ to limit the 
maovements of the device into its operative and inoperative posi- 
tions. (Accepted July 7, 1915.) 


607/14. M. F. wey and F. Guhrauer, Dumbarton. 
Deck To o-Tu (7 .) January 9, 1914.—The 
invention re to pivotally-mounted deck torpedo-tubes for 
under- water fi on submarines and the like, of the type in which 
rovision is e for permitting the torpedo to deflected 
laterally during ite emergence from the tube by the resistance of 
the water, and the invention has for its object to provide effective 
means for avoiding damage of the torpedo due to the flow of 
water past the emerging torpedo when firing takes place under 
way at a considerable angle to the vessel’s direction. According 


to the invention, there is vertically pivoted within the 0- 
tube, enlarged to receive it, a secon tube, within which lies 
the torpedo, or the forward portion of it. The tube proper is of 


such shape that the se 'y tube may swing within it on its 
pivots through a horizontal arc adequate for the purpose herein- 
after set forth. Thus, at a determined point in ite travel, the 
emerging torpedo leaving the tube proper is wholly borne by the 

















secondary tube, which, being free to swing upon its pivots, allows 
the emerging to accommodate itself to the flow of water 
by owinging out of the direct path of aim, to which, of course, it 
subsequently returns under the action of its gyroscope. As shown 
in the drawings, the tube 1 is mounted ona turntable 8 
carried in a socket 4 attached to the deck of the submarine. The 
turntable 3 has on it a gear-wheel 5 driven by a 

u end of a shaft 7. (On the other end of the ebatt 7 is a worm. 
wheel 8 gearing with a worm 
Within the tube 1 isa 


1 
ite rearend. For the length of the secondary tube the \o- 
as shown in Fig. 2, so thet bes 


, widened, 
certain amount of freedom to swing about he nivete 13. 


the rear, the tube is cut down to save weight, lea 
only an wpe uipiee 51, which extends cereale ~ 





forward end of the circular part of the torpedo-tube 1. To prevent 
leakage past the pivots 13 a ball-and-socket joint is 
in the mouth of the tube 1. The mouth of the tube 1 is by 
a lid 14, which has a valve-controlled water-connection 17 ex- 
cong ee the ship. The lid is moved to or from the mouth 
of the tube 1 by means of a link 15 actuated by gear 16 from 
within the ship. During this movement the lid 14 turns on a 
hinged joint 27 in the water-connection 17. Through the upper- 
most pivot 13 is a passage 24, closed by a check-valve, and com- 
municating with the tube 1 by means of a passage 26. From the 
forward end of the tube 1 an air-tube 18 communicates with a 
valve 20 inside the ship through a passage in the turntable 3, and 
from the after end another air-tube 21 communicates with a 
similar valve 23 through a passage in the turntable 3. In 
oan, the secondary tube 2 is filled with water from inside 
e ship through the lid 14 and the connection 17, the dis- 
placed air finding its way out through the passage 24, the check- 
valve, and the 26, followed by the water which has now 
filled the tube 2. is water passes into the tube 1, which is 
then also flooded. The —- air from the tube 1 escapes by 
the tubes 18 and 21 to the inside of the ~ ; or the operation of 
flooding the tubes may be reversed—that the water may be 
admitted by the tubes 18, 21, and the air discharged through the 
connection 17. The lid 14 is then withdrawn from the mouth of 
the tube by means of ——— 16. The torpedo is then ready to 
be fired, and is maneu into position by means of the motor 10 
operating the gear-wheel 5 on the turntable 3 through the worm- 
gearing and een 6 onthe shaft 7. The torpedo is then fired 
yy any convenient wn form of mechanism which ensures that the 
tee: of the to is started a certain predeterminate time 
fore the actual firing takes place. The torpedo as it emerges 
travels in the line of the tube so | as it remains in the narrow 
portion of the tube 1, but immediately it is borne —— the 
secondary tube 2, it and that tube are free to swing about the 
pivots 13, and so accommodate themselves to the pressure of 
the water flowing tt the mouth of the tube by swinging out of 
the direct path of aim, to which it, of course, subsequently returns 
under the action of its gyroscope. The water in the torpedo-tube 
1, of course, controls the swing of the secondary tube 2; but, if 
desired, two small hydraulic braking-cylinders of usual form may 
be fitted, one on each side of the to o-tube 1, to assist the 
water in cushioning the swing of the secondary tube 2. (Accepted 
June 30, 1915.) 


MOTOR ROAD VEHICLES. ° 


16,207/14._ Nicholls and Clarke, Limited, and P. 8. 
N lis, London. Automobile Screens. [4 Figs.) 
July 7, 1914.-This invention concerns improvements in and 
relating to covering means for apertures in door and window 
panes, automobile screens, or the like. According to this inven- 
tion, a pivoted cover is held in the closed position by areadily and 
instantly releasable catch, which, when released, allows the cover 
to fall away from the aperture, and which is of such a nature that 
when the cover is returned from an a to the closed position 
over the aperture, it will be automatically pees and held by 
the catch device. The cover is preferably made o gine, but may 
be made of any suitable tr t material. e screen or 
pane a has formed therein a circular or other opening »b, and 
the cover ¢ consists of a disc or piece of glass which, for a circular 

ning, may be of approximately the pear shape illustrated. 

e cover is pivotally attached to the screen or pane a by 
means of a stud d passing through the cover c and through the 
sereen or pane a toone side of the opening b. Attached to the 
screen or e a on the side of the opening }, 0 te to the 
ivot d, isa spring-catch device, comprising a stud or bracket ¢ 

ed by its base-plate f to the screen or pane a, and carryirg a 
pivoted lever g, one end h of which is suitably formed as a catch- 
piece, and is pressed towards the screen or pane by means of a small 
spring j arranged bet the ite end of the lever g and the 


Fig.t. 
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base f of the bracket. The lever g is of a length and form con- 
venient for depression by the finger of the operator, in order to 
release the catch-piece h by moving the latter outwards away from 
the cover c. The free end of the pivoted cover is formed with 
a notch or depression k, so formed and situated as to be 
engaged by the spring-catch when the cover is over the open- 
ning | in the screen or pane, as shown in the drawing. The 
perl ral portion of the cover is Bg ny formed with an 
ocline or chamfer / running from notch k& for a short dis- 
tance at the upper side, or, if desired, at the upper and lo 
sides of said notch to facilitate the self ment of the spring- 
catch h therewith. In use, when it is desired to uncover the 
ye in the screen or pane, it is merely necessary to raise 
catch h by depressing the free end of the lever g with the 
finger, when the cover c will turn about its pivotal con- 
nection d, falling by gravity to a position in which it uncovers 
the ope: in the screen or pane, as indicated by dotted lines 
in Fig. 1. it is desired to again cover the opening } in the 
screen or pane a, the free end of the cover c is 
a the chamfered or inclined peripheral ion 
cover will engage the part A of the spring-catch, and push the 
part h out away from the screen or pane a until it is opposite 
the notch of depression k, whereupon the spring, j, acting on the 
lever 4, will cause the part A to enter the notch &, and secure the 
cover in position over the opening. (Accepted July 15, 1915). 


PRINTING AND ALLIED MACHINERY. 


429/14. Linotype and Machine: Ltd, London, 

H Pearce, T. R. G. Parker. and ¥. W. t, 
ting-Presses. (2 Figs.) November 12, 

1914.—This invention relates to devices for straining or stretch- 
ing flexi! ble to the 





forme-cylinders of printing-presses, and is an improvement in or 
modification of Chal desnived in Specification No. 11,251, of 1912. 
According to this invention, the edge of the sheet 10 is secured to 





the outer face 33 of the body 5, which face is at only a slight 

the adjacent portion of the curved outer surface of the 
mounting-block 1, and the jaw 34, which clamps the sheet to the 
body, is formed so that its outer surface 35 does not project 


out’ as far as the printing surface of the sheet. The hody 5 
is piv to the mounting-block 1 by means of trunnion-blocks 3, 
wi are secured by bolts 2 to the mounting-block, and the 


trunnions 4 of these blocks 3 enter recesses in the ends of the 
body 5. The jaws 84 are integral with bolts 36, or form the heads 
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of those bolts, and these latter penetrate the body 5, as shown in 
dotted lines, and have threaded thereon nuts 37 by which the 
jaws can be tightened upon the sheet 10. After the sheet, by the 
just-named means, has been clam between the jaws 34 and the 
7 5, the sheet can be strained or stretched over the surface 
of the mounting-block 1 by tightening the nuts 22 on the studs 21. 
The inclination of the face 33 of the body 5, on to which the sheet ig 
clamped, is so slight that the mere tightening of the jaws 34 on 
to the sheet 10 suffices to bend the latter on to it without any 
special effort on the part of the operator (Accepted July 7, 1915.) 


RAILWAYS AND TRAMWAYS. 


7589/14. J. Stone and Co., Limited, Deptford, and 
er, kheath. ‘Train-Lighting. [4 Figs.) 

March 25, 1914.—This invention mye ym improvements in and 
connected with electrical systems of train-lighting. According 
to this invention, in an electrical system of train-lighting com. 
eevee J a self-regulating variable-speed interpole dynamo, a 
attery, and a lighting circuit, the interpole windings of the 
dynamo are connec across a resistance in the lighting circuit 
whereby the action of the interpoles is made dependent upon the 
strength of the current in the lighting current, irrespective of 
the strength of current in the battery circuit, and the output is 
automatically adjusted in accordance with the demand in the 
ligh circuit. ais the armature of the dynamo, the latter being 
conveniently constructed with two main poles ) and two regu- 
lating poles or interpoles c. d is the positive brush connected with 
the positive main ¢, and d! is the negative brush connected with 
the negative main /. Any suitable automatic reversing or pole- 
changing switch may be employed, as is usual in train-lighting 
systems, for preserving the polarity when the direction of running 
is reversed. self regulation of the dynamo during variation 
of speed is preferably brought about by using, in known manner, 
a third brush g, between which and one of the brushes d are con- 
nected the main field-windings h. It is preferred to connect 
in series with these windings an adjustable resistance j, which 
may be varied by a hand-lever or the like, or in some cases may 
be automatically varied _ & solenoid connected, for example, 
across the battery. It is also preferred to connect the winding h 
to the opposite brush d! through an —— resistance k, and 
this resistance also may be varied by d-operated means, or 
automatically, as desired. The resistance j and k may, if desired, 
be wound on the main poles of the dynamo. The windings / for 
the interpoles c are shown removed for sake of clearness, and the 
terminals thereof are connected across a resistance m in the 
conductor 7 leading to the lighting circuits, which conductor n 
branches from the positive main ¢, the latter being connected to 
the positive pole of the battery 0. Upon reversal of direction of 
running, the main poles } retain their polarity, whereas the 
polarity of the interpoles c is required to reverse. For this reason 















































the terminals of the interpole windings / are connected with the 
terminals of the resistance m through the medium of an auto- 
matic reversing-switch, which may be the main reversing-switch 
above referred to, or any other suitable reversing-switch. There- 
fore, in one direction of running, the windings / will be connected 
across the resistance m,as shown in full lines, and in the opposite 
direction of running the windings / will be connected as indicated 
by the dotted lines. The lighting circuit which includes the lamps 
SS es main lighting-switch ¢, and each lamp or set of 
is controlled by its respective switch r. It is preferred to 

em a main-circuit switch’s, which is operated automatically 
in a manner that it is closed only when the voltage of the 
dynamo has reached a predetermined value. This is conveniently 
———— in known manner by means of a solenoid ¢ having 
ite winding connected across the terminals of the dynamo, 
the solenoid being so designed that it only sucks up its core and 
closes ite switch s when the desired voltage existe at ite termi- 
nals. The solenoid may also comprise a series-winding uv, which 
is inserted in the main e between the point at which the con- 
ductor n branches and the positive — of the battery °, 
so that the winding u assistg the winding ¢ in holding up the 
core v so long as the dynamo supplies current to the battery 0 
Immediately the and voltage of the dynamo decrease 
to such an extent that the battery o supplies current to the 
lamps p, the direction of the current flow the winding « is 
reversed and fu r weakens or de-magnetises the solenoid, 
which is already weakened owing to the decreased voltage 
applied to its winding ¢, so that the core v drops qitickly and 
opens the in Swi 8. When the dynamo no longer supplies 
current to the lamps, and the latter are being supplied exclu- 
battery o, it is desirable that the value of the 
resistance m should be reduced in order that the same voltage 
may be applied to the lamp terminals as when the dynamo was 
the source of current supply: For this purpose a small resist- 
ance w, or a conductor having a suitable resistance, is connecté 
resistance m. The lower terminals of the 
m are connected with switch terminals z which 
on the core v when the latter falls 

opens the main circujt-switch s. (Accepted July 7, 1914.) 
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ST. LAWRENCE WIRE-ROPE WORKS, 
NEWCASTLE-ON-TYNE. 
(Concluded from page 278.) 

Fic. 49 is a typical cross-section of one of the 
complete frames through which all loads are trans- 
mitted to the ground, the section being taken near 
the old works, and showing the ferro - concrete 
construction for one of the weighing-machines by 
the loading-dock. For convenient comparison we 
give in Fig. 55 a part section through the cur- 
tain-wall between the main columns in the St. 
Lawrence-road side of the building. The roof 


St. Lawrence-road wall. The arrangement of the 


are supported at intervals of 22 ft. 8 in. by the 
gallery columns, and, in addition to carrying one 
rail of the crane-track, they have to take part of 
the gallery loads. These girders are 14 in. wide 
by 63 in. deep, and they are disposed so that the 
upper part forms a curb for the gallery floor. 
Figs. 56 and 57 show the construction. 

Beams B are generally 11 ft. 4 in. long from centre 
to centre of the wall columns, but owing to door- 
openings some of the spans are somewhat longer 
than 15 ft. Their transverse dimensions are 12 in. 





















beams is clearly indicated in Fig. 49. Beams A/d 


of ample proportions and strongly reinforced by 
— bars, as shown in the section. 
ig. 61 is a section re nting the beams and 
slab constituting the gallery floor, which, being in 
accordance with Hennebique standard practice, 
uires no detailed comment. 
fore leaving the gallery, we may direct atten- 
tion to the ferro-concrete wire-sto bins con- 
structed monolithic with the floor and side wall, as 
illustrated in Figs. 62 to 65, which contain full 
details of this novel use for ferro-concrete. 
Fig. 63, page 329, is a sectional elevation of the 
outbuilding, with details of the staircase affording 
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trusses consist simply of a tie-beam, and the two 
principal rafters joined by five vertical struts, 
which offer sufficient resistance to transverse 
stresses, diagonals having been omitted in order to 
obviate complicated joints. The drawing shows 
that special care has been taken to ensure trans- 
verse rigidity by bracketing the concrete at the 
strut connections, and that all such joints are 
amply reinforced by diagonal bars. The roof 
trusses are connected longitudinally by four 
purlins and a ridge-piece (see Fig. 49) the inter- 
Vening spaces being filled by glazing on the Penny- 
cook system. Details of the ook are shown in 
Figs. 50 to 54. 
An interesting feature of the new building is the 
gantry constructed for the overhead crane running 
from end to end of the shop. Figs. 56 to 60, 
page 328, include longitudinal and cross-sections of 
the gantry girders, those of type A being along the 
edge of the gallery, and those of type B along the 


wide by 30 in. deep in the case of 11-ft. 4-in. spans, 
and 12 in. wide by 32 in. deep for longer spans 
(Figs. 58 to 60). The reinforcement is disposed 
as customary in the Hennebique system, but with 
the important deviation that the ends of the 
upper bars are stopped short of the vertical centre 
line of the supporting columns, a modification 
rendered n the requirement of the 
engineer that the girders should be constructed so 
as to act quite independently of adjoining spans, 
the object being to obviate the possibility of 
reverse stresses such as occur in continuous beams. 
This end was attained during the moulding of the 
girders by placing a thin diaphragm on the axial 
plane of each column down to the neutral axis of 
each girder, thus separating the concrete over the 

int of support. To make sure that there would 
& sufficient and ample shearing resistance for the 
girders, and to get as much in front of the column 
as possible, the column connections were designed 














: e1°9~ 

means of access from the gallery to the upper floor 
of that building, details of the stairways connecting 
the gallery and eye floor of the main building 
being given in Figs. 67 to 70. These views are 
self-explanatory, and so need no comment. 

From the drawings reproduced as illustrations to 
this article it will A seen that the design of the 
building was such as to lend itself admirably to the 
economical execution of ferro-concrete work. Owing 
to the standardised dimensions of the main frames 
and the members generally, the cost of moulds and 
other timbering was reduced to a minimum. At 
the same time the preparation of reinforcement and 
the moulding of the various members being repeti- 
tion work enabled the contractors to effect im- 
portant savings in other directions. 

It should be noted that the principle of standard- 
isation was applied throughout the building as far 
as possible, the exceptions being of comparativel 
insignificant extent. This aspect of reinfo 
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concrete design is one that may be speciall 
mended to engineers and manufacturers who con- 
template the adoption of the new structural mate- 
rial for workshops and industrial buildings, where 
— utility, and the avoidance of unnecessary 
outlay are primary considerations. 

Work on the main building was commenced by 
Messrs. Brims and Co., the contractors, on March 3, 
1909, the retaining- wall being then con- 
structed, and completed on November 12, in the 
same year. The engineer, Mr. J. Mitchell Mon- 
crieff, M. Inst. C.E., was represented on the works 
by Mr. J. M. Rounthwaite, .Sc., A.M. Inst. C.E., 
as resident engineer. 

The concrete, where reinforced, was mixed in the 
proportions of 6 owt. Portland cement, 134 cub. ft. 

amy and 27 cub. ft. screened gravel, other con- 
ane being in the proportions of 1:2:4. The gravel 
was broken and screened to the specified size by a 
Blake-Marsden stone-breaker, and the concrete 
was prepared in rotary mixers driven by a 15-horse- 
power electric motor. For construction purposes, 
a timber gantry was erected from end to end of 
the building site, and by the aid of a steam-hoist, 
bogies, and a travelling crane, the concrete was 
conveyed to all parts of the superstructure with 
ease and rapidity. 

The new workshop has been designedand equipped 
with the object of providing in the most efficient 
manner for the economical production of wire ropes 
of every type and of exceptional weight. Theshop 
is probably the most completely equipped establish- 
ment of its kind in the esentep, the machinery and 
plant having been disposed so as to facilitate the 
conduct of the successive operations involved in 
the art of wire-rope manufacture. 


com- 





THE IRON AND STEEL INSTITUTE. 

In our issue of last week, on page 314, we reported 
the opening proceedings at the meeting of the Iron 
and Steel Institute, which took place on Septem- 
ber 23 and 24. After a discussion on an alteration 
of the bye-laws, the first paper taken on Thursday, 
September 23, was one contributed by Professor 
C. A. Edwards, D.Sc., and H. Kikkawa, of Man- 
chester University. It was entitled 


Tae Errect or CHROMIUM AND TUNGSTEN UPON 
THE HARDENING AND TEMPERING OF HicH-Sprep 
Toot-STek.. 


It was read in abstract by Professor Edwards, and | te 
we reproduce it in full on page 349 of our present | to 

issue. 
The discussion was opened by Professor H. C. H. 
Carpenter, who stated that the paper was one of 
t interest and value. He reminded the mem- 


rs that he (the speaker) had worked in this same 
field, et pe a paper to the July 








on ‘* Tempering and Cutting Tests 


meeting of 1 
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of High-Speed Steels.”* Lateron Mr. F. W. Taylor | 


read a paper on ‘The Art of Cutting Metals” 
before the American Society of Mechanical Engi- 
neers, and he (Professor Carpenter) entered into 
correspondence with Mr. Taylor regarding the 
results which both had attained. As Professor 
Edwards had remarked, the results hitherto 
achieved had only reached a certain point, and were 
inconclusive. He (the speaker) had relied exclu- 
sively on structural changes, but the present authors 
had added hardness tests, and these had explained 
many further points. He added that the authors 
had abundantly explained the cause of the secon- 
dary hardening on heating to temperatures of 


about 600 deg. Cent., although the hardness tests | preci 


were not catried out at the actual temperatures 
alluded to in the temperature experiments, but 
= specimens which had been heated at those 
rey Sayes een for a certain period and then cooled 

e ordinary temperatures. He very much re- 
= that, owing to his untimely death, Mr. 
ylor could not see the results obtained by the 
authors, for these results would have given him 
exactly the information he wanted. Professor 
Carpenter said he had looked up the dated con- 


* See ‘Minin nm Iexxii. +» page 300. 











tributed by Professor Edwards to the Institute in 
1908, on ‘‘ The Function of Chromium and Tung- 
sten in High-Speed Tool-Steel,”* in which there was 
given a heating curve, No. 9, which he (the 
speaker) reproduced on the blackboard. The 
curve bent to the right to about 470 deg. Cent., 
and continued in the same direction to about 615 
deg. Cent., this being the best temperature for 
the secondary hardening. It represented a slow 
change occurring in the steels, which was accom- 
panied by a gradual evolution of heat. Then the 
curve bent to the left from 615 deg. to 780 deg. 
Cent., where the authors had found that the 
softening which occurred was due to the —. 
itation of the carbides from the solution. He 
would like the authors to explain both the chemical 
and physical occurrences, which in the curve he 
alluded to gave rise to the slight break between the 
two critical points, 780 deg. and 840 deg. Cent. 
The authors had stated that, contrary to the 
opinion which had been held by some workers, it 
was now unquestionable that the element chromium 
imparted to steel the property of self-hardening by 
cooling in air from high temperatures. He thought 
that the authors nin have had him (the apeaker) 








* See ENGINEERING, vol. Ixxxv., page 717. 
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peratures and structures, and by this much more 
would be learnt than by looking into the effect of 
a minute percentage of nitrogen. He (Sir Robert) 
would like the author to remove from his contri- 
bution his statements to the effect that aluminium 
and silicon caused detrimental effects, for hitherto 
these have been considered most useful items. 

Dr. Stead here added to his former, remarks that 
metallurgists were looking for truth; if Sir 
Robert was right in his view, it was well to estab- 
lish that as fact, whilst if others, such as Mr. 
Stromeyer, had found that nitrogen had a harmful 
effect on finished steel, it was best to seek means 
to eliminate nitrogen. He (the speaker) added 
that Mr. Andrews had carried out most important 
pioneer research work in connection with the 
presence of nitrogen in steel. 

Mr. E. H. Saniter found the author had done good 
work, as far as it went, from the laboratory point 
of view, and it would be well to connect it with 
steel-making in actual practice. It was certainly 
most striking to find it stated that, by adding man- 
ganese, aluminium, and silicon to steel, one was 
bound to spoil it, and it was this statement that 
dissociated the author’s researches from actual 
practical work. A good Bessemer heat gave steel 
as good as open-hearth steel. 

On the motion of the Chairman, the author was 
awarded a hearty vote of thanks for his paper. 


Tue New PRESIDENT. 


On the members reassembling last Friday fore- 
noon, the 24th ult., Mr. George Ainsworth, Vice- 
President, —— the chair, in the absence of 
Dr. Cooper. e announced that Sir William 
Beardmore, Bart., had been nominated the next 
President of the Institute, a position which he 
had accepted. Owing to this, Mr. Illtyd Williams 
had consented to act as Honorary Treasurer of the 
Institute, in the place of Sir William. 


Nore ON THE CARBURISATION OF IRON at Low 
TEMPERATURES IN Biast-FurRNACcE Gases. 


The first paper taken on Friday was the one 
having the above title. It was read in abstract by 
the author, Mr. T. H. Byrom. He explained that, 
towards the end of 1912, and during the process 
of cleaning and repairing tubes conveying blast-fur- 
nace gases, his attention was called to an extremely 
brittle plate which had been removed from the 
tubes. It was found that this had been taken out 
of the centre of what was originally a soft-steel 
sheet, ,; in. thick, which had been placed in the 
flue to direct the stream of gas through a dust- 
catcher. The author examined this plate thoroughly 
in conjunction with Dr. Stead, and his paper, 
which we reproduce on page 352, gives most 
interesting information regarding the action of the 
gases on the metal of the plate. 

The discussion was opened by Dr. Stead, who said 
that after the discussion of the previous day on the 
formation of nitrides of iron in iron itself, it was in- 
teresting to observe that a deposition—a formation 
of a compound of a similar order—had occurred in 
the instance put forward by theauthor. The nitrides 
of iron had been found to be formed on the outside, 
then there was a deposition of nitrides at the 
junction of the crystals, and then at the cleavages 
of the crystals; this was also what occurred in the 
author’s case, and was illustrated in the micro- 
sections given in the paper. He (the speaker), as 
explained in the paper, had taken a bar of ‘* Armco” 
iron, and placed it in the flue of a blast-furnace 
making ferro-manganese. The outer layer, as 
shown by a sketch he drew on the blackboard, was 
carbide of iron, spongy, and on striking the bar, 
the outer layers broke away, and the inner part 
was found not to be carburised to such an extent 
as the outer part. The central core was practically 
intact. Carbides of iron could not be formed outside 
of the iron without expansion taking place, and the 
outside separated away naturally from the bar iteelf. 
He was very pleased that the matter had been 
brought before the Institute. 

A speaker whose name could not be heard said 
that his experience had been gained with bells at 
blast-furnace tops. He had found it difficult to 
devise arrangements for these using double bells, 


and had not succeeded in making them last, owing 
to the action of the gases. He asked whether the 
9.45 per cent. of carbon mentioned by the author 
48 the content of his plate had entirely combined 
with the iron, and whether the iron had main- 
The presence of 
author, was very 


tained its metallic character. 
sulphides, mentioned by the 





interesting, and these had an action in destroying 
iron work ex to gases. 

Mr. E. H. Saniter thanked the author for his 
contribution. He (the speaker) had done a large 
amount of work in connection with Fe,C, and had 
never been able to obtain it in the mass. It was 
very interesting to observe that at the definite tem- 
peratures given the author had been able to get 
masses of Fe,C. In regard to the bells at furnace 
tops, the temperature ruling there was much 
higher than that in the flues, and on them there 
would be no formation of Fe,C: The bells, also, 
would not be subject to the influence of sulphides, 
for these should not come out at blast-furnace tops, 
but at the bottom, and through the slag notch. 

Professor Carpenter, who followed, found the 
facts given in the paper to be of very high im- 
portance and value, since it showed that mild steel 
exposed to the action of blast-furnace gases at tem- 
peratures of from 550 deg. to 650 deg. Cent. could 
in time be entirely converted into carbides. The 
carbides formed in the mild steel were not the same 
as those formed in electrolytic steel. He asked 
whether the carbon contents given by the author 
as having been found in his carbonised plate after 
analysis were combined carbon. [The author 
replied in the affirmative.| In the first case cited 
by the author, the carbide contained more carbon 
than corresponded to Fe,C. Professor Campbell, 
of New York, had pointed out the existence of Fe,(, 
and Mr. Upton had introduced this into his dia- 
gram. He(the speaker) asked what was the precise 
action between the iron and the carbon monoxide 
at the temperatures given in the paper ; he pointed 
out that there were various carbonyls, and the tem. 
peratures at which carbides were formed were higher 
than those at which carbonyls could exist. The 
carbide of iron was formed in situ. and there was 
no dissociation. He asked Dr. Stead how the 
microphotographs were prepared, for the dark 
parts were pure iron, and it was unusual to obtain 
the iron as black as was shown in the microphoto-. 
graphs given in the paper. He (the speaker) thought 
the author’s equation was not quite correct ; the 
said equation: (Fe, + (CO)n = Fe,C + (CO)n + 
(CO,)n ) should no doubt read Fe, + (CO)n = Fe,C 
+C00, + (n—2)(CO). The paper had a great prac- 
tical value, but its theoretical importance would 
probably be greater still. Guertler had stated that 
iron carbide was metastable at all temperatures. 
If the author’s experiments were right, and if it 
were confirmed that iron carbide proceeded directly 
from iron and carbon monoxide, and could exist for 
several years, then it could not be alleged that it 
was metastable. Iron carbide should, on the con- 
trary, be regarded as the stable phase, and this 
point, which required elucidation, proved the great 
importance of the paper from the theoretical 

int of view. 

Dr. Hatfield, who followed, referred to a paper 
which he read before the Royal Society in 1910, in 
which he said that with regard to the percentage of 
carbon it was possible to introduce, Saniter intro- 
duced 2.9 per cent., whilst C y, confirming 
Marguerite’s observations, introduced 6.72 per cent., 
Charpy using potassium cyanide and a temperature 
of 650 deg. Cent. In cementing bars of commercial 
sizes, it was impossible by means of charcoal to 
introduce more than an average percentage of 1.8 
to 1.9 per cent. of carbon at the temperatures 
employed. It would seem from present experi- 
mental data to hand that iron enthide (Fe,C) was 
synthetically produced at low temperatures when 
iron and carbon or some of its compounds were in 
contact, and it would be found, on examining the 
experimental data of the recorded instances of 
high percentages of carburising, that they had all 
been performed on finely-divided iron, very fine wire, 
or drillings. If an attempt was made to cement 
bar iron—say, 3 in. by 4 in.—a very different set 
of conditions would be found ; the iron and carbon 
in contact produced the carbide, but it was not 
until the temperatures at which diffusion took place 
were reached that carburisation could penetrate to 
the interior. Before the carbon could diffuse, the 
carbide must be in solution in the iron, and hence 
the degree to which the interior could be carburised 
was controlled by the solubility of thecarbide. This 
solubility rose with the temperature, but at the tem- 
peratures normally employed, it seemed not to exceed 
1.60 per cent. of carbon, even if Benedick’s theory, 
elaborated by Howe, was taken into consideration. 

That was the position five years ago in regard to 
cementation, and he (the speaker) recognised the 
importance of the author’s bringing forward the 








fact that iron was entirely converted into carbide 
of iron. It was difficult at first glance to see why 
this should be so, but an explanation was given in 
the paper. 

The author had suggested that the carburisin 
gas passed most readily between the crystals, at 
less so along the cleavages ; but he (the speaker) 
thought this was hardly the case; for if carbon 
monoxide were permeating through, there was no 
evidence to show that it was passing between the 
crystals. If amorphous iron existed between the 
crystals, the carbon monoxide might select that 
path rather than the crystals; but the question 
was one which dealt with the molecular condition 
of the various portions of the mass. 

Dr. W. Rosenhain, who next spoke, agreed with 
the previous speakers as to the interest of the 
pes and its practical and theoretical importance. 

e did not, however, entirely follow fessor 
Carpenter in regard to the theoretical interpre- 
tation to be put upon the results. Thus Professor 
Carpenter had regarded the persistence of the 
carbide formed in these experiments ‘for a long 
time ” as evidence that this carbide was not meta- 
stable. Now time did not enter into the question 
of metastability at all; thus glass, which was 
admittedly in a metastable condition, had remained 
unaltered since Roman times, while bronze tools 
found in the Egyptian pyramids still showed thetruly 
metastable ‘‘ coring” of solid solutions. The true 
criterion whether a substance was or was not meta- 
stable in given conditions was whether it could 
or could not be freshly formed in those condi- 
tions. Mr. Byrom’s results, however, did not decide 
this point, since his carbide had been formed in a 
relatively complex environment, in which the con- 
ditions of phase stability might be, and probably 
were, completely different—owing to the presence 
of a number of other components—from what they 
were in the binary system iron-carbon.. If it were 
shown that iron and pure carbon, or carbon mon- 
oxide, combined at these relatively low tempera- 
tures to form iron carbide, that would serve to 
settle the question ; but Dr. Rosenhain believed 
that they would not combine. In fact, he thought 
that result had actually been obtained by Giolitti 
and his collaborators. The question whether iron 
carbide was really metastable in the lower portion 
of the iron-carbon equilibrium diagram was not, 
therefore, settled by Mr. Byrom’s paper. 

Dr. Stead had already drawn attention to the 
manner in which both the nitride described in one 
of the other papers and the carbide referred to in 
the present paper were found along the crystal 
boundaries and in the cleavages of the iron crystals. 
It was, perhaps, worth noting that these cleavages 
were not outlined as continuous lines, but as 
**dotted” or discontinuous lines. Dr. Hatfield 
had already indicated how amply this phenomenon 
was explained on the ‘‘ amorphous cement” ae 
but the explanation afforded went even a little 
further than Dr. Hatfield had carried it. If 
the existence of an intercrystalline layer of amor- 
phous metal were assumed, then the material 
of that layer would be practically in the liquid 
phase—i e., an undercooled liquid—and not only 
the gases, but also iron carbide would be soluble in 
it, and could pass along the boundaries by diffu- 
sion. As regards the cleavages also, since the 
metal used in the experiments had been worked, 
slip had taken place upon those cleavages, and 
traces of the amorphous layers thus formed might 
well be left behind to serve as vehicles for the 
transmission of the carbide. This was another 
example of the way in which the most unexpected 
phenomena were found to ‘fit in” very readily 
with the ‘‘amorphous cement” hypothesis. 

Mr. T. H. Byrom, in replying to the discussion, 
said he was pleased that his paper had led to such 
an interesting discussion. n regard to blast- 
furnace bells, he’ had noticed on many occasions 
that nodular growths formed on them, which ulti- 
mately led to their destruction through rottennees 
supervening ; but in their case it was not so much 
the formation of carbides which took place as oxida- 
tion, and the deposition of graphitic carbon. The 

wth, he repeated, was nodular and irregular. 
fie had been asked whether the carbon was all 
combined carbon; he replied in the affirmative ; 
but to the question as to whether the plate re- 
tained its metallic character, he replied negatively. 
The material had become very hard and very brittle, 
and could be crushed. In regard to the action of 
sulphur, he (the author) had ascertained that there 
was a decided action due to that substance, and had 
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found free sulphur deposited from blast-furnace 
gases. Manganese did not eliminate all the sulphur. 
This tended to prove, the author was understood to 
say, that there was the possibility of an action by 
&@ compound such as carbon-oxy-sulphide. The 
compound in question needed further looking into. 
In regard to Professor mter’s remarks, the 
author said that they had opened out a larger field 
than he had anticipated when he had started writing 
his paper. With reference to Dr. Hatfield’s quota- 
tion, this applied to the cementation process, 
where long heating took place at high tempera- 
tures. In this process the carbon was at first solid, 
though, it was true, carbon monoxide was ulti- 
mately produced ; matters were different when the 
metal was exposed to the influence of blast-furnace 


gases. 

In reply to the query by Professor Carpenter 
in the matter of the micropho phs, Dr. Stead 
stated that the black parts showing the pure iron 
could be obtained by heat treatment or by cupric 
reaction ; the views in the paper were obtained by 
heat-treatment. 

On the motion of the Chairman, Mr. George 
Ainsworth, the author received a h vote of 
thanks for his paper. Mr. Ainsworth added that 
when this paper was first put before him he found it 
excellent, but he did not realise at the time that it 
would excite the deep interest which had been 
manifested at the meeting. 


PxrospHorvus In [Ron anp STEEL. 


The next paper taken was that having the above 
title, by Dr. W. H. Hatfield. It was read in 
abstract by the author, who entered into the de- 
tails of a number of experiments which he carried 
out with a series of high-carbon alloys (white irons) 
in which all the elements were in constant propor- 
tion, with the exception of the phosphorus. He 
also commented upon the copper-depositing re- 
agents. The experiments he made led him to 
conclude that phosphorus may be present u 
to 0.20 per cent. in such alloys as Sen whic 
formed the subject of the experiments without 
unduly modifying the physical properties of the 
heat-treated material. It woul appear that a 
percentage of about 0.25 per cent. of phosphorus 
was necessary in the heat-treated condition before 
free phosphide was microscopically observable. A 
consideration of the experiments made it clear that 
this percentage was the maximum that could be 
taken into solution in an iron-carbon alloy in the 
region from Ar 1 to 900 deg. Cent. when an excess 
of carbon was present. 

It was not considered as yet proved that when 
the pearlite-carbide came out of solution the phos- 
phide remained in solution. The experiments 
pointed to the necessity of studying the thermal 
phenomena of both the binary (iron and phos- 
phorus) and ternary (iron, phosphorus, and carbon) 
systems in the lower ranges of teinperature. The 
distribution and condition of phosphide in steels 
was still o to careful consideration, and it was 
suggested by the author that local high phosphorus 
would be associated with the areas richer in pearlite 
a than in those where the ferrite predomi- 
nated. 

— reagents such as those of Dr. Stead and 
Dr. Rosenhain should be used with very great 
care and discrimination, since other factors than 
local high phosphorus might prevent local deposi- 
tion. 

In any consideration of the results obtained from 
the experiments the anese and silicon contents 
of the alloys should not be overlooked. 

Dr. W. Rosenhain, who opened the discussion, 
began by criticising the author’s statement that 
“the exact position of the liquidus and solidus 
curves (of the iron-carbon system) was not yet 
exactly marked out.” Such a statement, if left 
unqualified, was liable to be very misleading, since 
for most purposes these lines were known with 
amply sufficient accuracy. Such doubt as did exist 
about them did not at all justify Dr. Hatfield’s 
somewhat vague speculations as to what took place 
during the solidification of an alloy containing 
relatively small proportions of phosphorus. There 
was no ground at all for supposing, as Dr. Hatfield 
did, that the small quantities of phosphide would 
remain in solid solution during the y range, and 


would then fall out along with the pearlite. The 
process of solidification of a solid solution was 
perfectly well known and understood. i 


peripheries, but the rapid diffusion of the carbide 
would neutralise this so far as the carbide was 
concerned, but not for the phosphide, and the 
latter would certainly not have time to diffuse 
uniformly during the subsequent cooling. This 
alone would prevent any subsequent concentration 
of the phosphide during the deposition of the 
ferrite from the y-iron solution. 

With regard to the cupric reagent, Dr. Hatfield 
had clearly demonstra one of his conclusions 
—viz., that great care and discrimination was re- 
quired in its use ; but it was not quite clear that 
such had been used by the author. The circum- 
stance that nodules of temper carbon or graphite 
remained surrounded by a small area in which no 


showing that such areas were formed, without the 
presence of phosphorus, around all non-metallic 
impurities. The reason for the occurrence in the 
case of the carbon enclosures was to be found in 
the electrolytic protection which the presence of 
the carbon afforded to the iron in its immediate 
vicinity ; but such protection would not arise from 
silicates or sulphide of ese. In regard to 
**rokes,” although he (Dr. mhain) would not 
contend that they were always due to phosphorus, 
yet there was no doubt that in the majority of 
cases they were undoubtedly associated with phos- 
phorous ing. 

Dr. Hatfield’s warning as to the danger of errors 
arising from scratches or greasy finger-marks was, 
of course, perfectly sound, but it applied to almost 
any method of etching ; by suitable manipulation 
with the fingers, specimens could be made to yield 
all kinds of false ‘‘structures.’’ There was, how- 
ever, this much justice in Dr. Hatfield’s conten- 
tion, that, like heat-tinting, these cupric reagents, 
in which copper was deposited and the general 
surface was not removed by the solvent action of 
the reagent, were more liable to be interfered with 
by accidental conditions of the surface. For that 
reason a very light preliminary etching with an 
ordinary weak acid reagent was perhaps desirable 
as a preliminary to the use of the cupric reagent. 
Finally, while such a discussion of the reagents as 
Dr. Hatfield had given was no doubt of value in 
leading to the clearing up of doubtful points, he 
hoped that it would not serve to hinder the use of 
aeneee which were of undoubted power and 
value. 

Dr. Stead, who followed, said that the author 
had sent him some specimens, and he (Dr. Stead) 
had not obtained the results which the author 
complained of. Professor Le Chatelier pointed 
out to him (the speaker) what he already knew in 
regard to the cupric reagent—namely, that the 

tches, where there was no deposition of copper, 

id not always afford an indication of the presence 
of phosphorus. Care had to be exerci in the 
use of the reagent ; it did give patches of copper 
and yielded indications, and these had to be looked 
into. Professor Le Chatelier applied the reagent, 
to which he added a larger quantity of water, when, 
it would appear, he obtained superior results to 
those obtained otherwise. He had, further, found 
not only indications bearing on the phosphorus 
content, but also on the manganese content. Dr. 
Hatfield’s research, as given in the paper, was 
an important one from the practical point of 
view ; he had shown that there could be a fairly 
large amount of phosphorus in iron without objec- 
tion, and he thanked him for giving, among other 
figures, those of the mechanical properties of the 


imens. 

Dr. Hatfield, in replying. said he had noted the 
remarks put forward by Dr. Rosenhain and Dr. 
Stead in the discussion, but there were several 

ints mentioned to which he took objection. The 
ormer had said that he (the author) did injustice 
to the knowledge already gained by stating that 
the liquidus can solidus lines were not definitely 
marked out. He thought Dr. Rosenhain was quite 
mistaken. Steel was a very complex system, 
and Dr, Rosenhain spoke, he thought, with too 
great a degree of certainty on many uncertain 
points. He (the author) had always endeavoured 
to show that a number of points were still open to 
investigation, and he thought that when ideas were 
brought forward they should be acknowledged and 
looked into, pending proof by metallurgists. He 
added that he had not entered into the mechanism 
of production of ‘‘ ghosts”; it was too involved. 
Dr. Arnold was working at the subject, and he (the 





solidification there would be a tendency for both 
carbon and phosphorus to concentrate at the crystal 





copper was deposited could not be interpreted as | Stead had 


phorus in steels, Dr. Rosenhain had spoken of 
phosphoric bands and said that the effect alluded 
to could not be obtained ; but he (the author) had 
stated that obviously in a mass of steel the drawn- 
out, segregated portions would be left more or less 
alone by the copper deposit. The view, Fig. 2, 
in the paper had the very effect which Dr. Rosen- 
hain had referred to; the effect was not due to 
phosphorus, and Dr. Rosenhain was under a mis- 
apprehension in attributing it to phosphorus. Dr. 
Stead’s references to the mechanism of the heat 
treatment were interesting, but varying heat 
treatments would interfere with the results. The 
view, Fig. 1, in his (the author’s) paper was a 
microphotograph of a heat-treated imen. Dr. 
re-prepared this same specimen, and had 
obtained a microsection which showed no white 
rings, whilst his (Dr. Hatfield’s) did show the 
white rings. This illustrated the fact that two 
experimentsliste, working with the same reagent 
and the same specimen, could obtain different 
results. His (the author’s) polishing methods, 
however, were rather different from those followed 
by Dr. Stead. Here Dr. Rosenhain asked whether 
there was not also a difference in the length of time. 
Dr. Hatfield replied that that was probably the 
case, for he prepared several sections concurrently, 
in order to watch the effect obtained in the various 
cores forming the series. 

On the motion of the Chairman, Mr. G. Ains- 
worth, the author, was cordially thanked for his 
paper. 

SutpHur 1x Matieasre Cast Iron. 


The last pr taken was one having the 
above titlé, by Mr. R. H. Smith, Birmingham 
University. It was read in abstract by the Secre- 
tary. In this, the author entered into researches 
which he had carried out and which had led him to 
state that in the production of malleable cast iron 
sulphur was not removed during the ordinaryanneal- 
ing process. When the exterior of the casting was 
oxidised, sulphur tended to segregate into the un- 
oxidised portions. Sulphur did not appear to have 
any markedly injurious effects on the product until 
about 0.15 per cent. was present ; higher percen- 
tages gave unsatisfactory bending tests and low 
deflections. 

In the absence of the author, the Chairman an- 
nounced that the paper would be discussed by 
correspondence, but Dr. Hatfield wished to 
emphasise that one or two points advanced by the 
author should not be allowed to stand, such, for 
instance, as his statement, above, as to the 0.15 per 
cent. of sulphur content, and his conclusion that 
higher percentages gave unsatisfactory bending 
tests and low deflections. If this were so, Dr. 
Hatfield added, 90 per cent. of the British pro- 
duction of malleable casti would be excluded 
from the market. It seemed a pity to him that a 
paper which otherwise contained good material 
should also contain information which seemed to 
him (the speaker) to be out of place. 


Remarinine Papers. 


The following papers were taken as read :—‘‘ The 
Influence of Oxygen on some Properties of Pure 
Iron,” by Mr. Wesley Austin, M.Sc., Wednesbury ; 
‘*On the Influence of Heat-Treatment on the 
Specific Resistance and Chemical Constitution of 
Carbon Steels,” by Mr. Edward D. Campbell, 
University of Michigan ; ‘‘On the etic Trans- 
formation of Cementite,” by Messrs. Kotaro Honda 
and Hiromu Takagi, Tohoyu Imperial University, 


Japan. . 

Votes of thanks to the Institution of Civil Engi- 
neers for the loan of their hall, and to the Chairman, 
concluded the proceedings. 


Tue Iratian AssocrtaTION OF METALLURGISTS. 


We are informed by the Secretary that a tele- 
conveying the greetings of the Associazione 
Fodustriali etallurgici Italiani reached the Insti- 
tute unfortunately too late for presentation at the 
meeting. The telegram is signed by Mr. Falck, 
the President of the Association, and reads :-—_ 
“To Institute devoted to scientific and technical 
improvements of industry, who prepare funda- 
mental elements of defence against common 
enemies, best wishes from Italian producers of 
iron and steel co-operating for victory of Law 
and Civilisation.” 
Mr. Giorgio E. Falck is one of the Honorary 
Vice-Presidents of the Iron and Steel Institute. 
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The base of the shell-case i faced off smooth, | other practi to detail. An 
MACHINING AND ASSEMBLING and . finishing out is taken on the cylindrical pier woe at of nates Pekanen,expale of Binh ral ran By A 
SHRAPNEL-CASES.* the base end, together with the rounding off (making | sustained, regulated heat, can be utilised. Those in ser- 


By C. A. TuppEr. 


In the machine work on shra: -cases (Figs. 1 and 2) 
there is a great deal of opportunity for economy if a study 
of the plant equipment is en’ upon and a systematic 
effort made to get the utmost returns from the existing 
facilities before providing for any additions or improve- 
ments. This can be best illustrated by a description of 
the necessary operations, with reference to the tools which 
may be used on French shrapnel-shell. . 

When the forgings are received at the machine-shop 
the first operation on each consists of trimming and 
reaming the open end. For this any type of pipe or 
other cutting-off machine can be used, even a lathe. A 
simple fixture suffices for the reamer. Machines espe- 
cially designed for the work were described in the Jron 
Age, June 13, 1225, and July 22, 193. 

The length of the shell body is determined by gauging 
from the interior surface of the base, which forms the 
bottom of the powder pocket. In laying out the work a 
surface plane, vertical gauge mandrel and needle-point 
marker are used (Figs. 3 to 5). 

Machining the Base Exterior.—After cutting and trim- 
ming the base exterior is rough-machined. This can be 
accomplished with any apparatus which will hold a facing- 
tool while the work is passed before it. The most eco- 
nomical rig, however, has been found to be a gang- 
miller, using either vertical or horizontal cutter-heads 
or both. With the use of the vertical spindles the opera- 
tion is similar to that which has been very successfully 
amployed for facing-off gas-engine cylinders in multiple. 





The forgings are similarly secured by means of fixtures 
arranged suitably on the travelling-table, and they pass 
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MOUTH FORGING. 


successively under the milling-cutters. In this way con- 
tinuous milling is accomplished by keeping some of the 
fixtures always under cut while the others are being 
emptied and reloaded. The same purpose can be effected 
with horizontal milling-cutters by clamping the forgings 
on their sides with the bases facing outward at each 
longitudins] edge of the travelling-table, so as to bring the 
cutters on either edge against each in turn. If vertical 
spindles are also used, a suitable proportion of the work 
will be clam upright between the two horizontal rows 
of shells. hould a lathe be employed in facing-off the 
base, it will be economical to select one of the greatest 
swing available, and have it carry a wide circular chuck, 
which will present a succession of shell bases to the 
facing-tool with each revolution. 

Machining the Cylindrical Suwrfuce.—The cylindrical 
surface of the body is then rough turned as far as the 
nose and a roughing cut taken for the band-seat (Fig. 4) 
This can be accomplished on any of turning-machine, 
horizontal or vertical, and it is difficult to say which has 
been found the most effective for the purpose. Turret 
lathes or engine lathes fitted with turret tool-posts are 
now, however, the most generally utilised. In fact, the 
multiple tool-post has been found a necessity for this 
class of work, in order to avoid any more settings than 
are absolutely necessary and to ensure no delays between 
operations. After es. a finishing cut is taken 


above the driving- 

All sorts of lathes, large and small, have been adapted 
to the purpose, and engine lathes have in some cases 
been made double machines by means of a driven head- 
stock at either end, with tool-posts between. The shells 
are held by being forced upon mandrels fitted in the face- 
plate, and where the inside diameter of the forging is 
slightly over size an expanding mandrel is used. The 
latter, in fact, has advantages for invariable use in con- 
nection with the operations described. 


* From the 





Tron Age of September 9. New York: 239, 


West Thirty-Ninth-street, 


place of the mandrel. 

The Wave for the Rifling Band.—The 
driving band is then finished (and may 
out at this point), followed by what is known as “‘waving.” 
In order to prevent the band from clipping and spoiling 
the rifling motion when the shell is fired, it is secured by 
being forced into adouble “‘ wave,” or undulating groove 
within the band groove. To control the motion of the 
double V-faced square-head tool for cutting this wave 
there are various cam-operated devices. For one of the 
simplest and most effective a special lathe-tool rest is 
used, consisting of a lower slide mounted directly on the 
carriage with cross adjustment. On this lower slide 
- , 3 —eeeery which, in order to give pte on 
effect, im to it a reciprocating motion 
with the bed while the work revolves. This, with other 
attachments designed more especially for use on high- 
explosive shell- cases made from solid bar-stock, was 
described fully in the Iron Age, June 24, 1395. 

To hold the work in a standard lathe for the waving 
cut a chuck is which admits the shell-hody close up 
to the tool. Special adaptability for this operation has 
been found in ‘manufacturing automatic” chucking 
machines. 

Methods and Equipment for Boring.—The shell is now 
ready for boring, although in some shops this process 
takes place prior to the machining of the cylindrical 
body surface. The first boring operation consists of 
forming the pocket for the cups and the seat of the steel 
disc or diaphragm, both roughing and finishing cuts bein 


ve for the 


be roughed | i 





taken. This necessitates four different tools, the seco: 





vice range from small muffle furnaces up to unite 
siderable size, such as are used for large forgings. 
use of the last-named is naturally the most economical ; 
for, in addition to the ordinary operating advantages, it 


into a furnace in considerable quantity for simultaneous 
treatment. Oil, or powdered-fuel firing is usual, 
with control by electric pyrometers. An innovation for 
heating shell-cases is also the use of a continuous heating- 
machine, such as has been utilised for the treatment of 
springs and small machine parts. This can be made with 
ry estates oven adapted to shrapnel-cases and the oil- 
bath similarly equipped. 

After being brought to a temperature of about 
1500 deg. Fahr. the shells are removed and quenched in 
oil. If the top of a furmace truck, w used, has a 
removable rack, this can o* be lifted off by a small 
crane, submerged in the oil-bath and rai again. A 
screen bottom in the oil-tank, which can be hfted out 
with theshells, serves the same purpose. If —- the 
shells are then subjected to a milder an ‘ing heat, 
varying with the carbon content, but averagin € about 
750 deg. Fahr., and placed in a tempering bath. If small 
furnaces are used and the shells handled one at a time 
with tongs, it is customary to dip them in the bath at an 
angle so as to submerge the open end, and then to re- 
verse this process to bring the base in the oil. 

Electric-Heated Oil-Baths.—The method introduced in 
some plants, not long of heating oil-baths by means 
of an electric coil has iven decided impetus in 
shrapnel manufacture. For the final operation it is pos- 
sible with this means practically to ensure a uniform 
temper in the shell steel. This results from the precision 
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UPPER DIAPHRAGM. 


used on the diaphragm seat being a reamer. If the 
work is performed on a lathe, they can be set in the turret 
tool-post, and brought successively into play. Flat turret 
lathes have been particularly successful. 

A better method, however, seems to be to reserve the 
lathes for strictly turning operations, and to do this work 
in boring or drilling-machines. With a multi-spindle 
drill having four to twelve heads, it is apparent that from 
one to three complete operations—1.¢., two ee and 
two finishing cuts each—can be proceeded with simulta- 
neously. 1 kinds of drills and boring-bars are, how- 
ever, being utilised. 

With a lathe or boring-bar there is the advantage at this 
point of being able simultaneously to face the open end, 
which is otherwise the operation next in order; but it 
is a light operation that can readily be B pace ey <—_ 
or in multiple, with a cutting tool held against the wor 


. | by almost any device. 


In this connection it should be stated that, where new 
equipment for shell manufacture is required, the ten- 
dency has been lately to order single-purpoee tools, the 
advantages of which are obvious. A lathe of very simple 
type designed for use by non-skilled labour was described 
in the Jron Age of August 5. 

The subject of chucking is also one of an importance 
not to be underestimated. Rapid and accurate centring, 
with a grip sufficient to enable the roughing cuts to be 
taken in depth at a fair speed, are vital factors of quick 
production here as in all other similar work. Where the 

ip isan external one the problem is relatively simple. 
Split-collet chucks probably give the most satisfactory 
eervice in general, although jaw and hinged chucks are 
also largely used. A steady head helps considerably. 
With an internal mandrel, however, care to be taken 
to ensure a firm, non-slipping adjustment. 

When the imi machining has been accom- 
plished the shells are painted with a non-oxidising com- 
pound, and then sent to the furnace. 

Equipment for Heat Treatment.—Heat treatment for 





annealing and hardening does not differ materially from 








LOWER DIAPHRAGM. 


of the control and the automatic character which it 
assumes. Because of the latter also it is not necessary to 
keep a skilled man in constant attendance on the oil-bath. 

e d rs of cracking, warping, and shrinking which 
occur in the en are those incident to all 
such operations, and the usual utions have to be 
taken. Perfect control of both furnace and oil-bath is 
naturally an im t element of success. After harden- 
ing and tempering the shells are given a soda-water wash 
and cleaned. 

The Brinell, or scleroscope, test for hardness is next 
applied. With the use of a scleroscope the shell can be 
inverted over a cone, icular to the instrument, so 
dimensioned and placed that the testing sector is always 
equidistant from the base of the shell. At least three 

ints on the circumference are taken for the test. If 

eld in a vice the shell is first) marked, or “‘ spotted,” to 
~ anh the exact sector to bring under the rebounding 


t. 

Sand-Blasting the Shell.—The shell is then cleaned by 
means of a -blast both inside and out, with particular 
reference to the chamber and mage Apna ware. Some 
very 1 arrangements for this purpose ve been 
devieed, bat ia practically all of them for quantity pro- 
duction, use is made of a blast-chamber and multiple 
nozzles, with the flow of sand so directed that it acts upon 
the interior and exterior of the shell simultaneously, 
pow vy tog of nozzles suitably placed at right angles to 
each other. 

After being thoroughly cleaned, the shell is ready for 
nosing (Figs. 6 to 8). At some stage of the turning or 
facing process, which will vary with the arrangements in 
ayy and may take place as early as the finish- 

body, the cylindrical surface at 





b bet- d has been slightly tapered off The on 
e 0 en slig) A 
|%o now bested fer about eupidlt tis leneth. the 
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sidiy inaiptah 0 apy chouee elt 

from the su uent shrinkage of 
Nosing the Shell.—For nosing, the 
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a furnace with tected side openings, 
the metal bath id ‘which stands contin 
as lo coqumecly © cormedintn, witb ‘apend 
is commonly a cover- with openi 
which the shells are suspended. This a 
and rotates so as to permit a new 
the pot as each one is taken out for 

For that purpose any type of 
—s : i or 
number of special presses 
the purpose which ensure the quickest and most accurate 
results (see the Iron Age, August 17, page 417). A 
swaging-machine which delivers blows in rapid succession 

knead” the nose into shape can be utilised. : 

A final annealing then takes place, as the nosing 

tion is apt to make the steel of the shell brittle at 
thes point. is annealing can be most mp ! done by 
suspending the shells over pins in another lead-bath. 
The shell, after removal from the pit or furnace, is 
allowed to cool slowly in suitable packing. 

The shell is now subjected to a further process of sand- 
blasting for the purpose of cleaning away any scale or 
refuse adhering from the heating 

Banding the Shell and Final Machining.— cop} 
band, rolled and cut to size, is forced on and crimped in 
place by an hydraulic press. One ially suited to 


this purpose was wt described in the Jron Age. 
The band is then turned, by two special formed cutters, 
on a small speed lathe. 


The final machining operations, in their successive 
order, are: turning the exterior surface of the nose, boring 
it, facing and topping. This work is quickly done on 
turret or other lathes with varied tool-post attachments. 
Automatic “* manufacturing” lathes are well adapted to 
it, and enable a high rate of production to be maintained. 

The outside turning and facing tool is given its proper 
motion by means of a slotted disc attached rigidly to the 
bed of the machine. This cam-slot fixes the movement of 
a roller, which is secured to the lathe croas-slide, and thus 
guides the two, so that the resultant motion of the tool 
gives just the right taper to the shell. The roller is held 
securely to the guiding face by weights, and the feed of 
the tool is ted by stops. 

The final finish, if required, is given by grinding, and 
an extreme refinement is the further use of a rag ies 
wheel. For grinding, the shells are base chucked, . 

er 
@ shell 


carry a centring plug in the o end. A 
traverse provides for the work on the bedy, and 

is then to another machine with a formed wheel 
for the nose. The latter will take care of the output of 
two plain grinders, so that three machines make a finish- 
ing unit. 

In cutting the thread for the socket seat of the nose a 
collapsible tap is now y used in order to avoid 
the necessity of reversing the spindle, and thus backing 
out. Sometimes the threads are roughed out in one 
cutting, using a multiple drill, and finished in on the 
lathe, although with good tools this seems hardly neces- 


sary. 

‘Phe socket, to which a central tube communicating 
with the chamber is afterwards attached, and which also 
forms the seat into which the cap is screwed, has mean- 
while been manufactured, and is now screwed in place, 
and the nose once more lightly faced, to remove any 
inequality or burr. 

The tube is next screwed in the steel diaphragm (Fi 
9 to 13), both having been separate articles of production 
designed to mate with each other. 

Completing the Shell.—At this point the balls are placed 
in the annular space surrounding the central tube and all 
interstices filled with resin or some bituminous substance 
which will act as a suitable binder. For packing there 
are a number of mechanical contrivances which lessen 
the labour and tend to ensure more reliable results. 
These include a feed-spout from an overhead bin for 
filling, a jarring-plate for ramming the balls down solidly 
into place, and electric melting-pots which can be so 
exactly regulated as to keep the resin continuously at just 
the right temperature. 

Next the upper end of the tube is soldered to the 
socket by means of an annular copper binding-strip. 
Three coats of weather-proofing paint are then applied. 
usually by some mechanical process. e was described 
in the Jron Age, April 8. A method of spraying was 
described in the Jron Age, A 12, 

The shell-case is then y to be filled and the cap 
screwed on. This, however, is done just before service, 
and the cap forms an an y separate and distinct 
article of manufacture with which the present article has 
nothing to do. 

The Matter of Inspections.—The unit of production is 
120 shell-cases, and all « fficial tests are made on that 
basis, one out of each lot being sent to the arsenal for 
service test and one to have a section cut for the required 
tensile test. The first official inspections take 
however, just before or after the boring of the cup and 
Seen. _ If there is the least sign of a structural 
defect which indicates a pipe or other flaw, the shell-case 
is rejected, as any leakage of air through the metal at the 
base would cause the explosicn of the powder in the 
pocket, and consequently of the shell in the gun. The 
next og come after heat treatment and nosing 
respectively. 

hop inspections, however, should be very thorough all 


the way through, and careful gauging is made obligato: 
by the nature of the operations. The uges used tee the 
purpose © measurements principally as follow :— 


1. From inside of base cavity to cut-off point at 
open end. — 

2. For thickness of base, depth, and diameter of 
powder pocket and diameter of diaphragm seat. 

3. For diameter of base. 
4. For annular band groove, including waving cut. 


- | involving no less than five plus 
-| gaugings. Hence the total number may reach forty-two 





6. For finished diameter above and below band. 

6. For contour of nose. 

7. For thickness of nose wall at base of socket seat. 

8. For over-all length. 

All of these involve maxima and minima, and divisions 
of measurements ; that of the band ve, for example, 
minus—i.e., double 


or more. In some sbops the inspection is naturally 
carried to a much finer point than in others. Snap- 
ges are used as far as possible. 

A full set of gauges should be secited from some firm 
making a speciality of them, and they ought to be manu- 
factured according to the specifications of the country 
for which the shells are intended. It is a mistaken 
economy toattempt to make these gauges in the ordinary 
tool-room. 

The test-piece cut for the tensile test is a very elaborate 
affair, which is sawn out, drilled, slotted, milled, &c., 
to a shape exactly conforming to accepted tice. The 
specifications for this piece must be rigidly adhered to, 
and precise instructions will be given to the contractors 
from the proper official source. ‘ 

It is also highly desirable, through the entire process 
of shell manufacture and shop inspection, to follow out 
any recommendations and suggestions made by the other 
p3rties to the contract, as their experience in the produc- 
tion or use of such material puts them in a position to give 
extremely practical advice. Furthermore, it tends to 
minimise rejections and to prevent any disputes or mis- 
understandings when deliveries are made. 





Sream-Surppinc Vaturs.—The great increase in the 
value of steam shipping by reason of the war is forcibly 
illustrated in recent sales. The steel spar-deck steamer 
Freshwater, built at Newcastle in 1903, and which carries 
about 7200 tons dead-weight, has been sold for 70,000/., 
after changing hands in August for 40,000/. The steel 
single-deck steamer Tarsi, built at West Hartlepool in 
1899, which carries about 5600 tons dead-weight, has been 
sold for 47,470/., after being sold in September, 1913, for 
25,0007. The former German liner Schlesien, of 5500 tons, 
has been sold for 120,0007. The vessel was sold at a prize 
auction in January for 65,2001. She was built at Flens- 
burg in 1907. The steel single-deck steamer Kylestrome, 
3290 tons gross, built at Stockton in 1 has been sold 
to British buyers for 56,000/. In October, 1911, she 
changed hands at 24,500/. The iron ue Erbrin, 
1968 tons register, built at Port Glasgow in 1887, has 
been sold to Swedish buyers for 13,500/., after changing 
hands in March, 1910, for 3100. 





Tue Port or Lonpon.—The consolidation of London 
dock interests under the designation of the Port of 
London Authority has proved a financial success. The 
dock and river receipts of the newly-constituted autho- 
rity advanced from 1,661,300/. in 1910 to 2,387,600/. in 
1915, and the warehouse receipts expanded from 970,400/. 
to 1,351,200. The net revenue of the authority moved 
on as follows in each of the six years ending with 1915 


inclusive : — 1910, 897,600/.; 1911, 1,000,7007.; 1912, 
1,128,0002.; 1913, 1,089,9002.; 1914, 1,224,3002.; and 
1915, 1,365,300/. The interest, &c., charges which the 


authority had to meet in each of the six years were :— 
1910, 839,700/. ; 1911, 837,4007. ; 1912, 883,100/.; 1913, 
941,400/. ; 1914, 969,300/. ; and 1915, 1,049,3007. © six 
years’ working, accordingly, resulted in the following 
surpluses :—1910, 57,900/.; 1911, 163,3007.; 1912, 244, 900/. ; 
1913, 148,500. ; 1914, 265,000. ; and 1915, 316,3002. Not 
only has the Port Authority been financially successful, 
but it has also pursued a liberal policy as regards the pro- 
vision of additional shipping facilities. The total outlay 
of capital has now been carried to 27,252,700/. 





“ANALYST AND CLIENT.”—This is the title of a pocket- 
book containing notes on chemical and physical testing, 
and other technical matters, compiled b 
and N. D. Ridsdale, and published by Messrs. Ridsdale 
and Co., of Middlesbrough. Its object is to show how 
most effectively to turn chemical and other technical 
information to account in the industries, especially the 
iron and steel industries, and to assist —_ ~ and their 
elients to understand each other better. The matter is 
divided into three sections, of which the first deals with 
sampling and analysis and other ordinary work of the 
public analyst. It gives some useful tables of data 
relating to the elements and simple compounds used in 
the iron and steel industries arranged for convenience in 
comparing them in differentterms. Tablesof symbolsand 
cys Senpee aie a —_ determined 
In an Oo} complete sis of the princi ty 
of materials, are also included in this in. The aoas 
section relates to the work of the technical specialist, 
and a on —_ a — matter, tables 
giving typi analyses of fuels, careous materials, 
phosphates, slags, metals, and many other substances, 
with ruled spaces in which users can enter data from their 
own analyses. The last section gives conversion factors, 
tables, and data for use in connection with conductivity 
tests of steel conductor-rails. This section is much more 
complete than would be expected in a work of this class, 
owing, the authors state, to the fact that so little has 
been published on this very important subject, and 
the need for information in a convenient form is greater 
than would otherwise be the case. ther, the 
information given, and the method of presenting it, are 
- as ~ render the book ss a to railway 

works managers, engineers, buyers, and others con- 

nected with the metallurgical industries, particularly the 

smaller manufacturers who do not employ a chemist of 

their ~ge price of the book, bound in cloth-covered 
is 


esars. C. H. 





NOTES FROM THE NORTH. 
Glasgow Pig-Iron Market. Pog oly Clevela: 

ow Pig-Iron Market.—No ngs in veland 
iron took in the market last Thursday forenoon, 
and with ion of three months iron, which was 
. per ton, prices remained unchanged 
from Wednesday. losing sellers were quoted at 
64s. 3d. cash, 64s. 74d. one month, and 65s. . three 
mcnths. In the afternoon the only business done was 
one lot of Cleveland warrants, amounting to 500 tons, 
which c hands at 64s. O}d. eight days. A slight 
reduction in price was recorded, and at the close cash 
sellers stood at 64s. 2d., with 64s. 04d. eight days, and 
64s. 6d. onemonth. So little business was done on Friday 
forenoon that it was impossible to test values, but the 
prevailing tendency was towards lower levels. The only 
transaction was one warrant, which realised 64s. cash, 
with sellers over at that figure at the close, thus showing 
a decrease of 2d. per ton from the previous day’s price. For 
one month iron 64s. 44d. per ton was quoted at the 
close. The near approach of the autumn holiday was, no 
doubt, accountable for the fact that no busi was done 
at the afternoon session, and prices dropped 4d. to 1d. 
per ton. When the market resumed yesterday (Tuesday) 
morning, after the holiday, a strong tone prevailed, and 
although one cash warrant—for which O4d. was 
paid—represented all the business transacted ; sellers’ 
prices at the close had advanced 34d. to 5d. per ton, and 
were then quoted at 64s. 3d. cash and 64s. 8d. one month. 
Businees was at a complete standstill in the afternoon, 
and there were only fractional changes in prices from the 
morning. Again this (Wednesday) forenoon a strong, 
firm tone was in evidence, and one month’s iron realised 
up to 643. 9d. cash. Two transactions for three months 
iron were also noted, these changing hands at 65s. 44d. 
and 65s. 4d. per ton, but closing sellers were not quoted. 
In alla fair amount of business was done, the turnover 
amounting to 3000 tons. At the afternoon session the 
upward movement was well maintained, and prices rose 
further, a small business of 1500 tons of Cleveland war- 
rants being dealt in up to 65s. 1d. per ton one month. 
An advance of 4d. per ton up from the morning was 
recorded at the close, when sellers were quoted 64s. 9d. 

cash, 65s. 04d. one month, and 65s. 9d. three months. 


Sulphate of Ammonia.—The present demand for sul- 
phate of ammonia varies but little locally, and the price 
remains steady at the highest figure which has been 
reached in the market during the year—14/. 15s. for 

some delivery Glasgow, and 15/. for prompt delivery 

ith. 


ex: 


Scotch Steel Trade.—The ever-increasing activity in the 
local steel trade is keeping every available mill running 
at full pressure, more particularly those engaged on the 
production Of heavy sheets, for which there is an ex- 
cessive demand both for the British and the Allied 
Governments. These orders, in fact, are quite sufficient 
to keep all the works fully employed without any mer- 
cantile orders at all, and yet as day follows day the total 
inability of the manufacturers to meet the demands 
made upon them becomes more and more apparent, even 
although everything ible is being done to keep 
pace with the extraordinary requirements. In more than 
one way this should add to the National Exchequer. 
In most departments prices have materially stiffened. the 
recent rise in American material, both raw and finished, 
contributing largely to this. Billets and sheet-bars and 
other semi-finished material, as well as various finished 
products, likewise have advanced considerably. In con- 
sequence, exceptionally high rates are now being charged 
for finished steel made locally from the imported 
billets. All kinds of steel plates are in great demand, 
and so also are all the different structural sections, angles, 
&c. Boiler- plates still command the highest price— 
10/. 15s. to 11/. per ton—less 2 per cent. for Clyde or 
equal delivery, and under similar conditions ship-plates 
and angles remain steady, at 10/. 5s. to 10/. 15s. For 
export delivery the price varies little. 


Malkable-Iron Tradc.—Makers of malleable-iron are 
still so well supplied with orders that they have consider- 
able difficulty in turning out the work, either to their own 
or their customers’ satisfaction; indeed in many cases the 
outputs are much below the capacity of the plants, due, 
of course, in great measure to the continual decrease of 
available labour. Nevertheless, good specifications are 
constantly coming to hand, the demand being more for 
light than for heavy material. As the demands for our 
own and the Allied Governments become more insistent, 
so does the price become stronger. While ‘crown ” bars 
are still quoted 11/. 5s. to 11/. 10s. per ton and upwards, 
steel made from American billets has even ed 12/. 
per ton, or nearly treble the price paid for similar ma- 


terial produced by Belgian and German manufacturers 
prior to the war. 


Scotch Pig-Iron Trade.—Notwithstanding the various 
difficulties at present being encountered, the local pig- 
iron trade keeps fairly steady, and makers report quite 
good sales of hematite grades. Export business is much 
as it was, for it is almost impossible to have cargoes 
delivered at various ts, in consequence of which 
makers must either d certain orders or crave indul- 
gence in the matter of delivery. Unfortunately there is 
no great demand either for forge or foundry qualities. 
Prices have undergone little or no change. The current 

uotations for makers’ (No. 1) iron are as follow :—Clyde, 

er, ie, Summerlee. and Langloan, 85s. per 
ton (all ane Glasgow); Eglinton, 80s., and Gien- 


ock, th at Ardrossan); oy 8ls. (at 
yn); Shotts, 85s., and Carron, 8463. (both at Leith). 

Glasgow Technicul College and Munition Workers.—A 

yery commendable scheme is just about ta be set in 
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motion by the Governors of the Technical College, acting 
under arrangements with the Ministry of Munitions, for 
the purpose of giving some fundamental instruction in 
the making of munitions to both men and women who, 
although unskilled, are willing to volunteer for such work 
in the engineering establishments engaged on important 
Government contracts. The classes will open in a few 
days, and as no fees are to be charged, it is expected that 
this should attract people who are able and ready to 
devote ng 4 —  ~ So, eee similar em- 
loyment, but who, through ignorance of engineering 
pa or ods, have been afraid to offer their services. 
Seven hours per day will be devoted to the work, and the 
course of instruction will run for two weeks. An ap 
has been issued either for the gift or the loan of lathes 
suitable forthe purpose, of from 8-in. to 10-in. centres, 
preferably with a short bed of 6 ft. or 7 ft. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal- Trade.—The question of the 
restriction of retail prices of house- in the South 
Yorkshire district is in consideration, and a decision is 
looked for at an early date. The demand for this class 
of fuel has considerably increased during the week. 
Pits have more business on hand than they can deal 
with, and orders are accumulati The congestion 
is contributed to by the usual public rush at the last 
minute to take advantage of summer prices. The 
customary advance of 1s. per ton will take effect 
as from October 1. Gas-coal is going away very 
fairly well, and producers are busy. There is a good 
demand for best steam hards. Railways are taking 
fair deliveries, maximum ton 


are going into the 


nages 
iron and steel works, and the shipping trade is steadily | 28s. 


maintained. There is little change in the market for 
slacks. Contrary to expectation, the renewal of activity 
in the Manchester district has not rectified the weakness 
of the last few weeks, but all the mills have not yet got 
thoroughly to work, and a hardening of the market is 
expected. Steel cokesare firm at 34s. to 35s., but foundry 
coke is on the weak side round about 16s. Quotations :— 
Best branch hand-picked, 20s. to 21s.; Barnsley best Silk- 
stone, 17s. 6d. to 183. 6d.; Derbyshire best brights, 17s. 6d. 
to 18s. 6d.; Derbyshire house, 153. to 16s.; best lai 
nuts, 14s, 6d. to 15s. 6d. ; small nuts, 14s. to 15s.; York- 
shire hards, 16s. to 17s.; Derbyshire bards, 16s. to 17s. ; 
best slacks, 11s. to 12s. ; seconds, 9s. 6d. to 10s. ; smalls, 
8s. to 9s. 


Iron and Steel.—A more cheerful tone prevails in pig- 
iron, which for some weeks has been in a depressed con- 
dition. Buying of both forge and foundry is on a wider 
scale, though business is still chiefly confined to smal! 
parcels for prompt delivery. For business is rathe 
scarce, but makers are fairly well booked up. Hematites 
are a strong section. Consumption in the South York- 
shire steel-making trades has never been larger, and 
deliveries are almost continually on the increase. Con- 
tracts leave a big margin for open market purchase. 
Special qualities, which are required in larger quantities 
than ever before for armament and munition manu- 
facture, realise up to 1343. delivered. The current 
quotations are:—West Coast hematites, 116s. 6d. ; 
East Coast hematites, 102s. 3d.; Lincolnshire No. 3 
foundry, 73s. 8d.; Lincolnshire forge, 72s. . 
Derbyshire No. 3 foundry, 72s.; Derbyshire forge, 71s. 
Bars are firm at 11/. 10s. net cash delivered. Sheets 
have moved up 10s. to 14/. since August. It is too 
early for any improvement to be noticed in the tool-steel 
industry, but manufacturers do not doubt that the modi- 
fication of export restrictions will have a very favourable 
effect on trade with allied countries. One of the most 
striking features of the local industrial position is the 
enormous call for works equipment, machinery, and 
labour-saving devices. Requirements are being met much 
more expeditiously than a month or two ago, and at the 
present rate of progress the basis of manufacture will in 
& short time be incomparably broader than at the com- 
mencement of the war. Practically all the new shops are 
to be electrically driven. To meet increased requirements 
of power for driving and lighting purposes an expenditure 
of something like 100,0007. on new plant and machinery is 
contemplated by the Sheffield Electric Supply Depart- 
ment. Combined with the rush of war oul there is a 
= call -~ — —. . The latest oe orders 
chiefly specify fish-bolts, gold-mining machinery, twist- 
drills, sheep-shears, axes, spades, and forks. The pro- 
duction of acid steel is more in keeping with the demand, 
and for the moment there is a pause in the upward trend 
of billet prices. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBroucH, Wednesday. 

The Cleveland Iron Trade.—After a period of quietness 
there is some renewal of activity in Cleveland pig-iron. 
Recent news from the seats of hostilities has had a very 
stimulating effect on the market. Buyers, who have been 
holding back for some time, are now coming forward, and 
are not hesitating to the higher rates demanded. 
Considerable business in No. 3 g.m.b. Cleveland pig has 
nm put through at 64s. 9d. and 65s., and the general 
market quotation is now 65s, 3d. The lower qualities 
have moved up in proportion ; but No. 1, which has been 
comparatively very high for some little time, owing to its 
Scarcity, has not advanced. No. 4 foundry is 64s. 9d.; 
No. 4 forge, 64s. 3d.; and mottled and white iron each 
63s. 9d. There was still only a limited quantity of No. 1 
a for - notwithstanding recent entire absence 
usiness in this quality. Sellers are prepared to accept 
68s. 6d., but buyers are not disposed to pay that figure. " 








_ Hematite Iron.—Demand for hematite pig is improv- 
ing. are more inquiries in the mar both on 
home and Continental account. Further sales to Shef- 
field consumers are reported on higher terms than the 
previous transactions, and more substantial business with 
our Allies, especially Italy, is confidently anticipated. 
=o as can —_ the transactions — Shef- 
appear to have been arranged on terms equal to up to 
97s. 6d. for Nos. 1, 2 and 3 East Coast brands, and some 
makers now ask even above that figure. The foregoi 
quotation, however, can hardly be given as the . 
market quotation, as buyers declare that they can obtain 
mixed numbers from second hands at round about 96s. 6d. 


Shipments and Stocks of Pig-Iron.—The September 
shipments of pig-i from the port of Middlesbrough 
hardly reach expectations, but under all the circum- 
stances they must be regarded as satisfactory. At the 
time of -y- complete official returns are not obtain- 
able, but the loadings for the month will probably be 
45,000 tons. For the previous month the clearances weré 
given at 43,098 tons, and for September last year the ship- 
ments reached 58,923 tons. The stock of No. 3 Cleveland 
pig in the public warrant stores now stands at 140,420 
tons, or 1649 tons Jess than at the beginning of September. 


Foreign Ore.—A by no means unexpected further ad- 
vance in foreign ore has to be reported. Thisis due solely 
to the continued steady rise in freights. msumers are 
very anxious to make arrangements for supplies over the 
remainder of the year, but with the t state of the 
freight market, sellers very naturally refuse to commit 
themselves a! to any extent. 
paid Bilbao-Middlesbrough, and efforts to repeat fixtures 
at that re have been unsuccessful. Market quota- 
tions for foreign ore are now on & minimum of 
6d. ex-ship Tees for Rubio of 50 per cent. quality, 
and there are sellers who put prices at the rate of 29s. 
Imports of foreign ore to the Tees for September, with a 
day’s arrivals yet to be added, amount to 149,500 tons. 


Manufactured Iron and Steel.—The various branches 
of the finished iron and steel industries present no new 
features of moment. Works are busy, and manufacturers 
of war material are being pressed for deliveries, The 
following are among the principal market quotations : 
Common iron bars, 111. 10s. ; best bars, 111. 17s. 6d. ; best 
best bars, 12/. 5s. ; steel 1ll. 15s. ; iron and steel 
ship-plates, each 10/.; iron ship-angles, 11/. 10s.; steel 
ship-angles, 9/. 15s.; iron ship-rivets, 13/. ; steel strip, 
10/. 15s. ; steel hoops, 11/. ; steel joists, 97. 17s. 6d. to 10/.; 
heavy sections of steel rails, 9/.; and steel railway 
sleepers, 10/.—railway material net, and all other descrip- 
tions less 24 per cent. 


Irénworkers’ Wages Advanced.—The accountants to the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England 
have certified the average net selling price of iron rails, 
plates, bars, and angles for the two months ended 
August 31 last at 8/. 18s. 8.40d., as compared with 
7l. 19s. 7.47d. for the previous two months, and under 
sliding-scale arrangement ironworkers’ wages for October 
and November are advanced 1s. per ton on puddling and 
10 per cent. on all other forge and mill-work. The 
latest ascertained price exceeds all previous records. 
The return, however, is very disappointing so far as it 
relates to output, the total make for the two months 
amounting to only 6932 tons, which is the smallest since 
March-April, 1912, when the production was 5111 tons. 
At that time a strike of coal-miners was in progress. 
Compared with a year ago, the make is down 2084 tons, 
and on the preceding return the output is down 1576 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Only a restricted business has been passing 
in the steam-coal trade. With export restrictions, on the 
one hand, and heavier outputs, on the other, stocks of 
coal are —— excessive, and coal-owners consider pit 
stoppages probable in the course of the next few days. 
In order to clear trucks quickly, they have been prepared, 
accordingly, to make substantial concessions to immediate 
consumers. House coal, patent fuel, and coke have shown 
scarcely any change. The best Admiralty large steam 
coal has been, to some extent, nominal ; secondary quali- 
ties have made 22s. 6d. to 23s.; best bunker smalls, 16s. 
to 17s.; and smalls, 10s. to 11s. per ton. The best 
household coal realised 23s. to 24s.; good households 
have brought 21s. to 22s.; No. 2 Rhondda large, 18s. to 
19s.; and No. 2 smalls have realised 12s. to 12s. FP 

The latest — for patent fuel has been 
to 34s. per ton. Special foundry coke has made 42s. to 
44s.; good foundry coke, 36s. to 40s.; and furnace coke, 
30s. to 33s. per ton. As regards iron ore, Rubio has 
been quoted at 24s. to 25s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

A New Dowlais Manager.—Mr. J. W. Danks, of 
Barrow-in-Furness, has become steelworks manager at 
Dowlais, in succession to Major Jenkins, now —— of 
the Wishaw Steel and Iron Works, Glasgow. Mr. Danks, 
who is a young man, isa son of the Mr. Danks who was 
blast-furnace manager to the Blaenavon Iron Company. 
He has occupied a similar post at Barrow-in-Furness for 
some years, and was assistant blast-furnace manager in 
the same department. 

Welsh Trade Matters.—The directors of Messrs. Lam- 
bert Brothers, Limited, Oardiff and London, coal factors 
and foreign coal contractors, reporting u the opera- 
tions of the company for 1914-15, state t the profits 
of the year, including the reliquat brought forward, 


were 162,149/., out of which the directors recommend a 
dividend at the rate of 10 per cent. per annum upon the 
i together with a bonus of equal amount, 


ordinary shares, 


This week 15s. has been | i 
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They also 60,000. to reserve and carried forward 
20,649. The profits of 1914-15 (162,1492.) com with 
corres; ts of 76,8077. in 1913-14 ; 98,726. in 
1912-13; 565, 


] in 1911-12 ; 36,2112. in 1910-11 ; 34,4002. 
in 1909-10; and 30,489/. in 1908-9. The dividends paid 
for the last seven years have been :—1914-15, 20 per cent. 
annum ; 1913-14, 10 per cent. per annum ; 1912-13, 
5 cent. annum ; 1911-12, 10 percent. per annum ; 
1908-9. 1909-10, and 1910-11, 6 cent. per annum. 
Both the Goat Mill and the Big Mill at Dowlais have 
been working full time. The directors of the Cardiff 
Channel, Dry Docks, and Pontoon Company, Limited, 
recommend an interim dividend at the rate of 6 cent. 
annum, free of income-tax, for the six anata < ended 
eptember The directors of Messrs. Pryce Jones, 
Limited, recommend an interim dividend of ef cent. 
— the preference shares for the half-year ended July, 
1915; they also propose a distribution of 2 per cent. 
upon the ordinary shares. 





CATALOGUES. 
Switchboards.—A four-page pamphlet, illustrating and 
describing their cellular-type switchboards, for pressures 
ranging from 2000 to volts, has been issued by 
Messrs. J. H. Holmes and Co., of Portland-road, New- 
castle-on-Tyne. 


Time and Cost-Keeping.—We have received from the 
Gledhill-Brook Time-Recorders, Limited, of 43, Market- 
street, Huddersfield, a pamphlet illustrating and describ- 
ing their ‘‘ Empire” ““Empire Clipper” time- 
recorders, and explaining their system of time-checking 
and cost-keeping with these instruments. 

Fencing, Structural Steelwork, &c.—A useful catalogue, 
giving prices and particulars of wire and steel fencing, 

re-escape staircases, roof princi steel and iron build- 
ings, ventilators, &c., has issued by Messrs. David 
Rowell and Co., Limited, of 33, Old Queen-street, Weat- 
minster, 8. W. 


Sand-P. ing Machines.—Mesars. J. Sagar and Co., 
Limited, of Canal Works, Halifax, have sent us a copy 
of Section G of their catalogue, which gives particulars 
of the many different patterns of sand-papering machines 
for woodwork manufactured by them. The machines 
dealt with include examples of the horizontal cylinder, 
radial-arm disc, combi diso and cylinder, double-disc, 
horizontal-belt, and vertical-belt types. Kach type is 
illustrated, and brief specifications, piving the principal 
dimensions and other particulars of the different sizes 
made, are also ineluded. 


Rubber Goods, Electrical Machi: 
Rubber, Gutta-Percha, and Telegraph Works Company, 
mee of away nye a > a 28 2° 
phlet giving a list of their products, which i e 
Podie-rab goods of all descriptions, ebonite and gutta- 
percha goods, vulcanised fibre, wa f cloth and 
garments, electric cables, dynamos and other electrical 
machinery, switch wireless telegraphic a tus, 
searchlights, electric vehicles, telegraph and other elec- 
trical instruments, primary batteries, carbons, insulators, 
insulating tapes, and jointing materials. Some of the 
more important items are illustrated. 

Dust - Collecting Plant for Workshops.—¥From the 
Sturtevant Engineering Company, Limited, of 147, 
Queen Victoria-street, E.O., an interesting booklet deal- 
ing with dust-collecting plant for workshops has come 
to hand. The booklet illustrates a large number of in- 
stallations in wood-working shops, grinding and polish- 
ing-shops, foundries, a Selene boot and shoe factories, 
textile factories, and other works, showing how most of 
the dust-producing machines employed in these industries 
are dealt with on the Sturtevant system. Some par- 
ticulars are also given of fans, dust-separators, bag-filters, 
steel air-piping, and other accessories for dust-collecting 
installations. 

Slotting- Machines.—The Newton Machine-Tool Works, 
Inc., of Twenty-Third and Vine-streets, Philadelphia, 
Pa., U.S.A., have issued a sectional catalogue of slotting- 
machines manufactured by them. Particulars are given 
of standard and special slotters of the crank type, with 
strokes ranging from 5 in. to 30 in., arranged for belt or 
motor driving. Rack-driven stationary and screw-driven 
portable slotters are also listed, the latter being made in 
six sizes, with strokes ranging from 3 ft. to 8 ft., and the 
former in seven sizes, with strokes of from 2 ft. to 7 ft. 
Examples of all types are illustrated, and a few illustra- 
tions of cold-saws, milling-machines, and other tools con- 
structed by the firm are also included. 


Gas and Petrol- ines and Atr-Compressors.—A 
bulletin to hand from the Chicago Pneumatic-Tool Com- 
pany, of Fisher Building, eo ps U.S.A., gives parti- 
culars of their ‘‘Giant” gas petrol-engines. These 
engines are of the horizontal two-cycle type with closed 
crank-chambers, and are made in four sizes giving from 
16 to 65 horse-power with single cylinders ; two duplex- 
cylinder engines, giving 70 and 130 horse-power, are also 
listed. We have also received from this company s 


, &e.—The India- 


balletin gi instructions for the erection and opera- 
tion of their class N-SO air-com driven by heavy- 
oil engines. The Consolidated tic-Tool Company, 
Limited, 9, Bri 


Westminster, 8.W., are ta 
for the Chicago Pneumatic-Tool Company for ‘Great 
Britain, Spain, and Portugal. 





Cowrracts.—Messrs. Wm. Johnson and Sons (Leeds), 
Limited, inform us that they have been favoured with an 
order by the Japanese Admiralty for patent fuel plant 
capable of turning out 400 tons of fuel per day of ten 





hours, 
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THE TURBINE INSTALLATION ON TOR- 
PEDO-BOATS OF THE NEW SPANISH 
NAVY. 


On May 1, 1914, we illustrated and described the 
first series of torpedo-boats built for the New Spanish 
Navy, in which were fitted three shafts driven by 
turbines arranged three in series, the high-pressure 
and intermediate turbines driving respectively the 
starboard and rt shafts, while the low-pressure 
turbine operated the centre shaft. We publish now 
the drawings of the machinery in the second series of 
torpedo-boats, in which the turbines operate through 
two shafts, while at the same time the impulse and 


reaction-system turbine has been substituted for the | 
purely reaction type. 


As the vessels of the second series correspond 
exactly in dimensions, armament, and general features 


with those of the first series, there is no need to | 


refer further to them; but we ar to indicate 
the advantage accruing from the adoption of the 
twin-screw instead of the triple-screw system of 
propulsion. 

e twin-screw turbine installation is illustrated on 
the two-page plate and on pages 337 and 340. The 
turbines are of the Parsons impulse and reaction 
type, and have been constructed at the Cartagena 


1g. 78. 






PORT SHAFT 


Fig. 19. 






STARBOARD SHAFT 


Fig. 20. 


j 





Arsenal b 
Naval. 


the Sociedad Espaiiola de Construccion 
he high-pressure ahead turbine drives the 
port shaft, and has at ite forward end an impulse- 


wheel to deal with the highest pressure steam.. Steam 
is admitted to this impulse wheel through three groups 
of nozzles—viz. (1) four nozzles for ahead ; (2) seven 
nozzles for ahead; and (3) six nozzles for cruising 
ahead—each group having 4 separate controlling-valve. 
The number of nozzles open to steam at any time is 
regulated to suit the load conditions under which the 
machinery is working. The low-pressure turbine 
drives the starboard shaft, and the blading of this 
turbine is of the reaction type only. The astern 
turbines are incorporated in the aft end of the high- 
pressure ahead low-pressure ahead turbines, and 
have both impulse and reaction blading, steam being 
admitted to the impulse wheels through eight 
nozzles. 

Under ordinary conditions for ahead working steam 
is admitted to the high-pressure ahead turbine, which 
exhausts through a change-over valve to the low- 
pressure ahead turbine, ing from that to the 
condenser. For manceuvring the change-over valve is 
shut and steam admitted to either ahead or astern 
turbines, as may be necessary, by means of manceu- 
vring-valves on the forward engine-room bulkhead. 

The turbine-drums, shaft portions, and impulse 
wheels are of forged stee:, the rotor wheels —_ 
the drums and-shaft portions being of cast steel. The 
high-pressure and astern impulse rotors have a mean 
diameter of 940mm. (3 ft. lin.), and the high- 
pressure ahead and high-pressure astern reaction rotor 
is 730mm. (2 ft. 4fin.) in diameter. The low- 

ressure ahead rotor is 1020 mm. (3 ft. 4}in.) in 
Sesnsten, and the low-pressure astern reaction rotor is 
730 mm. (2 ft. 43 in.). 
high-pressure turbine varies in height from 25 mm. 
(0.98 in.) to 65 mm. (2.56 in.), in the low- re 
turbine from 40 mm. (1.58 in.) to 110 mm. (4.32 in.), 
and in the astern turbines from 25 mm. (0.98 in.) to 
50 mm. (1.97 in.). The cosigned horse-power is 3750 
with 1100 revolutions, 


The reaction blading in the | [. 


The shafting is of fo steel, with liners of gun- 
metal. Tho Shore tubo ‘benrin s and outer bracket 
bearings are of lignum vite. e propellers are of 

tent bronze, made by Messrs. J. Stone and Co., of 

| Deptford ; diameter, 1.100 m. (3 ft. 7} in.); pitch, 
| 980 mm. (3 ft. 24 in.) ; left hand for port, right hand 
| for starboard. 
| The condenser is of the Weir ‘‘ Uniflux” type, with 
| a cooling surface of 2600 sq. ft., and has been made in 
. The dual a and forced-lubrication 
mps have been made by Messrs. G. and J. Weir, 
imited. The fire and ero have been supplied 
by Messrs. A. G. Mumford, Limited. The evaporator 
has a capacity of 34 tons in 24 hours, and has been 
supplied by Messrs. Caird and Rayner. The feed- 
water filter and feed-water heater are of Messrs. 
Normand’s type, and have been made in Cartagena. 
| The ciroulating-pump has cylinders of 6}-in. diameter, 
with a 6-in. stroke, with an impeller of 194-in. diameter 
and branches of 164-in. diameter, and has been supplied 
| by Messrs. Matthew PaulandCo. The air-compressor 
has been supplied by Messrs. Peter Brotherhood. The 
dynamo-engine has been supplied by Messrs. Allen, 
Son and Co., and the dynamo by La Sociedad Industria 
Electrica. 

Steam is supplied from two Normand-type boilers 

ata working pressure of 18 kg. per sq. cm. (256 lb. 





Low-pressure turbine, Diameter of Rotor, Parsons reaction, 
Parsons reaction 3 ft. 4} in. 8 ft. 4} in. 
Number of expansions 6 6 
Lengths of blades. From 1.58in.to From 1.58 in. to 
4.32 in. 4.32 in. 
Astern turbines, Par- Diameter of Rotors, Two Parsons re- 
sons reaction 1 ft. to 103 in. action, 2 ft. 4} in. 


Number of expansion 


3 in reaction part 
Length of blades... 


4 
From 0.47in. to From 0.98 in. to 
89 i 


89 in. 1.97 in. 
Diameter and pitch of 3 ft. 7} in. diam., — 
centre ae ler pitch 
Diameter and pitch of 2 ft. 6}in.diam., 3 ft. 7} in. diam., 
propeller (two) pitch 3 ft. 24 in. pitch 
Total weight of all 75 tons 75 tons 
machinery 


The trial results of the first vessel of the triple-screw 
class may be tabulated. None of the twin-screw 
vessels has yet completed trials. 


Name of vessel ne No. 1 
Mean draught on trial 1.485 m. 
Displacement ,, .. +s 184.56 tons 
of cruising-speed trial Ss -. 20.08 knots 
consumption at Gruising speed =. .450 kg. per hour 

Speed on four hours’ trial .. Pm me .9 knots 
Mean revolutions on measured-mile trials 

(centre screw) es me - a 1224 
Mean revolutions on measured-mile trials 

(wing screws) on ats ae 1745 
Speed on measured-mile trials . 27.297 knots 


The designed speed was 26 knots with the tur- 


Vertical Rake of Shatts perFrasne 26”%m 





per sq. in.), the heating surface per boiler being 
250 sq. m. (2691 sq. ft.), and grate area per boiler 
5.7 sq. m. (61.4 sq. ft.). There are two feed-pumps, 
one main and one auxiliary, supplied by Messrs. 
G. and J. Weir, Limited. he fan-engine is of the 
Normand type, and was constructed in Cartagena. 

One or two points of comparison between the two 
systems of turbine drive may now be indicated. It 
will be noted that the s occupied is the same. 
This necessitated the shafts being given a horizontal 
rake, as shown in Fig. 20, as well as a vertical inclina- 
tion, as shown in Figs. 18 and 19, above. By this 
means it was possible to get the condenser, &c., on the 
same athwartship line as the turbines—in the star- 
board wing. (Figs. 13 and 17). 

The dimensions of the machinery in both series of 
vessels are tabulated in comparative columns. 


lst Series (Triple 2nd Series (Twin 
Screw). Screw). 


Heating surface in 








boilers 2745 aq. ft. 2691 aq. ft. 
» nw eae “s 63.5 i 61.4 ,, 
orking pressure .. 256 1b. 256 
Total weight of boilers 
with water to work- 
ing level be we 33 metric tons 33 metric tons 
ag omens | Sastene, Diameter of Rotor, 
‘arsons reaction .. 1 ft. > 
Number of expansion 3 on a h 
Length of blades From 0.81in.to | Pressure turbine 
0.71 in. 
Parsons impulse 
High ti, teeth.) cane 
“pressure turbine, ameter 0! r, 5 1 in. 
Parsons reaction 1 ft. 43 in. (mean); reac- 
tion, 2 ft. 4} in. 
(mean) 
Number of expansions 3 4 in reaction 
ngths of reaction From 0.98 in. to From 0.98 in. to 
lades 1.97 in. 2.56 in. 
Intermediate-p Diameter of Rotor, 
turbine, Parsons re- 1 ft. 10 in. 
action ~ 
Number of expansions 3 None 
Lengths of blades. From 1.34 in. to 
2.68 in, 





3750 horse-power. Doubtless the 


bines developi 
sels will do as well as the triple-screw 


twin-screw vesse 
boats. 





OPENINGS FOR BriTIsH ARTICLES IN ITALIAN MARKETS. 
—We have received from the Briti-h Chamber of Com- 
merce for Italy, Genoa, a copy of their List No. 22, which 
gives information concerning a number of Italian firms 
who desire to do business with Great Britain in a variety 
of articles hitherto supplied to Italy by German and 
Austrian houses. 





CanaptIAN Raitway ADMINISTRATION.—The working 
expenses of the Canadian Pacific Railway Company for 
the year ended June 30 were 65,290,582 dols. e prin- 
cipal items were :—Transportation, 32,083,170 dols.; 
maintenance of way. and works, 11,400,539 dols.; and 
maintenance of equipment, 11,307,965 dols The receipts 
from all sources in the samé period were 98,865,210 dols. 
This aggregate was made up as follows :—Passengers, 
24,044,288 dols.; freight, 60,737,737 dols.; mails, 1,389,334 
dols.; and agg by telegraphs, and miscellaneous, 
12,693,856 dols. e additions and improvements made 
by the Canadian Pacific Company upon its main line and 

hes in 1914-15 represented an expenditure of 
9,090,347 dols.; including Eastern lines, 1,119,434 dols ; 
Western lin 5,397,012 dols.; Montreal terminals, 
220,360 dols. ; Windsor-Street Station extension, 51,940 
dols. Drawbridge over Lachine Canal, 116,619 dols.; 
addition to office i and hotels, 2,091,960 dols.; 
rents and temporary sidings, 39,871 dols.; and tele- 
graph extensions and additions, 47,682 dols. The ex- 
= made upon the Eastern lines included 

»929 dols. for additional sidings, bere 2 stations, 
and yards; 431,088 dole. for permanent bridges and 
improvements; and 584,983 dols. for double track- 
ing. Upon the Western lines, the heaviest items 
were: additional sidings, buildings, stations, and 
yards, 231,950 dols.; permanent bridges and improve- 
ments, 397,016 dols.; elevator at Winnipeg, 209,765 dols.; 
Winni station and hotel, 1,047,453 dols; Calgary 
hotel, 157,849 dols.; Vancouver terminals, 451,169 dols.; 
and double tracking, 2,720,207 dols. The length of the 
in line i tion froma Montreal to Van- 





i total mi of all lines in 
working in June, 1915, was 13361 oe 
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INDUSTRIAL NOTES. 


From the industrial point of view, both the recent 
advance of the British and French troops in the 
Western battlefield and the Russian stand on the 
Eastern front are significant, for they illustrate the 
value of an increase in the supply of the munitions of 
war. They show what our soldiers and those of the 
Allied nations can effect when they have at their dis- 
posal the necessaries of war, and indicate what the 
result would be were they able to reckon upon an un- 
limited continuous supply. It is, therefore, all the more 
depressing to learn from the report of Parliament for 
Tuesday last that 1700 men engaged on it warship 
construction at Messrs. Thornycroft’s yard, Southamp- 
ton, had been on strike for some days as a protest, it 
was said, against the employment of certain men who 
had been specially released from the colours for muni- 
tion work, on the ground that these latter were 
non-union men. The Minister for Munitions said in 


duty he could fulfil, or that he stinted his services in 
the hour of the country’s greatest need. 





A conference of representatives of the Parliamen- 
tary Committee of the Trades Union Congress, the 
Management Committee of the General Federation of 
Trade Unions, and the Executive Committee of the 
Labour Party, was held at the Board of Education 
Offices on Tuesday last. Among those present were 
Mr. J. H. Thomas, M.P., and Mr. J. E. Williams, of 
the National Union of Railwaymen; Mr. G. H. 
Stuart, of the Postmen’s Federation; Mr. C. W. 
Bowerman, M.P., Secretary of the Parliamentary 
Committee ; Mr. W. Thorne, M.P. ; Mr. Middleton, 
assistant secretary of the Labour Party; Mr. 
Brace, M.P., Under-Secretary for Home Affairs ; Mr. 
W. A. Appleton, Secretary of the General Federation ; 
Mr. J. xton, ne Committee; Mr. H. 
Gosling, President of the National Federation of 
Transport Workers; and Mr. Ramsay Macdonald, 


Parliament that the strikers left work without the| M.P. 


knowledge or authority of their union, and remained 
on strike, although the union had instructed them to 
return to work, and was making efforts to secure their 
return. The Minister added that proceedings had 

y been commenced against a number of the 
strikers under the Munitions Act, and he hoped the 
case would be heard this week. 





The following is taken from the general secretary’s 
remarks in the report for September of the United 
Society of Boiler-Makers and Iron and Steel Ship 
Builders :— 

** As the months go by everything but one thing 
sinks in importance, and we are surely, though slowly, 
realising that we have something on hand which 
requires the utmost and the best we each can give if 
we are to win through. At the first call of danger 
some hundreds of thousands of our best men offered 
their lives for the defence of a small and weak nation 
against a great and powerful one. Our help was not 
sufficient, and the weak nation, with the united 
forces of France and Britain, were swept before the 
great barbarian hordes. Since the first shock at Mons 
many many thousands of our sons and brothers have 
bravely suffered all the indescribable hardships of 
trench warfare. Some 400,000 at least have had 
wounds and illnesses which put them out of action for 
a time, and more thousands than I care to say have 
lost their lives in a cause that was materially much 
less to them than to the great majority of us who have 
remained at home in our usual comfort. 

**Asa Britisher I am proud of my country, with 
all its faults. Iam proud of our democratic Govern- 
ment and institution, and I have no desire to adopt 
German methods of compulsion and autocracy. I am 
out to fight German militarism, German oppression, 
and German conscription, and I defeat the object in 
which I am whole-heartedly engaged in if I allow any 
newspaper or any political party to introduce these 
things now. The argument is that we must meet 
German methods by German methods. Surely the 
propagators of such doctrines cannot mean what 
they say. Germany practises a policy of ‘ frightful- 
ness.’ This includes the murder mutilation of 
prisoners in cold blood, the deliberate murder of non- 
combatants on the sea and in undefended towns, the 
wanton destruction of priceless and irreplaceable books 
and works of art, and the wanton violation of all civil 
and sacred laws of chastity and morality. 

** Shall we use these methods, or even some of 
them? If so, then in God’s name what are we fighting 
foe?...” 





Mr. J. R. Clynes, M.P., a member of the Muni- 
tions Parliamentary Committee, has of late addressed 
a@ number of men employed in various industries in 
the provinces. In the course of one of his speeches, 
he stated that he had found that the great majority 
of workmen were doing their best. The conditions, 
however, rather justified the opinion that what was 
the best in ordinary times must be bettered if possible 
by further exertion and endeavour now that there was a 
war. The recent very cheering news pointed to a turn 
in the tide ; the offensive of the British and French 
forces was being maintained and ground was being 

ined. The soldier, however, was not much use unless 

e was backed up by the men who remained at home. It 
was shocking to send men into modern warfare unless 
they were backed up with the fullest provision of 
cannon, shot, andshell. It rested with the workmen to 
say whether they would stins the output or whether for 
the time being they would set aside any rules or prac- 
tice that might limit that output or would restrain 
them from giving the full degree of service. The 
soldier in the trenches had no regulations of hours, 
no time and a half for overtime. He was under the 
most rigid discipline, and he had to observe the most 
unyielding and unswerving obedience. They did not 
wish to see introduced into the workshop the prin- 
ciples of the barrack-yard, but they did say that while 


Mr. Arthur Henderson presided, and both Lord 
Kitchener and the Prime Minister were present during 
the afternoon. 

At the conclusion of the conference an official state- 
ment was issued as follows :— 

There was a joint conference of the Parliamentary 
Committee of the Trades Union Congress, the Manage- 
ment Committee of the General Federation of Trade 
Unions, the Executive Committee of the Labour 
Party, and representatives of the Parliamentary 
Labour Party at the Board of Education yesterday. 
Mr. Arthur Henderson presided, and in response to an 
invitation from the meeting, Lord Kitchener, and sub- 
sequently the Prime Minister, attended and addressed 
the conference on the military situation. The pro- 
ceedings were private. 


All sorts of cobblers are deserting their lasts, says 
the Textile Mercury, to tender gratuitous and inexpert 
advice to the Administration in these days, and those 
whose business in life is to cobble trade unions form 
no exception. Here, for example, is the pretentiously- 
styled General Union of Textile Workers, by the voice 
of its executive committee, protesting frantically 
against the temporary lowering of the factory age from 
fourteen to thirteen years, and in ridiculous rhetoric 
condemning such a proposal as “‘ retrogressive and 
dangerous to the physical and moral well-being of 
the future citizens of the Empire.” 

Well, war is dangerous and war is retrogressive, 
but none the less measures have to be taken to wa 
it, and some rearrangement of factory work is not the 
least necessary of those measures. This particular 
measure, as it happens, is one that has been concerted 
between the parties genuinely concerned. It has been 
devised by representatives of employers and employed 
in the cotton trade, sitting in conjunction with repre- 
sentatives from the Home Office, and it has been 
submitted to the Home Secretary as a practicable 
proposal to which the true parties to the case can 


agree. 

The cotton trade employs young children, the heavy 
woollen trade, for which alone this General Union has 
any excuse to speak, does not employ them. The 
executive committee, with no doubt the very best 
intention of securing some advertisement for itself, is 
thrusting its finger into other people’s business. We 
could do with an authority meantime to put all such 
meddlers back into their places. In the piping times 
of it may be that nothing is more Rtting and 
admirable than that Trade Union Jack should occupy 
himself with all manner of things outside his own 
concern, and set the world to rights generally. For 
the present, those who are doing their own duty have 
quite as much as they can manage without interfering 
with neighbouring affairs. 


A review of the steel industry in the first year of the 
war is given by Dr. E. Schrédter, Diisseldorf, in Stahl 
und Eisen. An abstract of this review is published in 
The Iron Age, New York, from which we take the 
following :—*‘ Since the end of January last, the rate 
of production at German iron and steel works has in- 
creased in a satisfying degree. A large number of 
blast-furnaces are again in blast, and others are con- 
stantly being lighted. Though the average production 
of each furnace has decreased as a result of poorer 
ores, yet the daily output of 18,925 tons in August, 
1914, has grown to 31,400 tons as the average of the 
last few months. Steel, from the low figure of 18,310 
tons per day in August, 1914, has advanced to an 
average daily output of 33,000 tonsin 1915. The pro- 
duction of the German iron industry, dependent on 
domestic raw materials as it now is, is so great that it 
fulfils not only all the demands of the German army 
and fleet, but also the necessary current needs of steel 
for domestic p , and even, to a certain extent, 


the wants of neighbouring neutral nations. . . .” 
Then comes a tale of woe concerning the situation 
outside the German Elysian fields. 


In France and in 





the war was being prosecuted no workmen should have 
it on his conscience that he had been lacking in any 


England, the iron, steel, and 
situation. 


coal trades are in a bad 
**In the United States also,” says Dr. 





W. | said to-day with certainty that the 





Schrédter, ‘‘ the railroad reports, the number of bank 
failures, as well as the complaints as to unemploy- 
ment, indicate that the entire industrial life has not 
improved, as was assumed by the Chauvinists, who 
hoped for great advan as a result of the elimi- 
nation of German world competition. . .. It is 
astonishing that the effect of the flow of orders for 
war material which the enemies of Germany have 
showered on American plants, and which have given 
rise to many new expansions, has not been more 
marked on the general current of that country’s 
industry. While on the one hand the war industries 
have made t gains, on the other hand American 
industrial life has suffered cpomneuety. It can be 

emming-in to 
which Germany is subjected by England’s blockade 
will lead to a lasting falling - off of the German 
former large imports from North America, among 
which oil and copper may be mentioned. A later 
reckoning will show whether the present gain in war 
materials may not be at the cost of lasting damage to 
American exports to Germany.” 

The solicitude shown by Dr. Schrédter for the 
welfare of the American trade is really affecting. No 
surprise need be felt, on the other hand, at his 
mentioning the hemming-in action of our Fleet. The 
whole world knows now what the results would be 
were the German Fleet to be preponderant over ours. 
It seems almost futile to remark that had that been 
the case, and had it done the hemming-in, Dr. 
Schrédter would not have given a second thought to 
the ‘‘enormous suffering” inflicted upon American 
industrial life. He is clumsily preaching pro domo. 
His statements are in contrast to those recently given 
in the daily Press as emanating from the German 
military attaché in the United States. 





A meeting was held last Saturday at the Coal-Trade 
offices, Newcastle, between representatives of the 
Northumberland Coal-Owners’ Association and the 
Miners’ Association with a view to consider the men’s 
application for an advance in wages. It was decided, 
we are informed, that the maximum under the sliding 
scale—65 per cent.—be not operative during the period 
of the war. The last quarterly ascertainment but one 
of the selling price of coal showed that the amount the 
men would have been entitled to, had there been no 
maximum, was 11 per cent., while the current ascer- 
tainment made known last Saturday showed that the 
selling price had gone up Is. 4d. per ton. As wages 
rise 1 per cent. for every ld. increase in the selling 
— of coal, there was in all 27 per cent. to be dealt 
with. 

It was agreed that wages for the period of the war 
should rise by 1 per cent. for every 14d. increase in 
the selling price of coal, as against 1d. under the scale 
in normal times. This meant that the men would 
receive two-thirds of 27 per cent., the advance being 
18 per cent., which would take effect from the first 
pay in October. 





A joint meeting of the South Wales and Monmouth- 
shire iron and steel makers’, mechanics’, &c., sliding- 
scale committee was held at Abergavenny on Saturday 
last to receive Messrs. Kirk and Jolliffe’s award for 
the three months ending August 31, 1915. The result 
of the award is that wages at the associated works 
have been advanced 104 per cent. as from to-day 
(October 1). 





It is reported that a joint conference of representa- 
tives of the railway companies and the National Union 
of Railwaymen is to be held this week end, and is to 
be preceded by meetings of the two sides. 





The Press Bureau states that a joint committee 
representing the National Labour Advisory Committee 
‘and the Ministry of Munitions, with additional 
members, has been appointed by Mr. Lloyd George 
to advise and assist the Ministry in regard to the 
transference of skilled labour and the introduction of 
semi-skilled and unskilled labour for munition work, 
so as to secure the most productive use of all avail- 
able labour supplies in the manufacture of munitions 
of war. The first meeting of the Committee was held 
on September 21. 





Unrrep States Sree, ConporaTion.—The unexecuted 
orders of the United States Steel Corporation amounted 
at the commencement of September to 4,908,455 tons, as 
compared with 4,928,540 tons at the commencement of 
August, 4,678,196 tons at the beginning of July, 4,264,598 
tons at the corresponding day in June, 4,162,244 tons on 
rr! 1, 4,255,749 tons at the commencement of April, 
. ry —— ft Powe. ' a 3,836 Dec 2 
tons at opening of Fe , an 7 tons & 
the beginning of Sone. It will be seen that the 
course of business in August was slightly unfavourable, 
the unexecuted orders showing a falling-off of 20,085 tons 
for the month. As com , however, with January, 
there was still an improvement at the commencement 
of September of 1,071,812 tons. 
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DETECTING BLOW-HOLES IN METAL 
CASTINGS. 


Note on the Detection of Internal Blow-Holes in Metal 
Castings by Mcans of X Rays.* 
By C. H. Tonamy (Engineer, Mitsu-Bishi Dockyard and 
Engineering Works, Kobe, Japan). 
THOUGH various methods of testing metals have been in 





Fig. 7, SAMPLE OF PURE COPPER CASTING FOR 
“ XRAY EXAMINATION. 

ae a... Semmes Sader umn EN 
7———— 





—— 











4—-——— — — — — — — — — — —— § *-- 


cise encima tonne AI aicsamniesincetiieme disicniemascliei 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





aa ! a 
la ALU» 


( 





Fic. 3. 


RaptoGraPH oF Pure Copper Castine, 2 Min. 5 Sec. Exposure, 
0.8 MILLIAMPERE AT THE Distance or 50 CENTIMETRES. 


metallography, and mechanical and physical testing— 
no method, so far as the author of this note is aware, 
been evolved until quite recently for detecting internal 
blow-holes by external examination. 

Such defects being, in the ordinary way, only dis- 
covered when the material is subjected to machining, the 
application of X rays for this purpose seemed likely to be 
of great service. 

Particularly is this the case with copper castings, since 


4ig.2. ARRANGEMENT FOR EXAMINATION. 
Gundelach Tube 
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'X Ray Plate 


Fig. 4. 





Fic. 5. RapioGRaPH OF THE 8AME SameLe as Fics. 3 anp 4, 6 Minutes Exposure, 
2 MruuramPeres at THE Distance oF 15 CenTIMETRES. 





Fic. 6. PHorocrarn oF THE Sipe View or Same.e Cut sy Meta Saw atone A Line 
InpIcATED BY Fic. 5, SHOWING THE LarGE Fiaw. 


use for some considerable time—such as chemical analysis, | ee *t 
; m 





r, when ata high temperature, absorbs gases 
rae 9 thereby rendering likely the formation of 


on Paper read at the Autumn Meeting of the Institute | blow-holes. When making these castings a small quan- 
i Metals, held at the Rooms of the Chemical >) Bur- | tity of phosphorus, tin, or zinc is usually added as « 
9 deoxidiser. Blow-holes, however, 


ington House, London, on Friday, September 17, 1915. 








are always to be 








guarded against, and in order to study their occurrence 
the author made some X-ray experiments upon a thin 
casting of pure copper, using a Gundelach X-ray tube. 
@ specimen which was used in the experiment was a 
plate of pure copper, cast at a high temperature. The 
late measured 5 in. by 44 in. by } in., with hole 4 in. in 
iameter and 4} in. deep drilled in one side, as shown in 
Fig. 1. A channel % in. deep was drilled on the surface, 
in order to vary the thickness of the plate. 

The a tus used in obtaining radiograph of the 
blow-holes, drilled hole, and channel is shown in Fig. 2. 
The specimen was laid on the X-ray plate vertically under 
the Gundelach tube. By i ay the vertical distance B 
between the centre of the and the X-ray plate, the 
time of exposure, and the strength of current, the follow- 
ing results were obtained :— 
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Very faint spots obtained, 
1 60 2 5 0.8 which indicated the positions 
x. blow-holes (Fig. 3). neetocd 
ore stinct spots o ti) 
2 30 2 30 0.8 (Fig. 4). 
— + distinct ob- 
ned, together with the 
8 16 5 0 2.0 ——— of the hole in the 
| sample (Fig. 5). 


In order to verify the results so obtained, the plate 
was sawn across through the indicated positions of the 
blow-holes, and these were found to be continuous, as 
shown in Fig. 6. In this experiment an X-ray source of 
ordinary strength was used ; but had there een enenres 
a much more powerful source, such as the Coolidge tube* 
used by Dr. Wheeler,+ the radiographs would certainly 
have been sufficiently distinct to determine the exact 
position of the blow-holes. Moreover, by taking radio- 
graphs in two directions at right angles to one another 





RaviocGrapH OF SAMPLE OF Fic. 3, 2 Min. 30 Sec. Exposurs, 
0.8 MiLLIAMPERE AT THE Distance or 30 CENTIMETRES. 


the depth of the blow-holes beneath the surface of the 
plate could be determined. 

In conclusion, there is little doubt that useless work in 
the machine-shop might be saved by testing metals by 
means of X rays, as described above. 





Warter-Works Directory and Statistics, 1915-16.— 
We have received from Messrs. Hazell, Watson and 
Viney, Limited, 52, Long Acre, W.C., the new edition, 
the thirty-first issue, of this book, which gives a name- 
index of British water-works officials, data on the asso- 
ciations of a in this country and in the 
United States, and statistical information on the 
water-works of Great Britain and Ireland, arran 
alphabetically under the namesof the towns. This infor- 
mation includes the names of the railways which serve the 
se Coane | he princi — the po of 
the population supplied, capital, source of su , Storage 
capacity, price of water, &o. Thebook is published. at 10s. 6d. 





CoLtteck CaLenpaRs.—The calendar of the me eee | 
Coll Newcastle-on-Tyne, for the ensuing academi 
year just been issued. e college, which is the seat 
of the Faculties of Science and Commerce of the Univer- 
sity of Durham, provides coursesin engineering, mining, 
metallurgy, naval architecture, and ——_ as wi 
asin pure science. The engineering department is sub- 
divided into six branches, devoted respectively to general 
mechanical engineering, marine engineering, civil engi- 
neering, naval architecture, electrical neering, and 
miaing. The new term commences on T ay, October 5. 
The 120th session of the Royal Technical Coll Glas- 
gow, opened this week. The coll provides both day 
and evening courses in nearly every branch of technology 
inclading, naturally, all departments of es an 
naval architecture. The textile trades are also well pro- 
vided for. We are glad to note that the institution is 
well supported by local manufacturers, many of whom 
give facilities for the so-called sandwich system, by which 
student-ap tices attend the college during the winter 
session, and spend the rest of their time in works. 


* Physical Review, December, 1913. 
+ General Electrical Review, 1915, vol. xviii., No. 1, 
page 25; No 2, page 134. 
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TWIN-SCREW TURBINE INSTALLATION ON SPANISH TORPEDO-BOATS. 
CONSTRUCTED BY THE SOCIEDAD ESPANOLA DE CONSTRUCCION NAVAL, CARTAGENA. 
(For Description, see Page 336.) 
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NOTICES OF MEETINGS. 


British FounpryMen’s Association: LANCASHIRE BRANCH.— 
Saturday, October 2, in the Municipal School of Technology, 
Manchester, at 4 p.m., when the president, Mr. H. Sherburn, of 
Warrington, will deliver the dential Address. 

Tae Mipianp IxstiruTte or Mining, Crvi, AND MECHANICAL 
ENGINEERS.—Saturday, October 2, at 3.30 p.m., at the Institute 
Rooms, St. James’s Chambers, Sheffield. The business will 
include the Report of the Council and the election of Presiden 
Vice-Presidents, and Council. The ry~! 

f Ear 


rs will be n 
for discussion :—({1) ‘“‘Some Effects o' ~ +" 


-Movement on the 

re and the 
Neighbouring Parts of Derbyshire and Nottinghamshire),” b: 
Professor William George Fearnsides, M.A. (Cantab), F.G. 
(2) “‘ Compressed Air for Coal-Outters,” by Mr. Sam Mavor. 

Tue Society or Enxoinesrs.— Monday, October 4, at the 
Surveyors’ Institution, Great George-street, Westminster, at 
7.30 p.m. A paper entitled ‘‘Law and Engineering,” by Mr. 
Sydney G. Turner, A.M. Inst. O.E., Barrister-at-Law, will be read. 

Tues JuN-or InstrruTion or Enoinesxrs.—Friday, October 8, at 
8 p.m., at 39, Victoria-street, Westminster. Mr. A. J. Simpson 

ll speak on “‘ A Grinding Problem.” 
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INDUSTRIAL CAPITAL. 


OF all the factors that combine to stir up and 
maintain industrial strife the chief is ignorance. 
If each party were perfectly acquainted with all 
the facts on both sides, and if each were able to 
consider its own position from the standpoint of 
its antagonist, few questions would degenerate into 
strikes, and these would be of very short dura- 
tion. Ignorance, of course, is not the sole 
factor. Pride, selfishness, and the love of noto- 
riety play an important but these must have 
some foundation to build upon, and this would 
generally be found to be of very unstable nature if 
the searchlight of exact knowledge could be turned 
on to it. Unfortunately, it seems to be no one’s 
business to spread a knowledge of economic truths. 
Those who consider it their mission to stir up a 
‘*divine discontent ” in the minds of the working 
classes not only have no liking for scientific inquiry, 
but are gencrally constitutionally unable to follow 
it, while governments can scarcely go beyond the 
publication of statistics, leaving the conclusions to 
which they point to be evolved or not by others as 
chance may determine. Our own Government has 
certainly published vast arrays of figures connected 
with manufacture, and if the information they con- 
tain could be made to permeate the national con- 
sciousness, it would do something to dispel the idea 
that the working classes are being systematically 
deprived of their just share of the joint earnings of 
themselves and capital. 

One point of great interest on which the diffu- 
sion of wider knowledge is desirable and possible 
is, what investment of capital is, on the average, 
necessary in different industries to find employ- 
ment for one man. The amount varies, it will 
be found, between very wide limits. In the trans- 
portation trades it is extraordinarily high, but in 
the manufacturing industries remarkably low. 
Taking our railways, for example, for each man 
employed in normal times, some one or other has 
had to find capital to the extent of 19001. This, 
indeed, is in some degree an underestimate, since, 
although deduction has been made for ‘‘ water” in 
cases in which the nominal capital is more than 
that actually expended on the line, no allowance 
has been made for “negative” water where 
stock has been issued at a premium. In the 
case of the Great Western Railway, for a 
the net ‘‘ water” is ‘‘ negative,” and is equal to 
about 10 per cent. of the actual capitalisation of 
the company. In the great shipping trades the 
investment per head employed is also, no doubt, 
very high, and here, as in the case of the railways, 
it is probable that the aggregate amounts received 
from the industry by labour and by capital are of 
the same order. In the case of the railways the 
wage paid in normal times is officially stated to 
average 28s. per week—that is to say, nearly 731. 
perannum. The shareholders receive a dividend 
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somewhere about 4} Rp cent., equivalent to a 

of about 801. per annum. 
litician” economists have ed, accord- 
t since the railway shareholders receive 
approximately the same aggregate amount as the 
employees, they could well afford to give the 
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logic of this proposition is ludicrously loose, as 
would readily be seen by inverting it and apply- 
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ing the same rule to the trades, such as mining, 
in which the aggregate receipts of the workmen 
are many times more than those of the share- 
holders. A comparison of the aggregate return 
received by capital and labour respectively can, in 
the nature of things, never afford any indication of 
whether either is or is not getting an undue 
ield. The cost of the Simplon 
or example, amounted to over 
r mile, so that, assuming that Switzer- 
land could raise money at 4 per cent., it was neces- 

to promise the investor a return of 11,200. 
per mile, which is = equivalent to at least 
4001. per man employed. In this case the investor 
is receiving annually at least five times as much 
as labour, but this fact cannot be cited as 
evidence that the investor is obtaining more than 
his due. 

In other industries the proportion in which the 
gross return is shared between labour and in- 
vestors is reversed. In the mining industry, for 
example, the figures given in the final report of the 
census of production show that the investment in 
mines and quarries averages only about 1501. per 
man. We have not, in this instance, definite 
figures of the average wage paid, but it is certainly 
much higher than in the case of railwaymen. 
Mines being essentially a ‘‘ wasting” property, 
capital will only be forthcoming for their develop- 
ment if promised a fairly high return. What this 
return is cannot be ascertained from the figures 
given in the Census of Production; but even did it 
average 10 per cent., the miners’ proportion of the 
gross return would be at the very least fully five 
times that of the shareholders. 

In the cotton trade, which is another great staple 
industry, the investment per head employed amounts 
to about 1571. In view of the very large proportion 
of female labour, the average wage paid is probably 
lower than in other skilled trades ; but, at the 
worst, labour must be receiving in the aggregate 
many times as much as capital. 

Dr. Inglis has stated the investment in the ship- 
building trades to be about 1801. per employee. 
In electrical engineering German figures show an 
investment of about 250/. per head employed, and 
in ordinary mechanical engineering the figure is 
probably somewhere between the two, or, say, 2001. 
per head. In 1906 the average full-time earnings 
in the engineering trades were 32s. 5d. per ou, 
and in the shipbuilding trade 35s. 11d., and the rise 
since has been considerable. These figures are 
taken from the Board of Trade Report on Earnings 
and Hours of Work in the Engineering and Allied 
Trades. An independent confirmation of the 
figures is to be found in Mr. Ward’s address to 
the Institution of Engineers and Shipbuilders in 
Scotland in 1908. Excluding salaries, but includ- 
ing journeymen, apprentices, labourers, boys and 
girls, Mr. Ward stated that the average weekly 
wage paid in Messrs. Denny’s yard at Leven had 
been as follows :—In 1852 the average weekly wage 
was 13s. 24d.; in 1862 it was 15s 24$d.; in 1874 it 
was 24s.; in 1882 it was 26s. 24d.; in 1892 it was 
26s. 94d.; in 1902 it was 32s. 9$d.; and in 1907 it 
was 32s. 

On the other hand, the average return to the 
shareholder taken over a number of years, and 
spread over the trade as a whole, was estimated 
some years ago by Sir Benjamin Browne as about 
4 per cent. Even taking it at 5 per cent., the share 
of labour is very much in excess of that received 
by those who have had the enterprise to venture 
into this speculative class of investment, combined 
with the ability to secure a profit in highly com- 
petitive conditions. This conclusion is streng- 
thened by a comparison of the annual earnings of the 
workman with the works value of the final pro- 
duct. In the engineering trades this is stated to 
average 1091. per head, whilst the workman’s earn- 
ings for a full-time week are given as 32s. 5d. The 
proportion of the year worked must vary through 
a somewhat wide range, and overtime must be 
balanced against lost time in order to find the 
actual average annual earnings. Subject to an 
unknown correction under this head, the annual 
earnings will be 84/. per annum, leaving a margin 
of but 261. per annum to cover rent, rates, power, 
lighting, taxes, insurances, and a number of other 
charges which necessarily rank in front of dividends. 

Moreover, matters are really less favourable to 
the investor than would appear on the surface. 
There is not a year in normal times which does 
not see large sums expended in establishing new 
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proportion go under to the total loss of their 
shareholders. The capital thus represented dis- 
appears and is written off, so that the total invest- 
ment in the manufacturing trades is in reality 
very much higher than is indicated by the figures 
available. The successful undertakings have thus 
to return a sufficient margin to make up for the 
absence of dividends on these losses, otherwise the 
financing of fresh undertakings would be impos- 
sible. So long as 4 to 4} per cent. is obtainable 
in non-speculative securities, no one is going to 
risk a total loss of his savings in the endeavour 
to develop, say, a gas-turbine, if the reward of 
success is to be limited to something like the 
same figure. It is said in the great chemical 
industries that fully nine-tenths of the work of 
the research laboratories proves abortive, but that 
as the tenth pays, and more than pays, for the dead 
loss on the failures, it proves rofitable to continue 
this class of speculation. e provision of new 
capital for industrial developments will, similarly, 
only be forthcoming if the community admits the 
validity of the principle here involved. The 
opposing tenet of *‘ Heads I win, tails you lose,” 
advocated by certain of our ‘‘ politician” econo- 
mists, is wholly impracticable. 

It is in the manufacturing industries that the 
amount of capital invested per head rules lowest. 
In the case of water works, for example, the in- 
vestment per head employed amounts to about 
3901. The corresponding figure for gas works is 
2031. per head, and for electric light and power 
undertakings is about 3901. per head. 

It is not possible from the figures given in the 
census report to determine the investment per head 
employed in the merchanting of goods, but pre- 
sumably it is very large. According to the census 
figures, the distribution costs of goods consumed in 
this country is between 0.33 to 0.46 of their value 
at works or port of entry. Of this, a certain pro- 
portion consists of freight charges, but the bulk is 
to be otherwise accounted for. Advertising and 
canvassing and other selling charges are high and 
unavoidable, and much capital has to be invested 
in providing warehouse room. 

Another interesting point brought out in the 
census of production was that only one third of the 
total income of the country was derived from manu- 
facturing and mining industries. The remainder 
is paid out either in distribution costs or for 
** services.” 

The selling costs vary through a wide range. In 
the wholesale trade, the Co-operative Wholesale 
Society figures show that the cost of selling to the 
retail societies ranges from 1} per cent. in the case 
of groceries up to 5 or 8 per cent. for other goods, 
As the society has an assured clientéle, these costs 
are probably substantially lower than the average. 
The cost of retailing goods is naturally much 
higher, and in the case of the co-operative retail 
societies ranges between 20 and 35 per cent. of the 
purchase price, in which is, of course, included the 
wholesaler’s profit. Hence, apart from freight 
charges, the cost of distribution will be, say, 26 to 
46 per cent. of the factory costs. It has, more- 
over, to be borne in mind that the societies in 
question conduct their business on very conserva- 
tive lines, avoiding speculation of every kind, and 
giving little or no credit. The distribution costs 
are, endian probably somewhat lower than the 
average. 

Taking the value (to the ultimate purchaser) of the 
goods consumed in this country as 1,830,000,000/., 
the cost of distribution is said to be 563 millions. 
Of this, only a relatively small fraction is to be 
debited to railway charges. For example, in 1910 
gross railway receipts amounted to 114 millions, of 
which 44 millions were passenger receipts, leaving 
some 70 millions as derived from freight charges, 
which amounted, therefore, to about 12 per cent. of 
the total costs of distribution, It would be very 
interesting to learn in whet way the residue was 
apportioned. 

ft is quite certain that there is considerable 
waste and overlapping of effort. Every man who 
has been a manufacturer of commodities sold over 
the counter, such as calico, for instance, has com- 
pared with a rueful face the profit of one-eighth of 
& penny or so per yard which he made with the 

nny or twopence obtained by the retailer, and 

as felt that improved methods were needed. 

This, however, is a matter which is gradually 
righting itself. The immense shops and stores 
w 


ich are steadily — the small shopkee 
are managed with t pense 


great ability, and all expenses 





are watched with jealous care. Many of them 
have reached the utmost limit in economy, while 
the active competition between them keeps down 
profits to a reasonable amount. The alter- 
native to such stores— municipal shops — only 
needs to be mentioned to be dismissed as im- 
possible. Anyone who has had experience of a 
Government department, even in times of peace, 
would recoil from the idea of having his daily 
wants supplied by officials, and would ridicule the 
suggestion of any saving being effected over the 
competitive methods, wasteful though they may 
sometimes be, at present in vogue. In this con- 
nection, the success of the Post Office is usually 
quoted as evidence of what a Government can do, 
but there is no comparison between the simplicity 
of collecting and delivering letters and the com- 
plexity of, say, a great provision business. 

Moreover, though the Post Office is an ‘‘ effec- 
tive” instrument of distribution, it is impossible to 
determine whether it be also “‘ efficient.” Having 
a legal monopoly in the field covered, there is no 
competitive standard with which its operations can 
be contrasted, and it is only by a comparison of 
this kind that it becomes possible to determine the 
standard of efficiency attained. A pumping-engine 
which consumes 5 Ib. of coal per pump-horse-power 
per hour may be thoroughly “‘ effective.” Another 
engine, equally effective, may, on the other hand, 
consume as little as 1 lb. of fuel per pump-horse- 
power hour in equivalent conditions. A compari- 
son of the two figures shows immediately how 
grossly inefficient an effective service may be. The 
average writer on economics unfortunately treats 
the two terms as synonymous. 

It is, as said, difficult to obtain information 
about the capitalisation of retail trades. It is 
certain, however, that it tends to grow relatively 
smaller, due to the restriction of credit and to the 
more rapid turn-over of stocks. A very large pro- 
portion of the margin between expenditure and 
receipts goes in wages, not only to those assistants 
who appear to the customers, but also the many 
engaged in clerical duties, in packing, and in delivery. 
Another large part goes in the form of rates which 
are spent on increasing the amenities of the town 
and in educating the children. The proportion which 
finds its way into the pockets of the share- 
holders is not a large one, and it only. needs 
a short period of careless or incompetent manage- 
ment for the item of profit to disappear from the 
balance-sheet. Statistics relating to retail trades 
would tell very little, since the conditions vary so 
much from trade to trade and town to town. But 
since most of the large distributing concerns are 
limited companies, it is possible to learn from their 
balance-sheets how great a proportion of the 
profits yo in expenses, and how much in dividends. 





THE USE AND MAINTENANCE OF 
BOILERS. 

BritisH coal-fields have long been regarded as a 
main source of the manufacturing supremacy which 
was acquired during the middle of the past century, 
and, undoubtedly, cheap fuel gave us a very dis- 
tinct advantage in our competition with less 
favoured countries. It comes therefore as some- 
what of a shock to note that in the recent presi- 
dential address of Mr. William Ingham to the 
South African Institution of Engineers, the cost 
of coal delivered at the pumping-stations of the 
Rand Water Board is stated as being only 9s. 7d. 
a ton, whilst at the late meeting of the British 
Association at Manchester the Corporation gas 
engineer said that be expected for some years to 
come to have to pay 13s. 6d.a ton for the half 
million tons of coal annually passed through the 
retorts. Manchester is in the very heart of an 
important colliery district, whilst South Africa is 
commonly regarded as a country as yet imperfectly 
dovciepell, where prices might reasonably be ex- 
pected to range high. 

Obviously, if we are to lose our past advantages 
in the matter of cheap fuel, manufacturing enter- 
prise will be clogged, and it becomes increasingly 
important that this high-priced fuel shall be used 
as economically as possible. Much has been done 
to improve the efficiency of the prime mover itself. 
In the address already quoted, Mr. Ingham states, 
for example, that the 25,000-kw. Parsons turbine 
at Chicago gave on test a steam consumption of 
10.5 Ib. per kilowatt-hour, a figure which corre- 
sponds to a brake efliciency ratio of some 82 per 


cent. or 83 per cent., according as the initial pres-— 


sure is taken as that above or that below the 
governor-valve. 

For further improvement we must look largely 
to the boiler-room, and hence the report which Mr. 
Stromeyer has just issued to the Manchester Steam- 
Users’ Association is very well timed, dealing as it 
does in exhaustive fashion with every aspect of 
boiler-house economy. 

This question has to be considered as a whole, 
or the steps taken to diminish the coal bill may 
easily give rise to an inordinate increase in the 
cost of repairs. Economies possible in large 
power - houses with thousands of kilowatts in- 
stalled are impracticable elsewhere. Probably 
the average man in the street considers that a 
very large proportion of the fuel wastage is to 
be attributed to the murky clouds of smoke which 
issue from too many of our factory chimneys. 
This idea appears indeed to be pretty firmly fixed 
in the minds of the majority of the members of 
the Smoke-Abatement Association, but it is very 
erroneous. In normal working, a Lancashire boiler 
in good condition and intelligently stoked has an 
efficiency of not more than 70 per cent., which, by 
the addition of economisers well looked after and 
maintained, may be increased to nearly 80 per cent. 
Taking 25 per cent. as the smallest loss likely to 
be met with in practical every-day operation, the 
production of smoke of the densest possible kind 
would account for a loss of not more than 2 per 
cent. 

Indeed, as Mr. Stromeyer points out’ in his 
report, a complete absence of smoke, unless a 
naturally smokeless fuel is employed, generally 
means a very large loss of heat owing to the admission 
of an excessive quantity of air into the flues. This 
excess air has all to be heated up to the chimney 
temperature, and represents a heat loss far in 
excess of that due to the incomplete combustion of 
the carbon particles passing away in black smoke. 
In fact, stokers commonly find that a boiler steams 
more easily when a certain amount of smoke pro- 
duction is permitted. Less fuel has accordingly to be 
burned fora given output of steam, and the sulphur 
passing into the atmosphere is reduced propor- 
tionately to the fuel consumption. Carbon cost 
blackens, but is fairly innocuous, but the oxides of 
sulphur are positively harmful. 

An interesting point to which Mr. Stromeyer 
calls attention is the serious increase in the 
repair bill which frequently follows the in- 
stallation of mechanical stokers. With these 
stokers a much more accurate adjustment of 
air to the fuel burnt is obtained than is usual 
in hand firing and higher temperatures, are thus 
developed in the furnace. A large proportion of 
the total heat passing through the furnace-plates 
is radiated heat, and as radiation increases as the 
fourth power of the absolute temperature, the tem- 
perature gradient in the plates is greatly increased. 
Of course, with clean metal an enormous rate of 
heat transmission may be effected with a very 
small temperature difference between the two sides 
of the plate. A steel plate # in. thick will, for ex- 
ample, transmit nearly 1000 B.Th.U. per square foot 
per hour, with a temperature difference between its 
two faces of only 1j deg. Fahr. It is, however, 
another matter when there is a coating of scale on 
the water side of the plate, as this is an excellent 
non-conductor. Asa consequence, the plate tempe- 
rature may rise to a dangerous degree. 

In illustration of this fact, Mr. Stromeyer quotes 
the case of a large steamer, the boilers of which had 
worked for along time without trouble. Improved 
fire-grates were then fitted, which reduced the coal 
consumption 10 per cent.; but the whole eighteen 
furnaces gradually bulged, owing to the higher 
furnace temperature. Another case—that of a 
water-tube boiler—is instanced, which seems to 
show very clearly the important a played by 
radiation in causing overheating. long as coal 
was used there was much trouble with the bulging 
of the water-tubes over the furnace ; but the trouble 
ceased entirely when gas-firing was resorted to. 
Solid fuel is, as is well known, an excellent radiator, 
whilst all gases radiate badly, the Bunsen flame, 
for example, being barely luminous. ; 

These experiences show that when mechanical 
stokers are fitted, special care should be taken to 
exclude scale and grease from the boilers, or the 
high temperatures resulting from the reduction in 
the excess air may cause such serious injury as to 
offset the decrease in fuel costs. : 

Mr. Stromeyer also points out that mechanical 





stokers require to be adapted to their fuel, quoting 











Oct. 1, 1915.] 


ENGINEERING. 


343 








a case in which a stoker which had worked most 
satisfactorily with ordinary slack went practically 
to pieces when Welsh nuts were substituted. 
These being purer than the slack led to the deve- 
lopment of higher furnace temperatures. Mecha- 
nical stokers, moreover, often fail to receive the 
benefit of the proverbial stitch in time, and if 
minor repairs are systematically neglected there 
is a danger that the whole stoker may suddenly 
have to be scrapped. 

Economisers very substantially diminish the fuel 
consumption when well looked after and main- 
tained, but if the water supply is of poor quality 
the maintenance costs may completely swamp the 
reduction in fuel costs. tt the removal of scale 
from the economiser pipes costs more than 201. per 
annum, the net result is, Mr. Stromeyer states, 
likely to be a loss, and for this reason economisers 
are seldom fitted in limestone districts. 

Some very interesting estimates as to the cost of 
boiler operation are included in the report, and are 
summarised in the annexed table :— 


Boiler Costs. 


Boiler Treatment. 
Good. Bad. 
First cost of a Lancashire boilerin £ £ 
place “ +s sn .. 1000 1000 
Capitalised value of repairs and 
rene sas le ae ae 275 850 
Cost of economiser in place we 200 200 
Capitalised value of repairs and 
renewals... in int = 170 420 
Cost of water-softener in place ... 75 75 
Capitalised value of attendance 
and renewals ee — ove 425 425 
Capitalised value of chemicals ... 25 225 
Cost of mechanical stokers = 150 150 
Capitalised value of repairs and 
renewals... onl oe aon 950 


The capitalised value of maintenance given in 
the table is the sum which, invested at 4 per cent. 
at the time of the original purchase, would provide 
for all repairs, and leave accumulated at the end an 
amount sufficient to replace the item when com- 
pletely worn out. The enormous importance of 
good treatment is thus made very apparent—per- 
haps more so than by the alternative method of 
dealing with this question, in which contributions 
are made to a sinking fund in annual instalments 
sutficient to enable the item to be entirely written 
off at the end of its life. 

Mr. Stromeyer notes that newcomers, on first 
joining the Manchester Steam-Users’ Association, 
frequently fail to realise that the greatest benefit 
to be gained thereby is the opportunity of obtain- 
ing skilled advice on boiler matters, and not merely 
insurance against disaster. Hence defects are 
concealed, and minor repairs effected without notice 
to the Association. In one case, for example, stay- 
bolts broke frequently, but this fact was suppressed, 
the broken stays being quietly replaced prior to 
every inspection. Much loss thus fell on the owners, 
as, had the defect been known, its cause would have 
been searched out and eliminated. 

The experience of the Association bas shown that 
in some of boilers, scantlings equal to those 
demanded by the Board of Trade Rules for marine 
boilers are a positive source of danger, and their 
highest certificate is given to boilers in which the 
thickness of plates liable to suffer from grooving is 
reduced; the elasticity thus obtained eliminates the 
danger and gives a safer boiler. 

The tendency of public departments to dispense, 
so far as may be, with skilled assistance receives 
due criticism in the report. Parliament refused to 
enact that those inspecting boilers in accord with 
the Factory and Workshop Act should be com- 
petent engineers, and to enable others to under- 
take the work, the Board of Trade have drawn up 
a set of rules to be followed in making an inspec- 
tion. It is probably for similar motives that a 
Government department recently demanded an 
error-limit of 4 im. in certain woodwork. An 
inspector could thus be employed who might be 
quite ignorant of what constituted good joinery, 
but he could be relied upon to apply a gauge, and 
accept or reject the walk accordingly. 

Another point criticised by Mr. Stromeyer is the 
regulation that boilers of all types must be thor- 
oughly opened up for inspection. This, he states, 
if rigidly enforced, would militate against the use 
of pipe boilers. 

As mentioned above, ving in certain parts of 
boilers has been largely eliminated by reducing the 
thickness of the parts affected. As is well known, 
there is a potential difference between strained 


dissolve selectively if exposed to chemical action. 
An interesting experiment in this connection is 
recorded in the report. A series of rings of 
mild steel were prepared, the inner diameter 
of one set being slightly less than the outer dia- 
meter of the others. The lot were shrunk together 
in pairs. The inner member of the pair was 
accordingly under compression, and the outer under 
tension. e sets were then placed in a caustic 
evaporator for a period of some months. On final 
removal the outer rings were found to have become 
quite brittle, whilst the inner rings remained per- 
fectly ductile. In comparison experiments, made 
with rings untreated chemically, both inner and 
outer rings retained their ductility. 





UNIFICATION OF PATENT LAWS. 
Dr. Hete-Suaw, in his interesting presidential 
address to the Engineering Section of the British 
Association (reported fully in our issue of Sept- 
ember 10), advocated the formation of a special 
committee, the object of which was to be two-fold. 
The first object of the proposed special committee 
was to undertake any work which would be of use 
in an advisory capacity or by research, or, indeed, 
in any other way for direct assistance in the war. 
The second purpose of the special committee was 
to prepare for the war of industry which, when 
— is signed, will be waged between the British 

pire and our present enemies. Dr. Hele-Shaw 
proposed many subjects well worthy of the con- 
sideration of the proposed special committee, and 
one of the subjects he suggested was ‘‘ Patents and 
Patent Law.” The question of the amendment of 
our British Patent Law is one that crops up periodi- 
cally, and various suggestions are made for its 
improvement. Some of the suggestions that are 
made from time to time are well worthy of con- 
sideration, but others, when looked into, only show 
that they are put forward by interested parties as 
a for ills which they themselves have 
othe, and which may not be suffered by others. 

P in engineering, certainly on the mecha- 
ni and electrical sides, is largely dependent 
upon invention, and invention will not progress, 
nor will it be seriously undertaken, unless proper 
and adequate protection be given to the inventor, 
and to those who really make invention practical 
by means of capital and business support. 

We have seen from time to time suggestions that 
the patent laws of the various nations of the world 
should all be brought into line, and that there 
should be one standard law for all countries. 
There is much to be said for this suggestion, 
but we fear itis Utopian. Dr. Hele-Shaw does not 
suggest that the whole of the patent laws of the 
world should be treated as has been suggested, but 
thinks it would be a splendid thing to bring about 
a conference leading tc the unification of the patent 
laws of the British hupice, and to have one compre- 
hensive patent law for the whole of the Empire. 
In the past, and even at the present moment, there 
has been, and there is, a ual bringing into line 
of the patent laws of our Colonies with that of the 
Mother Country. Australia, since the formation 
of the Commonwealth, has promulgated a law which 
covers the whole of that continent and Tasmania, 
and an inventor has, therefore, only one patent to 
take out to protect his invention instead of six 
patents as formerly. The Australian law is in many 
respects a copy of that now in force in the Mother 
Country. Of course, there are differences, but 
these are slight, and the practice followed is based 
on that of our own Patent Office. The Govern- 
ment of the Union of South Africa has not yet 
had time to pass a patent law to cover the 
whole of that area, so that an inventor is bound 
to take out about five patents to protect himself in 
that territory. There is no reason why one law 
should not be passed for the whole of the Union, 
and we believe that such a law is under considera- 
tion and will soon be placed upon the Statute- 
Book ; from what we have heard, we have no doubt 
that it will conform very closely to that of the 
Mother Country. India has recently had a new 
law, which has brought Indian patent law and 
practice more up to date and akin to British law 
and practice. 

Other British Colonies have patent laws, and 
these laws are from time to time amended. A very 
good step has been made in the right direction in 
certain of our Colonies and Protectorates, which 
now grant protection for an invention patented in 





and unstrained metal, and parte in tension tend to 


Colony of the British patent. This ure is 
simple, and it does not involve the colony in much 
expenditure for a staff to work the patent law. It 
is not to be expected that our smaller colonies can 
afford to put into operation a law similar to that in 
Great Britain, and institute in each colony an 
official examination as to novelty. The number of 
patent applications in some of the colonies is so 
small that the Patent Office of that colony could 
not possibly be made to pay if such procedure 
were adopted. It must not be forgotten, when 
considering the question of bringing the several 
colonial patent laws into line, that the Patent Office 
in this country and in the Colonies is regarded as a 
revenue-producing office. 

We do not think that Dr. Hele-Shaw, when he 
used the expression ‘‘ one comprehensive patent 
law for the whole of the Empire” meant that the 
patent laws of our colonial possessions were to be 
revoked and the British Act made operative in 
the Colonies. It is true that the French law gives 
an inventor protection in France and her colonies, 
and that the same is true of Germany and her 
colonies. The ition of the British Colonies is, 
however, very different from that of the French and 
German colonial ions ; France and Germany 
do not colonies or dependencies like Canada, 
Australia, or India, and it is quite certain that the 
Governments of Colonies and Dependencies, such 
as we have mentioned, would strongly resist any 
a that they should yield up one — 
they now of granting patents, an t the 
Mother Countag should become the patent autho- 
rity for the whole of the British Empire. 





NOTES. 
Hicu-Sreep Repucrion-Gears, 

During the past week we have had an oppor- 
tunity of seeing under test a set of reduction-gears 
for a steam-turbine, just completed for Messrs. 
Workman, Clark ne Co., of Belfast, by the 
Power Plant Company, of West Drayton, Mid- 
dlesex. This firm may not unfairly claim to be 
the pioneers in this department of engineering, 
having cut the gears supplied to the Vespasian, 
which demonstrated the possibilities of the system. 
The gears for Messrs. Workman, Clark and Co., 
are designed to transmit 2200 horse-power with 
a reduction ratio of 10 to 1. The pinion is of 
7.66 in. pitch diameter, and has twenty-three 
double helical teeth, and runs at 3000 revolutions 
per minute. The wheel is of 77.33 in. pitch dia- 
meter, with 229 teeth, the useful width of the 
face being 3 ft., and the width over all 4 ft. 6 in. 
From the foregoing, it appears that the pitch-line 
speed is 100 ft. per second, and the pressure 
336 Ib. per lineal inch of effective width of wheel. 
The test was made running light, the pinion-shaft 
being driven by a 30-horse-power motor. The 
Power Plant Company have, we should add, 
supplied the plant complete, inclusive of its 
housing, oil-pump, oil-filter, and oil-cooler. The 
total floor space occupied measures 9 ft. 2 in. by 
9 ft. 10 in., and the centre line of the shafting is 
2 ft. 9$ in. above ground-level. The gear ran 
under test with very little noise. The lubrica- 
tion is forced throughout, the oil being supplied 
under ——— by a small centrifugal pump 
arranged at one end of the pinion-shaft. 1 the 
bearings are accessible without removing the main 
cover. The brasses are lined with white meta), 
The supply of oil to the pinion entirs the centre 
of a long sleeve extending from end to end of the 
pinion, and cut away on one side so as to clear the 
teeth of the driven wheel. At each end this sleeve 
is bored to fit the external diameter of the 
pinion for a length (axially) of about 1 in.; but 
the intervening s is larger than the pinion 
diameter, and this annular space is kept filled 
with oil by the pump. A uniform distribution 
of lubricant over the whole length of the 
teeth is thus secured. The pinion is of nickel 
steel specially heat-treated. The teeth of the 
driven wheel are cut in forged steel rings shrunk 
on to cast iron centre-pieces, machined all over and 
accurately balanced. e above gear, large as it is, 
by no means represents the full capacity of the 
works. A set recently sent out weighed 25 tons 
complete. The teeth of these gears are hobbed 
on special tools designed and constructed at the 
works. The largest of these machines is capable 
of — wheels up to 13 ft. 6 in, in diameter by 





Great Britain by the mere registration in the 


80 in. width of face. It is, however, probable that 
the Power Plant Company may ultimately abandon 
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the hobbing process for these large gears in favour complete mental picture are apt to prove singularly 
of a own! of ‘“‘generating” the teeth. Small LITER ATU RE. unsatisfying. At the outset, when in Maxwell's 
double-helical wheels are already being made with atic bigan electromagnetic theory the student meets with two 


generated teeth, and with such excellent results 
that a large machine operating in the same way is 
now under construction. The new machine is a 
very ingenious one and has the advantage that the 
dividing gear to take very much smaller pres- 
sures than when the teeth are formed by means 
of a hob. 


RENEWAL OF THE GERMAN CoaL SYNDICATE. 


The protracted negotiations about the renewal, 
and of fate of a temporary renewal, of the Rhenish- 
Westphalian Coal Syndicate have resulted in a 
rolongation being carried at a meeting held at 
en on September 14; the highly unpopular 
‘*7wang” syndicate is thus avoided. A coercive 
syndicate, under Government control, did not 
appeal to any of the great coal-mines, although 
some held out as long as possible about the new 
agreement, amongst them the highly influential 
section represented by the Thyssen concern ; but 
at the above meeting Herr Thyssen was himself 
present and eventually acquiesced. The present 
syndicate terminates on December 31, 1915; but 
its renewal presented many difficulties, and the 
steps taken to accelerate its prolongation failed to 
have the desired effect, as they almost invariably 
do in questions of syndicate renewals, which, as 
a rule—from which the exceptions are almost 
conspicuous by their absence—are only brought 
about when the decision cannot be put off any 
longer. German syndicates are a powerful and 
well-established institution ; the necessity, or, in 
any case, the desirability, of which is now fairly 
universally admitted, by none more so, perhaps, 
than by the State itself. But although this large 
and complicated machinery as a rule works appa- 
rently smoothly, it has often required not only 
reat insight, ability, and influence, but also a very 
ons amount of patience to keep it together. 
The biggest of them all, the Coal Syndicate, 
is no exception to this rule. So as to further 
its renewal, January 1, 1915, was first fixed 
as the: date after which the members were at 
liberty to sell for delivery after the expiration of 
the syndicate on December 31, 1915. This term 
was first put off till February 15, and afterwards 
to October 1, 1915. There were, however, always 
divergences of opinion which stood in the way of 
the renewal, not so much really on what might be 
called fundamental matters, but on the question 
of allotment more than any other; and this not 
only applies to outsiders, whom the syndicate was 
desirous of gathering into its fold, but also to old 
members of the Coal Syndicate. Still it is possible, 
or perhaps even probable, that a proper renewal 
would have been brought about before October 31, 
but, in July, the Government suddenly and un- 
expectedly interfered by the decree about coercive 
or ‘‘zwang” syndicates, under Government con- 
trol, in the coal and lignite industries, which 
no doubt had special reference to the Rhenish- 
Westphalian Coal Syndicate. A door, however, 
was left open for the Coal Syndicate, through the 
formation of a temporary syndicate, to be in force 
from January 1, 1916, to March 31, 1917, but 
it had to be joined by 97 per cent. of the allot- 
ment. The State coal-mines declared their willing- 
ness to join the temporary syndicate, upon the 
price-fixing of which the Prussian Minister of Com- 
merce was to exercise a considerable influence. As 
September 15 was fixed by the Government as the 
date before which this voluntary temporary syndi- 
cate had to be formed, should a ‘‘zwang” syndi- 
cate be avoided, it will be seen that the renewal 
was only effected in the eleventh hour, the very 
last day, in fact. 





TRADE WiTH CHINA AND S1amM.—The Foreign Office 
draws attention to the sation just issued prohibit- 
ing the exportation of goods i to any persons or 
bodies of persons in China or Siam other than such as 
may be notified by Order of the Secretary of State for 
Foreign Affairs, or of the Board of Trade, to be inserted 
in the London, Edinburgh, and Dublin Gazettes. First 
lists of approved consignees follow the text of the Pro- 
clamation in a supplement to the London Gazette, pub- 
lished September 24. Firms desiring to export is to 

countries in question, consigned to traders not yet 
sppearing in these lists, should make application to the 
oreign Office, who will, if necessary, inquire by tele- 
Gree (at the applicant’s ex ) or by post, of His 
Majesty’s consular officers, whether the proposed con- 
signees may be approved as not serving as in iari 


for enemy firms. 








The Mathematical Analysis of Electrical and Optical 
Wave-Motion, on the Basis of Maxwell’s Equations. By 
H. Bateman, M.A., Ph.D. Cambridge: University 
Press. [Price 7s. 6d. net.] 

Dr. Bateman is content to write for the few 
who revel in the mysteries of vector analysis, and 
find recreation in the solution of transcendental 
equations. In the first lines of the first chapter 
we have to grapple with the strange notation in 
which vector analysts delight, and make our way 
through the abbreviations of ‘‘divergence” and 
*‘curl,” though for this latter the author sub- 
stitutes ‘‘rot.” Nevertheless, we have the satis- 
faction of being brought into contact with those 
features of algebra which are thought to add so 
much to the progress of thought. The object of 
the treatise is to trace the history and result of 
recent researches, based upon the development 
of Maxwell’s electromagnetic theory, which are 
directly connected with the solution of the partial 
differential equation of wavemotion. It is eminently 
desirable to be in a position to review the scattered 
work of many eminent pure mathematicians ; but 
this volume must not be considered a mere compila- 
tion, exhibiting and contrasting the methods that 
various authorities have followed. Dr. Bateman 
has contributed memoirs, both original and valuable, 
to the sum total, as will be seen later; but here 
we are bidden rather to admire the power and 
ingenuity of the mechanism and the extent to 
which it has been applied. With every wish to do 
justice to this far-reaching subject, the author's 
industry has not enabled him to treat exhaustively 
the extensive literature detailing the developments 
based on the dynamical equations of motion, and 
this portion of the theory has been omitted. For 
a similar reason the inviting, if elusive, subject of 
‘* relativity ” is not discussed. 

At a time when long-accepted theories are being 
abandoned as inadequate, or fail to explain experi- 
mental results, when new theories are supported 
by such slender evidence as to be little more than 
aspirations, it is important to note that the author 
is not willing to enrol himself under the banner of 
the most extreme school. The velocity of light is 
treated as constant, and electrical phenomena are 
not entangled with gravitational. He seems 
unwilling to break with the older traditions, and 
nau would like to retain the ether, not 
necessarily in its popular form of an elastic solid, 
but as a convenient mechanism for explaining action 
ata distance. In some original work presented in 
the chapter dealing with electromagnetic fields with 
moving singularities, the idea is put forward, as the 
result of mathematical discussion, that the ether 
can be regarded as built up from singular curves of 
a particular type. Further, though the physical 
significance of the analysis is not completely 
understood, it leads to the suggestion of a structure 
of the ether comparable to that proposed by Sir 
J.J. Thomson, who has attributed to the ether an 
atomic structure, of which the elements are Faraday 
tubes. In pursuance of the same line of thought 
we have a new model of acorpuscle. ‘‘ According 
to this idea, the corpuscle has a kind of tube or 
thread attached to it. When the motion of the 
corpuscle changes, a wave or kink runs along the 
thread ; the energy radiated from the corpuscle 
spreads out in all directions, but is concentrated 
round the thread, so that the thread acts as a 
guiding wire.” This, again, will recall the theory 
of radiation submitted by Sir J. J. Thomson in his 
theory of the Réntgen rays, and shows that the 
author makes no startling deviation from working 
hypotheses. The chapter in which these points are 
discussed will be found to be of the most interest- 
ing character. In previous chapters the wave 
functions which satisfy the ial differential 
equation are traced through a variety of transfor- 
mations that are apt to become a little wearisome. 
But the author sets the subject out thus fully 
in the hope of gaining new recruits, who will 

ue this ysis into other and fruitful 
paths that will be of value in the general theory 
of functions. He considers that only a limited 
mathematical equipment will be sufficient for the 

———- of many hopeful lines of research. 
e are afraid he will be disappointed. The subject 

is one that ap only te the trained mathe- 

matician, who is able to find delight and satis- 
faction in purely academical theorems. The solu- 

tions of equations whose form does not offer a 








vectors, but finds it difficult or impossible to con- 
ceive the processes these vectors represent, his 
ardour will be apt to chill. It requires a peculiar 
form of mind to be satisfied simply with a competent 
analysis, or an elegant mode of attack. 

There is another class, who, attaching exaggerated 
importance to mathematical research, may yet be 
deterred from pursuing an exacting science because 
the results are discouragingly small or difficult of 
interpretation. Analysis may show the inadequacy 
of an hypothesis, and compel the adoption of a 
new one, which, though free from the apparent 
original defects, may not be correct. For example, 
mathematical investigation may establish the 
fact that diffraction round a perfectly conducting 
sphere is not sufficient to explain the spread of 
electromagnetic waves round the earth’s surface, 
making long-distance wireless telegraphy possible, 
but the suggestion that the ionisation of the air by 
sunlight may prove an important factor in the 
practical result has its origin in other sources. 

If, however, as we fear, the author will be dis- 
appointed in his hope of attracting new converts, 
he will earn the thanks of many for this com- 

rehensive survey of a large mass of literature that 
18 — extending. The application to physical 

roblems adds much to the interest, and this would 

ave been increased if the author had seen his way 
to enter into the details of numerical calculations. 





THE BRITISH ASSOCIATION. 
(Continued from page 305.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


OrticaL Dispersion By Group VELOcITY. 

Sir Josern Larmor, in presenting a communi- 
cation on ‘‘ Optical Dispersion as Conditioned by 
Group Velocity,” remarked that when X rays 
were discovered, they first appeared to consist 
of separate pulses, incapable of reflection, &c., 
like regular waves of light. Lord Rayleigh then 
thought that analysis of these pulses should yet 
be possible. It was now known that X rays were 
regular trains of waves. But the analysis had 
not lost its interest, and Dr. A. Schuster (the 
President) had ten years ago indicated a simple 
way of looking at the problems. When a parallel 
beam of white light fell obliquely on a surface, the 
wave-front would be normal to the incidence, but 
the reflected wave-front would be broken up into 
many short portions obliquely grouped to the re- 
flected rays. When the beam passed through a 
prism the wave-front would be broken up twice, on 
entering and on leaving. Expansion by Fournier 
series of these group velocities was, however, pos- 
sible for definite ranges. White light was as such 
erratic, but became homogeneous for intervals of 
thousandths of wave-lengths. Dr. Schuster, Pro- 
fessor H. Lamb, and others, commenting upon the 
paper, referred to analogous cases of such har- 
monic analysis from barometric variations and 
acoustical phenomena. 


Srincie-Line Spectra oF THE ELEMENTS. 


Professor J. C. McLennan, F.R.S., of Toronto, 
summarised work recently done at Toronto in 
the absorption spectra of vapours (Hg, Cd, Zn) 
and in the single-line spectra of Hg, Cd, Zn and 
Mg. The non-luminous vapours of mercury, he 
showed, gave a strong symmetrically-spaced band 
at 1849.6 Angstrom units (A.U.), a diffuse complex 
band at 2338 A.U. (consisting of a band extending 
from 2313 to 2320, one at 2322, and one at 2326, 
and a wider band between 2330 and 2338 A.U.), 
and an asymmetrical band at 2536.72 A.U. As 
regards non-luminous cadmium vapours the experi- 
ments confirmed the findings of Wood and Guthrie 
as to the existence of a strong asymmetrically- 
spaced band at 2288 A.U., and a narrow, sharply- 
defined one at 3260.17 A.U. Non-luminous zinc 
vapour gave a strong symmetrically-spaced band at 
2139.3, and a very narrow, sharply-defined one at 
3075.99 A.U. In the second part of the paper he 
showed that spectra consisting of a single line could 
be obtained with Hg, Cd, Zn, Mg vapours if these 
were bombarded by electrons having kinetic energy 

uired in potential falls of between 5 volts 
and 10 volts. The wave-lengths of these single 
lines were: Hg 2526.72, Mg 2852, Zn 3076, 
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Cd 3260. If the vapours of these metals were 
bombarded by electrons possessing kinetic energy 
slightly above that acquired in a potential fall of 
10 volts, the vapours emitted their many-lined 
spectra. Professor McLennan presented considera- 
tions showing that, if these single-line spectra 
really did consist of one line and one line only, 
then the results pointed to the possibility of ion- 
ising atoms in two ways, in one of which a single 
electron was ejected from the atomic system, 
whereas in the other a system of electrons was 
ejected. If, on the other hand, these single-line 
spectra turned out to be the first of a number of 
types of spectra, consisting respectively of one or 
three, &c., lines, then the results would go to sup- 
port Bohr’s theory of the origin of radiations. tt 
would follow in that case that the ionisation 
potentials for the atoms of the various vapours 
studied could not be determined by applying the 
quantum relation to the lines in the single-line 
spectra of the elements, but that the potentials 
could be found .by applying this relation to the 
last members of the singlet series in the spectra of 
the elements, which were shown by Wolff, on the 
suggestion of Paschen, to have an existence. 


RaDIoactTIvVE ELEMENTS. 


The discussion on Radioactive Elements and the 
Periodic Law was opened by Professor F. Soddy, 
F.R.S., of Aberdeen, who presented a paper on 
‘* Radio-Elements, the Periodic Law and Isotope 
Elements.” Professor Soddy is a pioneer and 
leader in this line of research, and our readers may 
remember the account of his theory and recent work 
which we gave in our issue of May 28.* He 
emphasised at Manchester that the explanation of 
radioactive phenomena did not undermine the 
chemist’s conception of an element, but furnished 
a positive proof of its correctness. In all changes 
known prior to the discovery of radioactivity 
elements certainly had not changed, and it had not 
been possible to change them into others. The 
recent claims as to artificial transmutation of one 
element into another by means of the action of 
rays from radioactive substances, or of the some- 
what similar agents operative in electric discharge 
through rarefied gases, were a long way still from 
being established. When elements did change, it was 
now known ; they did so spontaneously, the rate of 
change being independent of any known condition 
and involving an evolution of energy a million times 
greater than had ever been observed previously in 
any material change. Elements were still too much 
regarded as constituents of matter ; but the consti- 
tuents of matter might never be known, chemical 
analysis was not ultimate, and entirely different 
elements might even have the same properties. The 
first new radio- elements discovered, polonium, 
radium, actinium, were, indeed, elements in the 
chemical sense, endowed with new properties, 
hence separable from other elements, and occupy- 
ing a vacant place in the periodic table. But the 
next discovery, radio-lead, was not an element ; 
attempts at separating it from ordinary lead had 
always failed completely, although the separation 
would financially be most profitable. The many 
new radio-elements afterwards distinguished had 
no peculiar chemical character either (Soddy and 
A. Fleck). When one a particle (with two positive 
charges) was expelled, the element shifted its 
position in the table two places to the left in the 
direction of diminishing atomic mass [see diagram, 
l.e.] ; when one 8 particle was expelled, the shift 
was in the opposite direction. If the place in the 
table were already occupied, as frequently happened, 
then that so-called new element was an ‘‘ isotope,” 
chemically identical with the old element or ele- 
ments found there. When one a icle and two 
8 particles were successively expelled, the element 
reverted to its original chemical character, being 
then isotopic with its parent. The ultimate products 
in the three series of radioactive elements, uranium- 
radium, thorium, actinium, were in all cases chemi- 
cally lead, though the various leads differed in 
atomic weights. Chemical character depended not 
upon the atomic weight, but upon the electric 
charge of the atom, and not upon the total charge, 
but upon the net charge, the difference between 
the positive and negative charges, the loss of two 
positive charges (one a particle) being neutralised 
by the loss of two negative charges (two 8 particles). 
Rutherford had “discovered” that the atom con- 
sisted of a small positively charged nucleus within 





* See Encivgenine, vol. xcix., page 604. 





a large sphere of electrons, and Van den Broek 
had referred Moseley’s atomic number to the 
nuclear charge ; thus the periodic table expressed 
the relationship between atomic character and 
charge (not mass). As regards mass, Professor 
Soddy gave further particulars concerning lead 
from thorite and ordinary lead. The atomic 
weights were : ordinary lead 207.199 (Soddy), or 
207.20 (Baxter and Grover), thorite-lead 207.78, 
and the densities 11.2748 and 11.3465; that is, 
the atomic weight and density of thorium-lead 
exceeded those of ordinary lead by 0.24 per cent., 
whilst the atomic weight of uranium-lead was 
only 206.05 (Hénigschmidt). Every substance, 
Professor Soddy concluded, should now be tested 
for homogeneity by physical and chemical methods, 
for all properties depended upon net charges, and 
those net charges represented algebraic sums of 
— and negative quantities, not of positive 
only. 

Dr. N. Bohr, of Copenhagen, who has been 
working at Manchester for several years, on the 
invitation of the Chairman indicated the nature 
of difference of properties to be expected on the 
theory of the nuclear atom of Rutherford. Accord- 
ing to that theory, atoms of isotopes had the 
same nucleus charge, but different nucleus masses 
and different internal structures. Owing to the 
small dimensions of the nucleus, the field of force 
in which the electrons moved depended on that 
total charge only, and the configurations and 
velocities of the electrons should be the same in 
isotopes. Therefore all the properties depending 
on electronic distribution should be the same, also 
the spectra. The correction to be made for the 
Rydberg constant due to the mass of the nucleus 
should small for high atomic weights; two 
elements of atomic weights 200 and 220 should 
differ in that constant by 2.5 x 10-7 only, whilst 
the two neons (atomic weights 20 and 22) should 
differ by 2.5 x 10-6, which might be detectable. 
On the other hand, properties depending upon 
gravitational forces and motions of the atoms 
should differ. The question, whether or not they 
would differ, was more difficult for molecules of 
compounds and for solids. But there should be 
no difference if the nuclei were relatively at rest. 
Hence isotepes could replace one another in com- 
pounds. When, however, the phenomena depended 
upon the relative motions of the nuclei, different 
masses would make differences; thus the frequency 
of the vibrations relative to each other (correspond- 
ing to the ultra-red absorption bands) should differ. 
Yet the space-lattices of crystals of isotopes should 
be identical, and Soddy had found the atomic 
volumes of the different kinds of lead to be identical. 
The elastic properties should also be identical, but 
not the velocity of sound, as it depended upon the 
frequency of the mutual vibrations. The tempera- 
ture relations were more complicated, except in 
the limited case of ordinary statistical mechanics. 
The condition for applying statistical mechanics to 
atomic vibrations of frequency v was that the 
smallest variation possible in the energy of the 
system (Planck’s quantum h v) was very small com- 
pared with the mean value of the energy of the 
single particles due to thermal agitation. When this 
condition was not fulfilled, the use of the quantum 
theory was essential, and the isotopes would differ. 
At low temperatures, ¢.g., the specific heats of 
isotopes should be different, owing to the different 
frequencies of the ultra-red vibrations ; but at the 
high temperatures of the a the mecha- 
nical condition would be fulfilled, and isotopes 
should very approximately have the same melting- 
points. 

Dr. F. A. Lindemann could not agree with Dr. 
Bohr. It was thermodynamically impossible, he 
pointed out, that two substances differing in atomic 
weight, should be identical in all other properties. 
If they were chemically inseparable, they must 
differ in their elastic constants and probably in the 
melting-points and vapour pressures ; whilst if 
they had identical physical properties, they should 
in principle be capable of chemical separation. He 
did not wish to express any definite opinion as to 
which alternative was the true one. But the prob- 
ability seemed to incline towards the chemical iden- 
tity of isotopes ; for it seemed more probable that 
the interaction of the atoms which manifested itself 
in the elastic properties should depend upon the 
gross charge than that the outer ring of valency- 
electrons should be affected by it. As the physical 
properties were the easier to examine, comparison 





of the melting-points of thorium-lead and of ordi- 


nary lead might throw some light upon the problem. 
Dr. A. Fleck, of Glasgow, wall that. he would be 
glad if Bohr and Lindemann could suggest some 
method of separating isotopes. He had himself 
failed in all attempts ; but there was the difficulty 
that A. Holmes and R. W. Lawson (Philosophical 
Magazine, May, 1915), experimenting with radio- 
active ores from Devonian (that is, certainly very 
old strata), differed from others as to the end . 
ducts, icularly with regard to radium E, which 
seemed to be unstable. He (Fleck) himself had in 
vain tried to separate radium emanation and 
thorium emanation, separately condensed by liquid 
air and then mixed, by fractional distillation and 
condensation. He concluded that elements of 
different atomic numbers could not have the same 
properties, but he thought, also with regard to the 
rare earths, that chemical properties depended on 
two factors ; electrons had an influence ; and if the 
charge on the nucleus were varied, the properties 
would change, even if the number of electrons 
remained constant. 

Dr. Whytlaw Gray, of University College, said 
he wished to support Professor Soddy as to iso- 
topes. As experimenting with large bulks of radio- 
active materials was im ible, he had recently 
continued his analytical studies of the radium 
emanation which Sir W. Ramsay and himself had 
compressed into glass tubes of 0.1 mm. internal 
diameter four years ago. The pointed end of these 
tubes showed a metallic mirror of RaD and some 
RaG. Into these glass tubes he had introduced 
chlorine, when crystals were observed giving all 
the reactions of lead chloride, and iodine when 
crystals resembling lead iodide in reactions, melt- 
ing-points, polarised light, &c., had been formed. 
The evidence was not conclusive ; but the mixture 
of RaD and RaG certainly appeared homogeneous, 
and RaD had all the properties of lead. 

Sir Ernest Rutherford called attention to the 

int how simple matter had become, something 
ike thirty different elements, for which no places 
could be found, being now fitted in as isotopes, 
with end products like lead, but differing in 
atomic weights between 206 and 212. It might 
be asked how the same §8 rays could give rise 
to so many changes. But those § rays were 
given off at different speeds, and the X-ray 
spectra of RaB and RaD showed the same two 
pairs of lines ; the weak pair in the one case was 
the strong pair in the other, however. We must 
refer our readers to Professor Rutherford’s dis- 
course on ‘‘ Radiations from Exploding Atoms’’* 
as to these matters. He did not wish to decide 
whether elements of different masses might have 
the same properties ; but was it not possible that 
bodies of the same mass had different properties ? 
The discovery of isotopes and atomic numbers 
(Moseley) seemed to Professor Rutherford more 
important even than that of the periodic law. 

Professor Soddy, replying, pointed out that the 
conclusions of Holmes and Lawson were based upon 
geological arguments. He thought that the melt- 
ing-points of isotopes should be the eame ; but they 
wanted accurate determinations, of course; Dr. 
Gray had only been able to observe that his com- 

unds melted above 373 (melting-point of Pb I,). 
Pedant Soddy did not believe that elements like 
isotopes existed (as Professor Rutherford had sug- 
gested); they should long since have been dis- 
covered. 

The discussion was a joint meeting with the 
Chemical Section, but chemists did not rise to 
controvert the physicists. 


Tue Maoneron. 


Professor Pierre Weiss, of the Ziirich Poly- 
technic, gave a remarkably lucid exposition of 
his ‘‘ New Views on Magnetism,” and certainly 
need not have offered to explain in French what 
his English might have left doubtful. The idea 
of the magnetic moment of the atom was at 
the base of every theory of magnetism, he stated. 
The moment was the product of the magnetic force 
of one pole and of the distance between the two 
poles. Although Ampére, Weber, Maxwell, and 
Ewing had considered the molecular moment, 
Langevin had first attempted ite quantitative deter- 
mination in the case of oxygen. He (Weiss) had 
asked himself, if magnetism were a property of the 
atom, how was it that the Heusler alloys (of non- 
magnetic metals) could be magnetic, and that the 
cuprous salts could be diamagnetic and the cupric 





* See ENGINEERING, J une ul, 1915, page 607. 
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salts paramagnetic? He had studied ferro and - 
magnetic phenomena, both of solids and pm mel 
at different temperatures, Even in ferro-magnuetic 
substances saturation was never ‘ect, because 
thermal agitation (translational and rotational) dis- 
turbed thealignmentof themolecules. He had there- 
fore, in 1909, experimented, together with Kamer- 
lingh Onnes, at the temperature of liquid hydrogen 
and with very strong fields—25,000 gauss and more, 
though mostly 10,000 and 5000 gauss sufficed— 
and had found for the moment of the gramme- 
atom of iron the value of 12,360, and that of 
nickel 3370, at 20 deg. Cent. absolute. These 
two figures were multiples of a common factor, 
namely, 11 x 1123.56 and 3 x 1123.5, and this 
factor he had called the gramme - magneton. 
Dividing this factor by the number of atoms 
per gramme-atom, viz., 6.8 x 10%, he found the 
true magneton (magnetic moment of the atom) 
= 18.5 x 10-”. In the case of cobalt they had 
been unable to attain saturation, and he had there- 
fore studied its alloys in steps of 10 per cent. (see 
Fig. 12). Nickel itself had a magnetic moment 
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of 3 magnetons (as already mentioned); when 
cobalt was added, the magneton increased regu- 
larly, as if cobalt would give the value 9; but at 
70 per cent. cobalt the slope of the curve slightly 
decreased, so that the value 8.92 was found for 
cobalt of 100 per cent. The magneton curve of the 
Fe-Co alloys was a broken line, having a maximum 
of 12 for the alloy Fe,Co (a definite compound) ; 
but when more and more iron was added to cobalt, 
the final value for iron of 100 per cent. was not 11 
(as in the direct iron experiments), but 10, whilst 
cobalt of 100 per cent. gave the value 8.97. Thus a 
new sort of iron (and of other metals) was found by 
these investigations, and it appeared in general 
that the atoms of one and the same elements might 
assume different magneton values. The Fe-Ni 
curve was also a broken line, starting from Fe = 11, 
and passing to Fe,Ni (about 33 cent. of 
Ni) = 10, and further to Ni = 3. Froudenreich 
had prepared ingots of 10 kg. of the highly mag- 
netic iron-cobalt alloy, and electromagnets could 
be strengthened by fitting them with pole-tips of 
this alloy. 

Paramagnetic substances had sometimes higher 
magnetic moments than iron, but they hardly 
appeared magnetic, because in the available fields the 
elemen magnets would not arrange themselves 
along the lines of force. Their magnetic moments 
could hence not be determined directly. In their case 
Wiedemann considered the coefficient of magneti- 
sation x, the quotient of the magnetic moment by 
the field ; this coefficient was inversely proportional 
to the absolute temperature, and the product of 
this coefficient and the absolute temperature was 
hence a constant (the Curie constant). In the case 
of gases, on the other hand, the rotational mobility 
of the molecules was perfect, and according to 
Langevin’s kinetic theory of magnetic gases o,,.° = 
3 RC, where o,,. was the moment of the gramme- 
molecule, ©,, the Curie constant, and R the gas 
constant. This law applied more or less to gases 
and to salt solutions. 

Going back to ferro- 
fessor Weiss pointed out 


etic substances, Pro- 
at Langevin's law did 








not hold for iron, &c., at tem above the 

int at which they almost lost their magnetism 
{the Ourie point 6). For these phenomena the 
consideration of the molecular field (the moment 
per unit volume) was useful, and the lecturer had 
shown that the feeble magnetism persisting at 
higher temperatures (above 6) followed the law 
that 1/y was proportional, not to 6, but to the 
excess of the temperature of observation T above 6, 
so that y (T— 6) was a constant. The curves were 
therefore related to the magneton curves, and when 
the magnetism of iron was studied at higher tem- 
peratures, the magneton curve would at certain 
temperatures suddenly rise to higher ordinates ; 
these transition points seemed to correspond to the 
B, y, 8 iron changes. According to Weiss and 
Foéx, 8 iron was probably Fe,, y iron Fe,, and 
8 iron Fe, ; and there were two 8 irons: §, with 
12 (12.08 to 11.98) magnetons, 8, with 10 mag- 
netons. y iron had 39.9 magnetons per molecule 
(19.95 per atom), and 8 iron 20.05 magnetons ; the 
transition temperatures were 775 deg., 900 deg., 
and 1400 deg. Cent. Similarly there were three 
nickels, with 3, 8, and 9 magnetons. These values 
were determined, either directly or indirectly, by 
the study of the metals or of their alloys. 

The magnetons of salt solutions, Professor Weiss 
proceeded, had been investigated by the method 
of Quincke, modified by A. Piccard. The solution 
was contained in a (J tube of glass, the one branch 
of which was placed in the pole-gap of the magnets; 
the liquid meniscus would rise when the field was 
turned, but as this rise was disturbed by oy 
phenomena, a compensation method was employed. 
By this method Weiss and Piccard, and Cabrera 
and Moles had shown that the first observations of 
Pascal (who discovered irons of 22, 24, 26, 28, or 
30 magnetons in various solutions) had been 
erroneous. In iron chloride the magnetons per 
gramme-molecule increased, rapidly at first, and 
then asymptotically, from 27 to nearly 29, as the 
concentration was raised. Now dilute solutions 
were hydrolysed, and when that hydrolysis was 
stopped by adding hydrochloric acid to the FeC},, 
the final value was attained already at lower concen- 
tration. Experiments with ferrous and with ferric 
sulphate (20.5 and 29 magnetons), ferro-ammonium 
sulphate (26.5 magnetons), iron nitrate, nickel 
salts (16 magnetons), entirely supported these 
observations. Professor Weiss was troubled by 
fractional magnetons, however ; they ought to be 
integers, he thought, and he had distrusted frac- 
tional values, and might be obliged to double the 
numbers of his magnetons. The recent researches 
on copper salts by Miss Jacobson showed, however, 
that copper had in all concentrations of its salts 
the magneton 9.62, certainly not an integer; man- 
ganese (29.2 magnetons) also did not conform to 
the integer notion. 

As regards paramagnetic gases, the molecule O, 
had, according to Weiss and Piccard, a magnetic 
moment of 14.014 magnetons, and the atom Q,, 
therefore, 7.007 magnetons ; that would speak for 
the integer character of the eton, and for 
rigid gas molecules. The feebly magnetic nitric 
oxide (NO) gave 9.039 magnetons. The magnetic 
theory, Professor Weiss remarked in conclusion, 
seemed, in any case, to be a useful working hypo- 
thesis, and might help to solve the problem of how 
the atom was built up. He could not explain, 
however, why his magneton was 18.5 x 10-, whilst 
the nuclear theory of Bohr and Rutherford de- 
manded five times that value, 92.7 x 10-~. 

Dr. Bohr remarked in the discussion that his 
value was based upon the quantum theory, whilst 
Weiss started from different assumptions. Pro- 
fessor O. W. Richardson, Mr. 8. D. Chalmers, and 
Dr. Fournier d’Albe also discussed the remarkable 
researches which, Professor Richardson said, had 
revolutionised the science of magnetism. 


DETERMINATION OF GRAVITY aT Ska. 


The Committee on the Determination of Gravity 
at Sea (Chairman, Professor A. E. H. Love, of 
Oxford ; Secretary, Dr. W. G. Duffield, of Univer- 
sity College, Reading), presented an interim 
report. In 1913, Section A decided to take 
advantage of the Australian meeting to conduct 

vity observations over the ocean during the 
journey to Australia. Dr. Duffield communicated 
with Professor O. Hecker, who had, in 1903 and 
1908, made some observations on the Black Sea 
and elsewhere, by comparing a mercurial baro- 
meter with a boiling-point a tus, but who 
now, after consulting Helmert, did not recommend 





his old method, offering rather to lend some new 
apparatus which he had not yet himself tested. 
The new method depended upon balancing a 
column of mercury against the air enclosed in a 
vessel and maintained at constant temperature. 
Dr. Duffield mt five days at Strassburg with 
Professor Hecker, but had not sufficient time to 
test the apparatus, which had to be taken to pieces 
and reconstructed afterwards. He also took with him 
some mercurial and aneroid barometers (supplied by 
the Cambridge Scientific Instrument Company and 
the Meteorological Office), and he asked Messrs. 
Cossor to make for him apparatus of the Hecker 
type in which the volume of air was to be kept con- 
stant by introducing (or withdrawing) measurable 
amounts of mercury from a vertical column of 
mercury ; this apparatus was not in working order, 
however, when Dr. Duffield started from Liver- 
pool on the Ascanius, via Cape Town, on June 22, 
1914. Messrs. Alfred Holt and Co., of the Holt 
Line, had kindly installed a special refrigerating 
chamber with separate temperature regulation on 
the Ascanius, and the staff afterwards most 
readily gave all assistance ; but the first arrange- 
ments had had to be made beforethe Ascanius had 
arrived in Liverpool. Thus the preparations were 
somewhat hurried, and the four Hecker baro- 
meters subsequently proved leaky, there being six 
metal-to-metal joints, three glass-metal joints, and 
one glass tap in each. To meet this difficulty 
everything was subsequently coated with sealing- 
wax, all the sealing-wax on board being used for 
this pu Owing to the war, it was after- 
wards uncertain by which route Dr. Duffield would 
be able to return. Finally the Suez route by the 
Peninsular and Oriental liner Morea was decided 
upon, and the unsealed and resealed appa- 
ratus had to be fixed up again on that boat, 
the staff once more readily giving help. But 
the temperature regulation could not he made as 
well as on the Ascanius, where the temperature 
was adjusted every twenty minutes during the 
daytime and every hour at night, and the vibra- 
tions of the Morea kept the mercury in constant 
agitation and loosened the taps. Dr. Duffield 
uttered a warning in general against the use of glass 
apparatus on boardship. The analysis of the results 
is not yet completed. But the results obtained on 
the Ascanius and on the Morea, the report stated, 
were not comparable, and the most that could be 
hoped was that local variation in gravity—such as 
would occur when the ship passed from deep water 
into a shallow harbour—might have been found at 
favourable times. The main object had not been 
realised, but valuable experience had, of course, 
been gained. A special vote of thanks was ten- 
dered to Messrs. Holt by the Association. 


SEIsMOLOGICAL INVESTIGATIONS. 


The twentieth report of the Committee on Seis- 
mological Investigations (Chairman, Professor 
H. H. Turner; Secretary, Professor J. Perry) 
recorded that the work of Dr. John Milne was 
being continued at Shide, Isle of Wight, by Mr. 
J. H. Burgess (Dr. Milne’s assistant), in conjunction 
with Mr. S. W. Pring and Miss K. Pring. Near 
by Mr. W. H. Bullock had fitted up a new station 
at Newport with an instrument of his own ; this 
instrument had Milne suspension, a smoked-paper 
drum, and high magnification, and Mr. Bullock 
was trying electro-magnetic damping. The radio- 
telegraph for receiving the time signal at Shide had 
had to be dismounted, but the aerial had, by per- 
mission, been re-erected last May. During the 
interval the time had been determined with the 
aid of a transit instrument (lent by the Astronomer- 
Royal) and the telephone. When Mr. J. J. Shaw 
visited Shide during the interval he observed a 
discrepancy between the Shide clock and his own 
watch ; the discrepancy was traced down to the 
fact that the watch had been suspended during the 
night in such a way that it could vibrate as 4 
pendulum. As the magnitude of this source of 
error, which had been pointed out by Lord Kelvin, 
was generally under-rated, Mr. Shaw had brought 
the matter before the Royal Astronomical Society. 

The report further referred to the octahedral pro- 
jection of a map of the world which had been adopted 
for studying Milne’s tables of epicentres (the spot on 
the globe at or underneath which an earthquake 
seems to originate) for the period 1899-1910 ; the 
root idea of the map, it had fas found, did not fit 
the facts in its original form. The main body of 
the report concerned improvements of the Milne, 
the Milne-Shaw, and the Milne-Bullock seismo- 
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graphs, and the identification and interpretation of 
the characteristic points in the curves, on which the 
calculations of the epicentres were based. The 
Milne pioneer instrument remained useful; but 
the very important commencement of the prelimi- 
nary tremor was frequently indistinct on its curves ; 
in this respect the Milne-Shaw instrument was 
superior. e described this instrument, which 
has been modified, in our report of the Bir- 
mingham meeting of 1913. e most ect, 
but very expensive, instrument was probably the 
Gallitzin seismograph. All seismographs were sub- 
ject to very disagreeable disturbances by insects, 
especially moths and spiders, which might simulate 
or stop the effects of large earthquakes when caught 
in the apparatus. Wind and tide effects (e.g., at 
Bidston) were also to be eliminated ; the report 
illustrated some characteristic examples of these 
various disturbances. Some new theoretical con- 
siderations had alsoarisen. The earthquake waves 
travel along chords across the interior of the earth, 
and along the surface, and they are reflected ; 
hence the complexity of the curves. Asa rule, the 
waves originate at some depth in the earth’s crust ; 
but the origin may also be on the surface or above 
it—i.e., above the surface of the geoid ; that is a new 
point considered in the report. It is satisfactory 
to state that the British Association was able again 
to make a grant of 1301. (701. for printing) to this 
Committee. Since international seismological work 
is interrupted by the war, the continuation of the 
British work is all the more important. Mr. J.J. 
Shaw, of West Bromwich, has now been appointed 
secretary of the Committee. We may add that 
Professor Grenville Cole, president of Section C, 
Geology, considered Europe as a settled con- 
tinent, in his presidential address, in spite of 
recent earthquakes. 


RADIOTELEGRAPHIC INVESTIGATIONS. 


The Committee on Radiotelegraphic Investiga- 
tions (Chairman, Sir O. Lodge; Secretary, Dr. 
W.H. Eccles, of University College) reported that 
after the outbreak of the war only about thirty 
stations in the United States and a few in India, 
Australia, Canada, and the West Indies had con- 
tinued to make observations, so far as they were 
aware. The projected collection of statistics, three 
days a week, to embrace one complete round of 
the seasons, was thus interrupted after three 
months’ work, and the solar eclipse observations 
also failed, except in Sweden and Norway. As 
regards strays and their disturbance of telegraphic 
work, two types of curves might be distinguished : 
trough-shaped curves in which the change from day 
to night (disturbances generally more numerous 
and louder) was abrupt, and U curves, in which 
the change was much more gradual ; the choice of 
these terms appears unfortunate. The former ty 
was found at sea and on islands, the latter on the 
mainland. The extreme (lowest and highest) points 
of the curves generally occurred, in the northern 
hemisphere, a little after midday and midnight, 
except in Lagos and Nigeria, where the mini- 
mum was observed about 7 a.m. There was 
generally also a lag behind sunrise and sun- 
set in the disturbances north of the equator, 
but the opposite seemed to hold for Cocos Island. 
These regularities were much affected by local con- 
ditions, and occasionally all radiotelegraphy was 
stopped by so-called X-storms, which might be 
simultaneous at places hundreds of miles apart, 
but were, as a rule, separated by several hours at 
distant places. These X-storms, studied especially 
in America, were certainly connected with meteoro- 
logical conditions, though the re'ations were com- 
plex. Rapid barometric fluctuations, high winds 
and rainfall, often went together with severe X- 
storms ; the worst X-storm known in America was 
accompanied by an exceptionally rapid eastward 
movement of a cyclone. Vasiaiontenes in parti- 
cular were associated with X-storms, and as thun- 
derstorms advanced slowly as a rule, the X dis- 
turbances could be utilised for the prediction of 
thunderstorms. Two kinds of X-storms seemed to 
Occur in day time: (1) those produced by convective 
conditions in the atmosphere within 100 or 200 
miles of the station ; these atmospheric conditions 
might prevail over a whole continent, and the 

‘storms would then appear to be simultaneous, 
though they were local. (2) Those disturbances 
originating at a distance ; Malta and Sierra Leone 


were sometimes equally affecte 
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disturbances at night time. On the other hand, 
auroral displays did not affect radiotelegraphy, and 
the twenty-seven days’ period in the etic 
variations, or any other period, could not be 
traced in radiotelegraphic records. 


INVESTIGATION OF THE Uprer AIR. 


The Committee on the Investigation of the 
Upper Air (Chairman, Sir W. N. Shaw; Secretary, 

r. E. Gold) had to report that they had been 
unable to meet, and that there was no immediate 
prospect of further work ; they desired reap- 
pointment, however. 


Tae Mecuanmm OF CYCLONEs. 


Mr. F. J. Whipple, of the Meteorological Office, 
in a paper on *‘ The Mechanism of Cyclones,” 
pointed out that the pressure and temperature dis- 
tributions in the cyclones of the temperate zone 
could be deduced from the meteorographs carried 
by pilot ballons. Up to the level of 8 km. or 9 km. 
the cyclone seemed to be composed of air cooler 
than the surrounding air ; at greater heights, in the 
stratosphere, the cyclone contained comparatively 
warm air; the lower limit of the stratosphere 
was depressed in the cyclone. The air in the 
lower part of a cyclone seemed to have recently 
ascended, and that in the upper part to have re- 
cently descended, and thus the arrival of a cyclone 
was marked by an outflow of air at the bottom of 
the stratosphere, and by an inflow below. Assum- 
ing that there was no direct exchange of heat, the 
outflow seemed to be concentrated between the 
7th and 9th kilometre, and amounted to 6.5 times 
the loss of air estimated by the fall of pressure 
on the surface of the earth. A cyclone might be 

ed as a disturbance in the stream of air which 
flowed west to east in the temperate zone. Making 
allowance for the curvature in | sonar motion 
of the isobars, the gradient wind at certain heights 
was much less than it would have been if the curva- 
ture were inappreciable, and at these heights the 
cyclone appeared to move under the influence of 
suction applied at the base of the stratosphere. In 
the explanation of the phenomena it had to be con- 
sidered that the flow of air was not entirely hori- 
zontal at any level. 


MATHEMATICAL TaBLES AND Prime Numbers. 


The report of the Committee on the Calculation of 
Mathematical Tables (Chairman, Professor M. J. M. 
Hill, F.R.S., of University College, London; 
Secretary, Professor J. W. Nicholson, of King’s 
College) embodied tables of Bessel, Neumann, and 
other functions. The committee was reappointed. 

The only other mathematical paper presented 
was a masterly memoir, historical and critical, on 
‘* Prime Numbers,” by Mr. G. H. Hardy, F.R.S., 
of Trinity College, Cambridge. This paper is one 
of the three which will be printed in extenso in the 
British Association Report. 


(To be continued.) 





AmeERICcAN Pic-Inon.—The production of pig-iron in 
the United States in August was 2,779,647 tons, or 89,666 
tons per day. The output for July was 2,563,420 tons, or 
82,691 tons per day. The production for August was 
the heaviest reported for any month since May, 1913. 





Inp1AN Raitway Exrtension.—The opening of the 
Hardinge Bridge has brought to the front questions of 
the best means of ee railway communication in 
the country lying north of the Ganges, which used to be 
known as Northern Bengal. Proposals put forward for 
further development include a standard gauge line from 
Santahar to Siliguri ; a standard-gauge line from Ishurdi, 
through Rampur Boalia, to join the Katihari and Goda- 

ri line near Nachoul (or an alternative line from 

attore, through Rampur Boalia, to gari); a line 
on the metre gauge from Malda to Santahar (or an alter- 
native line on the same gouge from near Shamsi, on the 
Katihari i Railway, to Bonarpara); a stan- 
dard-gauge line from Ishardi to Patna, and on to Bhera ; 
and a line from Bogra to Serajganj. Further extensions 
which should be taken in hand as soon as funds permit 
would be a standard-gauge line from the neighbourhood 
of Rampur Boalia to the neighbourhood of Di pur ; 
a standard-gauge line from Ihurdi to Patna and Bhera ; 
the conversion of the San and para line to the 
standard gauge ; and the conversion of the ee oy and 
Malda line to the standard gauge as soon as traffic justi- 
fies it. The portion between Nachoul and Godagari 
would naturally be converted at the same time as the 
Nachoul and Icburdi line is built, so as to concentrate 
transhipment at Nachoul. The doubling of the Katibar 
and Parbatipur line might also be proceeded with pro- 
vided no other east and west line has been built, 





NOTES FROM THE UNITED STATES. 
PHILAvELPHIA, September 15. 

STEEL- PRODUCING capacity in the United States 
is now practically at its maximum limit. Pig-iron 
production can incre somewhat. All the 
open-hearth steel works, representing two-thirds of 

e steel-producing capacity, are rushed to the limit. 
Anxiety prevails as to how inevitable increasing 
demand can be met. Ancther cause of anxiety is the 
threatening scarcity of labour. The railroads have 
become aroused to the necessity of providing far in 
advance of 1916 uirements. Large orders have 
been placed within a few days, and very many systems 
are engaged on making estimates for next year with a 
view of placing orders ; advanced quotations are bein 
made on all lines of finished-steel products. A Fren 
agent has placed orders for 20, tons of steel ingots 
and upwards of 10,000 tons of Bessemer pig. ‘The 
steel-bar trade is in a chaotic condition over the res- 
sure for early deliveries. Shell-steel ranges from 5 to 
3} cente. 

A Cleveland concern has contracted to furnish to 
two European Governments steel castings for shrap- 
nel, calling for 33,000 tons of steel. Deliveries of 
castings to Baldwin's, near Philadelphia, are as 
follow :—5000 this month, 20,000 in October, 100,000 
in November, 200,000 in December, and 250,000 a 
month after until completion of contract. A large 
steel order is being placed here this week for 


——. 
he competition from abroad is very active, Every 
available blast-furnace in the country will soon be in 
operation. Needs of domestic consumers for steel are 
being set aside as far as ible to meet Euro 
demands with all possible despatch. The rush is not 
easy to make plain ; new orders coming must take 
their turn. At Bethlehem 6000 tons of structural 
material are going into additional buildings to turn out 
material. Domestic needs are expanding, but must 
largely wait. eer orders for plate are bein 
promptly filled. No unjustifiable advances in stee 
prices are being made, considering all factors. 
Car-builders are making prompt deliveries. Three 
hundred large automobile trucks are being hurried to 
completion. Every available ton of Bessemer pig is 
wanted by Italy. Jones and Laughlin, Pitteburg, 
will erect a skelp and pipe-mill to employ 1000 men ; 
many extensions are contemplated and will be pushed. 
The advent of the railroads as buyers will create new 
conditions not to be easily handled while the demand 
for war material lasts. 








German Aoctivity IN CHINA.—A propos of German 
activity in engineering work in China, we learn, says the 
London and China Telegraph, that contracts for turbines, 
amongst other things, for large and important collieries 
and iron works have been setvled with German firms in 
China since the declaration of war, in nearly all cases at 
prices considerably lower than the lowest British quota- 
tions obtainable, delivery being guaranteed within this 

ear. It would almost seem as if the engagements of 
rman firms in China in engineering contracts have 
exceeded the possibilities of private enterprise. The 
coptracts in the aggregate are of considerable magelinde, 
and under the circumstances it is not improbable that 
political considerations have had some weight in connec- 
tion with their negotiation. An illustration of German 
activity in China may be seen in an advertu ement which 
recently appeared in the Shanghai papers calling for 
tenders for 857 tons of material for steel bridges for the 
Hankow-Ichang branch of the Hankow-Szechuan Rail- 
way. Tenders were to be sent in by September. The 
specification is in German. Payment is to be made 
rough a German bank in Berlin if a German secures 
the contract, or through a German bank in Hankow if a 
tender from any other country is accepted. Insurance is 
to be arranged through the same channel. It is clear that 
none of the nationals of the countries at war with 
Germany could safely tender under these conditions. 
In making the German language the standard for rail- 
way tenders, and German banks the medium for payment 
of Uhinese Government contracts in the bee, alley 
ata time when German foreign trade is to a large extent 
suspended owing to the war, Germany is giving an illus- 
tration of the influence she is still in a position to exercise 
in China. We suppose it is hopeless at a time like this 
to expect our Government to give assistance to any 
scheme for the development British enterprise in 
China, particularly as so many of our engineering works 
are engaged in Government work. It would appear that 
there are very few private firms in China in a favourable 
ition to compete with Germans, whose large manu- 
acturers of electrical and other machinery apparentl 
send out experts, who go into the interior and deal wit 
inquiries for all kinds of industrial requirements on the 
spot. These men are often attached to one of the large 
firms in China, whose local experience is at their 
disposal. Several private English firms have tried to 
engage experts for this work, but have rarely made the 
department ~~ way. The British and Chinese Cor- 
ration an men bee group are two concerns which 
ve made some headway in competition with Germans, 
and it seems to us only practical way for manufac- 
turers is to form icates on similar lines, and send out 
their own specialists in the same way as the Germans 
have for a long time, 
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NEWCOMEN ENGINE AT FARME COLLIERY, RUTHERGLEN. 





HISTORICAL STEAM-ENGINES. 
To THe Epitog or ENGINgERING. 

Sir,—I read with interest in the current issue of 
Enornegrine Mr. H. O. Clark’s letter on the above 
subject, and I send herewith two photographs taken in 
1905 at the Farme Colliery, Rutherglen, of the New- 
comen engine and discarded ‘* bee-hive” boiler, together 
with particulars of the engine, which may be of interest. 

Yours faithfully, 
, ANDREW HAamMILtTon. 

19, James-street, Liverpool, September 27, 1915. 

We have pleasure in reproducing the photographs 
kindly sent to us by Mr. Hamilton, who describes the 
engine as follows :— 

“ Newcomen Engine.—The winding-engine illustrated 
in the enclosed photograph is in many respects the most 
remarkable old steam-engine in existence. Its constrac- 
tion is so clearly shown that no special description is 
required. The parallel motion is of an unusual type, 
a is not mathematically exact in its action, but suffi- 
ciently so for the required purpose. The valve-gear is 
of the simplest possible kind, and is worked by hand, 
just as was the case with the original Newcomen engine 
before Humphrey Potter invented the scroggan, or 
Beighton the plug-frame. I cannot call to mind any 
other instance in which an engine is ae either for 
winding or any other pu the valve-gear of which 
does not work automatically. The engine draws a cage 
up in 16 revolutions and 35 seconds, the piston traversing 
192 ft. in the same time.” 


Diameter of cylinder 2 ft. 8} in. 
Stroke .. ed is re as 
Revolutions ... 27 
Mean pressure as ais ese 7.35 Ib. 
Indicated horse-power maximum 27 
Boiler pressure baa ak 3 1b. 





EARTH RESISTANCE. 
To THe Eprror oF ENGINEERING. 

Sir,—With reference to the note I presented to the 
British Association on ‘* Earth Resistance,” and the dis- 
cussion thereon which appears in your issue of —_ 
ember 17, page 284, I should like to point out that t 
object of my note was to suggest a method of stating 
simply the effectiveness or otherwise of earth-plates. 
Most of the points raised in the discussion were interest- 
ing but irrelevant, as my note made no attempt to treat 
the subject of earth resistance fully. A great many 
forms of earth-plate are recommended for different pur- 
poses—cones, spiked rods, and so forth—which may be 
admirable for the pur: for which they are designed, 
but, so far as I know, there has been no suggestion of a 
method of comparing them. 

Dr. Eccles’s statement that it does not pay to put more 
than one-third to one-half the amount of copper in the 
earth-plate that there is in the aerial, is clearly empi- 
rical ; the effectivenss of the earth will depend entirely 
on how the copper plates or strips are Tt was 
the object of my paper to suggest some way of deter- 
mining whether the best us» possible was being made of 
the copper in any given earvh. The current distribution 
from an earth-plate will be quite different with high- 
frequency currents to that which exists with continuous 
on leodnanenee currents, but the method suggested of 
determining the equivalent length of an earth might be 
used as an index of merit for high-frequency current 
earths as well as for those carrying continuous current. 
The curve given by Dr. les is presumably worked out 
on the presumption of a uniform radial current distribu- 
tion from the earth-plate at the foot of the antenna ; the 
shape of the earth- plate is not taken into account. 


Yours very —*, 
E. W. Maronant. 
Laboratories of Applied Electricity, The University, 


Liverpool, September 25, 1915. 























GERMAN IRON INDUSTRIES DURING THE 
FIRST YEAR OF THE WAR. 


THE war has influenced the profits of the different 
German concerns in the mining and iron branch in oppo- 
site directions, in some cases tending to increase the 
awe whilst the reverse has happened to others. The 
ollowing table will illustrate this as far as some works 
are concerned, whose balance-sheets have already been 
published :— 


1914-15. 1913-14. 
Marks. Marks. 
Phenix a i 24,636,538 31,700, 428 
Rhenish Steel Works 3,815, 280 5,770,213 
Iron and Steel Works 
oesc bes ae 3,784,548 6,190,784 
Bochum Union (B. 
Verein)... ad 7,400,000 4,300,000 
United Steel Works 
Van der Zypen ... 3,412,760 2,149,802 
Steel Works Becker 4,227,760 1,280,738 


From the above table it will appear that large mixed 
iron and coal concerns, as the first three, whose produc- 
tion comprises a large and varied assortment of mining 
and iron products, without possessing any special facilities 
for turning out war material on a large scale, not only 
have been unable to increase their profits, but have failed 
to keep them up to the figures of the preceding year. 
Such works as these have certainly also gone oy the 
production of articles for war purposes, but this branch 
of their manufacture has not been able to make up for 
the shortage in other branches. In addition, the war 
articles which they were able to produce were of a more 
indirect nature, and could not command the high prices 
which finished and special military goods were able to 
realises. The large fundamental manufactures, such as 
iron ore, coal, pig-iron, ‘‘A” products, and especially 
section iron, as well as a large portion of the “B” 
products (especially wire), show a reduced output, on an 
average hardly ever exceeding 60 per cent. of the normal, 
and a falling off in profits, the more so as the rises in 

rice only took effect by degrees, and consequently only 

fited a portion of the year’s production. The last 
three works in the above table present a somewhat 
different picture in relation to their profits. The 
Bochum works were able to concentrate their energies 
upon the production of cast steel, which is particularly 
important for military purposes, whilst the Van der 
om Steel Works were able to increase their production 
of pig-iron and other goods beyond what had hitherto 
been achieved. Further, the works where the produc- 
tion of coal is not a matter of great importance seem 
‘o have fared better than those which largely 
in for coal-mining; fer in the coal industry fe 
profits have been materially lower than during the 
previous year, as is demonstrated by the balance-sheets 
of the exolusive coal-mining concerns. This is due to 
much reduced production and higher costs, the higher 
prices first coming into operation during the last quarter 
of the year 1914-15. That works which have cast and 
quality steel for their speciality have worked under 
exceptionally favourable conditions is shown by the 
balance-sheets of such works as the Becker Steel Works, 
the Rich. Lindenberg concern, &c. 

The Phenix report draws attention to the well- 
known and oft-discussed effects of the war—reduced out- 
put, higher wages, and, on account of higher rates 
and an unfavourable exchange, dearer raw 
materials all round, the latter adverse circumstance 
only, of course, referring to foreign materials. he 
advance in prices, on the other hand, was slow ; but, all 
things considered, the result of the year’s working is 
pronounced satisfactory. The aggregate coal production 
amounted to 3,358,762 tons, against 4,804,834 tons for the 
previous year, the value in money being respectively 








iron ore amounted to 394,616 tons, inst 776,656 tons 
for the preceding year, the value being respectively 
2,100,000 marks and 3,300,000 marks. The quantity of 
goods despatched by the iron works amounted to 1,487,152 
tons, against 2,316,248 tons, representing in money, net, 
66,200,000 marks, against 217,300,000 marks for the 
year before. The entire quantities of the products de- 
spatched by the Pheenix Works during 1914-15 amounted 
to 5,240, tons, against 7,897,737 tons, in money — 
senting 212,549,814 marks and 284,573,146 marks. The 
roduction of pig-iron amounted to 717,705 tons, against 
,237,779 tons for the previous year, and that of crude 
steel 1,096,658 tons, against 1,501,819 tons in 1913-14. 
The Phenix Company has still 3,300,000 marks owing 
from countries with which Germany is at war. The 
financial position is otherwise pronounced as satisfactory, 
but as mee future prospects the company is unable to 
say anythingdefinite. The number of workmen averaged 
30,807, inst 40,260 for the previous year, and the 
wages paid were 52,662,219 marks, against 70,088,837 
marks for the preceding year. At the end of August 491 
officials and 14,048 workmen were at the Front; 41 
officials and 803 workmen had been killed. 

The United Steel Works Van der Zypen and Wissener 
Iron Works, to which reference has been made above, 
pays, for the year 1914-15, a dividend of 12 per cent., 
against 8 per cent. for the previous year. @ report 
states that the war, after a short period of s a- 
tion, has developed a state of % activity. C) 
production of the iron-mines, which at once receded to 
one-third of the normal, has since advanced to two-thirds, 
and, thanks to miners being allowed to leave the Front, 
the output in June was only 10 per cent. below the 
normal. The total production of the year was 32 per 
cent. below that of the previous year, and the working 
surplus of this branch of the works 49 per cent. below 
last year’s. With the exception of 11 per cent., all the 
iron ore has been used at the company’s own works. 
regards cme me the company has exceeded its propor- 
tionate de iveries to the Pig-Iron Union by 10 per cent., 
the year’s despatch of the Pig-Iron Union being about 
55 per cent. of the allotment. Although the company’s 
sale of pig-iron is 13 per cent. smaller than that of the 
previous year, the profits on this article were 32 per 
cent. larger, pig-iron having altogether risen 19.50 marks 
during the war. Also, as regards the ‘‘ A” products, the 
company had exceeded its proportionate allotment to the 
Stedl Union, 52.52 per cent., by 124 per cent., the profits on 
the ‘‘A” products being 19 per cent. higher than last year. 
Of finished goods the mee has despatched 28 per 
cent. more than during 1913-14, the profits on these 

oods being 35 per cent. higher. The tin-plate works 

ve not only been employed to their utmost capacity, 
but have been materially extended, the production show- 
ing an increase of 32 per cent. as compared with the 
previous vear. 

The Westphalia Iron Works, at Bochum, have de- 
clared a dividend of 10 per cent. for the last financial 
year, and although the number of hands, through calls 
to the Kront, has been reduced to half its ordinary 
number, the prospects for the current year are pro- 
nounced as favourable. 





Betcran Commission ror MrinitaRy INVENTIONS.— 
We are informed that the London office of this Commis- 
sion has been transferred from its old address at 21, City- 
road, E.C., to India House, ee et W.C., where all 
communications should now be addressed. The Commis: 
sion, it will be remembered, was — by the Belgian 
Government to examine all new ideas or inventions ich 
may be of use for military purposes, ¢ y those 
relating to improvements in war ma As a rule, 
the Commission prefers to receive a double set of all 
descriptions, drawings, samples, &c., submitted for ex- 





44,100,000 marks and 63,700,000 marks. output of 
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HARDENING AND TEMPERING HIGH- 
SPEED TOOL-STEEL. 
The Effect of Chr and Tung upon the Hardening 
and Tempering of High-Speed Tool-Steel.* 
By Professor C. A. Epwarps. D.Sc., and H. Kixkawa, 
Manchester University. 


Tue only systematic British investigation which has 
been published regarding the tempering of high-speed 
cutting-steels is that by Professor mter (}, see refer- 
ences, page 352). The experiments which he describes 
were made with two series of steels—namely, chromium- 
molybdenum and chromium-tungsten. The latter series, 
consisting of five specimens, are all that need be con- | 


et, 








tem 
complete till 650 . Cent.; but the results at 1100 deg., 
1150 deg., and 1300 ion = 


cussing them along with the coo 
data which were also obtained by Pro 
Mr. Taylor (*) concluded that they did not provide a 
substantial indication of the relative cutting properties 
of high-speed steels. His reason for this view was that 
he had found, as a result of many carefully conducted 
experiments, that the test cutting properties were 
obtained after subjectin 
ment at a temperature a 
curves and microstructures seemed to show that complete 


pering is less advanced at 500 deg. Cent., and is not 


. are all about the same.” 
Valuable as these results undoubtedly were, it soon 
evident that they were inconclusive, for in dis- 


r Carpenter (2), 


tools to a secondary heat-treat- 
ve that for which the heating 





useful to know the cause of the improved 
perties 
treatmen 
a 
and heating curve | authors (4) made a few preliminary experiments in this 


direction, and, judging 
it was thought ie the 


cuttin 
the mee one 
with ‘‘ The Function of Chromium 
gh-Speed Steels, ’ one of the present 


which are brought about 
b. 


In a paper deali 
Tungsten in Hh 


trom the aie then obtained, 


failure of bigh- cutting tools 


was not due to the loss of hardnees, but to the formation 
of a brittle constituent, which destroyed their cutting 
edge. It is, however, necessary to say that this conclusion 


is incorrect, for during the 


present investigation it has 


been found that the brittle constituent does not form on 


tempering steels which have been properly hardened. 
can anly be detected in material welds hee been over- 


It 






















































































Fig. 1. HARDENING & TEMPERING OF STEELS WITH CONSTANT CARBON & CHROMIUM & VARYING TUNGSTEN CONTENT. 
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sidered in connection with the present work. Their com- 
positions are given in Table I. 


Tasie I. 


tem peri 
Taylor ontd :—** These facts indicate clearly that the two 
methods as yet devised by scientists for determining the 


would occur. In consequence of this Mr. 


— most important quality of the new high-speed steels are 





No. | Carbon. Silicon. | Chromium. Tungsten. 





per cent. | per cent. | percent. | per cent. 
12 0.98 | 0% | 3.1 | 7,96 


13 0.77 | 0,29 | 3.70 10.83 
14 0.85 0.15 3.0 12.5 
15 0.63 0.13 22 12.8 
16 0.55 0.15 2.5 13.5 


In determining the temperatures at which temperin 
took place, the method adopted by Professor Canpenher 
consisted in heating the hardened imens for one hour 
st the desired temperature and then allowing them to 
cool in the furnace. After this treatment the sections 
were polished and examined under the microscope, and 
the tempering judged by noting the changes of structure 
from the polygonal austenitic crystals through the various 
Stages towards troostite, &c., but no hardness determina- 
tons were made. Briefly, the conclusions he arrived at 
were as follow :—‘* No tempering occurs below 550 deg. 
Cent.; all undergo an appreciable tempering 
Cent. No. 12is fully tempered at 600 deg. Cent., 
oe deg. Cent., and Nos. 13, 14, and 16 at 700 deg. Cent.” 

‘periments were also made to ascertain the effect of the 
initial hardening temperature upon the tempering of 
these steels, from which it was concluded that ‘if the 
alloy No, 14 be quenched below 1100 deg. Cent., temper- 
ing 18 already well advanced at 550 deg., and is com flete 
at 600 deg. t.; if it be quenched at 1150 deg. or above, 

_* Paper read before the i 
Septemiver Sh set, Iron and Stee Institute, 
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ineffective,” and he was of the opinion that the only 
satisfactory method of deciding upon the relative merits 


cutting was to make elaborate standard cutting- 


as 
spot ves with carefully standardised tools upon stan- 
ardised forgings. But he says :—‘‘ This test requires so 


much expensive apparatus, consumes so much time, and 
is so slow, that a simpler index or guide which will indi- 
cate correctly the — of wapapeed tools is much 
needed. Moreover, we firmly believe that in time some 
sim index to the property of ‘red-hard 
will be found.” 


The second heat treatment which Mr. Taylor found so 
beneficial consists in heating the tools, which have 
already been hardened, to a temperature somewhere 
between 370 deg. and 671 deg. Cent. The maximum per- 
missible tem ture for this heating was not 
very rigidly fixed, but the following statement seems to 
indicate that it is somewhat lower than 671 deg. Cent. 
— second or low heat treatment consists of heating the 
pools— 

2) To a temperature below 671 deg., preferably to 

eg. 


ness’ in tools 


. Cent., for a period of about 5 minutes; and 
“) Cooling to the temperature of the air, either 
rapidly or slowly.” 


+ was also pointed out that heating a little above this 
higher limit, even for a —_ short time, almost ruins the 
cutting properties of a tool. ; 

From a consideration of the above facts, it is quite 
evident that further research upon the effect of chromium 
an ages <0 the tempering of modern cutting-tools 
should of considera! terest, the 


in and results 
obtained of some practical value. Further, it would be 








heated during the high heat treatment. The analysis 
of the steels which have been used are shown in 
Table II. It will be seen that these may be divided 
into two series: (a) Those with an approximately con- 
stant percentage of carbon and chromium, but with 
varying tungsten, and (b) those with the same carbon and 
tungsten content and varying chromium. These two 
series are all that could be desired for determining the 
influence of chromium and tungsten upon the tempering 








properties of the steels. 
Tass II. 
No. | Carbon. Chromium. Tungsten. Silicon. 
| | | 
r cent. | r cent. per cent. per cent, 

1 art) Pee. 1B - 0.07 

2 0.65 618 =| 3.08 0.05 

8 0.67 6.04 5.92 0.08 

4 0.65 6.19 9.12 0.04 

5 | 0,67 6.18 12.50 0.06 
11 0.68 =| — 19.28 0.07 
re i a a 19.40 0.06 
13 ; 068 | 3.01 19.87 0.04 
14 0.64 4.91 19.33 0.09 
10 0.67 5.99 18.86 0.10 

9 0.64 | 6.24 17.69 0.07 





In all cases the specimens which were used were 1 in. 
square and # in. thick. They were hardened by heating 
in a crucible contained in an injector furnace to about 
1350 deg. Cent. for 10 minutes, followed by quenching 
in an air blast. In this way they were cooled to below a 
red heat in about 1? minutes. The specimens 
were then carefully ground on a whetstone to obviate any 
tempering or change of structure, and finally polished for 
microscopic examination, If this examination revealed a 





structure which indicated that the specimen had begun to 
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melt, another sample was taken. In the hardened pieces 
the so-called austenitic or poly crystal structure was 
aimed at, but it was not to get this in steels with 
less than 3 per cent. of chromium or 9 per cent. of tung- 
sten. The former contained numerous specks of undis- 
solved carbide or tungstide, and the latter were more or 
less martensitic; in fact, No. 1, with no tungsten, was 
entirely martensitic. 

All tempering experiments up to 800 deg. Cent. were 
made in an electric resistance furnace, the temperatures 
— carefully registered by means of a thermo-couple 
which was placed in contact with — ~~ and con- 
nected with a portable pyrometer. For heating to tem- 
peratures above 800 deg. t. a gas-fired muffle furnace 
was used. In must cases the tempering consisted in 
heating for one hour after reaching desired tempera- 
ture and then allowing the pieces to cool on an asbestos 
een in the ordinary atmosphere. After each treatment 

rdness determinations and microscopic examinations 
were made, and then the same specimens were heated at 
the next higher tem ture. Preliminary experiments 
were first made with steel No. 9, because it contains 
approximately the same carbon, chromium, and tungsten, 
as recommended by Mr, Taylor. The ness data are 

iven in Table III., and plotted in Fig. 1, page 349. In 
this instance the hardness of the hardened material was 
627, which fell to 596 after heating for two hours at 494 deg. 
Cent.; heating for 24 hours at the same temperature had 
practically no further effect. By heating to 542 deg. a 
subatantial increase in the hardness is brought about, and 
@ still further increase oceurs at 589 deg.; in fact, after 
heating at the latter temperature the material is much 
harder than it was in the initially hardened state. From 
589 deg. up te 784 deg. Cent. the steel becomes progres- 
sively softer, the Brinell figures for the two extreme tem- 
peratures being 700 and 373 respectively. When heated 
to higher temperatures and cooled in the same manner, 


No. L —-Chromium, 1.12 per cent. ; Tungsten, 
19.14 percent. Air-quenched from 1350 deg. 
Cent. Magnified 150 diameters and slightly 
reduced. 


No. IL.—Steel 


and 589 deg. Cent., they again become harder. On examin- 
ing the diagrams in Figs. 2t07, and allowing for some 
slight irregularities, it will be observed that the tempera- 
me at — = secondary hardening — is p : 

sively raised with increasing percentages of tungsten. This 
rise 4 almost exactly 50 deg. Cent. for each increment of 
3 per cent. of tungsten up to 12.5 per cent., and then a 
further rise of 50 deg. Cent. for the next 6 per cent. of 
tungsten. Perhaps most important point to note in 


Fig.1. 
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No.9. As hardened. Magni- 


reduced 








No. I11.—Steel No. 9. Tempered at 494 deg. 
fied 150 diameters and slightly reduced. Cent. Magnified 150 diameters and slightly 


that in the one without chromium the hardness never 
reaches such a high value as with those containing 
chromium. From deg. to 884 deg. Cent. there is a 
rapid decrease in the hardness; but whereas in all other 
cases heating at from 884 deg. to 1048 deg. Cent. is fol. 
lowed by a marked degree of self-hardening, in the pure 
tungsten steel this property is entirely absent under these 
conditions of cooling, and it is not very pronounced in 


steel No. 12. Fig. 17. 


























No. IV.—Steel No. 9. Tempered at 589 deg. 
Cent. Magnified 150 diameters and slightly 
reduced. 


Nos. I. ro IV. Tempertne or Hieu-Spreep Sreets. 


the hardness is again greatly raised, and reaches 632 for 
986 deg. Cent. Similar tests were made with this steel 
after heating at the various temperatures for one hour, 
and as the same results were obtained, this period was, 
with one exception, adopted for all subsequent experi- 
ments. 
Tass III.—Preliminary Experiments. Steel No 9. 
Hardened in Air Blast, 








Indenta- | 
Treatment. ro be wae 
Diameter. | See ee. 
mm. 
As hardened 3s 7" “3 ad 2.46 627 
Tempered at 494 deg. O. for 2 hours..| 2.51 596 
‘en 494 o Sw | 2.50 600 
692 ae BS | 2.41 648 
589 7 es 2.32 700 
, 638 2 } 2.36 676 
- 657 . Fi os 2.45 627 
636i, ae 2.56 678 
- 7 a 8 » 2.83 467 
° 735 » B os 2.92 439 
* 784 ” BS wn 8.16 $7 
” = ” . v | 248 611 
” » ” | v.44 
Kept at 986 deg. ©. for 2 hours, and| ” 
en cooled in furnace od col 3.42 317 


The results for steels with a constant chromium con- 
tent are given in Table IV., and graphically illustrated 
in Figs. 2, 3, 4, 5, 6, and 7; and those for steels with a 
constant percentage of tungsten are shown in Table V., 
and plotted in Figs. 8 to 13. Broadly speaking, it will 
be seen that the effect of tempering is very similar in all 
cases for the series containing the same tage of 
chromium. The differences, which must attributed 
tv the influence of tungsten, and which are certainly im- 
pentane, are clearly variations in the degree of certain 
eatures that are characteristic of all the steels belonging 
to this group. In all cases the first effect of tempering 
is to bring about a marked softening ; but after heating 
above certain temperatures which lie hetween 397 deg. 





= (The demands upon our space will not it us to 

reproduce Tables IV. and V., but the seule emtodhed 

- yu ny clearly shown graphically in Figs. 2 
—~ED, IL. 





this connection is the total increase of the secondary 
hardening. With the pure chromium steel this is com- 
paratively small ; it is only from 580 to 596 in Brinell 

res. It is more pronounced (580 to 636) in the presence 

3 per cent. of tungsten, and still more so with 5.92 per 
cent. of tungsten. In fact, the net effect in the latter 
case is an increase of 130 in the Brinell figure, which 
makes the steel much harder after being heated to 589 
deg. Cent. than it was in the initially hardened condition. 
Similar results were obtained with steels containing 
higher percentages of tungsten, and it is significant to 
note that the degree of secondary hardening becomes 
higher as the amount of tungsten contained in the steel is 
raised. As is the temperature at which the maxi- 
mum secondary hardness is obtained, which also corre- 
sponds to the temperature above which real softening or 
annealing begins, it will be noticed that for the steel with 
no tungsten this is 494 deg.; for the one with 3 per cent. 
of tungsten, 542 deg. Cent.; and 589 deg. for 5.92 percent. 
of tungsten ; but higher percentages do not ay ew to 
have any further influence in this respect. By vor 
above these critical tem tures softening occurs in a 
cases, and the completely annealed state is reached at 
784 deg. Cent. After heating from 784 deg. to 1000 deg. 
op PE 
of what is gen y regal as the property = 
hardening, which has usually been attributed to the action 
of tungsten ; but the data contained in Fig. 2 very clearly 
show that a pure chromium steel also possesses this 
property to a very remarkable extent. 

Turning now to the results obtained from the series 
with a constant percentage of tungsten, which are illus- 
trated in Figs. 8 to 13. The main features for thosesteels 
containing more than 3 per cent. of chromium are very 
much the same as those just described. Marked differ- 
ences are, however, evident for the pure tungsten steel 
and the one containing 1.2 per cent. of chromium. In 
the former case the hardness after the high heat treat- 


than for the pure chromium steel. Tempering up to 
494 deg. Cent. has very little influence, but from 494 deg. 
to 638 deg. Cent. the Brinell figure is raised to 610. 
With 1.2 per cent. of chromium the hardness falls only 
very little after heating up to 638 deg. Cent. It is a 
most curious fact that in both these cases the tempera- 
ture at which real softening begins is 50 deg. higher than 








ment and air-quenching is only 500, which is much lower | 





in any of the other steels, but it is necessary to remember | 


In view of the fact that Mr. Taylor recommends a five 
minutes’ vont Bnd the secondary treatment, it was 
thought advisable to determine the effect of that period 
as compared with the results obtained after an hour's 
heating. This was done in the case of steel No. 9, and 
the results are shown in Table VI. and Fig. 14, from 
which it will be seen that the only difference is in the 
tem: ture at which the maximum degree of secondary 
hardening is obtained. After heating for five minutes, 
this temperature is 25 deg. Cent. higher than on temper- 
ing for one hour. 


TaBLe VI.—Tempering for Five Minutes. 
Tempering Temperature. Brinell Hardness 
Deg. Cent. No. 


As hardened. 708 
7 719 
302 700 
7 659 
445 676 
494 665 
642 708 
589 719 
614 7 
638 708 
662 648 
686 627 


As a result of the foregoing experiments, it is possible 
to offer a more rational explanation of the function of 
chromium and tungsten in modern high-speed tool-steels. 
Contrary to the opinion which has been held by some 
workers, it is now unquestionable that the element 
chromium imparts to steel the property of self-hardening 
by cooling in air from high ye aoe von Indeed, a 
steel containing 6 per cent. of chromium, along with 
0.63 per cent. of carbon, possesses this property in a much 
greater degree than one containing 18 per cent. of tung- 
sten; it is not only much harder after the usual air- 
quenching from about 1300 deg. Cent., but its hardness is 
progressively raised, even with comparatively slow rates 
of cooling, as the initial temperature is increased from 
800 deg. to 1000 deg. Cent. On the other hand, no 
hardening occurs when the tungsten steel is cooled under 
exactly same conditions from those temperatures. _ 

Briefly, then, the action of chromium in these steels is 
as follows :— pix 

(a) In conjunction with carbon, it is the cause of the 
great hardness of high-speed steels ; and 
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(b) It produces a marked lowering in the temperature | practically the same in each case, it is only necessary to 
at which hardening can be effected, _ refer to a typical example. The data given in Table VIT. 
As regards tungsten, its action in the absence of | and plotted in Fig. 15 relate to steel No. 9. It will be 
chromium is to raise the temperature at which tempering T VII 
or annealing begins, and in the presence of chromium it ABLE Vik, 
increases the intensity of the secondary hardness which is Brinell Herd 
brought about by the low heat treatment, and raises the Tempering Temperature. — “a “ No ‘ 
tempering temperature. : . 
There now appears to be very little difficulty in giving deg. Cent. mm. 
a trustworthy explanation of Messrs. Taylor and White’s | As hardened .. “a 2.25 744 
important discovery of the fact that a secondary low heat |302 .. 2.35 653 
treatment improvee the cutting efficiency of modern high- | 397 2.88 4 
speed steel. When this treatment is conducted at the | f° o— on 
temperature they advise—namely, 620 deg. Cent.—it | 545 237 670 
gives the maximum d of hardness. Although in the | 539 261 596 
authors’ experiments the hardness was determined at the | 614 2.64 535 i 
ordinary temperature, after the heating, there seems to | 638 2.73 503 
be no doubt that the figures obtained in this way are a | 686 ant 415 
measure of what Mr. Taylor describes as ‘‘red-hard- | a ~- oa 
ness.” For the determinations which were made after | ‘ ™ , 
heating for periods of five minutes, the maximum | — - —_______—_——. 
hardness obtained corresponds to 614 deg. Cent., | noted that the hardness was in the first place 744, which 
which is practically the same temperature as Mr. | 18 considerably greater than for the same steel when 
Taylor suggests. These facts lead the authors to| quenched from just below its melting-point, 1350 deg. 
believe that valuable information as regards the rela-| Cent. After tempering for an hour at 300 deg. Cent., the 











into solution immediately the Ac points ha 
passed, but a very large 


2. With a steel containing about 19 per cent. of tung- 


sten and 0.63 per cent. of carbon the latter element goes 


ve 
oportion of the tungsten 


remains undissolved even when the temperature is raised 
to the melting-point. 

graph No. I., page 350 
this undissolved tungsten exists, but it is most probably 
present as the com 


This is shown in Photomicro- 
It is not known in what form 


nd Fe,W, which has been isolated 


by Professors Arnold and Read (°). 


2a. Very rapid air-quenching from temperatures up to 


1050 deg. Cent. has practically no hardening effect u 

the above tungsten steel, and even when quenched Sem 
about 1350 deg. Cent. it is much softer than a similar 
specimen of chromium steel which had been slowly cooled 


nair. (See Table VIII.) 
2b. But when tungsten steel is tempered it undergoes a 


very pronounced secondary hardening, and, in fact, after 
being heated to 638 deg. Cent., it is harder than the 
chromium steel which has been tempered at any tempera- 
ture above 300 deg. Cent. 


3. The presence of chromium in high-speed steel in- 


creases the solubility of the tungsten to such an extent 
that with 6 per cent. of the former element, 19 per cent. of 
the latter can be held in solution at about 1350 deg. Cent. 





No. V.—Steel No. 9. Tempered at 638 deg. 
Cent. Magnified 150 diameters and slightly 
reduced. 


Cent. 
reduced. 


No. VI.—Steel No. 9. Tempered at 784 deg. 
Magnified 150 diameters and slightly 


No. VIL.—Steel No.9. Tempe 
Cent. Magnified 150 diamete: 
reduced. 


red at 884 deg. 


No, VIIL.—Steel No. 9. Tempered at 986 deg. 
re and slightly ne , 


Cent. Magnified 150 diameters and slightly 
reduced. 


Nos. V. tro VIII. Temeerrne or Hicu-Speep StTexts. 





No. 1X.—Overheated during hardening. Mag- 


nified 150 diameters and slightly reduced. 


tive merits of high-speed cutting-steel can be obtained 
from careful tempering experiments when made in con- 
junction with hardness determinations. Further, when 
more data are accumulated this simple method may be 
found sufficient to replace almost completely the very 
elaborate and costly standard cutting tests which are 
now necessary. In any case it should be extremely 
useful for ascertaining the best temperature for the second 
or low heat treatment. 
Effect of Initial Hardening Temperature.—Mr. Taylor 
has made it abundantly clear that the hardening tem- 
perature is a factor which hasa most decisive influence 
upon the —. my nye of high-speed tools. He 
found that the higher the temperature, short of actual 
melting, the greater the cutting efficiency. This im- 
provement is certainly not due to an increase in the 
ardness of the steel, because whenever differences -are 
observed in this connection it is invariably found that a 
freater hardness is produced by air-quenching from the 
ower temperatures down to about 1000 deg. Cent. Cooling 
curves which have been taken from temperatures be- 
on 1000 deg. and 1320 deg. Cent., as shown by 
* rolessor Carpenter (1) and one of the present authors (4), 
incheate that the initial temperature has a pronounced 
effec t upon the character of the carbide change-point, but 
- would really be going too far to say they are sufficient 
© show that better cutting powers should be obtained by 
treating the tools from the higher temperatures. Hence 
with @ view of getting more direct and decisive evidence 
respecting this aspect of the question, tempering experi- 
ments were made with sieels which had been hardened 
>y Sir-quenching from about 1050 deg. Cent. Several 
Steels were used for this purpose, but as the results were 





No. X.—Tempered at 302 deg. Cent. 
fied 160 diameters and slightly reduced. 


Nos. IX to XII. 





Magni- No. XI.—Tempered at 445 ~ 
& 


fied 150 diameters and sli 


hardness fell to 683, and at 445 deg. Cent. to 659; it then 
remained the same for 494 deg. Cent., and increased 
slightly at 589 deg. Cent., but rapidly decreased at all 
higher temperatures. When compared with the tem- 
pering curve (Fig. 13) it will be readily seen that these 
results are in entire agreement with Mr. Taylor’s dis- 
covery. They show that, although the steel is harder 
when quenched from 1054 deg. Cent. than from 1350 deg. 
Cent., it lose; its hardness much more readily, and only 
gives a faint indication of thesecondary hardening. This 
difference is very marked, for with the lower hardening 
temperature annealing begins at 542 deg. Cent., whereas 
in the other case the maximum hardness is obtained at 
589 deg. Cent., and at those temperatures the respective 
Brinell figures are 670 and 756. 

It is now possible to give a clear idea of why the tem- 
pering properties of these steels are so largely dependent 
upon the hardening temperature, but for this purpose it is 
n to remember the following facts :— 

1. The whole of the carbon and chromium of a steel 
containing carbon 0.63 and chromium 6.15 per cent. is in 
complete solution at all temperatures above the Ac criti- 
cal points ; and 

la. These elements can be retained in solution by air- 
quenching from any temperature above the carbide 
change, and when this is done the steel is as hard as 
water-quenched carbon steel. 

1b. A hardened chromium steel of the kind under dis- 
cussion only develops a comparatively slight degree of 
secondary hardening (see Fig. 2, page 349}, and the 
Brinell hardness drops from 720 to below 600 after the 
oe been tempered at all temperatures above 300 deg. 

nt, 








Cent. Magni- 
tly reduced. 


No. XI1.—Tempered at 784deg. Cent. Magni- 
fied 150 diameters and slightly reduced. 


Over-HeatTEeD aND TEMPERED HicuH-Speep STeet. 


Bearing the above facts in mind, the authors believe 
that the influence of initial temperature may be correctly 
summarised as follows :— 

1. When the hardening temperature is low, the tem- 
pering properties approximate to those of a pure chro- 
mium steel, softening takes place at lower temperatures, 
and little or no secondary hardening occurs. Under 
these conditions, the full influence of the tungsten is not 
obtained, because a large proportion remains inert in con- 
sequence of it being out of solution. 

Tape VIII.—Hardness of Steels Nos. 11 and 9 After 
Cooling in Atr from Different Temperatures 
Size of specimens, lin. by lin. by j in. 








Temperature. 


764 deg. ©. 834 deg. ©. | 914 deg. C. 986 deg. CO. 


Brinell No. _Brinell No. | Brinell No. Brinell No. 
268 252 286 313 





No, 11 
No. 9 377 464 622 65z 
rb] "ok ane 0. Air-Quenched from 1048 deg. Cent. 
Brinell No. Brinell No. 
No. 11 3138 354 
No. 9 655 6:6 


2. The maximum resistance to tempering, and the 
greatest degree of secondary hardening, can only be 
obtained by getting the tungsten in complete solution, 
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and for modern high-speed steels this can only be effected 
by heating the steel to about 1350 deg. Cent. 

Microstructures.—Since the microstructures of these 
steels are in many ways so remarkably similar, and as 
their chief features have been poneniy described 
(2 and 4), itis only necessary to refer to the structural 
changes that occur after they have been tempered at the 
various temperatures. For this purpose all that is 
needed is to describe the structures of one steel, which 
may be taken as typical of the series. No. II., pase 350, 
represents the structure of steel No. 9 in ened 
state, and shows the well-known polygonal austenitic 
crystals. The structure of the same material after being 
tempered at 494 deg. and 589 deg. Cent. is quite marten- 
sitic(Nos. III. and [V.); this corresponds to the appear- 
ance of the secondary hardening. After being heat 
to 638 deg. Cent. (No. V.), specimens are more readily 
etched, and show “— of the decomposition of the 
martensitic structure, but the martensitic markings are 
still evident, and are nob completely removed until a 
temperature of between 700 . to 750 deg. Cent. is 
reached. After being heated to 784 deg. Cent. the ma- 
terial becomes fully annealed, but the structure No. VI. 
shows irregular-shaped patches of carbide. When heated 
to 884 deg. Cent. and cooled, hardening again sets in, but 
the structure No. VII. isso remarkably granular and fine 
as to make it impossible accurately to describe it. There 
can, however, be very little doubt that it is partly mar- 
tensitic, because at the next higher temperature it 
becomes almost a martensitic. (See No. VIII.) 

Steels which have been overheated or partly melted 
show unmistakable signs of this treatment. struc- 
ture of a speci of this kind is shown in No. IX., 
where the broad crystal boundaries and globular patches 
in the interior of the crystals represent i of the 
steel which were liquid at the temperature from which 
they were air-q . From Nos. X., XI., and XIL, 
it will be seen that the white passes through 
the same structural changes on being tempered as a 
properly hardened specimen, but the partly melted ger 
tions are very tent, and not entirely removed after 
heating for an hour at 784 d 
been overheated are invariably brittle, and are liable to 
crack under the Brinell test, in which case the fracture 
follows the crystal boundaries. 

Hardness and Specific Gravity.—When metals are 
hardened, either. by ical work or by heat treat- 
ment, changes of volume usually occur, and considerable 
importance is now attached to changes, because they 
are supposed to indicate the cause of the ing. The 
present paper would therefore be incomplete without 
some reference to this question. 

For this purpose it was thought that the best results 
would be obtained by first hardening the steel, then, 
after carefully grinding and polishing each surface of the 
specimen, determine its specific gravity, and repeat these 
determinations on the same samples after it had been 
tempered at the various temperatures for an hour, 
The object of using the same sample was to eliminate 
all — errors that might otherwise be introduced by 
slight variations in the composition, or other defects, 
in different samples. Two independent series of experi- 
ments were made with steel No. 9. The results that were 
obtained are given in Table IX., and plotted in Fig. 16, 
page 350. The chief characteristics of the two curves 
are fundamentally the same; indeed, with the exception 
of the values in the hardened state and those after 
tempering at 300 deg. Cent., the results are virtually 
identical. In considering the details of these results, 
it will be seen that the effect of tempering is first 
to increase the density or specific gravity of the 
mass; at 397 deg. Cent. there is a slight decrease, 
which, in turn, is followed by another small increase 





at 445 deg., 494 deg., and 542 deg. Cent.; but the most 
striking discontinuity occurs between 542 deg. and 
Tapie IX, 
Tempering Tempera- Specific Gravity. 
ture. en — 
Sample No. 1. Sample No. 2. 
deg. O. | 
0 8.686 8.670 
302 8.695 8.686 
397 8.681 8.683 
445 _ 8.685 
494 8.685 8.688 
542 8.684 8.687 
589 8.624 8.627 
614 8.619 8.616 
6388 8.617 8.617 
686 8.624 8.622 
785 8.660 8.652 
784 8.664 8.660 


614 deg. Cent. This romp age es with a very 
remarkable decrease in the density which takes place at 
precisely the same temperature range as that of the 
secondary hardening. A..ove 614 deg. Cent.—that is, 
when the steel begins to be annealed—the density is again 
raised. When these results are compared with the 
tempering hardness curve for the same steel, Fig. 13, the 
authors venture to say that the most casual observer 
cannot help being impressed by the resemblance which 
undoubtedly exists between the graphical illustrations 
of the two sets of experiments. Indeed, it is almost 
impossible to resist the conclusion that there is a direct 
——- pone hardness and —.. This = 
perhaps be more evident on examini ig. 17, where 

density and hardness data are mem in such a way 
as to give diagrams of qeunmeney the same size. 
From these curves it will be seen that each increase of 
hardness is accompanied by an increase in volume, and 


. Cent. Steels which have | tained 


utilise these extremely interesting facts to su 
icular theory of hardening steel. One of 
or doing this is that they are quite consistent with at 
least two of those theories. 
remember are :— . ; A : 
‘ The greatest hardness is associated with the highest 
volume. 
2. When metals are hardened by mechanical deforma- 
tion, similar volume changes are obtained. 
Conclusions.—The conclusions which have been drawn 
from this investigation are:— — ‘ 
1. The first effect of tempering hardened high-speed 
steels is to make them softer, but when they are tem- 
pered at higher temperatures they again become harder, 
and after heating at or about 614 deg. Cent.. they are 


any 


ted | much harder than in the initial air-quenched state. 


There can be no doubt that this secondary ening is 
the cause of the improved —— of a tool, which 
Mr. Taylor found was brought about by a secondary low 
aoaty to about 620 deg. Cent. | : 
2. Chromium in conjunction with carbon is the cause 
of the great hardness of hardened high-speed steels, a1 
further, it materially lowers the temperature at which 
these steels can be air-hardened. ; 
8. In the absence of chromium, tungsten raises the 
oo at which tempering or annealing begins, and 
in presence of chromium it increases the intensity of 
the secondary hardening, and raises the tempering tem- 
ture. 


4. Tungsten steel containing 18 per cent. of tu 
and 0.63 per cent. of carbon can be air-hardened only by 
a air-quenching from temperatures above 1050 deg. 
6. 


5. When high-speed steels are hardened at low tem- 
peratures, say 1050 deg. Cent., the tempering properties 
al imate to those of a pure chromium steel, by 
cohaniog at a low temperature, and de little or 
no secondary ening. This is due to the tungsten 
ey a mage and remaining inactive. _ 

6. maximum resistance to tempering and the 

greatest degree of secondary hardening can only be ob- 
i by getting the tungsten into solution, and with 
modern high-speed steels this is nob complete until a 
temperature of about 1350 deg. Cent. is hed. 
7. Specific gravity determinations seem to indicate that 
there 1s a direct connection between the hardness and 
volume of these steels. On tempering, an increase of 
hardness is accompanied by an increase in volume. 
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High Speed 





Exrcrro-Stex.i.—The number of electric-steel furnaces 
is steadily increasing and is likely to go on doing so. 
he different countries 


For the year 1913 the figures for t' 

were :— 
Germany 84 
Italy 20 
United States 19 
England 16 
France ée - 13 
Austria. es 10 
Sweden and Norway ee es oe on 9 

Electric-steel furnaces have been adopted in several other 


countries also, but in none does their number exceed four. 
The following table shows the number of various different 


types in use :— 
Héroult .. oe os es e — sa 29 
Girod a8 es ee 24 on alt et 21 
Réchlin-Rodenhauser .. se be ae es 19 
Stassano... “ ao, int vs os -* 18 
Kjellin . as od * ll 
Chaplet 5 
Keller 6 





EXp.ostBiLity or AmMontA-AIR MrixTuRES.— Ammonia 
is not considered a combustible gas, though it has been 
burned—with a green flame—in oxygen. But an explo- 
sion occurred last year in an ammonia-ice machine. e 
machine was defective, and ammonia pe on under a 
considerable pressure, which may have ed 13 atmo- 
8 and was ignited by a gas light. A stoker in the 
boiler-house adjoining the engine-room stated that he 
saw a pointed flame rushing up to him, and heard a crash; 
he was injured. The matter has been investiga’ fe 
E. Schlumberger and W. Piotrowski. They exami 
mixtures of a and air . — of about 0.5 litre 
capacity, igniting the mixtures by the strong spark across 
a spark-gap of 6 mm. passing in the middle of the flask 
between two platinum points, joined to the secondary of 
an induction apparatus (Zeitschrift Komprimierte u. 
Pliissi AL —, The circuit eg oe by 
® pendulum passing through a mercury cup. 6 experi- 
ments showed that mixtures poser wy from 16.5 to 
26.8 per cent. of ammonia (by volume) were nage 
especially if the air and gas not carefully been dri 
(over phosphorus pentachloride). Moist gas mixtures 
are, as a rule, more active than gases. In small 
burettes the sparks merely prod progressive com- 
bustion in these mixturee. 


end fracture of the pi 
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CARBURISATION OF IRON IN BLAST. 
FURNACE GASES. 


Note on the Carburisation of Iron at Low Temperatures 
in Blast-Furnace Gases.* 


By T. H. Byrom, London. 
Towarps the end of the year 1912, and during the 


| omnes of cleaning and re ing blast. 
rnace 


iring tubes conve 
gases, the author's attention wan ented to an 


pe eas Ay ve plate which had been removed from the 
tubes. inquiry it was found that it had been broken 
out of the centre of what was originally a soft-steel sheet 
fs in. thick, which had been P in the flue to divert 
the stream of gas through « dust-catcher. It was only 
the central portion that was brittle, and as the sur- 
rounding parts were good, the Fs was patched and 
in the same position. The plate had been ex- 
posed to the hot-furmace gas for several years at a 
temperature probably not exceeding 500 deg. t. The 
somewhat resembled that of high 
car tool-s' but was not so metallically lustrous, 
As the material was evidently of unusual interest, and had 
been formed under such liar conditions, the author 
communicated with Dr. Stead, and forwarded specimens 
to him. His results confirmed the author’s exactly, and 
he not only made additional research on the physical and 
chemical properties, but also very kindly suggested 
further lines of investigation in the matter. The results 
are embodied in this paper, although many of the points 
to which they gave rise could not be investigated fully at 
the time. Amongst were, for instance, the possi- 
bility of action due to the presence of a manganese car- 
bonyl, analogous to iron carbonyl, and the probable 
presence and reaction of carbon oxy-sulphide. 
The analysis of the brittle portion of the om, after 
ollo 





remdving the dust from the surface, was as follows :— 
Probable 
_- Analysis of 
Steel. 
Per Cent. Per Cent. 
Tron 600 _ 
Carbon 7.60 0.15 
0.25 0.27 
Silicon Trace Trace 
Sulphur 0.55 0.050 
Ni = 0.012 _ 
Ph rus ne 0.030 0.033 
Not determined ... 1.958 —_ 
100.00 
Specific gravity ... ia = ia 6.56 
Specific gravity of soft steel ... ‘ 7.80 


From the analysis it is evident that the steel had been 
completely converted into carbide of iron. (See photo- 
micrographs Nos. 1 and 2, page 353.) 

The specific gravity compared with the original steel 
indicates that during carburisation 100 volumes of the 
steel had expanded to 119—an increase of nearly 20 per 
cent. As the thickness was not increased, the expansion 
must have been lateral. That this had taken place was 

ved by the buckling of the plate in places beyond the 

ittle area. f 

When a piece of the cemented plate was placed in 
water, streams of bubbles ascended from the surface, 
indicating porosity. It was very hard and brittle, could 
not be cut with a saw, and was reduced to fine powder 
in a steel-crushing mortar. The powder was ey 
insoluble in dilute sulphuric acid and hydrochloric aci 
After treatment with these acids about 2 per cent. soluble 
matter was removed, and the residue, after washing with 
water and alcohol and drying, contained on analysis :— 


Portion Magnetic- 
Per Cent. ally Separated. 
Per Cent. 
Total carbon ... a 7.35 7.42 
Amorphous carbon ... 0.16 Trace 
Carbon combined 7.19 7.42 


The high carbon in this residue suggested the presence 
of a mixture of carbides. Dr. Stead made an attempt to 
separate them by fractional solution. This was done by 
digesting the fine _—— in nitric acid (1.20 per cent. 
—— vity). last portion—about 15 per cent. of 
the to ee of powder—remaining undissolved was 
tested for car iron, with the following results :— 





Per Cent. 
Carbon... ca 9.45 
Iron... i 89.30 
Not determined 1.25 
100.00 


Long-continued action of the acid when applied to 
another portion of the powder eventually secured com- 


plete solution. . 
Pure Fe,C should contain :— 
Per Cent. 
Carbon... 9.67 
ben... 90.33 
100.00 


From the above experiment it would appear that the 
carbides were a mixture, and not a simple carbide. 

As this is the first time on record, as far as is known, 
of carburisation being effected by hot blast-furnace gases, 
a series of experiments were made at Middlesbrough 
by Dr. Stead, and at Wigan by the author, to find out 


* Paper read at the Iron and Steel Institute, autumn 











vice versd. The authors do not propose at this stage to 


session, September 23, 1915. 
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whether iron could be readily carburised by the gases 
from blast-furnaces, and at what rate carburisation could 
be effected. With that object in view, strips of pure 
electro-deposited iron were suspended by iron wirein the 
gas flies of furnaces at Wigan and Middlesbrough, and 
were maintained in position for varying _ Th 
strips of electro-iron were very thin (about 0.015 in. in 
thickness). . ‘ - 

In about one week the strips became quite brittle, and 
in a fortnight many of them broke away and were lost. 
The same results were obtained at both Wigan and 
Middlesbrough. J : 

On careful examination of the pieces by Dr. Stead 
after exposure for a fortnight, it was found that the iron 
was covered or sheathed by readily detachable layers of 
carbide of iron, which had been formed on each side, 
whilst in the centre there was a more or less exceedingly 
thin malleable sheet, which, on bending, broke readily at 
the boundaries of the crystals. The separated crystals 
were exceedingly ductile, proving that they had not been 
converted into carbide.* 

The following are typical analyses :— 


Outer Layers. Whole Section. 
Per Cent. Per Cent. 


Carbon ... 6.96 2.10 


The pieces of electro-iron at Middlesbrough were sus- 
pended by impure wrought-iron wire rods, about } in. 





No. 1.—Completely carburised. 


carbide of iron ; dark parts, porosi 
porosites and ferrite. 





No. 5.—Outside part. 
Impure wrought iron, partially carburised in blast-furnace gas. The portions lowest in phos- 


phorus are most carburised. No. 6 shows the formation of carbide of iron in seams. 


parts, carbide of iron ; dark parts, ferrite. 


in diameter. When removed, the specimens, where the 
temperature was 400 deg. Cent., were not in the slightest 
degree carburised, but in other places, where the tem- 
perature varied between 550 deg. and 650 deg. Cent., the 
carburisation was most pronounced. The wrought-iron 
rods were also carburised, and, what is most remarkable, 
the carbide in isolated particles had formed in the centre 
as well as on the outside.t From the results obtained, 
Dr. Scead was sstistied that the carburisation was due to 





Each Making Ferro-Manganese, 











Wigan. Middlesbrough. 
per cent. per cent. per cent. 
5 60.50 60.50 61.00 
. “ 34.20 34.00 30.50 
: 3.00 3.00 6.60 
2.30 2.50 2.00 
100 00 100.00 100.00 ia 


: a monoxide alone, and that the action becomes 
slower the higher the amount of carbon dioxide present 





7 See micrographs Nos. 3 end i 
+ See micrographs Nos. 5 and 6. 





and the lower the temperature. On that account iron is 
not carburised in the flues of Cleveland blast-furnaces, 
as the temperature is relatively low and the CO, is high. 
The reaction is not simple, and varies with the tem- 
perature. 

Theoretically the gas penetrates the iron, is partly de- 
composed (Fe,+(CO)n = Fe,O + (CO)n + (CO,)n), and 
ceases to carburise when equilibrium is established, 
between iron, CO, and CO,. The inert mixture diffuses 
outward, new gas enters and carbon —_. deposited, 
and this continues. Analyses of the blast-furnace gases 
are given in the preceding column. 

Tne appearance of the layers of carbide which formed on 
the electro-iron was identical with that of the completely 
carburised plate. It was, after thoroughly cleaning, 
found to be pure carbide of iron (Fe,C), as was proved by 
an analysis by Dr. Stead, which yielded : 





Per Cent. 
Iron... 93.23 
Carbon.. 6.67 
99.90 


The centre of the electrolytic iron, after exposure for 
@ fortnight, contained intercrystalline deposits of pure 
carbide. In the specimen exposed for one month the 





No. 2.—Partially carburised. 


ye-in. steel plate after several years’ exposure to hot blast-furnace gas. No. 1, white parts, 
P tes. No. 2, white parts, carbide of iron ; dark parts, 


central parts still contained crystals of iron, as in the 
previous example, surrounded by envelopes of carbide, 


No. 3. 


té 


No. 6.—Central part. 
yhite 


but, in addition, carbide plates between the cleavages of 
iron crystals, results which suggest that the carburising 
gas passed most readily between the crystals, and less so 
along the cleavages. 

In the trials with electro-iron at Wigan, in addition to 
the marked carburisation, many of the stri ps, after expo- 
sure to the gases, were thickly coated with a layer of 
pulverulent matter, remarkubie for the large quantity 
of ferrous sulphide it contained. 

Analysis of this material showed :— 


Per Cent. 
Sulphur 14.40 
Iron ... 23.00 


In one instance a strip, after exposure to the gases for 
seventeen days, together with a strip of platinum, was 
covered with a deposit, which was removed in three 
portions :— 

A. An outer layer of dust. 
B. A middle portion. 
C. A deposit below B. 


The third deposit, C, was moderately hard, and was 
removed by scraping with a spatula. As soon as it was 


but sufficient for the determination of the iron and total 


sulphur. The amounts were :— 
Per Uent. 
a mn 40.0 
Sulphur 18.3 


All the sulphur was present as sulphide. A little free 
carbon and a fair amount of manganese occurred in the 
specimen, which was also strongly magnetic. 

The deposit just above the skin C contained 14.55 
per cent. sdlphur as sulphide. The layer B above this 
contained about 7 per cent. sulphur, practically all as 
sulphate, whilst the outside portion A contained 3.70 per 
cent. sulphur as —, The platinum strip was 
—— with dust, but this deposit was free from 
sulphur. 
hese interesting observations led to the conclusion that 
the sulphides found on the iron must have been produced 
by the action of sulpbur contained in the on the 
iron, but in what state the —— existed in the gases 
has not yet been determined. It is highly probable, 
however, that it was sulphur vapovr. The sulphates on 
the outer layer must have been produced by oxidation 
after the strips were removed from the flues and exposed 
to the air. 

A similar carburising action to that already described 
was also noticed in the case of a steel ladder which was 
fixed inside a dust-catcher in such a position as to be 





exposed to the hot gases and dust for about seven 





No. 4. 


Electrolytic iron carburised in blast-furnace gas, showing intergranular and intercleavage 
formation of carbide of iron. 


White parts, carbide of iron ; dark parts, pure iron. 


months. The author is indebted to his late assistant, 
Mr. Dunsford, for sending him on a specimen of this 
material which had become carburised to a consider- 


able extent. An average analysis of the whole sub- 
stance gave :— 
Per Cent. 

Combined carbon ... 3.44 
Graphitic carbo trace 
Silicon ide 0.09 
Sulphur oss 0.70 
Phosphcrus ... 0.03 
Manganese ... 0.29 


A similar result to the above was obtained by Dr. 
Stead in Middlesbrough, who ex a bar of ** Armco” 
iron for a month in the flue of one of the Middlesbrough 
blast-furnaces makin; yor y The tempera- 
ture varied between deg. and 650 deg. Oent. The 
bar was originally # in. by j in. in section. The analysis 
of the bar before and after treatment was as follows— 
| namely :— 





| After Treatment. 








Before 
~~ Treatment. Porous Central 
Envelope. Part. 
per cent. per cent. per cent. 
Combined carbon 0 020 6.6 1.5 
Graphite ee Nil — 
Manganese 0.008 _— = 
Silicon .. Nil _ — 
Sulphur.. 0.021 _ -- 
Phosphorus 0.008 -- -- 


The  potagease which illustrate this pe were taken 
in Middlesbrough by Dr. Stead, who shown much 
interest in the investigation, and has assisted the author 
greatly with advice and experiment, which have 
w y appreciated. 








Cotumsia University.—Oourses leading to the degree 
of Chemical Engineer have been offered in the Depart- 
ment of Chemistry of Columbia University for the past 
ten years, but in ition of the rapidly increasing 
importance of those industries, based upon the applica- 
tions of chemistry, and the consequent demand for men 

ially trained in the fundamental engineering prac- 
tices as applied to the problems of industrial chemistry, 
the Trustees of Columbia University have established a 
separate Department of Chemical E ng, upon the 
same plane of importance in the Columbia Graduate 
Engineering School as mining, civil, electrical, and 





the iron, which began to curl up and flake off—an obvious 
indication of chemical c 








detached, a bard black skin was found adhering close to| 
| ment will be Professor M. C. Whitaker, who has 
hange produced by the action of | professor of Chemical Enginvering at Columbia Univer- 
| the atmosphere. The quantity obtainable was very small, | sity for the past five years. 


mechanical engineering. The head of the new depart- 





























354 


ENGINEERING. 


[Ocr. 1, tors. 








FOREIGN ENGINEERING PROJECTS. 


We give below a few data on some foreign engi- 
serene geqpette, taken from the Board of Trade Journal. 
Further information on these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.C. 

Spain: The Gaceta de Madrid notifies that tenders 
will be opened at the Direcciéa-General de. Obras Pub- 
licas, Madrid, on November 20, for the construction and 
working, for a period of 99 years, of a secondary railway 
from Zumérraga to Zumaya. The cost of construction is 
estimated at 7,259,360 pesetas (about 290,000/.), on which 
interest nob exceeding 5 per cent. annum will 
guaranteed by the Ssate. The minimum rolling-stock 
required to work the line will be five locomotives, 19 
passenger-coaches, five brake-vans, and 78 goods-wagons. 
An option on the concession is held by the Compajiia de 
los Ferrocarilles Vascongados. truction work must 
be begun within three months from the date of the 
award of the concession, and completed within a period 
of three years. Although the foregoing contract will 
probably be awarded to a Spanish firm, nevertheless the 
carrying out of the works may involve the purchase of 
pot ben A outside Spain. 

Argentina : The Boletin Oficial, Buenos Aires, pub- 
lishes a decree approving a project pre} by the De- 
partment of Irrigation for the construction of a system of 
irrigation canals in Colonia Lucinda, and autho ng the 
Empresa del Ferrocarril del Sud (the Buenos Aires Great 
Southern Railway Company, Limited, River Plate 
House, Finsbury Circus, London, E.C.) to carry out the 
necessary works at an estimated cost of 248, pesos 
currency (about 21,700/). 





Hieu Expiosives 1n Austrauia.—According to news 
received through the High Commissioner for Australia, 
a company, entitled the Broken Hill Munitions Com- 
pany Proprietary, Limited, has. been formed in Aus- 
tralia for the production of munitions. The latest type 
of plant capable of making fifty high-explosive shells per 
hour has ordered from America. It is ex 
that the works will be erected in close proximity to those 
of the Broken Hill Proprietary Company at Newcastle, 
N.S.W., in order that om steel may be obtained 
as cheaply as possible. Expert shell-makers will be ob- 
tained from abroad to teach Australian workers. 





Minne Encineers ror THE Army.—The President 
of the Institution of Mining Engineers has been advised 
by the Secretary of the War Office that the Army Council 
are desirous of obtaining the services of mining engineers 
for employment with the ae companies of the 
Royal Engineers. Preference would be given to candi- 
dates between the ages of 25 and 35 years, or thereabouts, 
and those found suitable would be appointed to temporary 
commissions and be required to proceed overseas at an 
early date. Mining engineers not members of the Insti- 
tution, but possessing the i 
also eligible. Intending candidates for commissions are 
requested to communicate with Mr. G. Blake Walker, 
Secretary, Tankersley, near Barnsley. 





Tue Borostaw-Pustanovize Perroteum Fieips.— 
The Galician oil-fields of Borgslaw-Pustanovize have 
recently attracted considerable attention, partly because 
of the possibility of development which they a, and 
partly on account of the great fire of May last, which 
very seriously interfered with their production. The 
borings there are now all carried to a depth of 1600 m. 
or more, with very satisfactory results. Since the ’eighties 
of last century, when deep borings were first undertaken, 
the aggregate number of borings is stated at 782, with 
an aggregate yield of 1,738,000 cisterns of petroleum. 
A cistern represents 10, kg., and the av 
yield per boring comes out at 2223 cisterns. The 
yield per boring has increased as the work went on, 
amounting to an average of 3200 cisterns for wells com- 
menced after the year 1905. The price for Galician petro- 
leum has been subject to marked fluctuations, being as 
low as 70k. per cistern in the year 1908, and rising to 
1000 k. at the end of 1913. The average price for the 
last 15 years has been 480 k. per cistern. At the middle 
of last year the production, which had been at a very 
low level, was slowly increasing, = still consider- 
ably below the average monthly yield of the deep 
borings ; 213 wells were entirely abandoned, of which, 
however, the greater portion had formerly yielded a 
satisfactory production, and a further 345 borings gave 
no petroleum, a 287 of these had formerly 
yielded petroleum, whilst 58 might be looked upon 
as new ventures. The production in July last year 
amounted to 8929 cisterns. With the beginning of the war 
the production again decreased considerably, reaching its 
lowest tevel in October, with 1900 cisterns, then gradually 
improving until it reached 4680 cisterns in April. Then, in 
the middle of May, the retreat of the troops was attended 
with a great fire in the bore-holes and reservoirs. The 
latter at the time contained 88,000 cisterns of petroleum, 
of which 32,000 cisterns were destroyed, while the fire 
affected 229 bore-holes, which represented 4663 cisterns, 
oc rather more than the te monthly production. 
They are all located in the parish of Pustanovize, where 
only 90 bore-holes escaped the fire. The prospects of 
putting the district in working order are not very good 
at present ; the railways are still so taken up with military 
transports that the transport of petroleum can only take 
place on a very limited scale, and the raw materials 
needed, such as plate, pipes, boilers, &c., are hard to get. 
The production for the remainder of the current year 
is estimated to supply about half of the ordinary peace 
requirements of the Austrian refineries. 


qualifications, are | .}) 





STEAM-TURBINE BLADING. 


Specifications for Alloys for High-Speed Superheated Steam- 
Turbine Blading.* 
By W. B. Parker, F.1.C. (Rugby). 
(Continued from page 309.) 
Review or Non-Ferrous MatTeriats ForRMERLY USED ; 


AND oF Some Worth FurTHER CONSIDERATION FOR 
Tourping-BLapine PuRPosEs. 


(i) Brass. —Probably the first non-ferrous alloy used for 
turbine-blading was brass. All the chief types have been 
used—viz., 70:30, 60: 40, and 52:48, which represents 
the a (a+) and § constituents of the copper-zinc series. 
Such alloys are readily extruded or drawn and rolled ; 
consequently their price is comparatively low, which 
naturally caused their early adoption. However, these 
brass alloys have been found unsatisfactory for blading 
the high-pressure end of rotors or wheels of modern 
superheated-steam turbines. They anneal during use 
rather rapidly, and become too ductile and weak to main- 
Se o- ing pees this y= they stretch or 

nd until the revolving parts touc © stationary parts, 
and then the friction and continual impacts produced 
break them up. It has sometimes been considered that 
cases of blades stripping were caused by ing of the 
blades due to differential aay of the y of the 
steel rotor or wheel relatively to the brass blades; but 
this is a less probable explanation than that the metal is 
actually softened by steam-heating while under stress. 
The latter has been definitely proved. The author is not 
cognisant of any published i i 
of stripping which can be said to have definitely proved 
that thermal expansion alone was the cause of the 


stripping. 

if! - are not immediately and thoroughly in- 
vestigated, it is easy for such an explanation to be 
invented, because, on the one hand, there are bably 
the brass-blade manufacturers protesting that the alloy 
was made from the best ingot metals, melted and worked 
up fin just the same way as before, by just the same 
persons, and they are sure it must have been perfectly 


uniform, and like all the rest of the blading they ever | 600 


sold ; and, on the other, the steel-maker presents his 
laboratory certificates of analysis and ile tests, and 
chall the engineer to produce tests which can cause 
the s' to be blamed; while the engineer claims that 
his design took into due consideration all such common 
phenomena as thermal expansion. It is self-evident that 
scientific investigation and actual tests alone can correctly 
explain these troubles, and lead to their prevention. 
Therefore each cast should be forthwith scientifically in- 
vestigated, and every means—chemical, physical, micro- 
scopic, mechanical, &c.—should be employed, and parties 
interested should co-operate as far as their respective 
facilities and knowledge permit. The object is of suffi- 
cient importance to warrant disclosing manufacturi 
processes, &c., for in some cases it may mean life or deat 
to the operators of these machines—for instance, in war- 
1ps. 
Now suppose alloys of 60:40 or 70:30 brass are 
annealed until dead-soft, but not burnt; what kind of 
material would result ?: 

Investigations show that the resulting physical pro- 
perties would be something of this order :— 


Maximum stress 20 to 23 tons per sq. in. 


Proportionality limit... 2 to 4 tons per sq. in. 
Elongation ae hia 70 vo 50 per cent. 
Modulus of elasticity ... 14,000,000 1b. to 18,000,000 Ib. 


per sq. in. 

This, then, is the material which will ultimately result 
from use of in modern superheated-steam turbines, 
and when one knows that the working stresses in the 
rotor or wheel-blading may be anywhere between 2 and 
7 tons per sq. in., it is quite clear that it is not suitable 
for these blades, although in some cases it may answer 
for the a blades. 

(ii.) Copper.—In the early days, the only non-ferrous 
rival to brass was pure copper. 

This metal is, however, quite unsuitable for modern 
blading, and is not reeommended for nozzle-plates or 
stationary blades, because it is altogether too soft, weak, 
and changes very considerably under prol heat. 

This was to be expected, for it has long known 
that at 300 to 400 deg. Cent. copper is completely 
annealed in a few hours, and it has no proportionality 
limit in the dead-soft condition, and that its maximum 
stress is only about 12 tons per aq. in. 

{iii,) Zine, tin, lead, and aluminium are likewise use- 


(iv.) Wickel.—Pure nickel free from carbon is difficult 
to obtain in sound ingots, and also somewhat difficult 
to produce in rolled or other worked shapes. How- 
ever, there is a —e that it would answer for 
stationary and unstressed ing and other parts, if 
only the manufacturers would produce it purer and try to 
work it into bucket shapes, which is the only form in 
which it is likely to interest probable users, and induce 
them thoroughly to investigate its value. 

Tn small wires and rods (under 0.375 in. (§ in.) diameter) 
ordinary commercial nickel gave the author the following 
tests :— 


Maximum stress ae ... 40 0 55 tons per sq. in. 
Proportionality limit ... ... 18 to 28 ee 
Elongation on 8 in. ... 4.5 to 2 per cent. 


It is evident these results represent hard-drawn metal, 





* Paper read at the autumn meeting of the Institute of 
Metals, held at the rooms of the Chemical Society, 
— House, London, on Friday, September 17, 


investigation of an instance | pack 





and the material contained some carbon, iron, manga- 


nese, &c. 

Although Mond nickel (in shots) can be as pure as 
99.95 per cent., no one appears to have succeeded in pro. 
ducing wrought nickel of this purity. The author has 
not had much opportunity for examination of wrought 
nickel, as no pure nickel blading has been submitted by 
nickel manufacturers for investigation. 

Possibly in the pure and dead-soft condition wrought 
nickel would only possess :— 


Maximum stress .-- 18 to 20 tons per sq. in. 
Proportionality limit... 6t010 ,, nA 
Elongation sa ... 8 to 15 per cent. 


These values are a deduction based upon an investiga. 
pw | of very pure cast nickel made some years ago by the 
author. 

According to Schulz,* pure nickel cannot be employed 
—the exact purity is not given. 

His experiment consisted in annealing in an oven (? gas. 
fired) a bar of nickel, coated with clay, and packed ina 
sheet-metal jacket with iron turnings (? carbon content). 
The annealin hy my four weeks at a temperature from 
650 deg. to 700 deg. Cent. The tensile strength fell from 
47 tons to 27.95 tons per sq. in., the elongation rose from 
4 per cent. to 24 per cent. ; and he remarks that the 
material had become completely brittle. 

This fall in strength is not astonishing, because the 
Se a ae proof that the metal was in a 
& very much cold-worked condition. With respect to the 
brittleness, it is highly probable that, in spite of the coat 
of clay, some of the car from the scrap iron used for 

ing and also from the furnace gases had penetrated 
the nickel, and had become cemented and alloyed. 
Nickel readily absorbs carbon monoxide (CO) and other 
gases which render it brittle (and in the cast condition 
unsound). Nickel can also become saturated with 
graphitic carbos, which is absolutely fatal to its strength. 

Schulz quotes no —— and gives no microstructures, 
and it is not clear whether he was writing entirely from 
the points of view of using the metal in gas-turbines or 
steam-turbines. 

According to Weidig, annealing for one hour at 400 deg., 
deg., and 800 deg. Cent., and cooling in air, reduces 
the strength as follows :— 








| Original | After Annealing for 1 Hour at 
| Metal. |———— - 





Item. | = . na 
400 deg. O. 600 deg... |800 deg. O. 
Tensile tons persq.in.| 48.0 47.9 | 40.1 34.5 
11.5 32.5 


Elongation per cent. 3.5 11.0 


_From this it looks as though in the dead-soft condition 
nickel would have the strength produced by the 800 deg. 
Cent. anneal; but since no analysis is quoted by Schulz, 
we again must be cautious. 

Another authority—Robin, Paris—reports that the 
maximum brittleness occurs at 300 deg. to 350 deg. Cent. 
It is clear the question needs further research, using 
specially pre materials. 

Professor Gowlandt quotes a tensile test of 42.4 tons 
per sq- in. for wrought nickel a by Shakell), but 
neither its purity nor the size of ‘‘ stock” tested is given. 


Schnabel and Louist quote Kollman’s result as : — 
Maximum stress 38.9 tons per sq. in. 
Elastic limit 24.6 =, ” 
Elongation a 15 to 21 per cent. 


But they omit to state whether this is for cast, forged, 
rolled, or wn metal; it is also uncertain how the 
reported elastic limit was determined. 

ollman’s result was obtained upon nickel which had 
been deoxidised with magnesium by Dr. Fleitmann’s 
method, which is still commonly used. 

In a recent report by H. T. Kalmus and C. Harper, 
wribten for the Canadian De ent of Mines, and en- 
titled ‘‘Physical Properties of the Metal Cobalt,” the 
strength of pure cast nickel is given as only 8 tons 
per sq. in.§ ‘ 

(v.) Cobalt.—This metal has only recently gained the 
attention of metallurgists. Co uently, with the 
exception of the results obtained by Kalmus and Harper,| 
practically nothing is known about its fitness for engi- 
neering purposes. The rough averages of Kalmus and 
Harper’s tensile results for pure cobalt are :— 


A. Cast and Unannealed. 
Maximum stress : = tons per sq. in. 


Yield-point eee ” ” 
Elongation ea . Under 1 per cent. 
B. Cast Annealed. 

Maximum stress . 16.5 tons per sq. in. 

Yield-point a Se ie 9 

Elongation ; . Under 1 per cent. 
C. Wire (Wrought). 

Maximum stress . . 39.8 tons per sq. in. 

Yield-point Not given 

Elongation 3 per cent. 


The above investigation was not intended to reproduce 
industrial conditions, and therefore the results may easily 
be bettered in some modern works. A great deal of infor- 
mation is given in the original report, which indicates 
that there should be an industrial outlet for cobalt, and 





* Berlin, Die Turbine, vol. ix., 1913, Heft xiii., page 227. 

+ “The Non-Ferrous Metals,” 147. 

t ‘* Hand-Book of Metallurgy,” vol. ii., page 496. _ 

§ Journal of Industrial and Engineering Chenustry, 
No. 1, vol. vii.. page 10. 

|| Loc. ctt., No. 1, vol, vii., pages 9 to 12, 
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very great credit is due to the way in which the Canadian| This is the strength of the wrought metal in the un- 
Department of Mines has tackled the subject. This metal | annealed condition. 
should certainly receive attention from blading manu- Analysis. 
facturers. Per Cent. 
(vi.) Copper-Nickel.—It is well known that these alloys Silicon... 0.14 
have utilised sé several turbine manufacturers, * but Lead ... Trace 
they are alloys which frequently suffer from the presence Copper 27.0 
of graphite (tres carbon), which has a tendency to segre- Iron... mu i ae a bat 3.85 
Se eS ee and therefore it is found Manganese ... si eae. aa e 1.87 
nally as a “‘core” in im hee tee yes += portion of the Nickel... ... ie tere 67.10 
blading—+.c., just where the neck of the blading is formed. n s Nil 
TABLE II.—Vanrious Forcep Coprgr-ALUMINIUM-NICKEL ALLOYS. 
| | 
Limit of Pro- | Ratio ot | Percentage | p, P 
Sinftat | of Bluey |Bangeot portionality asiPoer | Limit to | enor Elongation Reduction | Fractures and 
ress. | juare . at | marks, 
Sample. | ticity. sas Tee. ng ‘Square Inch. > | Length ot | Fresture. y Cg 
| Ib. per | tons per tons tons | percent | = an 
sq. in. | sq. in. | | } 
K 21,150,000; 0-25 | 30.5 57.0 58.5 10.0 10.0 12 Sound, dense, le 
|_ pinkish copper colgar 
R 17,055,000} 0-15 15.0 43.0 85.0 12.0 16 \Sound, finely granular. 
H pH henyon \ 0-15 { a. = v4 "80 4 } Sound, pinkish colour 








Mond nickel with electrolytic copper, and adding similar 


percentages iron, and ot 
produce the physical properties, and 

it sound. Deoxidation with phosphorus should be 
avoided. If free from carbon, silicon, phosphorus, and 
sulphur, these copper-nickel alloys are useful for some 
types of blading, but the turbine manufacturers really 
search for a material which is of all-round utility. Some 
valuable information on Monel metal was contributed to 
the Journal of Industrial and Chemical Engineering by 
R. H. Gaines in 1912, vol. iv., page 354. 

(vii.) C -Manganese.—This is an alloy now used by 
some buil of the reaction wpe of turbine. The author 
has not yet fully investigated this material from the turbo- 
blading side. Ju ts based upon the results of its 
use for fire-box stays are not safe, for the stresses, &c., 
are so different. * alloys are not strong, and it is not 
definitely proved that they retain a sufficiently good pro- 

ionality limit after prolonged exposure to steam at 
deg. to 300 deg. Cent, for the more highly stressed 
rota’ blades. The composition of the alloys used 
varies between 4 to 6 per cent. and 15 per cent. manga- 
nese, and Schulz gives the strength at 350 deg. Cent. as 
22.25 tons per sq. in. and 40 per cent. elongation. 
(viii.) -Aluminiwm (so-called Aluminium Bronze). 











Fie. 3.—Forged Oopper-Aluminium-Nickel Alloy. Sample R. 
Transverse section. Polished only. Magnified 31 diameters. 





Fic. 4.—Forged Copper-Aluminium-Nickel Alloy. 
Transverse section. 
diameters. 


Sample R. 
Etched with ammonia. Magni 31 





Fie, 6.—Same 
etch 


imen as shown in Fig. 5, but more deeply 
to illustrate size of crystal grains. 


The most commonly known example of a copper-nickel 
alloy is that given the name ‘‘M metal.” The fol- 
lowing tests on three sizes of wrought bars of Monel 
metal may be interesting :— 














Tension Tests. 
Propor- | | Elon - Elonga- 
. _ tion R-~4-4 Maxi- tion aa tion per — 
"| ality %S en.) mum | Jent. on Cent. an a 
meter. | rt imit, | 21a.) sin. | 2 In: Area. 
in. tons per tons per|tons per| per 
eq. in. sq. in. | sq. in. | | cent. 
21 4 18.0 18.2 4.2 40.0 45.6 | 69.5 
22 i 18.0 17.8 39.9 | 41.0 47.0 | 71.0 
23 1 27.25 29.1 42.3 | 388.4 40.0 66.0 


To all three cases the fractures were sound, and had a 
silky to granular appearance. The samples were said to 
have been rolled to size. 


Specimens of Monel metal turbo-blading gave :— 


Maximum stress 38.70 to 39 tons 
. in. 
Proportionality limit ... 18 to 14 tons 
r sq. in. 
Elongation on 4 in. ie & 33 per cent. 
uction of area ... 66.75 to 70.7 per cent. 


Modulus (between 1 and 15 ton per sq. in. stress), 
22,500,000 Ib. per sq. in. 





* Die Turbine, page 267, May 5, 1913. 








Fie, 7.—Same ee as shown in Figs. 5 and 6, but magni- 


ed 250 diameters. 
Analysis 
ah . | . 
, . - | - . 
#3 . £ 5 4 < § 
~ ae | os 3 a e i] E e¢ ae 
$ |$3\8 S| 8 |=5/ 98) 8 
a 
in. |p.c.| p.c.  p.c. | p-c. c. | p.c. | pc. | p.c. 
417M \snot* in | Nid | 29.00| 3.90 Ril Trace | 67.10 ‘trace 
21 Bar 4| Nil) Nil | 27.81 | 3.08 | 0.87 | 2.38 | 65.87 | Trace 
| @ |Nil| Nil | 27.55| 8.44 | 0.26 | 2.38 | 66.03 | Trace 
Nil Nil | 28.58) 3.09 0.18 | 1.82 | 66.03 |= 


ie es 


* Used for castings. 


horus, sulphur, magnesium, and other 
ined. 


N.B.—Silicon, phi 
i ties were not determ 


mpu: 


Monel metal usually contains silicon, and is liable to 
contain both graphitic and combined carbon, totalling 
up to 0.5 cent. These depreciate its value for rotor 
and wheel-blading, but still it may be used for stationary 
blades under certain conditions. uch depends upon the 
care of manufacture, and, of course, danger to the actual 
turbines can be very greatly reduced by constant exercise 
of care in purchasing; it 1s in such work as this that a 
works (routine) laboratory proves its everyday value. 

The items—total carbon, graphitic and combined car- 
bon, and eet 7 amen f need controlling. : 

Monel metal is reported to be the product of smelting 
& mixed copper-nickel one, and apes this basis has been 
cl to be a natural alloy. is is, however, & ques- 
tionable use of the term “natural.” A similar and equally 
good copper-nickel can be made direct by alloying pure 


—For practical purposes these alloys are summed up in 





Fie. 5.—Copper-Aluminium-Nickel Alloy ‘‘ K” heavily forged. 
Transverse section. Etched with ammonia. Shows flow- 
lines due to forging. Magnified 31 diameters. 


two alloys: the 7 per cent. aluminium and the 9 to 10 per 
cent. aluminium. Neither of these has come into con- 
tinued use for turbine-blading, and it is unlikely they 
will, use they anneal too readily, and the propor- 
tionality limit in the dead-soft condition is too low.+ It 
is unfortunate that for some years after their discovery 
the aluminium bronzes suffered from being over-praised 
—their ductility and fairly table maximum stress 
have often misled users who did not take the necessary 
precaution to get a more complete test. 

The following results were obtained by the author for 
the 9 to 10 per cent. alloy forged and tested in the soft 
condition :— 

No. $444. 


Maximum stress... 
ns ets maa limit Ae ee 
ongation ... ani to r cent, 
Reduction of area ... 23 ,, 3.5 e 
The material tested was very nearly pure. 

(ix.) Copper - Aluminium - Manganese Alloys.—These 
alloys are of comparatively recent discovery, and were 
first reported upon by Dr. Rosenhain and Mr. Lantes- 
berry in 1910—see Ninth Alloys Research Report of the 
ee . oat ng: er aaa, 
January 28, Fe! 4, 11, an le © copper- 
rich portion of the series is worth further investi in. 
for the results given in the paper for alloys Nos. 3, 6, 7, 
and 8 are an incentive to detailed work. The above 
research report contains sufficient to be a guide to any 
manufacturer who has a research department. 

(x.) Copper-Aluminiwm-Nickel Alloys.—This series con- 
tains alloys which possess very remarkable physical char- 
acteristics at ordinary temperatures, and the presence of 
other elements in tages of 0.5 to 5.0 per cent. has 
most interesting effects upon the forged alloys when in a 
= or less a 

 copper-rich portion of the series appears to have 
been discovered by Continental metallurgists some years 
ago. Their materials were not pure co -aluminium- 
nickel alloys; the only published results for the = 
alloys are those contained in two recent papers by Pro- 
fessor A. A. Read and R. H, Greaves.} 

For purposes other than turbo-blading the impurer 
alloys have already come into considerable use, 

results published by Guillet in 1906 and 1914§ 
refer to the more complex commercial alloys. The 
results of tests upon such metals are very much compli- 

* E. F. Law, “Alloys and their Industrial Sapte 
tions,” 158-9; “‘Loco. Fire - Box Stays,” F. W. 
Webb, Proc. of the Inst. of Civil 1 vol. ol. 

+ See > Report to the ys Research Com- 
mittee, by Professor ter and ©. A. Edwards; En- 
GINEERING, January 25, February 1 and 22, 1907. 

t Journal of the Insvitute of Metals, No. 1, 1914, 
vol. xi., page 169; ENGINEERING, March 20, 1914. 

§ Les Alliages Métalliques, 1906, page 248; Comptes 
Rendus, 1914, vol. clviii., page 704. 


31 to 32 tons per sq. in. 
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STEAM-TURBINE BLADING. 
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Fig. 9. 


Fics. 8 anv 9 sHow Errect or Rapipty Reveasine Stresses INDUCED BY CoLpD WoRKING THE SuRFACE OF a Pure Copper Bar. 


cated by the presence of other elements, although these 
seldom ex 5 per cent. The presence of these ele- 
ments (which include zinc, iron, manganese, silicon, and 
magnesium) is partly intentional, for some are doubtless 
added in order to obtain sound ingots for forging. &e. 
These alloys present am difficulties in control of pro- 
duction, and a novice would find trouble right from the 
melting stage. So far the writer believes that they have 
not been worked up into blading.* a 
tion will undoubtedly overcome the difficulties, and the 
author urges all who are interested in blading manufac- 
ture to give them serious attention. 

The following results are representatives of the forged 
metal of everyday practice, and are intended to encou- 
rage manufacturers to try to obtain similar but “natural” 
results in turbine sections :— 


TypicaL CoMMERCIAL ALLOYS. 
Analysis per Cent. 


2 . =" as =. a 

: . g “ 4 ’ > = 
sif| 8) ¢ 82 212g 2 eile 3 
niz'/8|}&5 |}<"8 & is <i oe | 

K |0.04) 82.07 |'Trace) 2.54 1464 Nil 068 Nil |Nil | Nil 
R 0,14) 79.68 | 4.80 | 9.77 4.13; 0.04 Nil Trace Nil | Nil 
H | — | 79.0 4.5 (116 5.0 Nil Ni Trace) Nil Nil 


ans ‘ 

See Table II., page 355, for tensile tests, and Figs. 3 
to 7, page 355. 

The author believes these alloys foreshadow rivals to 
the special alloy steels now utilised for the most highly 
heated and stressed portions of the rotating ing. 

The alloy steels are being used from sheer necessity for 
pepe ray which possesses naturally a good ape 
tionality limit which is not too seriously annealed or 
** let down” by prolonged exposure to the highest tem- 
peratures already named. 

None of these steels is perfectly satisfactory, because 
one trouble common to them is their natural tendency to 
rust. The so-called non-rusting 25 to 30 per cent. nickel 
steel has been definitely abandoned for reasons which may 
shortly be published in a paper before another society.t+ 
While the complex ternary and quaternary copper alloys 
are being investigated, turbine manufacturers have large 
relied upon various steels, but there is one. very old- 
fashioned copper alloy which has proved useful, and in 
some instances decidedly preferable to the steels, because 
itis non-rusting.t This alloy is :— 

(xi.) Phosphor Bronze.—For this purpose only the pure 
copper-tin- phosphorus alloy is of value. The presence of 
zinc, lead, aluminium, &c., is detrimental. The composi- 
tion and general physical character of this alloy is indi- 
cated by the following specification :— 


Analysis. 
Tin not under 3 per cent., not over 
5 per cent. 
Copp?r not over 95.9 per cent., not under 
94.9 per cent. 
Phosphorus not under 0.1 per cent. 


The metal containing from 35 to 4 per cent. tin is 
ferred, because it is required to have as much natural 
ardness and stiffness as is compitible with the physical 
properties 
a type, and the phosphorus is all in solid solution in the 
a constituent. 
Physical Properties. 
Maximum stress... not under 24 tons per sq. in. 
Proportionality limit 
Elongation on 6in. ... os 10 per cent. 
aa Zin. ... ~ 13 . 
N.B.—Any higher elongation than 20 per cent. on 
6 in. would be superfluous for the purpose. 


The modulus of elasticity of this material in the 
condition as received from the makers varies from 
16,000,000 lb. to 17,800,000 lb. per sq. in. within the 
range of stress 0 to 10 tons per inch. 


* See pore 243, Die Turbine, Heft xiv., April 20, 1913, 
** Rubel Alloys.” The alloys there mentioned may pos- 
sibly include some of the Cu-Al-Ni series. 
See also ‘‘ Design and Construction of Steam-Tur- 
bines ” Martin, page 251. 
t Die Turbine, April 20, 1913, Heft xiv., page 244 ; 
F. W. Webb, Proceedings of the Institution of Civil 
Engineers, 1902, vol. cl., page 108. 








The manufacturers need, however, to psy much more 
practical attention to the preduction of a definite and 
uniform s°z9 of grain; that is, the rolling, drawing, and 
other process treatments need careful standardisation on 
such a basis that all sizes (thicknesses) of sections when 
finished are of the same physical condition as 
each other. The working of metals is a huge subject in 
itself ; but most manufacturers know that unless real 
thought and care is taken in planning treatments, there 
is a natural tendency for the small sections to be 
over-worked, and the ones to be only surface- 
worked. The troubles arising from this fact were well 
described by Professor Heyn in the 1914 May Lecture ;* 
but one very curious effect of surface a came under 
the authors notice recently, which is illustrated in 
"? 8 and 9, annexed. ‘ 

he metal was an almost chemically pure bar of copper. 
intended for switchboard work, for which pur it was 
skimmed to size all over, and screwed at the ends, a 
high-speed lathe with a light cut and high rate of traverse 
beingemployed. The energy in the outer skin of the bar 
caused the metal to spring up in front of the point of the 
tool, and form what the workman termed “‘ whiskers.” 
Now in turbine-blading all such internal stress or unstable 
energy is a decided defect. t 

Consequently the aim should be to produce a material 
free from such, and free from greatly exalted proportion- 
ality limits or maximum stress. A naturally high pro- 
[neces ig sd limit and maximum stress is in urgent 

emand, but all artificially enhanced properties are more 
or less unstable, and they do not benefit the user when he 
employs the material under conditions which release un- 
stable energy, and lower these properties during the 
normal lifetime of the apparatus constructed with the 
material. 

In addition to the probability of the occurrence of 
warping, there is also the possibility of the presence of 
microscopically small cracks, which will spread, owin 
to the localising effect they have upon stresses of 
kinds, and especially upon those more or less rapidly 
produced by release of the internal stresses correlated 
with artificial proportionality limits, &c. 

nufacturers must constantly remember that a single 
unsatisfactory blade suffices to cause serious damage in a 
turbine. The responsibility which, in the public as well 
as the commercial sense, rests upon turbine - blading 
manufacturers is great. Judging by the apathy dis- 
layed towards the constant employment of sc‘entific 
elp and up-to-date methods of controlling metallic pro- 
ducts, it would appear that this is not in all cases suffi- 
ciently reali It may therefore comfort some non- 
ferrous manufacturers to hear that occasionally steel- 
alloy blading made by first-class firms has given trouble 
from the above cause ; but let such note that the spirit in 
which the steel-manufacturers met the complaint and 
tackled the problem of removing it was broad-minded, 
---~ prema and effective, thanks to their scientific 
control. 

The following results will suffice to show that no per- 
manent progress ap ible amongst the brass type 
of alloys, and the author sincerely hopes that these results 
will turn the attention of British manufacturers off this 
worn-out track on to others which better warrant imme- 
diate original investigation. The problems will not be 





iven below. The alloy is, of course, a pure | 


solved by the invention of fancy names and quotations of 
high prices. 
(To be continued.) 





Strate Coat-Minges.—An Act passed by the New 
Zealand Legislature in 1901 authorises the acquisition 


| and working of State coal-mines by the Government of 
| the Dominion. 


In pursuance of this authority two 
mines were acquired—viz., the Point Elizabeth Mine, 
on the Grey coal-field, about 5 miles from Greymouth, 
and the wwesipers Cardiff Mine, yen tid re-named 
the Seddonville Mine, on the Buller -field, and about 


29 miles from Westport. coal produced in the coal- 


fields is of a bituminous character, and is ey wg as 
& superior coal for general pur; In 1902 the Point 
Elizabeth Mine, included within a lease of about 4840 
acres, was taken over by the State from the Greymouth 
Point Elizabeth Railway and Coal Company, 21,000J. 
— paid by the Government to the company for a 
partly-constructed railway from the mine to Greymouth. 








* Journal of the Institute of Metals, No. 2, 1914, 
vol. xii.; Encingrrine, May 15, 1914. 


The live was subsequently completed with funds set apart 
for State coal-mining a, ae but it was afterwards 
transferred to the New Zealand Railway department on 
payment of 65,548/. representing the total cost of purchase 
and completion. During the construction of the branch a 
new mine (the Point Elizabeth No. 1 State Colliery) was 
lsid down near Runanga, the output stage being reached 
in 1904. Since that year coal of a superior quality has 
been produced, but owing to the frequency of faults and 
the thinning of the seams to the dip it is expected that 
the profitable life of the mine will not exceed three years 
unless further developments should take place. As a 
State colliery the mine had produced 1,737,574 tons of 
coal to the clore of March, 1913. In 1900 the Westport 
Cardiff lease was also determined by the Government. 
Acting upon a favourable report in 1901 by Government 
mining experts, the property was pected and subse- 
quently developed as the Seddonville State Colliery, the 
—— stage being reached in November, 1903, but the 
quality of the coal was found to be extremely variable 
and uusatisfactory, owing to a — proportion of crushed 
and soft . Owing to the exhaustion of marketable 
coal the Seddonville colliery was finally closed in May, 
1914. The total output under State control to the close 
of 1913 was 524,691 tons. 





New Ocgan SrgaMERS.—Two new steamehip lines are 
about to commence business between the North Pacific 
and ports on the Atlantic. The West Coast Navigation 
Company has decided to run three boats between Phila- 
delphia and North Pacific ports, while the Marine Trans- 

portation Service Corporation is about to start three 
ines of freight steamers out of New York for Pacific 
ports via the Panama Canal. Some of the boats are to 
call at South American ports. 





THe West GreemaN Iron Marxket.—A report from 
Rhineland and Westphalia states that whilst the prices 
for most products have been fixed up till the end of De- 
cember, no decision has as yet been arrived at as far as 
raw materials are concerned. The Rhenish-Westpbalian 
Coal Syndicate favoured a large increase in price, to last 
for another month, but they were opposed and overruled 
by the Minister of Finance. The Pig-Iron Union will 
settle the question of price at their first meeting for the 
fourth quarter, butas the union, ever since the commence- 
ment of the war, have been raising their quotations, and in 
the beginning of June - up the prices for the tbird 
quarter from 7.50 to 15 marks, buyers bope that the 
general wish for no further rise may. be complied with. 
Hematite pig, for which the cost of production is con- 
tinually increasing, will no doubt be edvanced a little. 
The trade in pig-iron continues about in the same 
groove, and about 60 per cent. of the allotment in 
oem | is being sold. On account of other arrange- 
ments by the military authorities, the demand for 
Luxemburg iron has subsided. There is no likelihood of 
any surplus of pig-iron for a long time to come, although 
the consumers may better served owing to easier 
conditions in other directions. The Steel Union are 
expected ‘to publish their prices for the fourth quarter 
immediately. As the quotations for half-finished gooas 
were raised 5 marks at the end of June, and those for shay e 
iron 10 marks, no change is expected. Price considera- 
tions, as far as the heavy-plate convention is concerned. 
are expected to result in present prices being maintained (o 
December 31, 1915 Heavy plates of ordinary Thomas 
quality cost at present 155 marks; boiler-plates, 165 
marks ; and construction p!ate, 157.50 marks. Business, 
as far as fresh contracts are concerned, is quieter. The 
bar-iron works upon @ minimum convention price 
of 140 marks, Oberhausen or Neuenkirchen-Saar, in the 
beginning of August, and no change is at present under 
contemplation; the same applies to prices for hoop 
iron, rolled wire, and finished - wire products. The 

iness, as far as new contracts are concerned, is quiet 

in all these lines, but current business is fairly satisfac- 
tory. The current demand especially applies to quality 
and the minimum prices are materially exceeded. 

eutral foreign countries are active buyers on the 
German iron market. Specifications come in satisfac- 
torily, and the works always have to hold out for six or 
eight weeks’ grace for delivery, or even more. The works 
are very firm in their demands, and prices below the 
mipiwum quotations have only been acce in isolated 





cases, and mostly in goods not coming direct from the 
works. 
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THE PANAMA CANAL.—No. XVII. 
CristopaL CoaLine PLANT. 


Tue Cristobal coaling plant differs in many 
respects from that at Balboa, which was described 
in Article XV. of thisseries. At Balboa the coal- 
handling gear is arranged on a continuous wharf and 
close by the Canal channel, but at Cristobal it is 
situated away from the channel, and is arranged on 
a rectangular area with wharves on three sides. 
The position of the area is shown in the general 
plan of the Cristobal terminal given in Fig. 272, 
which accompanied our last article.* The plant is 
actually on an island, but has railway communica- 
tion with the mainland by means of a bascule bridge 
over the old French canal. One side of the rect- 
angular area is wholly devoted to loading, and the 
other to unloading, while arrangements are made for 
bunkering small vessels at the end wharf. A plan of 
the whole plant, clearly showing the three wharves, is 
given by Fig. 278, on Plate XXLI., and by the general 
view, Fig. 293, on page 368. The arrangement 
may be looked upon as a large pier, connecting to 
the island at the south-east end, which is shown at 
the right-hand side of Fig. 278. The wharves form 
the sides and the ends of the pier, while the 
central area is utilised for the coal storage. 

The storage accommodation amounts to no less 
than 485,000 tons, of which 100,000 tons will be 
stored under water, in accordance with the demands 
of the Navy Department. This capacity is much 
greater than that at Balboa, o> yp death to 
215,000 tons ; but, as we have already pointed out, 
and as is obvious, the greater part of the supply 
may be expected to come from Atlantic ports, so 
that Cristobal is the natural distributing point for 
the bulk of it. The storage area is 1700 ft. long by 
308 ft. wide, and the maximum elevation of the 
top of the stock-pile will be + 35, with a floor-level 
of + 2 except for that portion where subaqueous 
storage is provided. Here the floor-level is — 28. 
The depth of water alongside the three wharves will 
be 41 ft. at mean sea-level. This depth will be kept 
dredged for a length of 1065 ft. with a width of 
500 ft. on the unloading side and 250 ft. on the 
reloading side. For a length of about 600 ft. the 
area is a shore extension without wharf accommo- 
dation, and the total wharf length available for 
berthing is about 2500ft. The rise and fall of the 
tide at Cristobal is about 2 ft., and level of the 
wharf decks has been fixed at + 10.5. As we have 
said, one long wharf serves only for loading, and the 
other for unloading, while the end wharf will be 
used by vessels requiring such small amounts of 
coal as can conveniently be provided from a 
1500-ton wharf bunker. This arrangement will 
allow of small deliveries being made without setting 
the main plant in operation. The whole area is 
surrounded by a double-track elevated railroad. 
The unloader wharf carries four Hunt unloaders. 
The storage area is spanned by two movable stock- 
ing and reclaiming bridges, and the reloader wharf 
accommodates four belt-conveyor reloaders with 
hopper and conveyor-trailers. 

As we mentioned in connection with the de- 
scription of the Balboa plant, two 12,000-ton 
colliers are to be built and operated by the Canal 
Authorities in connection with the supply to the 
coaling plants. The unloading wharf will accom- 
modate these two vessels together. If the two 
are unloaded at one time with two unloaders each, 
four shifts will be needed to clear the holds. If 
all four unloaders work on one vessel, only two 
shifts will be required. The wharves are con- 
structed on the same lines as other wharves we 
have already dealt with in connection with the 
Canal. They are composed of decking of rein- 
forced concrete carried by steel-plate girders and 
frames, on steel caissons filled with concrete and 
reinforced with steel rails. The caissons, which 
were driven by steam-hammers, are 6 ft. in dia. 
meter, and the total number amounts to 306. The 
depths to which they had to be sunk to reach 
rock foundation ranged between 50 ft. and 75 ft. 
oan ae of construction extends for a length of 

70 ft. 

The lines of caissons are s 80 as to come 
under the rails of the tracks on which the larger 
coal-handling machines run. Thus on the un- 
loading wharf three lines of caissons are required. 
The outer lines, spaced 34 ft. 6 in. centre to centre, 
are directly under the unloader tracks. The inner- 
most, 25 ft. 6 in. centre to centre from the middle 








* See page 231 ante. 


line, carries the track for one end carriage of the 
stocking and reclaiming bridges. The arrange- 
ment is clearly shown in Fig. 277, on Plate XXI. 
On the reloading side there are four lines of 
caissons ; the two outermost are s 26 ft. 
centre to centre, and carry the tracks for the 
reloading machines. The trailing-hoppers and 
conveyors run on tracks supported by secondary 
longitudinals, and the standard-gauge railway- 
tracks on both wharves are carried in the same 
way. The two other lines of caissons on the re- 
loading side are 22 ft. 6 in. centre to centre, and 
the innermost carries the other end carriages of 
the stocking and reclaiming-bridges. The arrange- 
ment is shown in Fig. 277. On the shore exten- 
sions of the storage area no provision, of course, 
has had to be made for either the unloaders or 
reloaders. The only structures n were 
therefore those required for the stocking-bridge 
tracks and for the support of the elevated railway. 
The arrangement consists of walls and concrete 
piers carried on timber piling. A general view of 
the coaling plant during construction is given in 
Fig. 292, on e 368. The view is looking end on 
to the plant cal shows the sinking of the caissons 
for the end wharf, and the steel and concrete con- 
struction proeeeding for the outer ends of the side 
wharves. The unloading wharf is on the left-hand 
side, and the unloaders can be seen partly erected. 
The stocking and reclaiming-bridges were also in 
place when the view was taken, but the reloaders, 
as will be seen, were not erected. 

It will be understood from what we have already 
said, and from the arrangements previously de- 
scribed in connection with the Balboa plant, that 
the coal is taken from the colliers by the unloaders 
and delivered to hopper-cars on the elevated rail- 
way which runs round the site. These cars can 
also travel over the stocking-bridges. They dump 
the coal to the store. For stacking the coal and 
removing it from the store there are two diggers 
mounted on each bridge. They can be seen in 
Figs. 277, 278, and 292. For reloading these 
diggers lift the coal and feed the hopper-wagons, 
which travel over the bridges and the elevated 
railway, and in turn feed the hoppers of the re- 
loaders. The reloaders, as previously described in 
connection with Balboa, are of the conveyor type, 
and lift the coal from the hopper, delivering it by 
chute to the ship which is being bunkered. 

In describing the details of this plant we may 
begin with the unloaders. They are of the Hunt 
‘** Steeple” type, and were built by the O. W. 
Hunt Company, Inc., of West New Brighton, New 
York. Front and side elevations of one of the 
machines are given in Figs. 275 and 276, on 
page 358, while a view showing three of them 
during erection is given in Fig. 294, on page 368 

Each unloader consists essentially of a lattice- 
tower, carried on four trucks, which travel on the 
track we have already referred to, so that the towers 
may be moved along the wharf until opposite the 
hatches of the ship which is being unloaded. Each 
of the trucks has four wheels, which work in pairs 
on two 3-ft.-gauge tracks, laid 34 ft. 6 in. centre to 
centre. Carried about half-way up the tower’ there 
is a horizontal boom, supported by wire ropes, with 
turn-buckles from the tower top. On this boom 
a trolley works, which carries a 24-ton King grab- 
bucket. When the tower is in operation the bucket 
travels out along the boom, and is lowered into the 
hatch of the collier. It picks up a load, is raised, 
and traversed inwards to the centre line of the 
tower. Here it discharges to a central hopper, 
which can best be seen in Fig. 275. From this 
hopper the coal is fed to a second hopper situated 
above the elevated tracks. This is done by means 
of a belt-conveyor, which is fed from a chute 
having connection to the bottom of the first 
hopper. The conveyor and the second hopper 
are clearly shown in Fig. 276, from which it will 
be seen that this hopper is carried on a cantilever 
extension from the tower, and has two outlet valves 
at the bottom, so that cars on either of the elevated 
tracks may be filled. This hopper is also well 
shown in the front tower in Fig. 294, page 368. 
In addition to charging this side hopper the 
central hopper can also supply direct to cars stand- 
ing on the standard-gauge track at wharf-level. 
This is done by means of a chute with a movable 
spout, which can be seen to the right in Fig. 276. 

The towers are operated by steam power. In this 
they differ from the whole of the remainder of the 

lant, which is driven by electric motors. 





coos F i y elect 
The boiler and winches are contained in an over- 








head engine-house carried at about the same level 
as the elevated tracks. It is shown in Figs. 275 
and 276. Ata higher level there are two control- 
houses with a connecting platform. The hoisting- 
engine has cylinders 18 in. by 24 in., and the 
trolley-engine, cylinders 12in. by 14in. Below the 
boiler platform there is an ash-hopper, which, by 
means of spouts, can deliver to a car standing on 
the standard-gauge track below. The tower is 
traversed by means of shaft and bevel-gears con- 
necting to the trucks, which can be seen in Fig. 275. 
As we have already said, each tower has a — 
of 260 tons per hour, so that the four together will 
handle 1000 tons an hour. 

The elevated narrow-gauge railroad running 
round the storage area is ied on a viaduct 
29 ft. high. In addition to the main track there 
are 1200 ft. of storage track. The viaduct can 
be seen in cross-section in Figs. 276 and 277. The 
tracks are oh A gauge, - on ow run electri- 
cally-operated ho -cars of W shape, which can 
dump on either aide. An end view of two of the 
cars can be seen in Fig. 276, while a general 
view of one of them is given in — 287, on 
Plate XXI. There will be eighty-eight cars in 
all, each of 10 tons capacity and each driven by two 
3-horse-power electric motors. They will be con- 
trolled by trackmen instead of by drivers on board, 
and will be able to run round the storage area to 
any point or across the stocking-bridges. They will 
travel ata oy of 200 ft. per minute, and when 
working at full capacity will run with a }-minute 
headway on each loop. Under these conditions 
they will handle 2000 tons of coal per hour. The 
cars will run over scales which will print the 
weights on duplicate tickets, one of which will be 
placed on the car and retained by the trackman 
who dumps the coal from it. To enable the cars 
to be run on to the movable bridges for dumping 
into the stocking area, sliding switches are fixed to 
the bridges and carried on to the elevated track 
rails. e switches move with the stocking- 
bridges and run the cars off the elevated track on 
to a track at right angles on the bottom chord of 
the bridge girder. The cars can also be run down 
to the end wharf bunker, to dump their coal there, 
the cars dumping into hoppers, whence the 1500- 
ton wharf bugker is supplied by a 42-in. belt- 
conveyor. A novel feature about the cars is that 
the gear reduction between the motor and driving- 
wheels is means of a worm-gear. Common 
practice in similar installations in the United States 
has been to —T either two seta of ordinary 
gears or two chains for ee er gear reduc- 
tion required between the motors and driving- 
wheels. The elevated railway structure and the 
cars were built by the Bergen Point Iron Works, 
of West Fifth-street, Bayonne, N.J. The same 
firm also supplied the stocking-bridges and diggers 
and the reloaders. 

The stocking and reclaiming-bridges consist of 
heavily riveted through truss steel spans of com- 
paratively simple design. They are shown in 
elevation in Fig. 277, on Plate XXI., while a general 
view during erection is given in Fig. 285, on the 
same plate. Each bridge carried a single track on 
the bottom chord for the cars of the elevated 
railway, to allow them to travel out over the stock- 
pile for dumping, as already explained. On the to 
chords are carried tracks for the two diggers whic 
are shown in Fig. 277, and to which we will refer 
in detail later. The most interesting features in con- 
nection with thé bridges have reference to the trucks 
on which they are carried. One of the trucks is 
illustrated in elevation and — in Figs. 283 and 
284, on Plate XXI., while Fig. 286, also on the 

late, is a general view of the ends of the two 

ridges, and shows four of the trucks. It will be 
seen that each truck has eight axles, and that each 
bridge is carried on four trucks, two at each end. 
The trucks work on 5-ft.-gauge tracks, 315 ft. 
apart centre to centre. Pigs. 283 and 284, in 
conjunction with Fig. 286, clearly show the in- 
enious arrangement which has been adopted to 
distribute the load equally on to all the wheels. 
Each eight-axled wank is made up of four four- 
wheeled bogies. Across the centre of each of these 
bogies there is a bridge-piece resting on spherical 
seatings. The bridge-piece of the front bogie can 
be well seen in Fig. 286. In Figs. 283 and 284 
the arrangement is best seen at the left-hand end. 
The bridge-pieces of the two bogies at the left- 
hand side of Fig. 283 are connected by a hori- 
zontal member. The same applies to the two 





right-hand bogies. These members can be seen in 
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make connection through spherical seatings wit 
the two arched members which span the trucks 
from side to side. These arched members, as is 
clearly shown in the figures, are joined at their 
outer ends by heavy yokes, which lie fore and aft 
on either side of the trucks. In turn these yokes 
are connected at their centres by a heavy cross 
member, to which the bridge corner- post is attached. 
It will thus be seen that the cross member, the 
yokes, and the arches together form a rigid struc- 
ture, which transfers the load equally on to all the 
running wheels, first through the spherical bearings 
which lie over the centre line of the track, and 
then through those on the bogies. 

The driving gear by which the bridge is propelled 
is illustrated in Figs. 279 to 281. One half of the 
track-wheels at each end of the bridge are driven, 
the others trail. The arrangement is shown 
in the small-scale block-plan given in Fig. 282. | 


the figures. At the centre of their top sides or | 
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we should, perhaps, mention that Fig. 283 shows 
the four bogies to the left-hand side of the bridge 
centre line in Fig. 282. The wheels of the two 
right-hand bogies in Fig. 283 are driven, those of 
the other two trail. Owing to the impossibility of 
getting all the track-wheels of exactly the same dia- 
meter, and also to the possibility of some part of 
the track being greasy while another part might be 
sandy, it has been considered desirable to provide a 
system of equalising gear, so that each of the four 
sets of wheels at each end of the bridge will be} 
driven with equal power. 
Each end of the bridge, as we have already indi- 

cated, is driven by a separate motor. These motors 

are of 150 horse-power, and are mounted on plat- 

forms between the inner bogies, as shown in 

Figs. 279 and 280. It will be seen from these figures 

that the motor-pinion drives on to a spur-wheel 

directly below it. This wheel, in turn, drives a) 
planetary gear so arranged that the shafts leading | 


| motor. 
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in the contract for the bridges that they should be 
held securely in position against a wind pressure of 
40 lb. per sq. ft., it has not been considered desir- 
able to rely solely on the solenoid brake of the 
Accordingly a double-acting automatic 
band-brake has been fitted to the large main gear 
driven from the motor pinion. This brake can 
be seen in Figs. 279 and 280, and is shown in end 
view in Fig. 281. The controllers for the motors 
are mounted in cabius at each end of the top chord 
of the bridge, as shown in Fig. 277. They have 
square extension shafts leading across the top 
chord. 

By a sliding pick-up arrangement, these square 
shafts can be operated by separate levers from one 
of the bridge-diggers, so that when the bridge- 

igger operator desires to move the bridge, he can 
control the motor at one end of the bridge by one 
hand, and the motor at the other end by the other. 
A large indicating-dial shows whether the bridge is 


In this the bogies for each of the two bridges are | to the right and left carry equal loads. At the ends in line or not, and how much it may vary therefrom, 
indicated by small squares. Referring to the north of these shafts, between the two right-hand side | so that by watching the dial the operator will be able 


bridge, it will be seen that at each end a motor is and two left-hand side bogies, there are further | to keep his bri 


ge square when moving. An auto- 


mounted above the running track, and on the bridge mitre-wheel equalising gears, from which the drive | matic electric stop is installed on the indicating- 


centre line. This motor, as indicated, drives the 


is transmitted through spur-gearing to worm-gears. 


| dial to throw out 


e main circuit-breaker, in case 


track-wheels of the two bogies on each side of it, Pinions on extensions of the worm-wheel shafts the bridge gets too much out of line. The maxi- 
the wheels of the remaining two bogies on each side | drive spur-wheels on the driving-axles. The whole mum speed of travel of the bridges is 50 ft. per 
merely trailing, as we have just said. In connec- arrangement is shown in Figs. 279 and 280. The, minute. 

tion with the relation between Figs. 282 and 283, ‘worms are not self-locking, and as it was specified The bridge-diggers, which can travel along the 





Wet Ssamreaceorwe ostre ss 





Oct. 8, 1915.] 


ENGINEERING. 








THE PANAMA CANAL; BRIDGE-DIGGERS AT CRISTOBAL. 










(444 


top chord of the bridge on which they are carried, 
lift coal from the store and deliver it to hoppers, 
also carried on the top chord. From these hoppers 
the coal is fed to cars standing on the track carried 
by the lower chord of the bridge, which carry it 
away to the reloaders. The diggers may also, of 
course, be used for distributing and stacking the 
coal on the stock-pile. As the diggers can travel 
on the bridges, and the bridges can travel up and 
down the storage area, the whole of the latter is 
commanded by the diggers. Each digger has a 
; dling capacity of 500 tons an hour, so that the 
our have a total capacity of 2000 tons an hour. 


*+ne arrangement of the diggers is of considerable | 
interest. One of them is illustrated in Figs. 288 | 


to 291, annexed. It consists of a framework, 
Be’ a hoisting-engine, which is fitted with a 
gen Point differential drum, in addition to the 


Fig. 288. FLOOR PLAN 
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double main drum. Pivoted to the framework 
there is a luffing-jib, with a sheave at its top 
end, over which two ropes pass, carrying a 5-ton 
Brown grab-bucket at their lower ends. One ro 
serves for lifting the bucket, and the other for 
opening and closing it. 

The differential drum is used for controlling the 
position of the jib, and so the horizontal position 
of the bucket. It is made with two diameters, 
connected by a conical portion, and is furnished 
| with a continuous spiral groove. The jib is su 
ported by a fiying-block, round which a bi ht 
of a = | ~ the ends of which are wound 
on to the differential drum. When both ends of 
the rope are on the small diameter, the revolution 
of the drum causes the rope to be payed out as 
fast as it is taken in, and consequently the flying- 
block and the jib will not move. This is the state 
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of affairs when the grab is down on the coal-store. 
The differential drum, which, as will be remem- 
bered, is gear-driven from the hoisting-drum, is so 
set that as the grab is lifted the effect of the two 
diameters is to cause one end of the flying-block 
rope to be taken in more quickly than the other 
end is payed out. The result is that the jib begins 
to move inwards, and the grab moves through a 
curved path until it comes into position for discharg- 
ing into the hopper. The path is indicated in 
Fig. 290. When the grab is lowered this action is 
reversed, and the jib moves outward. It should 
be noted that this action > ag eee | and the 
operator has only to attend to hoisting and lowering 
ond the opening and closing of the bucket. The 
correct jib movements of necessity follow. The 
reach of the jib is 11 ft. 3 in. The hoisting and 
closing motors are each of 250 horse-power, and the 
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digger attendant has to operate two master-con- 
trollers for these motors. 

Each bridge-digger hopper is furnished with hand- 
operated discharge-doors, which are worked by a 
man stationed on the hopper as the cars come into 
position below them. e hopper is free from the 
digger, but may be moved by electric power into 
any new position demanded 4 movement of the 
digger. As before explained, the loaded cars after 
leaving the diggers to the reloaders, and 
discharge from the elevated railway into hoppers, 
from which the coal is lifted by belt-conveyors on 
the reloaders, and discharged to the ship. A full 
description of the reloaders, with illustrations, 
—— in connection with our description of the 
Balboa coaling plant.* The elevated railway, the 
stocking-bridges and diggers, and the reloaders, 
are worked from the main Cristobal transformer 
station. The supply to this station is three-phase 
25-cycle, at 2200 volts, and it is tapped down for 
lighting to 110 volts, and for power to 440 volts. 
A sub-station for this purpose is situated at the 
coaling plant. Current is taken to the unloaders, 
the dotiian Witenes, and the reloaders by wires 
supported on brackets fixed to the elevated-railway 
sae The coaling plant is expected to be com- 
pleted and in operation next year. At present 
work is well ahead with the caissons for the end 
wharves, and the erection and riveting of the deck 
steel for both the unloader and the reloader 
wharves is completed. The coaling machinery and 
the transformer station are well advanced. 





THE BRITISH ASSOCIATION. 
(Continued from page 347.) 
SECTION B.—CHEMISTRY. 


Section B, moving in the Chemical Department 
of the University, , like Section A, and with the 
same success, accentuated general discussions, and 
not encouraged miscellaneous papers. It thus offered 
a compact and instructive programme. The promi- 
nent subjects were :—Gaseous Combustion, Fuel 
Economy, and Smoke Abatement ; Homogeneous 
Catalysis; and Committee Reports on Special Lines 
of Research, chiefly in Organic Chemistry ; the 
joint discussion with Section A on Radioactive Ele- 
menis has already been noticed. Among the more 
isolated subjects was a discourse on Liquid Crystals. 
Not counting the twelve reports of committees, 
some of which merely asked for reappointment, but 
counting a discussion as one paper only, though 
many members submitted written contributions to 
it, the number of papers, &c., discussed was 
fourteen. The two discussions on Smoke Abate- 
ment and on Homogeneous Catalysis will be repro- 
duced in the report. 

We stated in our preliminary article that Pro- 
fessor H. Brereton Baker, F.R.S., of the Imperial 
College of Science, South Kensington, would 
preside in Section B. Owing to his continued 
absence at the Front, however, his colleague, 
Professor W. A. Bone, F.R.S., acted as President. 
The officers of the Section were :—Vice-Presidents : 
Professor W. J. Pope, F.R.S., of Cambridge, and 
W. P. Wynne, F.R.S., of Sheffield ; Secretaries : 
Messrs. A. Holt, D.Se., of Live 1 (Recorder) ; 
C. Desch, D.Sc., of Glasgow ; and H. F. Coward, 
D.Sc., of Manchester. 


Gasrous ComMBUSTION aND Fuet Economy. 


In opening the proceedings of Section B, Pro- 
fessor Bone remarked that the call to the chair 
had reached him when he was on his holi- 
day in the country, and that he must ask for an 
indol mt judgment of his presidential address. 
The facts that the year 1915 was the centenary of 
Davy’s invention of the safety-lamp, and that they 
were meeting in Professor Dixon’s laboratory, 
where explosion problems had been studied for 
more than a quarter of a century, had decided him 
in the selection of his subject ; his address was a 
supplement to the report on the State of Science 
in Gaseous Combustion, which he had presented 
on behalf of a joint committee of Sections A and B 
in 1910. Referring to ignition, in the first instance, 
Professor Bone pointed out that the of tem- 
perature within which ignition of mixtures of 
separately preheated gases was observed was 
small and fairly the same for ox and for air 


in the case of combustions of simple 
(hydrogen, carbon monoxide), but wider and lower 


for mixtures of methane with oxygen (650 deg. to 
750 deg. C.) than with air (556 deg. to 700 deg. C.), 
when the combustion mechanism was complex 
(methane). Ignition by adiabatic compression 
(suggested by Nernst) gave proper values, pro- 
vided’ that ignition was not produced locall 
whilst the main bulk of the gas was still too cool, 
and that the piston did not move appreciably 
after the gas had been raised to the ignition-point. 
The first experiments by Falk had been misleading 
or mer ye ney the recent experiments of Dixon 
(noticed below) showed that the ignition-point was 
not necessarily synchronous with the appearance of 
flame, and that there was a pre-flame period. As 
regards electric-spark ignition, it was quite erro- 
neous to believe that every visible spark would pro- 
duce ignition; Thornton had studied the circuit 
energy required, but he (the speaker) could not 
accept Thornton’s view on “ste ignition,” 
according to which a continuous alteration of the 
— of gas to air might be accompanied by a 

iscontinuous alteration in the spark energy re- 
quired for ignition. 

Passing to the influence of electrons upon com- 
bustion, Professor Bone said that this suggestion ‘of 
Sir J. J. Thomson had apparently received some sup- 
port by H. Hartley’s experiments (made in the 
speaker’s laboratory) with electrolytic gas in contact 
with gold, but Dixon had not ubserved any effect that 
could be ascribed to the ionising action of electrons 
—which would be important for Professor Bone’s 
surface combustion, of course. Much experimenting 
had been done, after Mallard and Le Chatelier, on 
the initial period of uniform movement and the 
inflammability of mixtures in horizontal tubes, 
ignited at the open or closed end of the tube, 
notably by Wheeler and Burgess at Eskmeals [with 
which we have dealt], who had corrected Le 
Chatelier as to certaie points ; but the phenomena 
were not cleared up yet, and Professor Bone was 
anxious to take the problem up, if supplied with 
the necessary funds. As regards the lower limit of 
inflammability, Coward’s experiments [which will 
be presently noticed] gave a value of 5.3 per cent. 
for methane, against Wheeler’s 5.6 per cent. ; too 
much stress should not be laid upon this discrepancy, 
because the flames in weak mixtures were easily 
extinguished. Dr. Bone then summarised his 
views on the mechanism of hydrocarbon combus- 
tion at high pressures and the relative affinities of 
hydrogen, methane, and carbon monoxide for 
oxygen, details ry which researches he subsequently 
gave in a specia r. 

Lavving’ then, Veo acleatific aspects of flame and 
combustion, Professor Bone commented as a techno- 
logist upon the great national importance of a more 
adequate scientific control of fuel consumption and 
of the utilisation of coal, with special reference to 
the situation created by the terrible European con- 
flict. Of the 287 million tons of coal raised in the 
United Kingdom in 1913, 189 million tons (4 tons 
per head of population) were wastefully consumed 
at home, and it was surprising how little was done 
to impress the necessity of a control upon the 
Government. Public deputations had urged the 
necessity of reviving the coal-tar industry, and a 
State-aided organisation for this purpose had sprung 
into existence ; but no camiieal body of scientists 
had taken an interest in the vastly greater subject 
of fuel economy. In Germany all metallurgical 
coke had for years been manufactured under 
chemical supervision in by-product coke-ovens. 
But for German acumen and enterprise our own 
by-product industry would not have attained even to 
its present table dimensions. That industry 
certainly owed very little to the interest and atten- 
tion of British chemists, most of whom were, un- 
fortunately, but little aware of its circumstances 
and conditions, and cared even le-s for its particular 
——. The proper utilisation of coal would 

me one of the most important national 
questions after the war. For with an efficient 
public supervision of fuel consumption we ought 
to be able to save many millions of pounds of 
our coal bill even with existing appliances. 
Chemists were lamentably ignorant of modern 
fuel technology and indifferent to these problems, 
and left them to engineers, who, as a body, were 
notoriously deficient in chemical sense and experi- 
ence. The foundations of modern chemistry had 
been laid by investigators who were above all 
things ‘‘fire-worshippers.” But, judging from 
most chemical text-books, nearly all the modern 
student was taught in our academies about com- 
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tioned whether in the majority of our university 
laboratories any investigation on coal and con- 
sumption was undertaken. 
Of the 189 million tons of coal mentioned, about 
40 million were carbonised—half in gas works, 
half in coke-ovens for metallurgical coke, and two- 
thirds of the latter in by-product coke-ovens, of 
which there were now 8297 in the United King- 
dom ; 6678 of these were fitted for benzol recovery. 
The yield and value of the by-products varied with 
the coal and locality ; on an average a ton of dry 
carbonised coal yielded from 20 ib. to 35 lb. of 
ammonium sulphate, 56 Ib. to 112 lb. of tar, and 
2 to 3$ gallons of crude benzol ; 65 to 70 per cent. 
of the crude benzol were obtained in finished pro- 
ducts — benzene, toluene, solvent and heavy 
naphthas. The development of the by-product 
coke-ovens had ¢ertainly been rapid in recent 
years, as the following figures for the production of 
ammonium sulphate in works (and coke-ovens) 
showed : 1903, 149,489 (17,435) tons ; 1908, 165,218 
(64,227) tons; 1913, 182,180 (133,816) tons. 
Public interest, he thought, would justify the 
Government in fixing a time-limit for the operation 
of beehive coke-ovens. The chemical control had 
also been improved. But the coke-oven chemist 
was still often trained merely in evening classes, 
and when competent he was subordinated to the 
directing engineer, while Professor Bone knew 
from personal knowledge how much better results 
were realised when the plants were managed by ex- 
perienced chemists of broad training and force of 
character. The figures which he had given for the 
average yields of products from different coals 
(Durham, Yorkshire, Derbyshire, Scotland, South 
Wales) proved how much depended upon the 
proper selection of the material ; but the advice of 
the university departments was rarely sought. 
Professor Bone gave other recent instances of a 
better recognition of scientific research—including 
the creation, in 1910, of a special chair for fuel 
research at Leeds University, which Professor Bone 
himself first occupied—rather disproving thus his 
own scathing criticisms. But he is, of course, right 
in the main. What had been achieved in the puri- 
fication of gas, in gas fires, &c., was due to the 
co-operation of the engineer and chemist, he em- 
hasised. By the combination of coke-ovens, blast- 
urnaces, steel furnaces, and rolling-mills on one 
site, under one organising director, Mr. E. Bury, of 
Owens College, it had been possible at Skinningrove, 
as Mr. T. C. Hutchinson had predicted, to make 
finished-steel rails from Cleveland ironstone with 
no further consumption of coal than what was 
charged into the by-product coke-ovens. In con- 
clusion, Professor Bone appealed in all seriousness 
to chemists and scientific men to take up this 
matter. The Government should be memorialised 
with a view to the establishment of a central 
organisation for the supervision of fuel consump- 
tion and the utilisation of coal, somewhat on the 
lines of the alkali works inspection, which had 
proved so beneficial. A much-needed systematic 
chemical survey of British coal-fields, and experi- 
mental trials of new inventions for fuel economies, 
should also be undertaken. 


ComsBusTION at HiaH PRESSURES AND AFFINITY. 


In his already-mentioned paper, Professor Bone 

inted out that he had recently found his hydroxy- 
fation theory of hydrocarbon combustion to hold 
also for high pressures. When methane CH, was 
burned in presence of sufficient oxygen, one or 
more of the H of the CH, were replaced by OH, 
forming first methyl monohydroxy](methy] alcohol), 
and then dihydroxyl. These products were them- 
selves further decomposed by the combustion. In 
ordinary flame combustion decomposition set in at 
the first stage, in explosions the hydroxylation 
went on to the second stage, without stopping 
at the first; some methane would remain unburnt. 
The violence of the combustion depended upon the 
relative proportion of CH, and O. By calculating 
the heat seni of the heat-liberating oxidation 
and the heat-absorbing decomposition, Professor 
Bone concluded that the explosion should deposit 
free carbon and yield some water vapour, 1n 
addition to CO and H, when the ratio was 2 CH, 
to 20, or richer in oxygen, but that no free 
carbon and little steam should be liberated when 
the ratio was 3CH, to 20,. These conclusions 
were confirmed by experiments at initial gas pres- 
sures of 12.7 atmospheres. It was important to 
distinguish between the very rapid primary oxida- 





bustion had been known to Lavoisier, and he ques- 


tion, completed probably in the interval between 
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the ignition and the maximum pressure, and the 
secondary reactions taking place during the cooling 
period. These problems were further studied in 
bombs charged with mixtures of CH,, CO, O, H, 
and N, with reference to the preferential affinity 
of oxygen for methane or hydrogen. It had gene- 
rally been believed, since Davy, that oxygen would 
in mixtures always attack the hy mn first, 
until the speaker had shown that in slow com- 
bustion (300 deg. or 400 deg. C.) methane, ethane, 
and acetylene were all oxidised at a much faster 
rate than hydrogen, and that in explosions 
methane was also burnt in preference to hydro- 
gen. In the recent experiments two bombs 
were used, one cylindrical, of a —— of 103 
cub. cm., the other spherical (of relatively much 
smaller surface, therefore), of a capacity of 275 
cub. cm. The affinity of methane for oxygen 
proved to be twenty times that of hydrogen for 
oxygen, and it would appear, moreover, that 
hydrogen was directly burnt to steam, and not 
indirectly to hydrogen peroxide first. It further 
resulted, on the other hand, that there was no 
direct relation between the actual rate at which 
the potential energy of an explosive mixture was 





transferred, on explosion, as sensible heat to its 
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roducts, and the magnitude of the chemical affinity 

tween its combining constituents. This was 
hardly to be wondered at considering the extreme 
rapidity of chemical interaction at high tempera- 
tures as compared with the rate at which the 
liberated heat would be communicated to the pro- 
ducts and diffused through them. The slow 
cooling, which had been noticed by others, was also 
noteworthy ; this was icularly striking in the 
methane-air mixture, which hardly cooled at all in 
0.22 second after attaining its maximum pressure 
in 0.08 second. In that case the combustion took 
place in stages. In'the case of hy m-air mixtures 
the pressure rise was less abrupt, but there was a 
distinct cooling, probably because secondary re- 
actions did not take place subsequently. Diagrams, 
Figs. 13 to 15, exemplify these features ; the initial 
pressure was about 50 atmospheres, the time unit 
0.01 second ; a Petavel seedling manometer was 
used. 


Tue Expiosion or Gases. 


The paper on ‘‘ Explosion of Gases,” by Professor 
H. B. Dixon, F.R.S., was a discourse on the old 
and quite recent experiments which he had been 
conducting at Staudiester for twenty-eight years, 
lately in conjunction with Messrs. L. Bradshaw, 
Colin Campbell, H. F. Coward, J. M. Crofts, and 
W. E. Slater. Professor Dixon remarked that his 
apparatus were not on the lecture-table, as they 
could not be moved from the laboratories of the 
building, and it would be difficult to discuss some 
of the conclusions based upon a study of his beauti- 
ful photographs without reproducing the latter. 
His recent studies had concerned, among other 
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questions, the determination of the specific heat of 
— and the ratio c, /c, = y at high temperatures. 

e specific heat at a certain temperature (not 
merely the mean specific heat) could be calculated 
if the actual temperature and the velocity of sound 
at that temperature were known. He had tried for 
this purpose a steel coil, more than 1 in. in dia- 
meter, 4 ft. high, heated by gas-burners within a 
furnace, taking measurements when the furnace 
was cooling. As the carbon monoxide was reduced 
by iron at 500 deg. C., he had replaced the steel 
by a silica coil, 50 ft. long, wound for heating 
with platinum wire; but the waste of platinum 
had been too heavy, and he had had to go back to 
furnace heating. He had kept that coil in the hot 
furnace for weeks, charged with nitrogen, and had 
then replaced the nitrogen by argon, taking mea- 
surement on argon assuming this monatomic 
(of which about 11 litres were required each time) 
to have a normal specific heat. Such measurements 
took about an hour. From these—and from the 
adiabatic compression experiments presently to be 
mentioned—he ante that the c, of some 
substances rose very much at higher temperature. 
For nitrogen the molecular heat rose only a little 
above 5 between 0 and 600 deg. C.; in the case 
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of CO,, however, it rose from 7 to 9; of CH, from 
7.5 to 16. The ratio y, normally 1.4, decreased, 
with rising temperature, a little in the case of 
nitrogen ; in the case of OO, it fell from about 
1.3 to less than 1.2 at 1000 deg., and in the case 
of CH, the fall was still more rapid. 

In the adiabatic compression experiments Pro- 
fessor Dixon first drove a steel piston, guided by 
three steel cases, into a stout glass tube 650 mm. 
long, 12 mm. in diameter, by the adjustable fall of 
a pendulum. As the tube was sometimes smashed, he 
took a vertical steel cylinder, 56 cm. high, 11 cm. 
in diameter, bored to a central cavity of 30 mm. 
diameter, fitted with a weighted steel piston. The 
adiabatic compression formula was 


TyT, = (V,/V.)"—", 
where T, and T, were the initial and final absolute 
temperatures, and P the pressures. Professor 
Dixon’s observations agreed better with Emich’s 
than with Falk’s. But the temperature, as Nernst 
had already pointed out, would not depend upon 
the compression only, and y should hence be in- 
creased in these experiments, whilst pressure and 
temperatures acting alone would decrease y ; the 
actual ignition-points were not a distinct on the 
photographic records, moreover. Not all explosive 
mixtures detonated when fired adiabatically ; the 
flame took an appreciable time to spread unless the 
explosion were very rapid, and the real ignition- 
point was not necessarily synchronous with the 
appearance of flame ; there was first a glow, the 


still advance ; this period was negligible only in 








very fast-burning mixtures, Why the addition of 


pre-flame period, during which the piston might Mr 


an excess of oxygen lowered the ignition tem- 
perature of electrolytic gas (instead of raising it, 
= + ot tae nitrogen, argon) was not yet ex- 
plained. 

Professor Dixon also referred to his experiments 
on the possible effects of electrons on the tempera- 
ture of explosions, suggested by J. J. Thomson. 
The great rapidity of the explosion wave might be 
due to the liberation of electrons at high speeds, 
which would ionise the gas and prepare the way for 
the wave. Very powerful electromagnets were 
designed by Rutherford, and the glaes tubes con- 
taining the explosive mixtures (hydrogen, cyan . 
carbon monoxide, acetylene, carbon dieulphide 
mixed with oxygen, and sometimes also with 
nitrogen) were placed between the pole-pieces to 
stop or curl up the electrons. In the strongest of 


gas| three electromagnets used currents of 100 volts at 


7 amperes gave a field of 10,000 gauss in the 
horizontal pole-gap, 17 om. long, between two pole- 
pieces arranged vertically one above the other, and 
attached by bolts to the field cores ; these both 
actually yielded a little under the strong mutual 
attraction of the pole-pieces, which were wedge- 
shaped and 2 cm. wide in the gap. The tube being 
placed along the gap, a tube length of 17 om. was 
in the strongest field, and when a radium tube was 
held at one end of the gap and a fluorescent screen 
at the other, the field entirely prevented any §-rays 
from reaching the screen. But the many photo- 
graphs did not reveal any visible effect of the field 
upon the combustion, and the mechanism of a 
compression wave seemed to account for all the 
phenomena observed, without any ionising action of 
the electrons. 


Ditution Limits oF INFLAMMABILITY. 


Dr. H. F. Coward showed some interesting 
experiments illustrating the difficulty of defining 
exactly ‘‘ The Dilution Limits of Inflammability of 
Mixed Inflammable Gases with Air.” He had some 
inverted glass bottles, about 1 ft. high, ? ft. in dia- 
meter, closed by cork stoppers and filled with some 
gas mixture just too poor to produce explosion ; 
sometimes an explosion would occur, he said, and 
then the little water purposely left in the bottle 
over the cork and the cork itself would be driven 
out of the inverted bottle. There was a spark-gap 
above the cork (i.e., in the lower part of the bottle), 
and sparks were passed every 2 seconds, the vibrat- 
ing hammer of the induction apparatus being re- 
moved. Then a faint flame was seen to rise and 
develop into a vortex ring which broke up; the 
whole mixture of hydrogen and air would not burn, 
and the experiment could be repeated several 
times until the hydrogen was exhausted, the inner 
walls of the jar becoming covered with condensed 
water vapour. When the hammer of the induction 
apparatus was left in place, the rapid succession of 
sparks produced a bigger flame. For the determi- 
nation of the lower limit of inflammability separate 
sparks should be used. In other experiments a 
box, wood with two glass sides, 1 ft. square, 6 ft. 
high, was used; here brighter flames were seen, 
the mixture being coal-gas and air, and it looked 
as if bubbles of light were rising and breaking up. 
In other experiments, again, a tube, 15 ft. high 
probably, 1 in. in diameter, was charged with a 
weak gas-mixture ; the flame could be watched 
slowly travelling up the tube. The limite of 
inflammability deduced from experiments with 
mixtures of increasing richness were: 4.1 per 
cent. of hydrogen, 5.3 of methane, 12.5 of carbon 
monoxide, burning in air at ordinary temperature 
and pressure. Pressure and temperature should, 
of course, always be stated, and ignition should be 
from below, to obtain uniform conditions ; a mix- 
ture might be inflammable or ignitable—i.ec., the 
flame would slowly propagate for some distance 
without burning all the combustible gas, if lighted 
below, but not if ignited above. Dr. Coward, who 
is continuing these experiments in the Manchester 
School of Technology, did not quite confirm the 
dilution law of Gay Lussac. He also showed some 
striking photographs of the vortex rings, compli- 
cated, however, by the reflection of the light from 
the glass walls of the flasks. 


(To be continued. ) 
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GRINDING-MACHINES.—No. XII. 
By Josern Horner. 


Tue problems which are encountered and solved 
in the construction of the heads of external grind- 
ing-wheels are troublesome, but those involved in 
the case of heads for internal grinding are greater. 
The difficulties here are those due to the large 
amount of overhang, often amounting to several 
inches, to the very small diameters of the wheels 
and their spindles, and the very high rates of 
rotation—say from 10,000 to 30,000 revolutions 
per minute. Provision also must usually be made 
for taking up wear, vibration must be prevented, 
and dust must be scrupulously excluded. The ways 
in which these problems are worked out consti- 
tute a very interesting and instructive chapter in 
an account of grinding-machines. The sectional 
illustrations given with the present article cover 
a rather large range, and are selected as typical of 
the different classes of heads for internal grinding 
employed by various firms. They include examples 
of hole and cutter grinders. 

Hole, bush, and cylinder grinding are among 
the later developments of this department of 
machine work. This is partly due to the growing 

ractice of fitting spindles and bearings by grinding, 
bat cylinder-grinding is a result of the employ- 
ment of internal-combustion engines for motor 
vehicles. The walls of the cylinders used in such 
engines are so thin that grinding the bores is pre- 
ferable to using single-edged cutting-tools, as is 
done in steam-engine cylinders, the metal in the 
latter being stout enough to withstand heavy cut- 
ting without suffering sensible chatter and dis- 
tortion. Another reason is the increasing employ- 
ment of gears of hardened steel, which renders 
grinding of the boresa practical necessity. Because 
of these several requirements, therefore, the prac- 
tice of internal grinding has developed amazingly 
in recent years, and this development has proceeded 
on lines which are mainly original. Thus, the old 
designs of machines used for both external and 
internal grinding by the substitution of one spindle 
for another are being rapidly displaced by machines 
which are designed and built for internal spindles 
only. In this way, as in other cases, the last word 
is being said in efficiency, because everything, both 
in the main design and in the minutest details, is 
correlated to the single function of the machine. 

The difference between hole and cylinder-grind- 
ing is that the first deals with small bores, rangin 
no higher than about 3 in. to 4 in., the secon 
includes bores up to 8 in. or 9in. The spindles 
used for the two kinds of work are very different. 
The first is the ordinary type, rotating on ite 
axis, and fed longitudinally, and with a micro- 
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Fig. 176. 
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metric cross-feed at yy angles to the axis to 
give the depth of cut ; the second is of the planet 
type, running eccentrically and adjusted at right | 
angles to the axis. In the latter the wheel- | 
spindle rotates at a very high speed; while the 
planet spindle revolves very slowly, carrying the | 
wheel-spindle around with it. The machines used 
for each design are either of vertical or horizontal 
types, some preferring one to the other, and 
offering arguments in favour of either. In the 

resent article we shall deal with the hole and bush 

esign, and a few selected examples of the spindles 
themselves may preface the deecription of one or | 
two machines, 
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The conditions that are met in holding the small 
grinding-wheels such as are employed in internal 
work are more readily fulfilled than those which 
have to be satisfied in the case of the large mount- 
ings for external work. Some typical mountings 
are illustrated in Figs. 170 to 174, on page 362. 
The first, Fig. 170, is for very small wheels, using 
only a screw and the packing-paper or rubber. 
In Fig. 171 the wheel fits over an extended part 
of the spindle, inside which the fastening-screw 
passes. A bush is fitted in the wheel in Fig. 172, 
to permit of changing it without retruing. The 
same principle is utilised in Fig. 173, a regular 
collet or sleeve being held on the tapered end of 
the spindle and a ring-nut provided to hold the 
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those for cylinder-grinding, it is objectionable to 
have anything projecting beyond the wheel-face, 
and a nut is therefore sunk in flush with the face, 
as is the practice in the Heald grintling-machine, 
the spindle of which is shown in Fig. 174. 

Taking now the spindle fittings: An example of 
a simple spindle construction in which there is no 
——a tube for the overhanging portion is seen 
in Fig. 175, which illustrates a spindle from a 
Le Blond cutter-grinding machine. The spindle 
runs in two split adjustable bearings, and the 
pulley is situated at the rear end, in which position 
it is considered least likely to transmit vibration 
and shocks to the wheel from the driving-belt. 
The end thrust is taken in front of the rear bearing. 
This is an example of a type which has but a limited 










INTERNAL-GRINDING SPINDLE, BY THE Brown anp SHagPe Manuracturine Company, R.I., U.S.A. 





INTERNAL-GRINDING SPINDLE, BY THE Bato Grinper Company, Frircnpurc, Mass., U.S.A. 


use, because the spindle itself is too small in dia- 
meter to permit of much overhang. Within its 
limited range it is a suitable form. 

Of spindles by the Churchill Machine Tool Com- 
pany, Limited, we illustrate two types, the older 
**tube” and the later ‘“‘adapter” types. Each is 
better suited for some kinds of work than the 
other is. For large and deep holes the first 
is suitable ; for small and short holes the second 
is much better. The differences are these : 
In the older tube type, Figs. 176 and 177, the tube 
which carries the grinding-wheel spindle has a 
bearing close up to the wheel. This limits the size 
of the spindle and wheel, and also of the spindle- 
bearing, since in deep holes the wheel must be 
larger than the outside diameter of the tube. The 
area of the spindle-bearing being small, the spindle 
cannot be forced to its work. For deep holes 
where the wheel must be supported without over- 
hang the tube design is suitable. But it will only 
do light duty. In the adapter type, Fig. 178, the 
wheel is carried on an extension or adapter piece, 
which is screwed into the end of the spindle. The 
spindle-bearing is not then limited by the size of 

e wheel, but it may be considerably larger, with 
good wearing capacity, and the spindle will be 
much more rigid than in the other design. The 
overhang of the adapter sets a limit to length, 
fixed at 6 in. in the Churchill spindles. But that 
includes the major amount of work done. Within 
these limits heavy grinding can be accomplished 
at comparatively slow surface 5 because of 
the absence of deflection in the spindle. Adapters 
carrying wheels of different sizes are also inter- 
changeable on the same spindle. All three spindles, 
Figs. 176, 177 and 178, are also interchangeable in 
the same bracket by which they are held on the 
machine. This grips them wy the body portion A 
in the three figures. As in the three spindles, the 
diameters at A are 1} in. and 2} in. respectively ; 
the difference in the dimensions is made up by 
a split bush. 

n the tube-spindle, Fig. 176, the spindle runs 
in three bearings, coned outside, and each is adjust- 
able, as wear occurs, by turning a, a, a, for which a 
key B is provided, with prongs to fit recesses in 
the faces of the nuts. To get at the front one the 

inding-wheel has to be removed ; to get at the 

inder one the brass cap C has to be slid off ; while 
for access to the middle nut the tube is removed 
bodily from its grip in the main fitting on slackening 
the bolt b. A pin fitting in a groove in each bush 

revents it from being turned by the nut. The 
ubrication of the two front bearings is through the 
holes c, c, fed through the grooves and through an 
oil-cup in the brackets, in which the body of the 
tube is gripped. The rear bearing is fed through 
the oil-hole d. 

The tube-spindle, Fig. 177, is a larger size than 
the previous one, and its details are slightly dif- 
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ferent. The tube is gripped outside an extension 
of the main fitting vith grub-screws. Nuts are 
used, as before, for taking up the wear of the 
bushes, a key being provided. The dust-cap at 
the rear is utilised to receive a screw with a lock- 
nut for taking up and adjusting end thrust. The 
lubrication is done as before. At the left-hand 
end the duplicated wheels show the bushing used 
in wheels of larger bores than the spindle-nose will 
take. 

Fig. 178—the adapter type of spindle—shows 
the spindle very much larger than the wheel 
which it carries. In the main the other fittings 
ace as before. The body fits, and is clamped in 
its bracket by the portion marked A, through which 
the front neck is lubricated. Felt pads are inserted 
for lubrication. Only two bearings are required. 
Grooves are provided to prevent the oil from work- 
ing out at the ends. The adjustments for wear are 
made by the nuts, turned by the tommy. An 
adapter is seen inserted in the spindle, and another 
is shown separately above, in Fig. 179, this fitting 
with a B. and 8. standard taper. The draw-bolt 
inserted from the rear holds it in place. 

Figs. 180 and 181 show an extra-heavy adapter 
onintle, designed for work in which speeds of from 
4000 to 10,000 revolutions per minute are required, 
for which a two-speed pulley is provided. It will take 
wheels up to 4 in. in diameter, and grinds depths 
"P to 54 in. in holes of 1} in. diameter or —— 

ere the main spindle is fitted very much like 
those for external-grinding wheels. The conical 
bearings are drawn along by nuts which form 
dust-caps. End thrust is taken on the washers 
seen at the rear, provided with take-up lock-nuts. 
The pressure of the washers is taken on a return 
flange on an extension of the nut A, which is 
provided at the rear of the hinder cone. A dust- 
cap affords protection to the collars. Through it 
the head of the draw-bolt, by which the adapter 
is secured, passes. 

The internal-grinding fixtures used on the latest 
Landis grinding-machine are of the design shown 
in Figs. 182 oat 183, page 362. They comprise the 
fitting of a long tube A which supports the grind- 
ing-wheel end of the spindle in a tapered bushing B, 
adjusted by screwing the tube along outwards on 
the nut C. A thin tube a, that makes contact with 
B, forms a distance-piece. The tube A, the nut C, 
and the bearing bushings D and E are clamped by 
the screws seen in plan, Fig. 182, these screws draw- 
ing together the split = 4 of the fixture. Felt 
= in D and E, pressed up by springs, provide 
or effective spreading of the oil. There is a dust- 
cap screwed on the end of E. The clutch adjacent 
to C allows of the removal of the wheel-spindle 
and its tubes without disturbing the belt-pulley 
and its spindle. 

The Brown and Shar universal grinding- 
machines are provided with internal spindles of the 
type illustrated by Fig. 184, page 363. The prin- 
ciple adopted is to employ a small spindle and run 
it in bearing-tubes of sufficient diameter to ensure 
rigidity, the wheel being thus supported close to 
the end of the shaft. The main or outer tube A 
is arranged to screw upon the inner one B, so 
that in moving along it takes up slack in the 
end box or bushing C by closing the split tapered 
body. At the same time the end-long play is 
absorbed against the collar D near the front. The 
rotation of A is performed by the fingers, which 
secure a grip by a knurling on the body. The 
spindle and its tubes can be removed from the 
bearing by loosening a couple of locking-screws, 
not shown, which draw clamping-pads together. 
This removal does not interfere with the pulley, 
since connection is made to the short pulley- 
spindle section by clutches at E. 
speeds range from 16,800 down to 8950 revolutions 
per minute in the various sizes of these fixtures. 
In the smallest, holes from 1} in. to 4 in. diameter 
can be ground, and in the largest those from 2 in. 
upwards. 

In the Brown and Sharpe universal and tool- 
grinding machines the type of spindle seen in 
¥ig. 185 is employed, running in three bearings. 
After setting, it is clamped by the split boss and 
screw seen in the cross-sectional view at the left, 
Fig. 185, which also illustrates the oiler leading 
to the wick-filled hole that communicates with a 
sloping hole drilled up to meet the shaft, the oil 


being thus filtered before it reaches the latter. | 6: 


Endlong adjustment is made by loosening the screw 
of the pulley A, in Fig. 185, and shifting the 
latter against the boss of tho bearing to the right. 


The spindle 





A #;-in. round belt is used for driving. The wheel 
arbors are held in by a long taper and tightened by 
a screwed tail at the bottom of the hole. 


Figs. 186 to 188 show the spindle by the Bath | P® 


Grinder Company. The coned bushes are split, but 
are pushed along by means of nuts at one end only 
of each, the pressure being transmitted by means 
of grub-screws a. A cheese-head screw 6 in the 
end of each prevents the bushes from turning. The 
bushes are supplied with oil through holes closed 
with grub-screws A. Adjacent are the tapered 
screws c (compare with the sectional and end views, 
Figs. 187 and 188), by means of which the pressure 
of the bushes on the spindle is relieved. End thrust 
is taken between a tail-pin B and a ball d in contact 
with it and with the tail of the spindle, and between 
the pulley-face and the washers adjacent. Felt 
pads with springs are fitted ; oil-channels are cut 
in the journals ; the nuts form dust-protection caps ; 
and annular grooves prevent escape of oil. 

An internal spindle-fitting, by Messrs. A. A. 
Jones and Shipman, Limited, of Leicester, is in- 
cluded in an attachment, illustrated by Figs. 189 
to 191, to take the place of the ordinary wheel- 
head in universal tool and cutter grinders. To 
use it, the ordinary wheel-head is slip off the 
cross-slide and the driving-belt from the counter- 
shaft is put on the central pulley A. Two pulleys, 
B, on the ends of its spindle, drive to the pulleys C 
on the grinding-spindle. Both spindles run in ball- 
bearings, with complete protection. Those on the 
main spindle, which suffer no end thrust, run between 
cylindrical races, which are completely enclosed. 
Those in the wheel-spindle have covered bearings 
with provision for adjustment by the screwed — 
with tommy-holes. The bearings are completely 
enclosed in a cylindrical body which is held ina 
spring clip with a bolt. The clip terminates in an 
arm which is pivoted round the axis of the main 
spindle which drives it in order to _ of gaug- 
ing the bore of the work. It is thrown upwards 
until arrested by the contact of a screw D witha 
stop-lug E above. The lug prevents the operator 
pushing the arm round far enough to foul the 
driving-belt ; it is then self-supporting. Its return 
to its grinding position is located by the contact of 
the faces at F and locked by the spring-pin at G. 
The auxiliary spindles to carry the various grinding- 
wheels fit on a conical end of the main spindle and 
are held by a screw, over which they are turned with 
a wrench. The grinding-wheels fit against leather 
washers. The driving-pulleys are of aluminium, 
and these and the driven pulleys on the grinding- 
spindle fit with tapers, nuts and screws. 





GerMAN State Arp To Foreign Trape.—On Septem- 
ber 21 the War Committee on German Industry, which 
comprises the combined central industrial unions, held a 
meeting to discuss the work in store for the Foreign 
Trade Section, formed at the commencement of the war. 
The committees of the two great industrial unions gave 
expression to the opinion that the numerous measures on 
the part of hostile foreign countries for systematically 
forcing away and destroying German competition after 
the war demanded a far-seeing, organised furtherance of 
the interests of Germany’s foreign trade, in order to make 
gas the harm done by the war. The meeting held that 

urther development of the Foreign Trade Section was 
urgently needed. A resolution was passed to the effect 
that the efforts for the advancement of German exports 
could not lead to successful results unless afforded the 
most extensive State aid and support, both so far as the 
home departments and the representatives of the German 
Empire abroad were concerned. 





AMERICAN PetrroLeuM.—The production of pentane 
in the United States last year is returned by the Ameri- 
can Geological Survey at 290,312,535 barrels. Of this 
te 265,762,535 ls were either marketed or 
utilised in field development, and 24,550,000 barrels were 
placed in producers’ field storage to meet future require- 
ments. he marketed production of 1914 showed an 
increase of 17,316,305 barrels. The average price | ay 
barrel last year was 0.806 dol., as compared with 0.954 dol. 
r barrel in 1913. The total value of the marketed oil 
fast year was 214,125,215 dols. The American oil-pro- 


ducing States showed no important last year, 


change 
except that the prolific Cushing pool in Oklahoma | 


enabled that State to make a better second than in 1913. 
The uction last 
year took place in West Virginia, which showed a falling 
off of 16 per cent. as com with 1913. California 
headed the list of 4: ucing States last year with a 

roduction of 97,775,327 barrels, as compared with 

,»788,525 barrels in 1913; Oklahoma ranked second 
with a yield of 73,631,724 barrels, as com: with 
579,384 barrels. Illinois ranked third with an output 
of 21,919,749 barrels, as compared with 23,893,899 barrels; 
Texas, fourth, with 20,068,184 barrels, as compared with 
15,009,478 barrels ; and Louisiana, fifth, with 14,309,435 
barrels, as compared with 12,498,828 barrels. 


greatest relative decline noted in 





INDUSTRIAL NOTES. 


ALTHOUGH it must be admitted that the greater 
rt of the workers are doing all that can reason- 
ably be expected of them to increase the production 
of munitions, the cases brought before the Munitions 
Tribunals in different parts of the country make it 
unpleasantly plain that there are still a considerable 
number of them who either do not realise the danger 
or who are not concerned with the result of the 
mighty struggle we are now engaged upon. At the 
Barrow Munitions Court, for instance, Messrs. Vickers’ 
representative complained that coincident with the 
Government notice that Sunday work was to be 
avoided as much as possible, a number of men com- 
menced staying away on Saturday afternoons. In 
some departments 90 per cent. of the workers were 
absent, and this seriously retarded important muni- 
tions work and disorganised the shops. The Chairman 
of the Tribunal all that this state of affairs must 
be stop An ample supply of munitions was 
essential to save the lives of the men at the Front, 
and the men at home must do their utmost to secure 
this. Many of the men brought before the Court 
were admonished and dismissed with the warning that 
future cases would be severely dealt with; in some 
cases fines of 5s. or 10s. were inflicted. In many 
other cases, some of which are dealt with below, 
men have been fined for neglecting their duty and 
thus reducing other employees to idleness. At the 
present time, when the supply of skilled labour 
has been so depleted by enlistment, and the demand 
for its products has been so enormously augmented, 
strenuous effort on the part of all workers is essential 
to success. Most of the men and their leaders seem 
fully to realise this now, and if these men could con- 
vince the remainder that time lost by them is time 

ined by the enemy, there would, we think, be little 
urther cause for complaint. 





That organised labour is not wanting in patriotism 
is amply demonstrated by the fact that a special sub- 
committee of the Labour Party has been appointed to 
inaugurate a gigantic recruiting campaign throughout 
the country. Ata meeting of the committee held in 
London on Monday last it was decided to issue a 
manifesto, and this has now beer. done. It was also 
decided to hold meetings at Manchester and other 
centres, where members of the committee would meet 
and confer with local representatives of labour; the 
question of conferring with employers would be con- 
sidered later. By the means adopted they hoped to 
obtain the requisite number of men by purely volun- 
tary means. 





According to the monthly report of the National 
Union of Boot and Shoe Operatives great activity exists 
in the boot and shoe trade, and a good deal of over- 
time is being worked in various parts of the country. 
During August employment was very good in all 
branches of the trade in all the principal districts, 
partly owing to Government orders and partly owing 
to the accumulation of ordinary work postponed in 
favour of previous Government contracts. 

Returns from firms employing 63,828 workpeople in 
the week ended August 28 showed a decrease of 0.1 per 
cent. in the number employed, and an increase of 
0.3 per cent. in the amount of wages paid, compared 
with a month ago. Compared with a year ago there 
was an increase of 0.5 per cent. in the number em- 
ployed, and of 31.4 per cent. in the amount of wages 
paid. The increase in wages was largely due to over- 
time and war bonuses. 

For some time past the union has been giving 
serious attention to the matter of consumption among 
its members. The question was brought to the notice 
of the Home Office in 1912, and a special committee 
was set up to deal with the matter. This month the 
union officials are meeting a number of experts and 
members of the Medical Research Committee in order 
to discuss means of reducing the mortality from this 
disease. Figures are given in the report showirg 
that, although the membership of the union has 
increased from 22,029 in 1905 to 44,446 in 1915, the 
number of deaths directly due to tuberculosis has 
only increased from 101 to 125; in the first half of 
this year, however, 103 deaths have occurred in 4 
membership of 46,239. This, it appears to us, indi- 
cates that considerable improvement in working con- 
ditions must have taken place during the last ten 
ears. At the same time no effort should be spared 
to reduce still further the percentage of deaths from 
this cause. 





Some interesting figures relating to the trade-union 
movement are to be found in the recently-publish«d 
re of the Chief Registrar of Friendly Societies. 
The figures, which relate to the year 1913, show that 
at the end of that period the number of registered 
unions in the United Kingdom was 696, as compared 
with 683 at the end of 1912, the increase being the 
result of adding thirty-seven new unions to the register 
and removing twenty-four. A most remarkable in- 
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crease in membership took place during the year under 
consideration, the increase being attributed to exten- 
sive pro work and improved organisation 
during s period of great industrial unrest. Of the 
655 unions making returns, the membership at the 
end of 1913 amounted, roughly, to 3} millions, which 
is nearly 750,000 greater than the co ding 
figure for the previous year. This figure will appear 
even more remarkable when it is pointed out that 
during the ten previous years trade-union membership 
only increased by a little over a million. The greater 
part of the year’s increase is accounted for by the 
conveyance, general, and mining up, which, 
between them, have added considerably over half a 
million names to their membership lists. The funds of 
the 655 unions making returns totalled over 6,500,000/., 
some 900,000/. more than in the previous year. The 
income for the year amounted to nearly 4,600,000/. 
and the total expenditure came to 3,700, Of this, 

,000/. was used for unemployment benefit (including 
100,000/. State Unemployment Reesenes benefit), about 
460,000/. for dispute pay, 700,000/. in sickness and acci- 
dent benefit, 150,000/. in funeral benefit, and 500,000V.. 
in miscellaneous benefits. There is a considerable 
increase in sickness benefit for the year. This was 
largely due to the fact that many of the unions now 
pay benefits to State Insurance members for the first 
three days of illness—i.c., before the National Health 
Insurance benefit is payable. The above-mentioned 
expenditure on unemployed benefit shows a decrease 
of over 120,000/. when compared with the previous 
year, notwithstanding the inclusion of 100,000/. for 
State Unemployment Insurance benefit, the decrease 
— attributed to the generally satisfactory state of 
trade. 


The strike at Messrs. Thornycroft’s, Southampton, 
referred to in our last issue, is now terminated, most 
of the men having returned to work on Monday last, 
as a result of a Ballot showing a large majority in 
favour of resumption. The chief complaint of the 
men was the employment by the firm of non-union 
men returned from the Colours, and it is understood 
that the alleged grievances will be submitted to the 

rd of Trade for settlement. Fifty of the men 
were summoned before the Munitions Tribunal at 
Southampton on Saturday last for taking part in a 
strike in contravention of Section 2 of the Munitions 
Act. It was stated in Court that the men were 
aes on work of vital importance to the nation, 
and thatif they had any grievance it should have been 
reported to the Board of Trade for arbitration. On 
September 21, however, a number of men informed 
the shipyard manager that they would not resume 


work until the workmen who were not members of |; 


their society were removed. In spite of an appeal by 
the manager, the men lef¢ work and remained on 
strike against the advice of the union executive. For 
the defence it was urged that a change in working 
conditions had been made without notice, and that 
non-union men were employed. The Court, however, 
decided that the strike was illegal, and fined each 
defendant 5/., or, in default, three weeks’ imprison- 
ment. 





A serious strike of some 2000 miners employed at 
the Grimethorpe Colliery, near Barnsley, occurred 
on Monday last. The trouble arose out of the em- 
ployment of non-union men owing to the general 
shortage of labour, and last week the unionists gave 
public notice of their refusal to work unless the non- 
unionists became members before Saturday, the 2ad 
inst. When the men assembled at the pit-head on 
Monday morning the under manager was asked to 
keep out the non-union men, but he declined to do 
this. The unionists therefore refused to work, and 
have decided to remain on strike until the non- 
unionists are discharged or become members of their 
association. In the meantime, we suppose, the nation 
must wait for the coal. The daily output from the 
mine would be about 3000 tons. 





The Birmingham Daily Post, quoting from the 
report of the Midland Iron and Steel es Board, 
states that in accordance with the sliding scale 
arrangements the wages for puddling during the 
months of October and November will A lls. 9d. per 
ton, and all other mill and forge wages will be 
advanced 10 per cent. The increases will take effect 
from Monday last, and continue until Saturday, 
December 4, 1915. In addition to the puddling rate 
of lls, 9d. per ton under the sliding scale there will 
be 6d. per ton bonus given to the puddlers by reso- 
lution of the Wages Board, which met July 15, 1912. 
The allowance applies to puddlers only, and will 
make the total puddling rate 12s. 3d. perton. Ata 
meeting of the Board held on the 27th ult. it was 
agreed that, on this and all future ascertainments, the 
full advance on wages should be paid to each workman 
less 6d. per week war bonus for each 24 per cent. 
increase under the scale. Therefore the full 10 per 
cent. on standard rates now authorised will be paid 
less 2e. per week of the amount paid as war bonus. 





The average net selling price of manufactured iron, 
including angles, tees, plates, sheets, hoops, 
strips, &c., during the months of July and August 
was 9/. 11s. 24d. per ton, which is over 1/. higher 

the corresponding figure for the two previous monthe. 


No decision has yet been arrived at with regard to 
the railwaymen’s demand for increased wages. The 
principal claim, we understand, is for an increase of 
3s. a week for men now receiving # war bonus of 2s. 
weekly, and an increase of 2s. for those receiving a 
war bonus of 3s. A conference between the leaders 
of the National Union of Railwaymen and the repre- 
sentatives of the railway companies was held in 
London on Friday last, but no information as to the 
proceedings is available. We believe that the pro- 

orals discussed have now been submitted to the 
vernment Committee on Railways, and that the 
attitude of the railway managers depends upon the 
Committee’s decision. To e to the men’s pre- 
sent proposals would increase the cost of railway 
working by some 34 millions annually, and the com- 
panies state that they are quite unable to bear the cost 
unless the Government guarantees a large proportion 
of the advance. On Tuesday last the Executive 
Committee of the Associated ietv of Locomotive 
Engineers and Firemen met the Railway General 
Managers’ Committee to discuss the question of 
increased wages or war bonus, and it was made quite 
clear between the Fs ntgeos that no basis of agreement 
had been, or would be, arrived at which in any way 
affected drivers, firemen, or cleaners, unless the Asso- 
ciated Society of Locomotive Engineers and Firemen 
were ies thereto, and any such agreement must 
bear their signature. The executive put forward the 
demands of their union, which were discussed, but no 
settlement was arrived at. 





The annual conference of the Miners’ Federation of 
Great Britain commenced its proceedings on Tuesday 
last at Nottingham. Its programme includes pro- 
posals for the amendment of the Minimum Wage Act, 
the Mines Regulation Act, the Mines Eight Hours 
Act, and the Workmen’s Compensation Act. These 
proposals are of considerable importance, and will 
undoubtedly lead to much controversy. It is there- 
fore enlinely that they will be seriously pressed until 
after the war. In his address, the President, Mr. 
Robert Smillie, referring to the subjects of the war 
and recruiting, claimed that the mining industry had 
sent proportionately more men to the Colours than 
any other trade in the country. He was strongly 
averse to conscription for military or industrial 
wey on the grounds that the necessity for 
it had not yet been demonstrated by those who 
alone were able to judge of the nation’s needs. 
Owing to the war, he said, the cost of living had in- 
creased by 40 per cent., and although miners were 
receiving war bonuses and increased wages, he thought 
that the increases did not amount to 40 per cent. in 
any case. He was aware that the output of coal had 
suffered considerably, as was to be expected when 
some 25 per cent. of the best workers had enlisted. 
Efforts had, however, been made to keep up the out- 
put to the highest possible point, and he added his 
personal appeal to those of the Minister of Munitions 
and the Home Secretary that the men should do their 
utmost in this direction. He was sure that the output 
would be sufficient to supply the needs of the Navy 
and the munition works. He complained of the 
action of the coal merchants, who, he said, had raised 
the price to the public more than twice as much as the 
price had been raised by the mine-owners. The 
Government, he thought, should take over the distri- 
bution of coal in order to avoid the exploitation of the 
consumers. 

A resolution relating to the provision of baths at the 
pit-head was carried, and another having to do with 
the inspection of mines wor also ~~ The latter 
pro to amend Section i6 of the Coal Mines Act, 
so that persons appointed under this section should be 
paid by the State, and not by the coal-owners, The 
official inspection of mines by His Majesty’s inspectors, 
the proposer said, was inadequate, owing to the fact 
that the number of inspectors appointed was much too 
small for the task. It was thought that more complete 
and frequent inspections than were possible under the 
present system would greatly diminish the number of 
accidents, and it was the duty of the State to protect 
miners from unnecessary risks. 





According to the Munchester Guardian, the Cumber- 
land Coal Conciliation Board has advanced engine 
and boiler firemen’s wages 5 per cent. on 3s. to 4s. 
standards, and 24 per cent. on standards exceeding 4s. 
Sir W. J. Collins, independent chairman of the Cum- 
berland Minimum-Wage Board, has issued an award 
granting the Montreal Colliery Company, of Cleator 
Moor, a reduction in their hewers’ wages of 1d., from 
68. 3d. to 6s. 2d. 





The Accrington Town Council have increased the 


pay of carters by 2s. a week, and have advanced the 
wages of all tramway employees by }d. an hour. 


_ A conference between the various classes of opera- 
tives in the British and Scottish dyeing and kindred 
trades was held in Manchester on Saturday last. The 
unions represented were the Amalgamated Society of 
Dyers, Bleachers, and Finishers; the Operative 
Bleachers, Dyers, and Finishers’ Association (Bolton 
Amalgamation) ; the National Society of Dyers and 
Finishers ; the Bradford and Halifax Stuff-Pressers ; 
the Leeds and Huddersfield Federated Cloth-Pressers; 
and the Amalgamated Union of Engravers to Calico- 
Printers. The operatives in these unions are already 
receiving a war bonus, but they resolved to demand in 
its place that all workers employed by the hour or by 
the week be granted an advance of 3s. a week, 
that all workers employed on piece-rates be granted 
an advance of 10 per cent. on such rates. In making 
these demands the conference pleaded that the present 
system of paying a war bonus was inequitable in its 
application, and also pointed out that the cost of 
living was now at least 36 per cent. higher than in 
July, 1914, and not less than 12 per cent. higher than 
when the present bonus arrangements were made. 





According to the Commonwealth Statistician, the 
advance in prices of food and groceries in Australia 
during July averaged 5.4 per cent., making an advance 
for the past twelve months of 30.7 per cent. The 
prices of 46 commodities were 29.8 per cent. higher 
in July than in the same month of 1912, 37.2 per cent. 
higher than in July, 1913, and 30.7 per cent. higher 
than in the same month of 1914. 





Tue Farapay Society: GeNngRAL Discussion On ‘THE 
TRANSFORMATIONS OF Punk Inon.”—The Faraday Society 
will hold a general discussion on ‘‘ The Transformations 
of Pare Iron” on Tuesday, October 19. at 8 p.m., at the 
Institution of Electrical Engineers. The President, Sir 
Robert Hadfield, F.R.S., will preside over the discus- 
sion, which will be o; by Dr. A. E. Oxley, of Shef- 
field. Tickets may obtained from the Secretary of 
the Faraday Society, 82, Victoria-street, 8.W. 





Lonpon ExkorricaL ENGINgERS : TERRITORIAL Foros. 
—The Corps of London Electrical Engineers was the first 
engineering unit formed in the British Army to make use 
of the services of electrical i. It was first started 
as the Electrical Engineers (Volunteers) in the year 1897, 
by the late Dr. John Hopkinson, and the name was 
c to the present title on the formation of the 
Territorial Force. Numerous other units utilising the 
services of electrical engineers have since been formed, 
but the largest unit is still the London Electrical Engi- 
neers. Owing to the expansion of the Corps, the oppor- 
tunity now exists for men of suitable age and training to 
enlist in the unit. Men of the following professions and 
trades are specially required :—Electricians, mechanical 
and electrical engineers, engine-drivers, engine-erectors, 
ae Sea fitters, telephonists, 
and telegraphists. ere are a limited number of vacan- 
cies for carpenters, cabinet-makers, pattern - makers, 
draughtsmen, joiners, and wood-turners. Forms of par- 
ticulars can be obtained from the Officer Commanding, at 
46, Regency-street, Westminster, 8. W. 





Opposition TO GERMAN SraTe REGULATION OF 
InpusTRY.—At a general meeting of the Union of the 
Industries of Saxony, the matter of the Reichstag’s re- 
solutions about regulation and control of certain industries 
called forth an energetic protest. General misgivings were 
expressed lest the road to State Socialism, inaugurated 
by the “zwang” syndicate decree in the coal industry, 

ould indicate the direction of future German indus- 
trial legislation. The board of the Union has for years, 
in the most decisive manner, warred against the prive 
policy and the conditions of delivery of the Coal Syndi- 
cate. They still hold the view that syndicates which con- 
trol mineral resources of indispensable raw materials, 
which cannot be augmented, should submit to State inter- 
ference when the commonweal demands it. But the 
manner in which the Prussian Minister of Commerce in 
this case had been made to substitute a ‘ zwang ” syndi- 
cate for a private syndicate, unless certain conditions 
were complied with, must also be protested against, as 
must the further endeavours on the part of the Reichs- 
teg, in connection with and continuation of. the above 
step, to bring about astill further interference on the mre 
of the Empire with the freedom of action of industry. The 
development of German industry rests upon the free 
initiative of German men of industry and commerce, 
and Germany would never have attained her present 
flourishing state if there bad been a tendency in the past to 
tie down this freedom. Especially with a view to the fact 
that after the war every exertion would be needed to 
maintain German industry at its present level and make 
further development possible, the Board was compelled 
to raise a most decisive protest against the further pursuit 
of State-Soc‘alistic control of German industry, upon 
which the Government had here entered. The prot c- 
tion of German industry in the time following upon the 
war was also dealt with, and the necessity was pointed 
out that official measures should be taken to vent 
the German market which, after the conclueion of peace, 
would, no doubt, be poor in raw materials, from being 





flooded*with foreign goods. 
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COMBINED BEARING AND MICHELL THRUST-BLOCK. 


CONSTRUCTED BY MESSRS. BROOM 







WE illustrate on this page a bearing combined with 
a Michell thrust-block, of which a large number have 
recently been completed by Messrs. Broom and Wade, 
Limited, of High Wycombe. The Michell principle, 
it will be remembered, consists in interposing a series 
of sector-shaped blocks between the running and 
standing parts of the bearing. The thrust passes 
through these blocks, which are designed in such 
fashion that the resultant pressure falls behind the 
centre of the figure of the block. The latter therefore 
tips slightly under the load, thus facilitating the 
entrance of the oil. 

The general arrangement of the new thrust-block is 
well shown in Figs. 1, 2, and 3 above ; on page 367 we 
reproduce in Fig. 5 a photograph giving a view of the 
—— <" a whole, whilst its component parts are shown 
in Fig. 6. 

It will be seen from Fig. 1 that the shaft rests on two 
white-metal bearings, between which is the single collar 
on which the whole of the thrust is taken. The Michell 
blocks, as shown in Fig. 2, extend round a portion of 
the shaft only, the arrangement being thus in some 
sense equivalent to the common horse-shoe type of 
thrust-biock collar, and affording the same facilities 
for the examination of the bearing when desired. 
Each Michell block is supported by a screw stud, as 
best seen in Fig.]. When erected these studs are 
tightened up until each takes an equal bearing, and 
they are then locked by means of the nuts shown. 
As will be seen from Fig. 2, the housing is carried well 
up above the centre line of the shaft, which makes it 
possible to get in a couple of blocks above this level, 
so that the ‘* horseshoe” extends round more than 
half the total circumference. 

To prevent the blocks twisting round their points 
of support they are enclosed in a cage, as indicated 
in Fig. 2, from which, moreover, it will be seen that 
the cage is itself made in halves. The up 
with the two blocks it confines, be lifted out bodily 
when the eet-bolts taking the thrust are run back, and 
the lower half can then be pushed round and taken 
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out in its turn. The two cages can be seen amongst 
the other components in Fig. 6, where one is shown 
with the blocks in place, and the other with them 
omitted. With the engine running ahead, the thrust 
is taken by the blocks on the forward side of the 
thrust-collar, a second set on the after side taking the 
thrust when the engine is running astern. An oil-well 
is formed at the bottom of the housing, and the collar, 
dipping into this oil, picks it up and distributes it over 
the whole of the surfaces to be lubricated. A stuffing- 
box at the outer end of each bearing prevents loss of 
oil by leakage, while the top of the housing is closed 
by an oil-tight cover, as indicated. 

The thrust-block in question has been built for a 
shaft making about 400 revolutions per minute; and 
to carry off the heat generated in consequence of this 
high s , cooling-coils, through which water is 
pumped, are arranged in the oil-well, as indicated. 

The shaft has a diameter of 74 in., and the collar 
one of 15 in., whilst the area of one set of blocks is 
50 sq. in. 

A four-hours’ test of the bearing was made by 
Messrs. Broom and Wade at speeds and loads con- 
siderably in excess of those which it is intended to 
take in service. The method adopted was to mount 
two blocks in alignment with each other, and to push 
the two together by hydraulic jacks. The arrange- 
ment is shown diagrammatically in Fig. 4. The shaft 
was driven by belting from an electric motor, which, 
running light, took 2 amperes of current. Coupled up 
to the shaft, but with no thrust on the blocks, the 
current consumed was 8 amperes. The observations 
made are recorded in the table annexed. 

The temperature of the collar at the end of the test 
was 112 deg. Fahr. The cooling water was circulated 
at the rate of 6.5 1b. per minute. At the outset the 
bearing pressure was 300 lb. per sq. in., which was 
Capone to 400 lb. per sq. in. after 24 hours’ run. 
From the power absorbed by the motor at 400 revo- 
lutions per minute the coefficient. of friction can be 
csloulated and a value of 0.0015 is obtained, whilst 
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from the temperature rise of the cooling water the 
value 0.0012 is deduced. The total friction loss on 
the two bearings as thus measured amounted to 214 
B.Th.U. per minute. Making allowance for some loss 
of heat by radiation, the two estimates are, it will be 
seen, in excellent agreement. The ordinary type of 
thrust-block has a coefficient of friction fully twenty- 
five times as great. 


Four Hours’ Test of Centre No. 4 Michell Thrust-Bear- 
ing, Carried Out by Messrs. Broom and Wade, Limited, 
High Wycombe, on August 19, 1915. 




















ry | § g _ | Water Tem- | Journal Bearing 
» | | 3% | perature. Temperature. 
Z 6 
P ° ot v4 
Time. 4 Ss| LF es | Centre No. 4. 
& $2298 (88 in. | out. | QO. 
<i- a> a” |6° ward. Att. 
| deg. | de deg. | deg. deg. 
6.15 | 17 | 420 425/15,000' 63 oP 70 Md 84 
6.30 17 | 420| 435115,000 — | 57 | 73 | 89 86 
6.45 | 17 | 420) 435/15,000, — | 57 | 76 92 90 
7.0 |17)| 420 440/15,000; — | 57 | 82 | 95 92 
7.15 17 | 420, 440/15,000/ — | 57 | 84 96 93 
7.30 | 17 420 445|15,000; — | 57 | 85 | 97 94 
7.45 15 420, 445/15,000) — | 57 | 85 | 9% 95 
8.0 15 420) 445/15,000! — | 57 | 86 98 95 
8.15 | 15 | 420) 450/15,000; — | 57 86 | 98 95 
8.30 | 15 | 450) 455|15,000/ — | 57 | 36 98 95 
8.45 | 14 | 450) 455/20,000/ — | 57 | 86 98 95 
9.0 | 14! 450 460/20,000 57 | 86 | 98 96 
9.15 | 14 450 460/20,000/ — | 57 | 88 | 98 96 
9.80 | 14 | 450 460/20,000; — | 57 | 88 98 96 
9.45 | 14 | 450 460/20,000/ — | 57 | 89 99 97 
10.0 | 14 450 460/20,000| — | 57 90 100 98 
10.15 | 14 450 460/20,000/ 80 | 57 | 90 | 100 | 98 





We may perhaps add that with such speeds as are 
usual in the ordinary merchant service cooling of the 
oil would have been unnecessary, as radiation and 
convection suffice to keep the bearing cool, provided 
that the heat generated does not exceed about 50 
B.Th.U. per minute in a bearing of this size. In the 
present case each bearing generated heat at the rate 
of about 107 B.Th. U. per minute. 





BuatTKaL.—The Mysore Government is considering the 
construction of a port at Bhatkal, on the west coast of 








India, and also the building of a railway to that place. 
Sir F. Spring is reporting on both projects, 
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ENGINEERING SOCIETIES AND THE WAR. 
To THe EpiTorR OF ENGINEERING. 

Srr,—It is with some reluctance I have taken upon 
myself to write this letter, for though there are many who 
will agree with the sentiments therein expressed, no one 
apparently cares to reduce such unpopular, and even 
sacrilegious, doctrines to writing. 

My excuse must be that the austerity of the times does, 
and ought to, exclude from our communings those 
amiable sophistries with which we soothe ourselves and 
others in days of peace. 

In a recent issue of your paper I observed some one 
complaining in the correspondence columns that engineers 
were not represented on the Munitions Departments, and 
wondering rather plaintively why such things should be. 
It is just this question of the no representation of engi- 
neersand scientific men generally in the national councils, 
and the reasons therefor, that it is proposed to discuss 
in this letter. 

Those of our politicians who have shown some com- 
prehensive grasp of the war and its needs are never tired 
of instructing the public that this is an ‘‘engineers’” 
war, and yet engineers are never in any comprehensive 
manner consulted as to the best means of carrying it on, 
for the large and simple reason that as a collective 
“body” they do not exist. It is true we have the 
Institutions of Civil, Mechanical, and Electrical Engi- 
neers, who, unfortunately, misrepresent the engineering 
profession and industries, inasmuch as these societies 
contain only a minute proportion of the country’s engi- 
neers, the members confine themselves to the discussion 
of purely technical matters, the institutes act as tech- 
nical libraries, and there it all ends. 

The Institution of Civil Engineers appears to be the 

most ineffective of all, though enrolling on its membership 
a collective brain power which would make a German 
professor shiver. The Council, who, I believe, administer 
affairs, I was assured by a young member filled him with 
a kind of maternal solicitude. Not being a member, I am 
unable to give any explanation of so curious a state of 
mind, but, in any case, the root of the matter is that, 
while, to outsiders, the Civil and other Institutions appear 
to represent the engineering profession and industries of 
the country, they actually do no such thing. I have been 
engaged for the past eighteen years on engineering work, 
and have never heard of a single case in which a young 
engineer was in any way assisted in his vocation, or pro- 
tected against exploitation, by any of the above-mentioned 
Institutes ; in fact, the only reason ever given me by a 
member as a reason for joining one or other of such 
societies was that the letters after one’s name made an 
impression upon ill-informed ‘‘ neutrals.” 
_. The war has come upon us—an “‘ engineer’s” war, too, 
if ever there was one—and every kind and sort of political 
amateur takes precedence of engineers and scientists, and 
the nation muddles along in consequence. Millions of 
money are wasted, and, what is infinitely more serious, 
many lives are lost, not altogether because of Government 
incompetence, but because engineers have for years past 
neglected the ‘* humanities” for ‘‘science” (falsely so 
called) and personal aggrandisement. 

The proper study of man is man, but the learned and 
famous gentlemen who hitherto have directed our en- 
gineering societies and industries have devoted themselves 
too exclusively to scientific research, or the acquisition 
of personal fame and wealth, leaving younger onan rs 
to slave and starve for the benefit of wealthy middie-men 
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non-producers; some even, like cannibal trout, bave 
devoured their own kind. 

The majority of young engineers have had to content 
themselves with very modest remuneration in return for 
carrying very heavy responsibilities, and thousands, though 
keen and well. trained, throw up the profession altogether 
because a decent living can hardly be made at it, and yet 
the whole material prosperity of the nation depends 
absolutely upon the brains of its engineers in peace as in 
war. Theresult of this/aissez-faire policy is now evident. 
The whole engineering profession and industry is like a 
dumb and blind giant, quite inarticulate, and forced to 
grind in the prison-house of its puniest enemies like 
Samson of old. 

Had there existed a graduated eeries of engineering 
societies affiliated for purposes of mutual protection as 
well as technical instruction, with a properly organised 
Press dealing with matters of ordinary human interest, 
such as salaries, training, inventions, .» a8 well as 
weighty technical articles, I venture to prophesy there 
would have been no shell-shortage, engineers’ or other 
strikes, nor limitation of output. 

The great army of amateurs, place-seekers, and babblers, 
inside Parliament and out, would have been quietly 
pushed aside and ignored. 

The crisis has not yet arrived ; that will be reached after 
the war is over. The rule of this ae notwithstanding 
the legal wrigglings and jugglings of light-weight politi- 
cians, will pass into the hands of labour. This will 
probably be to the advantage of engineers, as all genuine 
producers recognise instinctively the value of each other’s 
work, though their fields of operation may be far apart; 
but there is infinite scope for head as well as hand work 
in the future, and it is of vital importance that the head- 
workers should have a definite status and speak with 
one voice. 

So far our sins have been those of omission, and it may 
be that if engineers did in the future assert and ure the 

wer 4 individually the country would suffer. 

e wretched example of misused and wasted power due to 
disunion and fatuous superficiality exhibited by the daily 
Press during the past year certainly gives one furiously 
to think, but I believe engineers who spend their lives 
getting at and building upon actual facts would retain 
the inestimable virtues of veracity and deep thinking 
with beneficent results to the whole country. 

I remain, Sir, your obedient servant, 
Citizen. 





SKILLED LABOUR AND THE WAR. 
To THe Epitor oF ENGINEERING. 

Srr,—At the present time manufacturers are having 
difficulty in getting back from military service mechanics 
who enlis early in the war. We do not, however, 
have to contend with the press-gang which increased the 
difficulties of our forefathers during the Napoleonic wars, 
as will be seen from the following letter given me by 
Mr. S. C. Cockerell, the Curator of the Fitzwilliam 
Museum :— 

Maryaret-street, May 6, 1803. 

Sir,—I take the liberty of troubling you on account of a person 
of the name of John White, who is a very useful mechanic, being 
a very good turner in metals and a man perfectly calculated to be 
of great service to me in the manufacture of the block-machines 
now in hand for Portsmouth Dockyard, the nicety of which de- 

nds much on the accuracy of their turned parts. He about 

teen months since offered his service to settle some affairs for 
me in India, and on account of the expense of the passage, en- 





gaged himeelf as armourer on board the kay Jane Dundas, bound 


to Bengal direct; and en the ship’s arrival in the Downe he is im- 
resst into His Majesty's service, and I humbly conceive he, not 
ing a seaman, would do his country in the present instance a 
greater service by employing his mechanical talent in the above: 
mentioned machines for Portsmouth Yard. 1 therefore with 
submission beg to know if there is any possible way of getting 
his diecharge, by which information you will render the greatest 
piece of service to your 
Very much obliged and humble servant, 
Henry Mavups.ay. 
This letter was written by the well-known engineer 
Henry Maudslay (1771-1831), the founder of the firm of 
Maudslay, Sons and Field, and the inventor of the lathe 
slide-rest, to Brigadier-General Sir Samuel Bentham 
(brother of Jeremy Bentham), Ins of Naval Works. 
Bentham introduced machinery into the dockyards, and 
greatly improved the equipment of the men-of-war of the 
day. Amongst other machines he installed was that 
spoenten oy the elder Brunel for the manufacture of ship- 
blocks. is is evidently the machine referred to by 
Maudelay. 
Yours faithfully, 
Ro 


BERT S. WHIPPLE. 
Cambridge, October 5, 1915. 





HISTORICAL STEAM-ENGINES. 
To THe Emrtor or ENGINEERING. 

Sir,—I am interested to see the photographs you re- 
produce of the Farme Colliery atmospheric engine and 
to read Mr. Hamilton’s letter, on page 348 of your last 
issue. 

A similar engine was at work until a few years ago at 
Lilleshall, which also bad hand-worked valve-gear. The 
story of Humphrey Potter, perpetuated by Desaguliers, 
has no known foundation in fact. What Beighton’s im- 
provements to the Newcomen engine were is a puzzle. 

Newcomen’s engine of 1712, erected near Dudley 
Castle, and probably the second he ever built, was com- 
pletely automatic, with plug-rod and gear-handles. The 
stre thing is that these rotative atmospheric engines, 
built at least half a century after Newcomen’s self-acting 
engines, should still have been man-handled. 

Yours faithfully, 
ARTHUR TITLRY. 

Curzon Chambers, Paradise-street, Birmingham, 

October 4, 1915. 





. : To THE ge ho OF ~*~ . 
1™R,—I was very pleased to see the paragraph, on 
page 295 of your Mins of Se ber 17, about the pre- 
servation of the old Farme Colliery engine. In many 
ways this is a very interesting engine, and ite design, 
owing to the A-frame casting supporting the beam, lends 
itself to re-erection for museum 8. 

It seems to me more correct to refer to this engine as 
a Newcomen type, for it was built about seventy-five 
ears after Newcomen’s death, and long after James 
att’s invention of the separate condenser. Engineers 
knew perfectly well the advantages of the double-acting 


fc doubt the simplicity and less cost of the atmo- 
spheric engine had much to do with the length of its 


overlapping period over the early days of the double- 
acting engine. 





_ Your correspondent’s remarks on page 348 of your last 
issue regarding hand-worked valve-gears are hardly cor- 
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remarkably small, judging by the records of previous 
years. ae | the month it is reported that seven vessels 
were launched, the gross tonnage of which was 16,983 
tons. Five of these were built on the Clyde, three 
steamers at Port Glasgow, a dredger at Renfrew, and a 
tugat Kirkintolloch, the tonnage of these amounting to 
15,618 tons. These figures seem small when com 

with normal times, yet they are much on a par with the 
output of July and August, and greater than the months 
of April and May, which were the lowest touched during 
the year. It is not advisable to make known what is 
being done on Government account, otherwise these 
figures would be very considerably added to. During the 
nine months just ended the total :ecorded launches on 
the Clyde number 62 vessels, of a total tonnage of 185,886 
tons, as compared with 170 vessels, of 356,361 tons, in 
the corresponding period last year. Included in this, 
however, are seven months of warship work, +o that there 
is no comparison of any value between the two periods. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—It is not expected that 
the strike of miners at one of the Grimethorpe pits on 
the trade-union question will have much effect on the 
coal trade of South Yorkshire unless it lasts a long time, 
which is not —— as likely. House-coal prices have 
been advanced from 3d. to 1s. per ton, but this has not 
affected the demand. Pits have, in fact, more orders 
than they can promptly execute, and business at the dépots 
is congested. Unfortunately output is not as large as it 
might be owing to time lost through shortage of wagons. 
Subject to the same limitation, gas-coal pits are kept fully 
at work. Gas companies are taking maximum supplies 
for winter use. An all-round improvement has taken 
place in hard steams. The home demand from the rail- 
way companiesand manufacturers is good, and export 
trade shows more life. Cobbles and nuts (especially the 


latter) are a market. Slacks are stronger, but have 
not absolutely recovered from their recent weakness. 
steel coke 


Coke has not ee ye much change. Best 3 
is in good demand round about 34s., and — is 
strong ; but furnace coke is a dull market, and difficulty 
is experienced in effecting sales, even at such a compara- 
tively low figure as 14s. to 15s. Quotations :—Best branch 
hand-picked, 20s. 6d. to 21s. 6d.; Barnsley best Silkstone, 
183. to 193.; Derbyshire best brights, 17s. 6d. to 18s. 6d. ; 
Derbyshire house, 16s. to 17s. ; best a nuts, 15s. to 
16s. ; small nuts, 14s. 3d. to 15s. 3d.; Yorkshire hards, 
16s. 6d. to 17s. 6d.; Derbyshire bards, 16s. to 17s. ; best 
slacks, 11s. to 12s. ; seconds, 9s. 6d. to 10s. 6d.; smalls, 8s. 
to 9s. 


Iron and Steel.—Despite the continuous advance of all 
kinds of finished and semi-finished material, the pig-iron 
market remains dull, and where there is any change in 
prices it is in a downward direction. Derbyshire forge 
and foundry irons have declined 1s. 6d. to 2s., and Lin- 
colnshire brands are 1s. easier. The outstanding feature 
of the hematite market is the increasing call for — 
qualities, which are steadily advancing in price. There 
is a fair weight of business passing in ordinary hematites. 
Prices are steady, and the undertone is firm. Bars and 
hoops are a strong market, output being on > 
stricted by war work and a general shortage of labour. 
Another advance of 103. is reported in acid billets, 
which are in unprecedented demand. Output has been 
substantially increased, but the total production is bei! 
absorbed, and many commercial users could do wit 
larger tonnages. Siemens acid are quoted at 13/. 10s., 
high carbon Siemens 15/. 10s., and Bessemer acid at 
12/. 10s. A much smaller tonnage of basic is on offer, 
many furnaces formerly engaged on producing this 
class of steel ~—_ 4 been converted for the production 
of acid brands. The current quotations are 10/. for basic 
hard and 97. 10s. for basic soft. The Cutlers’ Company 
of Hallamshire, on whom was placed the responsibility 
of dealing with the whole of the steel exports from the 
United Kingdom other than steel containing tungsten 
and molybdenum, or both, and articles made therefrom, in 
respect of which applications for licences had to be made 
to the Government War Trade Committee, have got the 
work well in hand, and have issued, up to date, some 16,000 
certificates. The premature publication of the Proclamation 
prohibiting the export of certain special steels led to a 
state of chaos in the trade. Steel exports were held up 
at every port, but the resolute way in which the position 
was tackled by the Cutlers’ Company soon placed matters 
ou a more favourable footing. At the present time about 
250 certificates are being issued per day. The improve- 
ment in foreign trade noted within recent weeks ap 
to be fully maintained, and every steel and tool works has 
as much work as it can do. anufacturers claim that 
output could be appreciably increased if more labour, 
_ — e— he — — to 
the boom in high-speed steel, there is a bi or boring 
and drilling-macbines, cutters, and cheoteical plant. The 
lighter branches are putting in extra hours to supply 
home engineers with tools. 





Unrrep States Traps wire Soutn America.—Ex- 
ports from the United States to South America are 
growing decidedly, says the Iron Age. For June, 1915, 
they were valued at 13,744,000 dols., against'’7,573,000 dols. 
in June, 1914. For the first six months of 1915 they 
were 60,573,000 dols., against 52,263,000 dols. in the first 
half of 1914, and 38,751,000 dols. in the last half of 1914. 
Imports are also on the increase. For June they were 
26,210,000 dols., as against 17,118,000 dols. in June, 1914. 
For the six months ended with June, this year, the total 
imports were 156,043,000 dols., i 144,074,000 dols. 
othe = half of 1914 and 105,000,000 dols. for the last 

oO 1 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Quietness c 
Cleveland pig-iron. Demand just now is on a very 
limited scale, transactions being confined to sales 
of small lots for early delivery. Customers in Soot- 
land and local users are taking only very moderate 
supplies. Values alter very little. Merchants are 
rather pressing sales of No. 3 g.m.b. Cleveland pig at 
65s., and some of them are prepared to slightly 
shade that figure, which, however, is regarded as the 


o. 4 fi 64s.; and mottled and white iron each 
63s. 6d. ers still ask 69s. for No. 1 Cleveland, which 
is still scarce, though the persistent abstention of bu 
has enabled producers to accumulate a little stock. 
sumers considered the price asked exorbitant, and conse- 

uently are still buying No. 3 to use for purposes to which 
the superior kind is usually put. 


Hematite Pig.—Satisfactory accounts are given of the 
hematite branch of trade, values of which are compara- 
tively very high, for whereas at one time mixed numbers 
of t Coast brands realised no more than 8s. to 10s. 
above No. 3 Cleveland, the differenee at present is fully 
35s. Very good inquiriesare in the market both on home 
and foreign account, and further sales to Sheffield and 
other consuming districts at home, as well as to Conti- 
nental customers, are confidently anticipated. Several 
ma! are <= means keen to sell, as they see indica- 
tions of still better prices ruling in the very near future. 
Nothing below 100s. is now named for Nos. 1, 2, and 3, 
and that figure has been paid fairly freely, whilst a sale 
to France is reported at 101s. 6d. Many makers now 
quote up to 102s. 6d. 


Foreign Ore.—Values of foreign ore continue to move 
up rather rapidly, due to the — and almost daily 
vance in freights. Consumers, fully realising the 
ibility of great difficulty in securing adequate supplies 
or the back end, are very anxious to make ments 
for deliveries over the remainder of the year ; but they 
fail to persuade sellers to commit themselves on forward 
account. Tonnage is very difficult to secure, and threatens 
to be more so. Market rates for ore are based on a 
minimum of 31s. ex-ship Tees for Rubio of 50 per cent. 
—~, and some sellers will not quote below a basis of 
32s. Freights Bilbao-Middlesbrough are fully 16s. 6d. 
Imports of foreign ore to the port of a 
for the first five working days of the month are officially 
returned at 23,284 tons. 


Coke.—Coke prices are by no means easy to fix. Local 
consumers are more dis to place orders, but they are 
not keen buyers, and they offer rates that sellers are not 
prepared to accept. Demand for foundry coke for export 
1s very heavy, and quotations are s . Durham blasbt- 
furnace coke, of average quality, is in the neighbourhood 
of 25s. delivered at Tees-side works. Best foundry coke 
for shipment has realised up to 37s. 6d. f.o.b., but the 
general market quotation ranges from 32s. 6d. to 35s. 


Manufactured Iron and Steel.—Practically all branches 
of the finished iron and steel industries are busily em- 
_—. Manufacturers are almost exclusively engaged 
on Government work, to the continued exclusion of ordi- 
nary commercial orders. Though considerable premiums 
are offered for the latter, it is almost impossible to find 
firms able to undertake the work. Quotations al] round 
are very strong. Common iron bars are 111. 10s. ; best 


market quotation. No. 4 foundry is 64s. 6d.;| been 


= oy -s best best — i eed king- 
iron —— , 8l.; packing-iron (ta; }» Be. ; iron 
ship-plates, 10/.; iron ship-angles, tH 10s. ; iron ship- 


rivets, 137. ; steel bars, 11/. 15s. ; steel ship-plates, 10/. ; 
steel ship-angles, 9/. 15s. ; steel boiler-plates, 11/. ; steel 
strip, 10/. 158. ; steel hoops, 11/. ; steel joists, 91. 17s. 6d. 
to 10/.; heavy steel rails, 9/. ; and steel railway sleepers, 
10/.—railway material net, and all other descriptions less 
24 per cent. 


Shipments of Iron, and Steel.—Shipments of iron and 
steel from the port of Middlesbrough during September 
totalled 90,629 tons, 39,736 tons being pig-iron, 12,398 tons 
manufactured iron, and 38,495 tons steel. Of the pig 
a, 33,724 tons went to foreign countries an 
6012 tons to coastwise customers ; of the manufactured 
iron shipped, 5813 tons went abroad and 6585 tons 
coastwise; and of the steel loaded, 31,849 tons 
went foreign and 6646 tons coastwise. Italy was the 
largest buyer of pig-iron, receiving 9905 tons; whilst 
France took 6304 tons ; Sweden, tons ; Denmark, 


pears | 4340 tons ; Norway, 1712 tons ; America, 1500 tons; and 


Japan, 1257 tons. India was the largest purchaser of 
manufactured iron, taking 3304 tons ; and the Argentine 
was second with 2292 tons. France, with an es of 
18,253 tons, was by far the largest purchaser of steel 
Other principal importers of steel were: India, 5643 
tons; Natal, 2211 tons; and China, 1352 tons. 


Labour’s Share.—Speaking at the annual meeting of 
Messrs. Bolckow, Vaughan and Co., Limited, the chair- 
man (Sir J. E. Johnson F ) called attention to the 
decline of the profits to 223,315/. in 1914-15, the falling-off 
being as much as 23,000/. inround figures. The chairman 
proceeded to observe that, in 1912-13, 55.58 per cent. of the 
price realised by the company’s coal went in wages to 


workmen, while in the past twelve months the em- | ced: 


ployees took 63.12 cent. In the coke department 
the initial wages absorbed 10.61 per cent. in 1912-13, 
and in 1914-15 14.63 per cent. In the Cleveland iron 
trade in the first-named year 5.85 per cent. of the 
price realised went to the workmen in wages, and in the 

just ended 7.26 per cent. As manufactured 


steel, the proportion of workmen’s wages in 1912-13 was | last 


18.42 per cent., while in the past twelve months the 


co! nding ratio was 18.60 per cenb. 
proved conclusively that whatever 
place in prices, no one had benefi 
the wage-earning class. As to war profits, 
only have existed in the imagination of the ignorant. 
As compared with the profits of the three preceding 
years, the company’s net earnings were lower. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—In consequence of the withdrawal of some 
Greek steamers, the shortage of tonnage previously 
existing has been rendered more serious, and there has 
no improvement in the general condition of the 
steam-coal trade. Several pits are stated to be idle by 
reason of the lack of steamers, and it is feared that more 
stoppages will be wi during the next few days. 
ers are still willing to make substantial concessions to 
immediate buyers, but purchasers are holding back orders 
as long as possible, with a view to pire pe reduc- 
tions. The best Admiralty large steam been, to 
some extent, nominal ; secondary qualities have made 


20s. to 21s. ; aglaw by. ST. cargo 
smalls, 98. to 103. per ton. The household coal has 
been quoted at to 24s. ; good households have made 
2ls. to 22s.; No. 2 Rhondda large has brought 17s. 6d. 
to 18s.; and No. 2 smalls have been quo at 10s. to 


has 


28s. regards iron ore, 
Rubio has realised 26s. to 27s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Weish Trade Matters.—Mr. Newton Dunn, who pre- 
sided at the annual meeting of Messrs. Lambert Brothers, 
Limited, a large Welsh coal-exporting firm, warned the 
yey that a considerable sum would have to be 
‘ound for war taxes. The profit realised by the com- 

y for the past year was 142,548/., as com with 
6,807. in 1913-14. The directors to place 
60,0002. to reserve, to pay a dividend and bonus of 20 
per cent., and to carry forward 20,6487. Warrants were 
posted on Saturday for an interim dividend upon the 
ordinary shares of the Cardiff Channel, Dry Docks, and 
Pontoon Company, Limited, at the rate of 6 per cent. 
r annum. @ directors of the Port Talbot Graving 
and Shipbuilding Company return the profits for 
the = ending July 31 at 8251/., as compared with 58481. 
in 1913-14. The directors propose to increase the dividend 
from 5 per cent. to 10 per cent., and to carry forward an 
undivided balance of . Theprofits for the four years 
ending with 1914-15 inclusive were: — 1911-12, 4265/.; 
1912-13, 6470/.; 1913-14, 58487. ; and 1914-15, 8251/. The 
oo es of steel at Dowlais has been heavy; the Goat 
Mill has been well supplied with steel ingots for the 
various orders which it has in hand, which include heav 
steel rails of pat steel sleepers, bars, &c. Ib 
is extremely doubtful whether the anthracite miners of 
West Wales will persevere in a threatened ‘‘ down tools ” 
policy, strong advice having been given against precipi- 
tate action. 





German Iron Works.—The war seems to have influ- 
enced the German mining and iron industry in an exceed- 
ingly variable manner, inasmuch as it materially bas 
benefited some, whilst others bave suffered to a corre- 


—s extent. Amongst the former is the Bismarck 
iitte, which, in spite of much larger writings-off for the 
ear 1914-15 (4,497,161 marks, inst 2,279,560 marks 
or the peel te aemere ble profits of 3,913,709 
marks, against 1,969, marks for 1913-14. A dividend 
of 15 per cent. has been declared, against 9 per cent. for 
the previous year. It is stated that the Fulva Hiitte 


during the past year has contributed considerably to the 
i mel The Bismarck Hiivte’s profits hav: 

ery considerably, and for the years 1910-1 

and 1911-12 no dividend was paid, against a dividend of 
25 per cent. paid a few years previously. The Bismarck 
Hiitte has subscribed 4,600,000 marks to the third war 
loan, The Friedrichs Hiitte has during the last financial 
year realised profits amounti to 1,030,863 marks, 
against 994,447 marks for 1913-14, but the net profits 


were some 400,000 marks smaller; still a dividend of 
8 per cent., inst 5 per cent. for the previous year, has 
been d , the war having influenced last year’s 


dividend. The Rhenish-Nassau Mining and Iron Oom- 
pany, Stallberg, state that the profits for the first half 
of the present year do not materially exceed those 
for the corresponding period last year, thanks to the 
repeated rise in the prices of zinc and lead; the 
current half-year promises equally well, owing to a 
continued lively demand for the com 


y's ucts. 

The Ammunition and Metal Works, Hindrichs-Asser- 

;| mann, Beyenburg-Wupper, are understood to have done 
so well during year ending June 30, 1915, that a 
dividend of 30 per cent. will be declared, against 15 per 
cent. for the three years, in addition to which 


writings-off and reserves have been well provided for. 
The company is also fully aT for the current year. 
The Rhenish Steel Works at Duisburg-Meiderich appear 
to have felt the effects of the war to a considerable 
extent, the profits on the year 1914-15 amounting to 
7,853,647 marks, against 11,026,523 marks for the pre- 

ing year; writings-off amounting to 4,023,367 marks, 
against 5,121,309 marks for the preceding , and other 
unimportant reserves having been provided for, a dividend 
of 6 per cent., against 10 per cent. for the previous year 
was . On the other hand, the Cast-Stee 
Works at Déhlen 


& very satisfactory year for 
1914-15, which is li to yield a higher dividend than 
when 4 classes of shareholders i 





year, the two received 
respectively 14 and 94 per cent. 
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REDUCTION IN COST OF MARINE 
MACHINERY. 


WHEN peace is finally achieved one of the most 
important needs, in the interests of the restoration 
of international commerce, will be the construc- 
tion of a large number of merchant ships in order 
to replace the wastage, due not only to destruction 
by war, but to excessive use in transport and other 
duties. The amount of constructional work during 
the period of the war has been and must continue 
to be very small, so that when it is ible to 
transfer from war to merchant manufacture the 
available workers, there promises to be very con- 
siderable activity. Difficulties will arise, first, 
owing to the depletion of the world’s exchequers 
to meet the cost of the war, and, secondly, because 
of the thinning of the ranks of mechanics. There 
will therefore be needed a specially high degree 
of constructional efficiency. Tt is not only im- 

rtant that the greatest measure of economy 
in manufacture should be realised in the marine 
trade, and, indeed, in every department of industry, 
but that the effort of labour should be conserved so 
that the fullest production per unit of manual work 
can be realised. These facts are generally appre- 
ciated, but we are now so engrossed in the conduct 
of the war, and particularly in the maintenance of 
the supply of munitions, that there may be some 
excuse for a failure to anticipate the needs of the 
not-distant future. Moreover, individual reflec- 
tion is useless unless there is also collective and 
co-ordinated application. 

No excuse is needed, even under the present war 
stress, for suggesting consideration as to possible 
directions in which economy of manufacture can 
be achieved. The marine engine affords an in- 
teresting example of how a reduction in cost can 
be attained. Moreover, the a demand, 
notwithstanding depleted exchequers, merits such 
anticipatory consideration, because until there is a 
sufficiency of freight-carriers, international com- 
merce cannot be restored to its normal extent, 
and, in view of the less number of workers avail- 
able after the war, it is incumbent upon shipowners 
and marine engineers to strive to introduce arrange- 
ments which will dispense with such labour, whether 


skilled or unskilled, as can be done without. There 


will be special need for the ordinary tramp steamer. 
Under the guidance of the registration socie- 


2|ties, there has been considerable approach to 


standardisation in the hulls of such ships. The 
cases are rare in which there has been det ure 
from the scantlings prescribed for the respective 
classes by these registration societies, and, as a 
consequence, work in the drawing-office has been 
reduced to a minimum. We admit that in some 
cases the influence of the marine superintendent or 
naval architect of owning companies tends, to some 
extent, to introduce modifications. An appeal 
in the national interests should be made to such 


879 | officials to dispense with changes where these involve 


extra labour, particularly where the departures 
from normal features of design are not directly 
conducive either to safety or economy. The conser- 
vation of national effort must have precedence over 
the play of individualism in elements of design. 
The case of the marine engine is difforent. Here 








there has been an apparent ap h to simi- 
larity in general features, so far as engines 
for tramp steamers are concerned. When, how- 
ever, a close examination is made into the 
details, it is found that there are differences which 
are difficult to explain except on the score of what 
we have termed individualism. There are to-day 
no unsolved technical problems in connection with 
the slow - a reciprocating steam - engine, 
although in regard to the propeller there is room 


dis. | for the application of more scientific principles. But 


that matter stands by itself and does not influence 
our general contention that differences which cost 
money are introduced without any prospect of 
affecting the economy of the engine in service. A 
ee proportion of the marine engines built are 
or ships of about 7000 tons dead-weight carrying 
capacity, designed to steam 10 knots. The power 
necessary can be determined almost with exact 
precision. Accepting a given steam pressure, it 
ought not to be difficult to standardise the ratio of 
cylinders and therefore their diameters. Equally 
simple would it be to agree upon the exact form of 
the casting and of the arrangement and form of 
valves. e same holds good regarding pistons ; 
sufficient. information as to wear and tear is avail- 
able regarding these to enable some greater approach 
to standardisation than is achieved at present. As 
regards working parts, the stresses are known, and 
there should be no theoretical difficulty in the pro- 
— of these and in fixing the extent of the 
ring surfaces. 

Yet there are in all these respects multifarious 
differences, each designer or superintending engi- 
neer applying his individual theories. Were it 

ible to achieve such a standardisation for 
engines of given type and power, there would be 
no need for drawings for each set of machinery. 
Moreover, the cost of patterns would be much 
reduced. 

With human nature as it is, it would be idle to 
deny that the difficulty of standardising marine 
engines is great. Three classes of engineers have 
to be brought into harmony with each other and 
with their colleagues in other establishments. 
There is the constructive engineer, the consulting 
engineer, and. the superintending engineer of the 
respective o-carrying steamship companies. 
Each engineer has acquired in his respective sphere 
of activity an experience which has taught him what 
is aceéptable and what must be avoided. Where 
there is a strong personality, the result is a 
design which can be recognised as individualistic. 
In the old days it was possible to say that this one 
engine was undoubtedly that of A.B., or another 
that of B.C. Again, the same mark of indivi- 
duality could be recognised, particularly in the de- 
tails, establishing the personality of the responsible 
superintending engineer or the designing engineer. 
It is difficult to speak in derogatory terms of this; 
probably it is conducive to the best results in actual 
sea-going work. But of equal importance is the 
question whether the best features of such indi- 
vidualistic details could not be incorporated in a 
composite standard design with gain in first cost, 
and without forfeiting that reliability and durability 
essential in all marine machinery. Is it not pos- 
sible for the marine engineers, for instance, on the 
North-East Coast, where so many tramp steamers 
are engined, to constitute from their members a 
committee comprising representatives of the three 
classes of engineers we have named to consider 
the whole question? They might, to begin with, 
advise, for acceptance or otherwise by the construc- 
tive engineer or the shipowner, a standard _ 
for a power such as we have instanced. ith 
such a standard in existence, it would be pos- 
sible for a firm of engineers to submit alterna- 
tive prices to the shipowner, giving the cost of the 
standard type alongside that for the design of 
machinery specially desired. The difference would 
be a debit balance against the ship, to be met 
by possible economies in service to justify the 
difference. At all events, the shipowner would 
know what it cost to have introduced those differ- 
ences in detail recommended by the experience in 
service of his own selected advising engineers. 

The great success of the Engineering Standards 
Committee also justifies the departure we recom- 


mend. Every engineer in the country has had 
direct personal evidence of the economy accruing 
from the standards in a great many departments 


of manufacture. The prognostications which were 
so extensively made at the outset of the work to 
the effect that etandardisation would check evoly- 
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tion in design have not been realised. It is true 
that the idea of standardising a complete marine 
engine is carrying the principle rather further than 
is the general practice of the os Stan- 
dards Committee, and were such a s' to be 
stereotyped for a great period of time the objection 
as to dicapping progress would hold. But 
measures can be taken to obviate this. The local 
committee could be a permanent institution, con- 
tinuously considering possible departures condu- 
cive to higher efficiency. In any case it seems 
doubtful if there is much prospect of any great im- 
provement in the reci ting engine as we know 
it to-day ; in all likelihood it has reached its best 
results, and the probabilities are that it will 
be superseded by the geared turbine or other 
prime mover. Moreover, there is the impor- 
tant argument with which we commenced, that 
even a temporary measure is commendable at the 
present juncture, when we shall need ships, 
although we may not have sufficient money and 
sufficient men to provide them. It is incumbent 
upon all concerned to ensure that these shall be 
forthcoming immediately peace is attained, in order 
that international commerce may quickly return to 
its normal condition. The method we have recom- 
mended will ensure reduction in cost and in manual 
labour in connection with the type of engine most 
extensively required, and that, too, without in any 
degree affecting that competition for work which is 
a most important incentive to economy in produc- 
tion. Each tenderer on the standard design will 
still have play for his competitive instinct in the 
direction A cheapening his manufacture. 





MINERAL RESOURCES OF 
ASIATIC TURKEY. 

Astatic Turkey is rich in many different ores 
and other minerals, the deposits being situated at 
considerable intervals in the various provinces. In 
addition to metallic ores there are deposits of sul- 
phur, meerschaum, marble, salt, petroleum, 
asphalt, and coal ; emery stones are also found 
in some places. Although foreign capitalists in 
recent years have given some attention to the un- 
doubted possibilities of the country, no progress 
of real importance has yet been made with the 
mining industry. One of the principal reasons 
for this is probably the absence of adequate 
means of communication and transport,” many 
of the deposits being located in out-of-the-way 
places at a great distance from railways and 
seaports. The labour question also presents 
difficulties, the natives being of little use and 
foreign labour being both expensive and difficult 
to obtain. Another reason is to be found in the fact 
that the Government have done nothing to encour- 
age mining operations ; in fact, they have done the 
reverse, by imposing rather heavy fees on the con- 
cession-holders. Any concession is subject to an 
annual fee of 10 piastres (about 1s. 94d.) per djerib, 
or hectare, as long as the concession runs, whether 
it is worked or not. There is a further tax of 
1 to 5 per cent. on the production of mines worked 
by shafts or galleries, and of 10 to 20 per cent. on 
open mines or quarries. The cost of an annual 
permit to work up to 100 tons of ore on a claim 
ranges from 41. 10s. to 131. 10s., and for the right 
to work up to 2000 tons of coal or ore an annual 
charge of from 45l. to 1801. is made. These high 
fees tend to encourage the importation of com- 
modities which are to be found in the country. 

The mineral resources of Asia Minor are the 
best known, chrome-iron ore being found in vast 
quantities in the vilayet of Brussa (Kutaiah), in the 
south-western part at Denisli and Makri, and in 
the south-eastern part near the Gulf of Alexan- 
dretta. The most important deposits in the 
vilayets of Brussa and Khodavendikiar comprise 
those at Dagardi, which are estimated to contain 
10,000,000 tons, and are regarded as the largest 
and richest in the world. Here the State has 
worked some 12,000 to 15,000 tons annually for 
about fifteen years, the value of the annual pro- 
duction being about 45,0001. The ore has to be 
conveyed on camels or mules to the nearest railway 
station, Kutaiah, a distance of over 43 miles. 
Other chrome-ore mines in the Brussa district 
are being worked to the extent of 6000 tons 
to 7000 tons annually, the ore being shipped to 
England and America. There are also deposits 


of pyrites and other iron ores, but they are only 
worked to a very limited extent, and the —, 
exported is insignificant. There are large deposi 


on the south-east coast of the Black Sea, between 
Tireboli and Rize, in the vilayets of Erzerum and 
Sivas, south of Aivalyk, opposite the Island of 
Mitylene, and especially at Zeitun, about 90 miles 
north of Alexandretta. The te production 
of iron ore in Turkey in 1910 is given as from 
50,000 to 60,000 tons, and as 100,000 tons in the 
year 1911. Manganese ore is found in the districts 
of Smyrna and Makri, and also at Mersina and 
Kerassunte, but the exploitation is irregular. 

The production of ese ore in the whole 
of Asia Minor in 1908 was only 14,000 tons. 
Argentiferous lead ore is fairly frequently met with, 
the best known deposits being found in the vicinity 
of Karahissar. Uf these, the most important 
is that at Balia Karaidin, the ore from which 
also contains zinc. It is being worked by the 
Société Anonyme Ottomane des Mines de Balia 
Karaidin, and the production in 1913 amounted to 
171,000/. in value. Some deposits at Taurus are 
being worked by the Turkish Government, but the 
annual net profit only amounts to about 36001. 
Zinc is Panel notably at Karassi, and the deposits 
are worked by the Société Anonyme Ottomane 
des Mines de Karassi. The most important 
mine is that at Arghana, between Kharput and 
Diarbekr, which is owned and worked by the State, 
making a profit of 23,400/. in 1912. Quicksilver 
is found as cinnabar at places 40:miles to the 
south-east and 68 miles south-east by south of 
Smyrna. The yield of the Kara-Burnu mine, 
located some 19 miles from Smyrna, amounted to 
about 3000 bottles for the period 1906-7. Gold 
is found in the vilayet Aidin-Smyrna, and is being 
worked in several places. Antimony is found in 
the vilayet Brussa, where several hundred tons are 
worked annually, and also in the vilayet Smyrna, 
where the annual production amounts to from 
2000 to 3000 tons. Boracite is being worked by 
the English Borax Consolidated Company, the 
most important deposits being found in the vilayet 
Khodavendikiar. eerschaum is found at Eski- 
shehr, the annual production being about 5000 tons. 

The most important coal deposits are those of 
Heraklea, which. extend from Eregli to Ineboli. 
They are being worked by ten concerns, with an 
annual aggregate production of 800,000 tons. The 
coal varies in quality, but, generally speaking, is 
excellent. The largest coal-mining concern is the 
French Société d’Heraklea, which produces 520,000 
to 570,000 tons per annum. Two years ago it 
purchased the OCurdji concern for 80,0001. ; the 
annual production of this concern is about 85,000 
tons. 

The asphalt and ——— deposits are im- 
portant, and are likely to prove of great com- 
mercial value. The former commodity is found 
at Anti Lebanon, near the coast, and the 
quality is stated to be satisfactory. There 
are also asphalt deposits at Kerkuk, and near Hit, 
to the west of Baghdad. The largest quantities of 

troleum are found in the vilayets of Mosul and 
Baghdad in Mesopotamia, though smaller quan- 
tities are found in Asia Minor. Petroleum is also 
reported to have been found recently at Erzerum. 
The Mesopotamian petroleum deposits, which ex- 
tend to Persia, probably form one continuous oil- 
field, though it bs only been located at three or 
four different places so far. The most important 
district is that on the Tigris, between Mosul and 
Baghdad, known as Djebel Hamrin, through which 
the Baghdad Railway . A second petroleum 
district lies between Chanikim and Altin-Kenpru, 
a third runs parallel with the Karadagh, and a 
fourth commences at the town of Suleimanieh, and 
extends from there in a north-westerly direction. 
Attempts at exploiting the petroleum spri in 
Mesopotamia date back some fifty years, but have 
so far failed, partly from climatic and political 
causes, but more especially from the difficulties of 
transport. It is, however, likely that the construc- 
tion of the Baghdad Railway and its connections 
will enable them to be opened up in earnest. The 
most important points which the railway running 
from Baghdad in a north-easterly direction is 
intended to reach, are the districts of Tuz-Khur- 
mati, Kefri, Mendeli, and Kasri Shiriu, this oil- 
field lying on the frontier between Turkey and 


ersia. 

Shortly before the outbreak of the war, a syndi- 
cate, known as the Turkish Petroleum Company, 
was formed for the purpose of exploiting the oil- 
fields of Mesopotamia ; half of the capital 





was 
British, and the remainder was divid ee 
e 


ite between the Royal Dutch Shell Trust an 





Deutsche Bank. The company also acquired the 
petroleum concessions of the Deutsche Bank, the 
Anatolian Railway, and the Baghdad Railway, by 
which exploratory work had been carried on for 
over ten years. The English group of financiers 
of the Turkish Petroleum Company is allied to 
the Anglo-Persian Company, which has exploited 
the South Persian oil-fields at Maidan, north-east 
of Mohammerah. The war, of course, has com- 
pletely upset these Anglo-German arrangements, 
and the opinion has been expressed that after the 
war a purely German concern will be substituted 
for the former coalition. Mesopotamian petroleum 
will doubtless prove of great importance as fuel for 
the Baghdad Railway, and in Germany it is ex- 
also to serve as a source of fuel for the 
erman Navy in the same way that Persian petro- 
leum does for the British Navy. Both Germany 
and Austria, especially the former, have hoped to 
benefit largely from future developments of the 
mineral wealth of Turkey under their financial and 
industrial guidance. That results have hitherto 
been so m is attributed to apprehensions on 
the part of the Turkish Government that unsatis- 
factory results would follow the too easy admission 
of enterprising and grasping foreigners. These 
fears, it seems to us, are not entirely groundless in 
connection with Turkey’s new allies, so that after 
the war there may be room for others. 





THE STATE AND THE HYDRO-ELEC- 
TRIC POWER PROBLEM IN NORWAY. 

ALTHOUGH the question of the rational exploita- 
tion of the available water-power—a problem of the 
utmost importance to industrial development gene- 
rally—is the subject of intense interest and thorough 
investigation in a number of countries, no country, 
perhaps, has shown more enterprise in this respect 


than has Norway during the last few years. A ~ 


great many industrial concerns have been started 
on the sole basis of hydro-electric power, and 
private initiative has been exceedingly active in 
this connection, more so than in Sweden, whilst, on 
the other hand, the Swedish State has displayed 
considerably more energy than the Norwegian. 

An important move, however, has now been 
made in the latter country, the Royal Commission 
appointed on December 22, 1911, having now 
finished its labours and drawn up a very full and 
interesting —- dealing not only with the State 
waterfalls and their exploitation, but with the 
whole question of Norway’s supply of energy from 
hydro-electric power-stations, and the part which 
the State and the municipalities ought, or may be 
expected, to play in the furtherance of this scheme. 

A list of waterfalls in the possession of the State, 
laid before the Storthing last year, comprises 
thirty-one falls, or systems of falls, with an aggre- 
gate of 148,950 effective horse-power without 
regulation, and 743,480 effective horse-power after 
regulation. Since this list was compiled the State 
has acquired further falls, calculated to provide 
from 27,000 to 29,000 horse-power after regulation. 

The more important falls now owned by the 
State are :-— 


Capacity 
Before Regu- After Regu- 
lation. lation. 
Horse-Power. Horse-Power. 
Nore Falls si se ; 164,000 
Selfoss, Faldfoss, Stab- 
foss,and Rundselvfoss 16,700 97,000 
Ulla and Sandset ... 6,000 57,000 
Bardu Falls... ... 8,000 56,000 
Indremofoss and Tusten 
Falls ... Sas « ae 46,000 
Store Maalvand .. 7,100 44,000 
Storfoss and Kléftemyr- 
foss ... he ... 5,000 30,000 
Vioringfoss ive ... 8,400 28,000 
Falls in the Kvina River = 27,000-29,000 
Onilsavand ee ... 93,200 22,300 
Morkfoss aes ... 20,000 20,000 


The State waterfalls will be found on the accom- 
panying map, with their capacities marked. Those 
without any ——s marked are power-stations 
already erected by companies and private persons. 
This map, however, does not include the whole of 
Norway. It only extends as far north as 65 deg. of 
latitude, while the most northerly point of Norway 
is beyond the 70th circle, and extends beyond the 
17 deg. east of Christiania. Naturally, power plants 
are not so numerous in the more distant portions. 
There are, however, eleven State plants, the largest 
of which is of 106,000 horse-power, while others 
are of 56,000, 46,000, 44,000, 30,000, 25,000, and 
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smaller powers. There are also 20 electric supply 
stations, one of which is of over 1000 horse-power, 
besides steam-driven stations. 

In addition, the State owns a number of water 
rights in connection with diverse State properties, 
but these rights have not been sufficiently examined 
to determine their capacity, and they are, conse- 


industries. Of late the rural districts have also deve- 
loped a wing demand for electric current, both 
for lighting and in the interests of agriculture. 
The consumption of electric current in the towns, 
gauged by the installed kilowatts in proportion to 
the population, naturally varies considerably ; in 
some cases it is very high, and in almost all cases 





quently, not dealt with in this connection. For 


there is a marked increase for every year. Of 
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different reasons, the capacity of the Nore Falls has 
not been finally ascertained. It is anticipated, how- 
ever, that State proposals for their exploitation 
will be soon forthcoming. 

One of the main objects of the State’s purchase 
of waterfalls has been that the community should 
be adequately supplied with electric power. For 
this pur the Royal Commission has investigated 


the likely requirements in electric energy, just as 


has recently been done in Holland (see page 385, 
vol. xcix.). 


itself on a rapidly increasing scale, 
from the heavy demands of the large 





C In the towns the public demand for 
electric current has already for some time manifested 
entirely apart 


twenty towns, the number of installed kilowatts 
per 1000 inhabitants was highest in :— 


Kilowatts. 
Sandnes ... ... 440 
Drammen .-. 290.3 
Namsos ... is — 
Lillehammer, &c. . 192.7 
Christiania 98 
Aalesund ... 41 


In order to ascertain the erway Bae 7 me meee in 
the future of electric energy, the Royal Commission 
has not confined itself to the e: ience 
gained in the towns, but has found it advisable to 


= 
in the different districts. As the manufac- 
turing industry, the last official statistics, which, 
however, are not later than 1910, show that there 
were then employed some 420,000 horse-power, in- 
cluding the requirements of the electro-chemical 
industry, which then employed about 120,000 horse- 

wer. For a period of some 14 years prior to 
910, the average annual increase in the consump- 
tion of power for industrial p amounted to 
8.1 per cent. Another point which has been con- 
sidered is that new large industrial establishments 
naturally will select such localities as offer the 
best transport facilities all round, and in this con- 
nection the distance over which electric energy 
can be transmitted counts heavily, the more so 
as it also helps to make the country independent 
of foreign fuel. 
Another question the Commission has gone into 
with considerable care is that of electric heating 
and cooking, and exhaustive reports have been 
obtained from various quarters, electric heating, 
as a matter of fact, having been seriously tried in 
a good many places in Norway. All the users have 
been well pleased, having been able to keep a 
pleasant, even temperature, with an expenditure 
of about 30 to 35 watts per cubic metre (35 cub. ft.) 
of s . This would keep a room at 18 deg. Cent. 
(64 deg. Fahr.), with auxiliary heating (wood fuel, 
f. v.), when the temperature was below — 12 deg. 
to 15 deg. Cent. (10 deg. to 5 deg. Fahr.). Under 
these circumstances electric heating is assumed to 
be —— than other fuel, when the energy can be 
supplied at 25 kr. to 30 kr. per horse-power per 
annum (28s. to 33s.), upon the maximum demand. 
The Flekkefjord municipal electric station reports 
that electric heating (and cooking) has been tried for 
several years, and at a price of 1} dre (0.16d.) per 
kilowatt-hour by meter, or 45 kr. (50s.) per stove 
(of 1.5 kw., suitable for a room of 50 cub. m. 
capacity) per annum, electric heating seems capable 
of competing with other fuel. For cooking, the 
station mp plates of the ‘‘ Therma” type (900 
watts), and charges 25 kr. (28s.) per year, about to 
be raised to 30 kr.; yell ome are installed, and 
electric energy is now used by all classes for heating 
and cooking, &c. Weighing the different points 
to be considered, the Commission, in the matter of 
electric heating and cooking, sums up as follows. 

In calculating the whole country’s Tikely require- 
ments of electricity, the Commission fixes it at 
one-fifth an electric horse-power per inhabitant. 
This is exclusive of the large quantities of electric 
energy absorbed by the chemical industry, and 
irrespective of requirements for heating. Twenty 
town electric stations, supplying the electric energy 
requirements of 574,000 inhabitants, had a maximum 
load of about 33,000 kw. For lighting and the small 
industries there were installed about 67,000 kw., 
the greatest load being 57 kw. per 1000 inhabi- 
tants. By about doubling this consumption, and 
putting it at 100 kw. per 1000 inhabitants, the 
Commission arrives at a demand of 70,000 kw., or 
95,000 horse-power, for the towns. 

As regards the requirements of agriculture, the 
farms are classified as under :— 


143,000 farmsor houses ... }h.-p. 28,600 h.-p. 

66,000 ee < Sy a 66,000 ,, 

17,000 me ne & 51,000 ,, 
370 se es 3,700 ,, 


representing an aggregate of about 149,300 horse- 
power. According to this the requirements of agri- 
culture may be put at some 170,000 horse-power. 
The requirements of the rural districts for elec- 
tric energy for small industrial purposes is put at 
150,000 horse-power, making an aggregate for the 
rural districts of 320,000 horse-power, or about 
240,000 kw. This would make the total require- 
ments of electric energy of the country about 
415,000 kw., 310,000 kw. being equal to } horse- 
wer, or 100 watts, per inhabitant. It is there- 
ore considered to be on the safe side to take 
the figure of | horse-power per inhabitant for the 
whole country, or, to make it doubly sure, to put it 
at } kw. per inhabitant. Then the growth of the 
population was considered, and, based upon revious 
statistics (1860-1910), the number was fixed at 
3,087,600 in 1935 and 4,175,300 in 1960, or, con- 
fining the statistics to the iod 1897-1910, at 
2,946,000 in 1935 and —_ in = ae 
The ibilities of obtaining the requi 
amount epee energy have been carefully gone 


already | into by the Commission, and as the basis of 


uiremente the figure already mentioned of 








acquire direct information through the authorities 





,000 horse-power for the whole country (ex- 
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clusive of the chemical industries) has been accepted, 
only, again to be on the right side, kilowatts have 
been substituted for horse-power. Further, a 
complete list of the country’s electric power-stations 
(see map on page 373) has been compiled, and on 
January 1, 1914, they are calculated to have had 
an aggregate capacity of some 396,000 kw. The 
list of these stations is of considerable interest, and 
comprises some 306 electric 5 pam eg om dotted 
all over the country, from Hammerfest in the far 
north to Undal at the very southern point. As 
they vary in geographical position, so they do in 
capacity. Some of them are very large, as shown 
by the following particulars of twenty of the most 
important :— 


Kilowatts. 

Rjukan _ oes ap i ..- 105,000 
Svilgfos oes id ee ve ... 28,000 
Glommen Wood-Pulp Company 27,500 
Tysse Falls Company _... ai .. 24,924 
The Kellner-Partington Company ... 22,400 
Gravfos Station... a ms ... 17,480 
Lienfos, Notodden... wie as ... 15,840 
Arendal Waterfall Company ... .. 14,759 
Bergen Electricity Station = oo, eee 
South Varanger Company on ... 10,500 
Drontheim town electric supply :— 

Upper Lerfos fe 4 4,650 

Nether Lerfos ses ‘ 5,200 
Christiania town electric station oe { pet 
Kykkelsrud power-station 5,500 
‘Tinfos ne ‘ie se 6,300 
Drammen pe oo 5,500 
Krageré ae a ibe ie wes 5,250 
Frederikebacid Saw- Mills Union i 4,894 
Stavanger aa “— be iat 4,410 
Labro... 4,240 


There are a number of quite small and insignificant 
private hydro-electric stations with as little as 1.7 kw., 
3kw., and 4kw. power. The aggregate capacity 
of the country’s electric stations is put at about 
396,000 kw. Deducting from the total the amount 
of power used in the chemical industries, and sup- 

lied by the Tysse Falls, Rjukan, the Lienfos, 

vilgfos, Arendal: Waterfall Company, part of Tinfos, 
Haplund, Glommen Wood-Pulp Company, and the 
Keliner - Partington, there only remains about 
160,000 kw. to cover the general power require- 
ment, already referred to, of about 480,000 horse- 
power (eventually kilowatts). There is conse- 
quently a very material deficit,and the —— 
of covering it are widely different in the different 
parts of the country. In some places the want is 
about covered, in others the reverse, and in many 
places there is virtually at present no chance 
of obtaining electric energy. A glance at the 
map will bear this out. Efforts, however, in 
numerous districts are being made to procure 
the desired electric energy. The municipalities 
have in many cases already secured the necessary 
waterfalls. 

No thoroughly complete official report of Nor- 
way's waterfalls has yet been es aa. but a 
vote has now been passed for this purpose. In 
the meantime the Royal Commission, on its own 
initiative, has collected a great deal of informa- 
tion bearing upon this question. This report 
fills 267 pages, and gives, where it is possible, 
the height of fall, states whether the fall in ques- 
tion is owned by the municipality, capacity at 
low water and after storing the water ; whether 
exploited, and, if so, what is the capacity and what 
is the cost of installation, all told, and per horse- 
power. The Commission has not deemed it neces- 
sary, or expedient, to summarise any of the informa- 
tion contained in this sengthy list, but it conveys a 
strong impression of Norway’s immense wealth of 
unexploited water-power and of the country’s un- 
limited possibilities for industrial development. 
The Commission, in pointing out that the list in 
question cannot lay claim to exhaustive accuracy, 
is no doubt perfectly safe in holding that there is 
enough unexploited water-power in Norway for 
her future requirements. Some interesting, though 
fragmentary, information is given about the cost 
of installation per horse-power, which varies to 
an almost amazing extent. Some small power- 
stations, which evident have required no regula- 
tion, &c., of any kind, figure with as little as 
40 kr. to 50 kr. per horse-power, whilst the 
Kivindsvandet power-station, with a capacity of 
250 horse-power, comes out at 1000 kr. (551. 10s.) 
per transmitted horse-power, and the weaving-mill 
at the Lo River at 720 kr. (40l.) per horse-power of 
its installed 100 horse-power, and Porsniis (540 
horse-power) at 417 kr. = per installed horse- 
power, and the Kleppen Mill (24 horse-power) at 





750 kr. On the other hand, the Kvern Fall (2700 
horse-power) only comes out at 112 kr. (123s.), and 
a number of power-stations (seventeen) in the Moss 
River at 109 kr. per horse-power for all of them. 
In some cases lemneds extensions will greatly 
reduce the cost per horse-power. The Bergen elec- 
tric station may be taken as an instance. The 7000 
horse-power at present installed cost 290 kr. per 
horse-power, whilst the full exploitation of the 
available 20,000 horse-power will bring the cost 
down to 140 kr. (156s.) per installed horse-power 
and 190 kr. per transmitted horse-power. 

An objection might be raised against the multi- 
plication of munici electric stations that they 
would interfere with the possible future arrange- 
ment of the State taking over the entire national 
supply of electricity. The Commission, however, 
does not consider that this objection holds good, 
for even if the municipal central stations were built, 
according to systems which were at variance amongst 
themselves and with the system which the State 
ultimately might see fit to adopt, there probably 
would be nothing to prevent these municipal stations 
from acting as receivers and distributors of the 
State energy. Nor is there any reason to fear that 
all these local hire systems would clash with a 
State all-country hire system, inasmuch as the 
State always will have it in its power to legislate 
accordingly. 

The Commission further holds that the State 
ought also to assist financially municipalities 
desirous of acquiring or exploiting waterfalls so 
as to satisfy the public want of electrical energy. 
The regulating concessions granted by the State, 
according to the law of August 4, 1911, up to 
February 5, 1914, comprise eleven waterfalls, or 
groups of waterfalls, and the dues to the State 
are divided into two classes, an annual due and 
a due to be paid only once; they both vary, and 
in a couple of cases the latter has been dispensed 
with. Otherwise it varies from 1 kr. to 2 kr. 
(1s. 1d. to 2s. 2d.) per horse-power, whilst the 
annual fee, generally on a sliding-scale, ranges from 
10 Gre to 1 kr. (1.1d. to 1s. 1d.) per horse-power, 
as, for instance, in the case of the Breims regula- 
tion: 10 dre (14d.) annually the first twenty years, 
30 dre the next thirty years, and 55 Gre the rest of 
the term. In the case of the large Aura conces- 
sion, with the progress of which work the war has 
interfered, it Seine financed from England, the 
annual due was 1 kr. per horse-power for the whole 
term, and 2 kr. per horse-power down. The regu- 
lating of the rivers and falls in many cases means 
& very substantial increase in capacity ; in the case 
of the eleven concessions referred to above, the 
increase in natural horse-power is calculated at :— 


Horse- Power. 
(Three-Phase 
Alternating). 
18,000 
Randsfjord ™ to 
| 23,500 
Selbu Lake ini ep ais = 43,000 
Samnanger ‘a a ee 21,500 
Otteraaen ... 94,720 
Bygilandsfjord ... 7,000 
Arendals Water ... 94,000 
Fykanaa ... ‘ 52,000 
Aura iM sos Se ae sus 234,000 
Breims River... i re ad 10,000 
Maar River a a = = 173,000 
Goulasjavre ical nd aa 18,800 


As regards the general public supply of elec- 
tricity, some of the State waterfalls can hardly be 
reckoned upon; for instance, the Kjos Fall and the 
Kaardal Fall, near the Bergen Railway, bought for 
the purpose of electrifying this line, and others, 
either on account of their position or because the 
State does not control the rights absolutely. As 
— the other falls, exclusive of the large Nore 
Falls, with which the Government intends to deal 
separately, the Commission sets forth some pro- 

osals, in the framing of which the rule has been 
ollowed that, for ordinary supply of electrical 
energy, lines should not be carried beyond 50 km. 
from the power-station. To some fifteen water- 
falls or groups of falls the district for supply has 
been set out, and the regulated horse-power in 
question comes out as under :— 


Horse- Power. 
Bradskerud Fall... si . 3,500 
Kamp Fall Ae oe te ne 10 000 
Tesse Falls an ies ve wn 16,000 
Guldhage Fall, &. —... oe mae 16,050 
Paulen Fall (one side) ... oe wit 10,000 
Lygne Fall at el lgeg 3.600 
Kvi He < ne oes 26,150 
Ulla and Sandset ts as it £7,000 








Horse Power. 
Voi Fall, &c. x oa ss 34,200 
Ki 1 Falle, &c. adn wi és 14,160 
Festa Falls mae re om es 12,000 
Tafjord Falls... a a oss 32,900 
Résaa and Bierka system of falls... 191,500 
Milne Falls Sb size be ant 1,400 
Bardu Falls uss ‘at -” ei 65,700 


Next comes the question of estimated cost of the 
different power-stations necessary for the exploita- 
tion of the above State falls. This has been 
calculated as follows :—Paulen Fall, 272 kr. (151.) 
- electric horse-power (9600 electric horse-power); 

jos Fall, 180 kr. (10/.) per electric horse-power ; 
Bjerka Falls, 6000 electric horse-power at Stor- 
fosshei and 33,000 electric horse-power at Guld- 
smedvik, calculated cost, 8,209,000 kr. (455,000/.), 
of which 1,684,000 kr. refers to the long-distance 
line ; Kvidingen and other falls, from 150 kr. to 
275 kr. per electric horse-power ; Bodskerud Fall, 
450 kr. per electric horse-power. As regards the 
Tafjord Falls, the plans provide for gradual exploi- 
tation through five stages, as follows :— 














—_ Horse- Cost of Exploita- Per Electric Horse- 
Power. tion. Power. 
kr. kr. 8. 

L 6,180 1,410,000 228 (251) 

IL 8,610 1,960,300 227 (250) 
Ill. 17,840 35,000,000 196 (217) 
IV. 19,140 37,260,000 195 (216) 

A 30,640 56,400,000 184 (203) 


Ulla Fall, 150 kr. (167s.) per electric horse- 
power ; Bardo Falls, &c., 150 kr. to 200 kr. per 
electric horse-power. 

Some of these calculations are somewhat pro- 
visional, and for anumber of falls no results have 
as yet been arrived at. The price per electric horse- 
power in most cases comes out at a fairly reason- 
able figure, provided the full production of energy 
is taken into use, which, however, can hardly be 
expected if the rural consumption alone is reckoned 


upon. 
As the result of what has been said above, the 
Commission holds that the State, as soon as pos- 
sible, ought to set about the exploitation of its 
waterfalls, and that the best solution will be for 
the State ‘itself to undertake the exploitation. 
Not that this work should be done wholesale, all at 
once. As to theserial order in which the different 
falls should be exploited, this will have to be 
decided in each case, only that preference must 
be given to the Nore Falls. Further, it is recom- 
mended that the large waterfalls, which the State 
owns in Northern Norway, may be early dealt 
with ; they are well suited both for large industrial 
undertakings and for the electrification of a northern 
railway. As regards some few of the State water- 
falls it has been suggested that letting them out 
would be the best means of getting them ex- 
loited. No exception is taken to foreign capital 
ing interested in a company renting a State 
waterfall, as long as the company has its board 
and domicile in Norway, although Norwegian 
capital is much to be preferred. In Bavaria State 
waterfalls are let for a period of seventy years, 
after which time the installations pass into the 
ion of the State without any payment ; 
during the first forty years the State cannot give 
notice, but should the public interest require it, 
the State can take over the concern during the last 
thirty years, subject to compensating the other 
party. In Sweden a term of sixty to ninety-five 
years has been accepted as a reasonable term of 
letting. 





ARTESIAN WATER IN AUSTRALIA. 
Ir is an extremely fortunate circumstance that 
Australia, with its scarce and irregularly dis- 
tributed rainfall, should possess what is, as far as 
our present knowledge extends, the largest 
artesian areain the world. The exhaustion of this 
very important water supply could only be regarded 
as a national calamity to the Commonwealth, and 
although this contingency appears to be improbable, 
the diminution of the flow from many of the bores 
has occasioned some concern,and measures are there- 
fore being taken to conserve the supply as much as 
possible. With regard to the origin of the water, 
there is now no reason to doubt that its primary 
source is the rain that falls upon the exposed surface 
of certain beds of porous sandstone, by which it is 
absorbed, and through which it flows between 
im eable strata to lower levels, and generally 
finds an outlet into the sea.. In its passage through 
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the sandstone bed the’water follows the ordinary 
laws of hydraulics, so that there is a more or less 
straight-line hydraulic gradient from the saturation 
line of the intake bed to the sea-level above the 
point where the sandstone comes out in the bed of 
the sea. The head available for producing flow at 
any bore-hole between the intake bed and the sea 
is therefore the height of the hydraulic gradient 
above the surface of the ground at the bore. If the 
hydraulic gradient is below the level of the ground 
at any point, the water will, of course, only rise to 


the level of the hydraulic gradient in a bore made | has 


at this point, and must be brought to the surface 
by pumping ; such bores are known as sub-artesian 
bores. 

Although we have referred on several occasions 
within the last few years to the problems arising in 
connection with the supply of water from artesian 
bores, the importance of the subject is such that we 
make no apology for returning to the matter, which 
we have been led to do by the publication of the 
Report of the Second Insterstate Conference on 
Artesian Water,* held in Brisbane in July of last 
year. The first conference, it may be remembered, 
took place in Sydney in 1912, and was dealt with 
on page 89 of our ninety-seventh volume. The 
object of these conferences, which are conducted by 
experts from each of the States interested, is to 
collect all available information, decide what further 
investigations are necessary, and to give advice 
upon questions arising in connection with the 
supply. The first conference recommended that 
simultaneous action should be taken by the dif- 
ferent States to provide for (1) the delimitation 
of artesian areas; (2) the carrying out of a 
hydrographical survey, including gauging the flow 
of streams and bores; (3) the adoption of a 
uniform system of collecting and designating rocks 
obtained in boring ; (4) the prevention of persons 
from boring without first obtaining a licence, and for 
the control by the State of all bores in the public 
interest ; (5) the adoption of a common system of 
recording bore-water analyses ; (6) the prevention 
of the unnecessary multiplication of bores ; and (7) 
the adoption of a system of bedding the casing upon 
an impervious stratum, and sealing it with cement 
in order to prevent leakage. Most of this work had 
been previously commenced in New South Wales 
and Queensland, and other States were urged to 
come into line, as uniform action was regarded 
as of national importance. 

As a result of these recommendations definite 
action has now been taken by all the States, but 
much work has still to be done before a complete 
understanding of the conditions under which artesian 
water occurs can be arrived at, or a reliable esti- 
mate of the supply available for immediate and 
future requirements can be formed. In Queensland 
the collection of data has been continued, and 
surveys to fix surface-levels have been carried on. 
A survey for the delimitation of the intake-beds 
has been commenced, and a detailed geological 
survey has been carried out of an area lying be- 
tween Yeulba and Blythdale, on the Western 
Railway, and extending northwards across the 
Great Dividing Range to the Dawson River. From 
this work it has been definitely established that the 
fresh-water sandstones of the Trias-Jura age con- 
stitute the intake-beds in this portion of the State. 

In New South Wales the control of the bores has 
been transferred from the Minister for Public 
Works to a new department presided over by the 
Commissioner for Water Conservation and Irriga- 
tion. Systematic measurements of the flow, tem- 
perature, and pressure of all bores haye been 
continued, though the work has been somewhat 
hindered by drought. With the object of facili- 
tating boring operations, 6g-in. casings are being 
substituted for the 6-in. casings previously em- 
ployed, and the method of cementing casings, 
above referred to, has been adopted in all Govern- 
ment bores. The use of bore water has been 
restricted to pastoral purposes, as recommended at 
the last conference. 

In Victoria boring has been continued for the 
supply of the mallee country and for the delimita- 
tion of the boundary of the water-bearing portion 
of the Murray River basin; the work is now 
practically complete. Data have been collected of 
all bores put down and gaugings taken of all water- 
courses traversing the possible intake area. The 
Government of this State is not yet prepared to 
introduce legislation for the control of boring, but 
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as no part of the Great Australian Basin is included 
in Victoria, the interests of other States are not 


greatly affected by this fact. In South Australia, 
however, the Government has decided to bring in 
a Bill providing for the control of artesian water 
resources, and a draft of the Bill has already been 
prepared by a Committee appointed for the pur- 
pose. A collection of data relating to private bores 
has been commenced in this State, and although but 
little work has yet been done with the direct object 
of delimiting the basins, the available information 
been utilised to bring the map up to date, and 
the work has been greatly assisted by exploratory 
boring. In Western Australia all rite Aeon work, 
including artesian boring, has been brought under 
a new Water-Supply, Sewerage, and Drainage 
Department, and an attempt was made in 1913 to 
obtain statutory authority for the full control of 
the artesian waters of the State. This attempt 
was unsuccessful, but it will be repeated later, and, 
in the meantime, data are being collected from 
Government bores. There are as yet no indica- 
tions of any general diminution of the artesian sup- 
— in Western Australia, though several instances 

ave been reported which have not, so far, been 
traced to local causes. 

The diminution of flow appears to be most wide- 
spread in New South Wales, in which State 
388 bores were flowing at the end of June, 1914. 
In practically the whole of the bores the flow is 
decreasing year by year, and in the case of twenty- 
one bores gauged over a period of ten years, from 
1903 to 1913, the total decrease amounted to 38 per 
cent. of the original flow. For the period 1903 to 
1908 the average decrease for all bores gauged may 
be taken as about 54 per cent. per annum, while 
for the single year ended June, 1914, the figure 
is about 8 cent. It is therefore desirable to 
make the fullest inquiry as to the reasons for the 
decrease in flow. Cleaning out the bores without 
deepening them has been tried in several cases 
with a view to restoring the flow, but mostly with 
discouraging results. In most cases the improve- 
ment effected was only slight, and in all cases the 
flow has since decreased. It would thus appear that 
in such cases the diminution noticed prior to the 
cleaning was due to loss of pressure, and not to 
obstruction or other local causes. Further evidence 
in support of this view is obtained from the 
results of air-lift pumping at Bellata Bore, in the 
Moree district. At this place the bore was sunk in 
1896, and the flow gauged in 1903 was 417,000 
gallons a day. By October, 1911, it had fallen to 
57,000 gallons a day, and just before the air-lift 
was installed, in February of last year, the daily 
flow was only 23,000 gallons. Air delivered through 
a 1}-in. pipe to a depth of 146 ft. below the surface 
increased the flow to 397,000 gallons a day, so that 
it is reasonable to conclude from this fact that the 
reduction in the flow was due solely to decrease in 
pressure. Several bores, all of which are near the 
eastern and southern edges of the basin, have 
ceased to flow altogether. From one of them, it is 
interesting to note, the daily flow in 1906 was over 
350,000 gallons, but in January, 1914, the water 
stood at a point 2ft. below the surface. A new 
bore, carried to practically the same depth at a 

int about 24 miles away, gave a supply which 

y reached the surface. Similar conditions 
exist in Queensland, where, of the 977 flowing 
bores in this State, 124, measured over a period 
of fifteen years, show a decrease of 40 per cent. 
in the total flow. This may, of course, be due to 
local causes in some instances, but as measurements 
of pressure show a marked decrease wherever they 
have been made, the general diminution in flow is, 
in all probability, due to the same causes as are 
operative in New South Wales. The conclusion is 
that the cause of the diminution in flow is the 
overdraught already made upon the accumulated 
supply of the great Australian Basin by the undue 
multiplication of uncontrolled bores. The confer- 
ence therefore advises that, as the artesian water 
supply is a national asset, no person should be 
allowed to put down a bore unless he be prepared 
to observe precautions necessary to minimise waste 
or leakage. These precautions refer to the choice 
of sites, the construction and casing of bores, and 
the partial closing down of bores when the whole 
flow is not required. 

It is also most important that pressure measure- 
ment should be taken periodically at as many points 
as possible to enable a thorough investigation of 
the phenomena of artesian flow to be made, and 
to determine whether any observed diminution in 











flow is due to local obstructions or leakage, or to a 
general reduction of potential in the water-bearing 
beds. Many of the pastoralists, however, object to 
the closing down of their bores for pressure measure- 
ments to be taken, urging that the casings may be 
damaged, or water may be forced up outside the 
casing, so that the bore will suffer permanent injury. 
Although thege objections appear, in many cases, 
to be due to ignorance of the laws of hydraulics, 
there is no doubt that bores have been damaged 
by temporarily stopping the flow, and it is there- 
fore not consid advisable to make pressure ob- 
servations at bores in which corrosion of the casing 
is in progress, where only one string of casing has 
been employed or the casing has not been properly 
seated, or where — from any other cause is 
reasonably probable. ith a properly-constructed 
bore in good condition, no danger is to be appre- 
hended from temporarily closing it; and as the neces- 
sary information can be obtained in no other way, 
the conference recommends that periodic pressure 
observations should be made in every possible case. 

Small quantities of inflammable gas, probably 
derived from coal-seams, have been observed in 
many of the bores in Queensland and New South 
Wales. In the latter State variable quantities of 
nitrogen, with some carbon dioxide and oxygen, 
have also been met with, and they are probably 

resent in the artesian waters of Queensland and 

outh Australia. There is but little doubt that 
the presence of gas is a contributing factor in 
artesian flow, so that for a complete study of the 
subject it is necessary for arrangements to be made 
for the systematic collection and analysis of the 
gases. Some work of this kind has already been 
carried out in New South Wales, and in eight of 
the fifteen bores tested the gas proved to be pure 
nitrogen. In four of the remainder the gas was 
found to be nitrogen, with from 2 to 3.3 per cent. 
of oxygen ; in two cases the gas was methane and 
nitrogen in equal proportions; and in the other 
case 9.17 per cent. of carbon dioxide mixed with 
nitrogen was found. In three of the bores the 
quantity of gas collected varied from 1.7 to 2.8 
cub. ft. per 1000 gallons of water, but the figures 
are only approximate, as the apparatus used was 
unsuitable for dealing with the large flows from 
these bores. 

With regard to methods of boring, the report 
points out that the cable-rig plant in use at the 
present time has been evolved from the Canadian- 
pole rig and the cable-rig with manilla rope, which 
were the types most usually ray Or in sinking 
the earlier bores. The side-cutting bit, now gener- 
ally used with percussion plants, has an important 
advantage over the straight bit previously employed 
in that no under-reaming is necessary with the 
former bits, and the cost of boring is reduced con- 
siderably. This method of drilling, however, has 
the drawback that no cores are obtained as they 
are with diamond drill and calyx plants. The 
absence of cores is much to be regretted from a 
geological standpoint, and in their first report the 
conference called attention to the desirability of 
having a calyx attachment with each percussion 
plant. In Western Australia all the Government 
exploratory bores have been put down with a 
core-cutting plant, and valuable information as 
to strata has been obtained. The Government 
of New South Wales is also using two cable- 
rig plants of an anens type, provided with 
hydraulic rotary and calyx attachments. The 
hydraulic rotary gear has the advantage of 
making more rapid progress through caving shales 
and drift sands than is practical with percussion 
tools. Its chief feature, a is that the walls 
of the hole are puddled with material from the 
bit forced up outside the rotary pipe in the form 
of mud, and the effect of this is ly to reduce 
caving. The pumps used with this gear are also 
of service for sealing the casing with cement mortar, 
which, in the opinion of the conference, is the only 
reliable method of construction for bores to be 
capable of control. 
o solution of the difficult problem of casing- 
corrosion has yet been arrived at, though investi- 

tions have been carried on in New South Wales. 
. this State corrosion occurs in the Ooonamble 
district only, and tests have been made by suspend- 
ing metal specimens in various bores in this dis- 
trict ; different protective coatings have also been 
tried. Briefly, it may be stated that no metal that 
it would be practicable to use for bore-casing has 
been found to resist the action of eorrosive bore- 
water, and the protective coatings have also proved 
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ineffective. As recommended in the previous report 
of the conference, a microscopic investigation of 
iron and steel for bore-casing has been commenced, 
and a preliminary report included in the proceedings 
deals principally with the influence of scale and 
slag inclusions on corrosion. Both are objection- 
able, as also are steely impurities in wrought iron, 
though the latter substance, if of really first-class 
quality, is regarded as the best material for bore- 
casings. We gather that the only corroding agent 
known to be t in bore-water is dissolved 
carbon dioxide, but the fact that nearly all the 
bores in the Coonamble district are lined with weed 
may have some obscure connection with the matter. 
Again, the characteristic odour always present near 
a corroding bore may indicate the presence of some 
volatile constituent not yet identified. Whatever 
the cause may be, the results are sufficiently serious 
to warrant the most careful investigation, and it is 
to be hoped that a practical solution of the diffi- 
culty will be arrived atatan early date. The effect 
of lining the casing of a bore with wooden staves is 
being tried at Coonamble, and the results of this 
experiment will be awaited with interest. 

t is proposed to hold the next meeting at 
Adelaide in the winter of 1916. 





NOTES. 
Coat Prices 1x GERMANY. 

A.tHouGH Germany emphasises with considerable 
satisfaction its favourable position as regards coal 
supply, compared with that of some of its enemies 
and most neutral countries, it must be admitted 
that coal has risen materially in price in Germany 
during the war, andsince September 1 has attained 
to a level which has never before been reached. 
This is accounted for in the following manner :— 
Before the war there was a heavy fall of prices 
on account of the prevailing abundance. The 
4000 small traders in coal in Berlin were cutting 
prices and putting up with a nominal profit ; in 
some cases they even had to forego the smallest 
profit. The war wrought a complete change in 
this connection. Commissions of experts, lead- 
ing coal- mine owners of the German Empire, 
the heads of big industrial concerns, and large 
and small men in trade fixed prices for coal, 
briquettes, coke, and anthracite, to which all abso- 
lutely had to conform. These prices, for which 
printed tables were issued and displayed in all 

laces concerned, were upon careful calcu- 
ations of first cost, freight, transport, and profits. 
These prices, for reasons dealt with below, have 
been raised permanently during the t year. 
The present price for best briquettes is 1.45 
marks, and for the cheapest 1.30 marks per 100 
pieces, with 10 per cent. reduction for larger 
quantities ; coal costs per centner (220 Ib.) 2.10 
marks delivered in the house, 10 pfennig less in lots 
of 10 centner (2204 lb.) to basement ; the price for 
coke is respectively 2.15 and 2.10 marks, and 
for anthracite nuts respectively 3.40 and 3.35 
marks. These high prices have, in the first instance, 
been caused by the shortage of labour and the high 
wages. While asd, for a strong, skilled hand 
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was 40 pfennig (4. r hour before the war, less ( 
strong and less skilled hands now obtain 60 pfennig f 
(7.2d.) per hour. The keep of horses, owing to the r 
high prices for fodder, has risen from 2 50 marks ( 
per day, before the war, to double that amount. A c 
sound, strong draught-horse, which before the war ti 
could be bought for 1500 marks, now fetches 3000 VULY. AUGUST. SEPTEMBER. h 
to 3500 marks. The mines and the trades have| SSS = Ca ae Ret ee! Aa — 8 
done all in their power to secure suitable labour ; ? = ACR Bee c 
workmen have been imported from Poland, and| silfrax, silit, silundum, and siloxicon, and the | and combined with the carbon to a compound a 
although they were inferior, they had to be paid| public may be puzzled to know whether those pro- | which retained the shape of the carbon. Most of a 
the same wage as the home hands. Nor did the| ducts, some oi which are themselves offe in |the subsequent investigations of silicon carbide w 
women, who offered themselves in large numbers, | several varieties, are merely different trade names have been carried on in America, by Acheson, c 
do well at this heavy work. This applies to all | for a more or less impure silicon carbide, or whether Tone, Tucker, and others, and in Germany, by 8i 
kinds of fuel ; for coal the uction has decreased | they really represent different compounds. Asa Amberg, Egly, and others. A recent research by al 
by 40 pod cent. A large, in fact the largest, por-| matter of fact, scientists are not certain about this |S. A. Tocker and A. Lowy (Journal of Industrial p 
tion of the coal production is held at the disposal | point either. The latest contribution to the pro-|and Engineering Chemistry, July, 1915) was also re 
of the Government, which requires large quantities | blem draws a chemical distinction between the two| conducted in America, in Columbia University fr 
for the railways ; further, factories, gas and electrical | kinds of silundum, which have been described as the |(New York). They made their silundum in an 8} 
works must be provided for. The shortage falls | grey and the green silundum. The term “‘silundum” | electric furnace, in which the materials to be re 
upon the trade. As regards coke, the supply for | was introduced in 1900 by F. Bélling, of Frankfort, | silicised, carbon rods or tubes, up to 2 in. long ol 
Berlin and district has been curtailed by the gas-| who was investigating the use of silicon carbide, |and % in. in diameter, were placed in sand and he 
works by 20 per cent., on account of the inferior) which was known in the amorphous and the cry-|coke within a crucible, which was embedded in P 
coal they get ; and, further, they have reduced the | stallised states, as a resistance material. He mixed | coke between the graphite electrodes of the alter- ti 
quantities already sold by 40 per cent. the powdered silicon carbide with various binders, | nating-current furnace. For taking temperature ec 
Dihiaatele and he found that when pieces of carbon, pressed | observations, another electric furnace, an Arsem te 
ELUBDUM. or moulded to the desi shape, were heated in a | vacuum furnace, was used. From a great number tu 
There are different varieties of silicon carbide| mixture of silicon carbide and silica (sand), the | of experiments Tucker and Lowy conclude that the ail 
formation of silundum commences above 1300 deg. 


on the market under names such as carborundum, 


silicon reduced from the silica was volatilised 
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Norr.—In the diagrams on the present and opposite pages the figures plotted for tin and copper 
are the official closing cash quotations of the London Metal Exchange in *‘fine foreign” and ‘‘ standard 
metal respectively. ‘The prices plotted for antimony and lead are for English metal in both cases, while those 
for spelter are for American metal—the only kind at present available. Steel ship-plates and heavy steel rails 
are plotted to Middlesbrough quotations; the usual discounts are allowed in the case of ship-plates, but rails 
are net, free on board, at Middlesbrough. The figures plotted for hematite, Scotch and Cleveland irons are 
Glasgow settlement prices, and these prices are per ton, as are also those for all other metals previously 
mentioned. The price of quicksilver is, however, per bottle, the contents of which weigh about 80 lb., and 
the price of tin plates is per box of I.C. cokes free on board at Welsh porte. Each vertical line in the 
diagram represents a market day, and the horizontal lines represent 1/. each in all cases, except those of 
hematite, Scotch and Cleveland irons and tin plates, where they represent Is. each. 





Cent. The greenish or slate-colour variety is firet 


chemical composition, Tucker and Lowy point out 
formed; above 1800 deg. Cent. the steel-grey 


that some of the previous analyses are perhaps 





modification makes its appearance ; above 2200 deg. 
Cent. the product is decomposed, and graphitic 
carbon remains behind. Both products are refrac- 
tory ; they are not attacked by oxygen, nitrogen, or 
hydrogen below 1100 deg. Cent., nor by most fused 
salts; fused caustic alkalis and alkali carbonates 
convert the silicon in them into silicate ; they 
are oxidised by peroxides and by lead oxides ; 
acids, even aqua regia and hydrofluoric acid, are 
without action on pure silundum, but attack the 
commercial products which contain uncombined 
silicon and silicon dioxide. The density is about 3, 
and the hardness 9 on the Mohr scale. These 
properties are common to both varieties. As 
regards the electric resistance, they differ strongly 
from one another and from carborundum; the 
specific resistance (per cubic centimetre) is :— 
carborundum, 50 ohms; green silundum, 0.1543 
ohm ; grey silundum, 0.2374 ohm. These figures 
hold for a temperature of 26 deg. Cent.; the tem- 
perature coefficients are negative, but the diminu- 
tion of the resistance with rising temperature is 
considerable only in the case of the grey variety, up 


unreliable. It is relatively easy to oxidise, and 
thus to determine the whole silicon contained in 
the silicon carbide, but it is difficult to oxidise 
the carbon or graphite completely. They secured 
a complete oxidation with the aid of litharge 
and oxygen, and they conclude that their grey 
silundum is in chemical composition identical wit 
carborundum (SiC), whilst the greenish silun- 
|dum contains about 9 per cent. of oxygen, and 
might be represented by the formula Si,C,0. 
| They started in these analysed products, from 
| pure sugar carbon and graphite and pure silica ; 
but they could not directly determine the oxygen, 
|and a little doubt may still be left as to the total 
|absence, in their silundum, of all uncombined 
silicon and silica, though the experimenters ex- 
| tracted their products with boiling caustic potash 
| and with hydrofluoric acid to remove these sub- 
stances. 





Trape with Sourn AMERICA. 


| There is perhaps no part of the globe which is 
being more jealously watched by the great rivals 


to 225 deg. Cent. at any rate ; at higher tempera- | in this connection, Germany and the United States, 
tures they all become fairly good conductors, and | than the South American market. It was expected 
silundum conducts much better than carbon at that the war would afford the latter country excep- 


ordinary temperature, of course. As regards the tional chances for extending her trade there and 





' continuation of the southern 


driving out her competitors, but this does not 
appear to have been the case. The fact is the 
manufacture and transport of war material have so 
en the attention of American factories that 
the South American trade, to some extent, has 
been allowed to take care of itself. Further, cash 
is very scarce in that part of the world and credit 
is not good. As a result, the exports have de- 
creased in a most marked manner. The exports 
from the United States to South America during 
the first eleven months of the financial year 
1914-15, and those for the corresponding period of 


the preceding financial year, will appear from the 
subjoined table :— 
1914. 1915. 
Dols. Dols. 
Agricultural machines to 
A tine rl ... 4,216,000 1,454,000 
itto to Brazil - 224,000 108,000 
Ditto to other Latin- 
South American coun- 
tries ois wa ‘ 803,000 346,000 
Motor-cars ... a ... 1,888,000 583,000 
Steel rails to Brazil ... 1,514,000 26.000 
9 » Argentine 861,000 79,000 
ae »» Other coun- 
tries 750,000 441,000 


In the month of May, however, an improvement, 
as far as several articles are concerned, began to set 
in, for instance, in pipes and fittings and wire pro- 
ducts, owing no doubt to emergency orders aris- 
ing from exhausted supplies. "Vet the Germans 
do not ap to be much concerned about the 
chance of the United States being able to oust 
German manufactures from the South American 
markets, on account of American prices being 
high and credit facilities limited. It is well 
known that the United States are desirous of con- 
solidating their connections with the different 
South American countries in various manners, and 
the International High Commission, which in all 
probability will meet in Buenos Aires in November, 
and on which each American country is to be repre- 
sented by nine members, is an important move in 
that direction. The representatives for the United 
States comprise some very distinguished and promi- 
nent men, including the President of the Steel 
Trust and several eminent financiers. In addi- 
tion a number of separate committees have 
been formed in the United States, in which 
each Latin-American country will be represented 
by five members. Another move in the same 
direction is the establishment of new steamer lines 
trading to the South American countries, espe- 
cially those of the West Coast, where the trade 
hitherto has been exclusively in the hands of the 
English and the Germans. The Americans them- 
selves, however, admit that there are consi- 
derable difficulties to contend against as far 
as the South American markets are concerned. 
Recent occurrences in the Argentine seem to bear 
out the German views, for although the Germans 
admit that they are less popular there than both 
the English and the French, some Argentine indus- 
trial unions have petitioned their Government to 
assist them in bringing about the necessary 
arrangements to enable them to resume the import 
of certain German goods; in the first instance 
aniline and other dyes, and, secondly, a number 
of machines and parts, especially for agriculture, 
the textile and the sugar industry. 





Tue New West Coast Harsour in JuTtanp.—The 
large new harbour at Thyborén, on the west coast of 
Jutland, is expected to be completed about the middle of 
next year, but a small portion is now nearly ready for the 
use of fishing-veesels. The harbour will cover some 12 acres 
and is being constructed on both sides of the bridge built 
over some few years ago, the greater portion 
being south, the smaller north west of the bridge; 
between the two parts there will be a connection under 
the bridge. The western boundary will be formed by one 
of the existing protecting — now almost buried in the 
sand, and along the inside of which a concrete wall, 
resting on piles, is being constructed. The mole giving 
protection against the firth will be about 500 metres long, 
and the entrance to the harbour, which faces the east, 
will be 4 to 5 metres deep. An important feature 
in this harbour work is another ey protective pier, 
which will be carried out a distance of some 700 metres 
in a south-western direction, at a cost of more than 
55,0007. Its purpose is to centre the current more 
effectively over the shoals, which will tend to increase 
the water-level in the canal at the same time as it offers 
a better protection. This portion of the work will not be 
completed for another couple of years. In connection 
with the harbour a new straight channel, 2300 metres 
long, across the shoals in the , is being ,»in 
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A THERMOSTAT FOR MODERATE AND 
HIGH TEMPERATURES.* 


By Joun L. Haveuton, M.Sc., and D. Hanson, M.Sc., 
both of the National Physical Laboratory. 


_ In the investigation of alloys with a view to establish- | perature a matter of ‘ 
ing their diagram of thermal equilibrium, it is often closed apparatus overcomes the difficult 


t would be switched off ; a fall of tem | 
the curren swi off; a : peony ‘rapid at the temperature at which the thermostat was 


being, in the majority of cases, a lesser evil than 

From this description it might appear that the appa- 
ratus is very complicated ; but a glance at Fig. 1 willshow 
that it really is quite simple, and the ee 
th not necessary, render the adjustment of 
great ease. 


necessary to maintain the specimen at a more or less | influence, while immersing the outside bulb in ice 
constant temperature for several hours or even days or | neutralises the effect of changes of room temperature. 


weeks. This can be done, with greater or less success, in | 


several ways. 
1. By wpe | 
battery, the vo 


tage of which 





Fig. 3. 
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varying currents from it. By this means a very fairly 
constant temperature can be obtained, but the method is 
ex ive and inconvenient. 

. By heating the SS Neen in the vapour of some 
boiling liquid. If suitable precautions are adopted, this 
method is very satisfactory, and has in many 
important researches. For oe. in Heyeock and 
Neville’s work on the copper-tin alloys, many annealings 
were carried out in the vapour of boiling mercury. By 
this method, however, one is limited to com tively 
few temperatures, owing to the relatively small number 
of substances with high boiling-points. 

3. The ‘- =" method is to employ some form of 
thermostat. For low-temperature work this is a very 
me ye matter, and is capable of high a Thus, 
with a toluene thermostat, it is possible to keep any 
temperature up to about 100 deg. Cent. constant to 
0.02 deg. Cent.t The problem, however, becomes much 
more difficult when higher temperatures are required. 
Up to 250 deg. Cent., or even 300 deg. Cent., it is possible 
to make use of the differential expansion of metals; but 
above that temperature oxidation effects me serious 
unless the more ex ive metals are used. D’Arsonvalt 
has used an air bulb working into a corrugated plate, such 
as that employed in an aneroid barometer, the motion’ of 
the plate being used to regulate the supply of gas to the 
furnace. A similar arrangement is described by Mellor§$ 
for use with an electric furnace, the expansion of the air 
being employed to break a circuit through a relay which 
switches off the main furnace current. th these forms 
of apparatus suffer seriously from the fact that they are 
not independent of atm eric pressure, and they have 
therefore to be adjusted with changes in the barometer. 
The — - _ * _. is — a be 
a ximately 10 deg. at eg. t. and 30 deg. at 
700 deg. Cent. 


Without being aware of the existence of either 
d’Arsonval’s or Mellor’s instruments, the authors 
attempted to solve the problem on similar lines. In 
the first apparatus that they constructed, a glass bulb 
was placed in the furnace, the bulb communicating with 
a U tube containing mercury. The use of glass neces- 
sarily limits the temperature attainable to about 500 deg. 
Cent., but it was considered better to experiment with 
glass before incurring the expense of making a silica 
ap tus. 

he tube from the bulb leads, through a three-way 
cock A (Fig. 1), to a U-tube containing mercury. By 
means of the cock the tube can be put into communica- 


tion with the U-tube, or with the air, while the U-tube th 


itself can also L4-4 into communication with the air, 
the way to the b being, under these circumstances, 
closed. Another three-way cock B serves to connect the 
other limb of the U-tube with the air or with a second 
bulb OC, which is —— abt a constant temperature by bei 
imme in a ‘Thermos ” flask filled with ice. 
platinum wire D, sealed through the wall of the U-tube, 
and prolonged downwards inside it, makes permanent 
connection with the mercury, while a similar wire E, on 
the other side, and at a poirt where the tube is con- 
stricted, makes contact with the surface of the mercury of 
the other limb as it rises in the tube, the contact bei 
es broken as it falls. The height of the wire E 

e amount of “ey! in the tube are so arranged that 
the pressure in the furnace-bulb is slightly less than 
atmospheric, so that should a break occur in that bulb 


* Paper read at the autumn meeting of the Institute 


of Metals, held at the rooms of the mical Society, 
a ag ae House, London, on Friday, September 17, 
4 

t Thorpe, “ Dictionary of Applied Chemistry” (new 
edition), vol. v., page 465. 

t Thorpe, loc. cit., 

§ Mellor, “* Clay 


469. 
and Pottery Industries,” page 133. 


furnace with t from a large | cu : 4 
ge of fe aut Gistubed by taking | off a 100-volt circuit. As first seb up the relay controlled! The authors wish to express their indebtedness to Dr. 





The mercury-switch just described operates a relay in 
| which a solenoid pulls a fork into or out of two mercury- 
are run | 


The whole apparatus (furnace, relay, &c.) 


Cc 
380 


875 


gq. 2. 


tem- | 
The use of a completely | 
of barometric | 


caused by the ageing of the glass, which would be fairly 


working. The phenomenon is indeed identical with the 
ageing of mercury thermometers. 

Another curious phenomenon was observed on one 
occasion. Directly the thermostat was switched on, 
readings of the temperature were taken. Fig. 8 shows 
the result. The temperature curve showed a = wave 
which rapidly died down to the normal value. © cause 


| of this is quite obscure ; indeed, it may be only an isolated 


case, as this was the sole occasion on which temperature 
observations were taken directly the thermostat was 
switched on. 































































































the whole current to the furnace—a current far in excess 
of that necessary to give the required temperature. With 
this arrangement the apparatus worked very badly, the 
temperature “‘ hunting” over a of about 50 deg. 
Cent. This was doubtless due to the large thermal lng 
between the furnace wallsand the air-bulb, which enabl 
the excessive current to heat up the former to a very 
considerable extent before the latter operated the mer- 
cury control. On rearranging the apparatus so that only 
a definite amount of the current was cut in or out, leaving 
the maximum current not very much in excess of that 
necessary to heat the furnace to the required tempera- 
ture, the uniformity was greatly —_— and Fig. 2 
shows the temperature curve obtained. 

At this point it occurred to the authors that much 
better results could be obtained by placing the specimen 
in the middle of the bulb, so that the heat would have to 
pass through the air of the bulb before reaching the 
specimen. In this way the lag of the air-bulb would be 
utilised to reduce the fluctuations of temperature in the 
specimen, instead of accentuating them, as in the older 
form. For this purpose a glass vessel was made of the 
form shown in Fig. 3. This was built into an electric 
resistance furnace, the heating wire being wound on to 
asbestos paper wrapped directly on the glass. This form 
of thermostat gave the curve of Fig. 4. It will be seen 
that the temperature fluctuations of the specimen have 
been reduced from about 10 deg. Cent. to about 4 deg. 
Vent. by this modification. 

Alterations were then made in the amount of resistance 
cut into and out of the furnace by the relay. This was 
arranged so that the variations in current caused by the 
relay were just amply large enough to cover the range of 
accidental variations. This produced a further very con- 
siderable improvement in the working of the apparatus. 
Finally the tube containing the specimen was plugged 
with asbestos in front of, and behind. the specimen, with 
the result that the curve shown in Fig. 5 was obtained. 
The irregularities are so small that they hardly show in 
e figure. A part of the curve has therefore been re- 
plotted in Fig. 6 on a much larger scale. Fig. 7 shows 
various observations taken at irregular intervals over a 
period of two days. It will be noticed that this curve 
_ a decided tendency to rise. This will be referred 
to later. 

It was hoped to replace the glass vessel by a silica one, 
in order to enable work at a high temperature to be 
carried out. But pressure of other and more pa eg 
work has made it necessary to postpone this indefinitely 
In this connection it may be noted that Dr. Mellor 
found that his os gave three times as great a 
variation at 700 deg. Cent. as at 400 deg. Cent., and he 
attributes this to the ter effects of 
at low temperature. In the present form of apparatus 
this difficulty should be completely overcome. 

It was always found that when a new bulb was put 
into the furnace the temperature was always incli to 
rise for a few weeks. For aday or two therise was quite 
rapid—of the order of 5 deg. t. or 10 deg. Cent. per 
day. This gradually fell off, and eventually the tem- 
perature steadied down. This conduct was all the more 
remarkable inasmuch as the apparatus was working 
under a slightly reduced pressure, and yet a rise of tem- 
perature could only be produced by a further reduction of 
the pressure. There is little doubt that this effect is 





at high than | Trans- 





Glazebrook, C.B., F.R.S., Director of the Laboratory, 
for permission to carry on the work in the National 
Physical Laboratory, and to Dr. Rosenhain, F.R.S. 
Superintendent of the Metallurgy Department, for his 
continued interest and very valuable advice, which 
materially aided in the carrying out of this work. 








Exports oF Bars AND Rops FROM THE UNITED 
Sratres.—The effect of the war on the exports of bars 
and wire rods from the United States is shown by the 
following figures in gross tons, which we take from the 
Iron Age :— 


| Steel Bars. | Wire Rods. | Iron Bars. 





June, 1914 .. 11,129 12,375 333 
» ww os si ae 58,364 18,132 | 2,273 
Year ended June 30,1913... 231,091 74,823 | 22,958 
»” 2 1914.. 149,113 56,492 | 10,299 
1915.. 234,738 98,039 12,344 


” ” 








Exgcrricity Suppty in Srepney. — The electricity 
supply undertaking of the Metropolitan Borough of 
Stepney, during the year ended March 31 last, sold a 
total of 18,757,007 units. ‘This was an increase of 
2,559,884 units over the previous year. In view of pre- 
vailing conditions this result was very satisfactory, and 
is to be explained by the industrial nature of the district 
served and the =“ power demands of Government 
contractors. It is, however, at first surprising to find 
that the total of the unitssold for private hghting was not 
only maintained, but increased by 134,427. This is prob- 
ably again to be explained by the demands of industrial 
establishments, and is offset by a drop of 504,774 in the 
units supplied for public li rs ‘he works cost per 
unit rose from 0.439d, to 0.460d., chiefly o to in- 
crease in the price of coal, but the total cost rose only to 
1.024d. from 1.022d. Mr. W. OC. P. Tapper, the engineer, 
in his annual report, points out that the rising value of 
coal will bably more seriously affect the accounts for 
the next financial year. 





CanaptaNn Rartways.—In one day recently 1544 car 
of grain were loaded on the Canadian ‘Pacific Railway 
system, representing an aggregate of about 2,000,000 
bushels. Phe Canadian Northern Railway Company 


.| will establish before November a tri-weekly train 


service to the Pacific Coast. This will enable pas- 
sengers to travel from Edmonton to the Pacific Jittoral 
in 33 hours. The movement of grain over the National 


Continental Railway from Western Os to 
Eastern ports now amounts to 125 car loads daily. The 
Grand Trunk Pacific Railway is distributing 12,000 


freight cars al its main line and branches in the 
seule soovisann te order to handle the heavy Canadian 
in crops. Wheat and oats are a record crop every- 
where upon the Grand Trunk Pacific ——- A dry 
dock, which is being built at Prince Rupert by the 
Grand Trunk Pacific Company, is - eo com 
etion. A tri-weekly train service will be conducted 
uring the winter between Edmonton and Prince Rupert; 
there will also be a steamship service between Prince 
Rupert and Vancouver and Seattle, 
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STRESS DISTRIBUTION IN ENGINEERING 
MATERIALS. 
of the Committee, consist rd of Professor J. 
ll (Chairman), Professors E. G. Coxer and J. E. 
PRrTavEt (Secretaries), Professor A. Barr, Dr. C. CHREE, 
Mr. Giusert Cook, Professor W. E. Day, Sir J. A. 
Ewrne, Professor L. N. G. Fiton, Messrs. A. R. Furton 
and J. J. Guest, Professors J. B. Hznpgrson, F. C. 
Lea, and A. E. H. Love, Mr. W. Mason, Sir ANDREW 
Nostg, Dr. F. Rogers and Mr. W. A. Sooszz, Dr. T. E. 
Sranton, Mr. C. E.Stromeyer, and Mr. J. 8. Winson, 
to report on Certain of the More Complex Stress Distri- 
butions in Engineering Materials.* 
THE report presented at the Australian meeting of the 
British Association called attention to the desirability of 
obtaining complete and systematic data with to 
three definite materials—namely, a mild steel, an axle 
steel (carbon 0.3 per cent.), and a nickel-steel alloy. The 
Committee obtained a stock of 1 ton of mild steel early 
in 1914, but owing to the outbreak of war further sup- 
plies of the other materials are not yet available. The 
physical properties of the mild steel now in the posses- 
sion of the Committee have been the subject of several 
investigations, and a chemical analysis made at the 


Fig.1. 
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meter, wet an sqgemens So vee the load and exten- 
i automatically upon a phe hic 
plate. The diagram so obtai is shown in Fig.. 1, 
and the numerical results of the test in the table below. 


Table of Data. 

Original diameter of specimen, 0.564 in. Area, 0.25 sq. in. 
Diameter at fracture, 0.324 in. .. oe » 0 8q. in. 
Stress at yield-point ty * -. 180 tons per sq. in. 
Ultimate stress reckoned on original 

section .. a ja és -. 24.8 a 
Actual stress of fracture .. . 538 * 
Percen' reduction ofarea . 67.4 
Distance between gauge-points 6 in. 
Extension on le: of6in. .. wt 1.68 in. 
Elongation on length of 5in. .. - 30.6 per cent. 

ing elongation for a stan- 

dard length of 10 diameters = 5.64 in. 29.7 » 
Young’s modulus (E) in pound and inch 

units es se ee ee -_ 30.3 x 106 


Eprteningnate made by Professor Dalby and Dr. 
B. P. Haigh show that the structure is of a usual type for 
steel of this composition. The experiments prove that 
the influence of rolling is considerable and that compar- 
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National Physical Laboratory has been furnished by Dr. 
Stanton as follows :— 


Per Cent. 
C = 0.132 
Si = 0.028 
S = 0.017 
P = 0.028 
Mn = 0.300 


_ The material, which isfrom a single melting, shows the 
influence of the subsequent rolling, as may be observed 


from some liminary tensile tests furnished by Mr. 
Cook, Table. = , 


Taste 1.—Tensile Tests of B.A. Mild Steel as Received 
from the Makers. 


re 
.068 





Nominal d'ameter of bars, in.| vs t? ly’ 
Actual diameters of bars, ,, | 0.385 | 0.811 L.s24 
: | machines | 
Yield stress in tons per square } 
moh. «. * oe | 95 | 19.85 | 15.80 /13.40 
Maximum stress in tons pe | 
square inch... ..  ..| 26.40 24.40 | 23.40 |22.40 
Percentage elongation on Sin | 22.2 33.5 | 83.7 [37.6 
on 6 in. 
Percentage elongationon2in., 27.5 55.0 | 58.5 (66.5 
P ‘reentage contraction of | | | 
acture ae ee?” of SOO 698 | 65.6 (66.2 
Pcofessor Dalby has also investigated the properties of 


® specimen of this steel, cut from a rod lys in. in dia- 








Report 
at 


‘ 
ciation 


presented to Section G of the British Aeso- 
Manchester on September 11. 














able results cannot be obtained without annealing by 
some standard method which will bring the material to a 
uniform molecular structure for all sizes of 

Tt has been suggested that the bars should be heated at 
a ‘'— awe ~ of 900 deg. Cent., and cooled in the air. 
Mr. W. A. Scoble has made an investigation of one of 
the sizes of bars after heating to 900 deg. Cent. in an 
electric furnace, and allowing them to cool in position. 
An account of his results is given in Appendix A. 

An investigation of the effects of alternati 
also been made by Dr. B. P. Haigh, and is 
Appendix B. 

r. F.C. Leaand Mr. C. E. Stromeyer have joined 
the Committee during the year. 
on” Committee ask to be reappointed, with a grant of 


stress has 
escribed in 


APPENDIX A. 


Report on Static Tests of a Mild Steel received from the 
British Association Stress Committee. 
By Mr. W. A. Scone. 

The preliminary tensile tests made by Mr. Cook showed 
that the yield stress varied from 23.95 tons per sq. in. 
for the ,;-in. bar to 13.40 tons per sq. in. for the 1,',-in. 
bar. To compare the results of static tests on the dif- 
ferent bars it was clear they should be brought to a 
uniform condition, or the advantage of having them of 


* An optical load-extension indicator, ther with 
a obtained therewith. P ings of the 
Ro iety, 1912. Load-extension diagrams taken 
with the optical load-extension indicator. Proceedings 
of the Royal Society, 1913, 


the same steel would be neutralised. At this time the 
question of annealing had not been raised, but the speci- 
mens for which the test results are given below were all 
subjected to the following treatment :—The specimens 
were cut from a }{}.in. round bar, placed in an electric 
furnace and heated with the furnace to a temperature of 
about 900 deg. Cent. The bars were allowed to cool 
inside the furnace. 

Tension Tests.—The specimen had screwed ends and 
was turned down to 0.499 in. in diameter. There was a 
very slight indication that thestrainincreased more rapidly 
than the stress. e extensometer used was of special 
design, and the measurement of elongation was certainly 
correct to within 0.5 per cent. 


Yield stress .. ... 10.04 tons per sq. in. 
Maximum stress la ... 20.89 “ a 
Elongation on 5 in. (10 dia- 
meters) ee pat a. 36 per cent. 
uction in area at fracture 69.6 per cent. 


**E” 28,800,000 lb. or 12,850 
tons per sq. in. 

Bending Test.—The imen was turned to 0.4365 in. 
diameter, and subjected to a uniform bending moment. 
The deflection was measured on a length of 4 in. by a 
sensitive piece of apparatus supported on the specimen. 


Bending moment at first yield 168 1b.-in. 
Maximum stress __,, 9.18 tons per sq. in, 
Final bending moment -in. 


Stress, assumed uniform over 
secti 8.37 tons per sq. in. 


on... si x sed 

“E” from straight portion of 

curve ... em we ... 30,400,000 Ib. per sq. in. 
(13,900 tons per sq. in.) 

Torsion Tests.—The diameter of the test-piece was 
0.4367 in., and the twist was measured on a length of 
4.47in. A ay ty oy curve is given in Fig. 2. The 
curve deviates from the straight line at a torque of about 
120 Ib.-in. (3.27 tons per sq. in.), and complete yield 
takes place at 240 Ib.-in. (5.31 toms per sq. in. on the 
assumption of uniform stress distribution). 

This result was considered to be unsatisfactory, and 
another torsion test was made on the imen which had 
already yielded slightly by bending. There appeared to 
be no straight-line portion to the ue-twist curve, a 
time effect was measured at 1101b.-in. (3 tons oy sq. in.), 

tons per 


” 


and final yield took place at 210 lb.-in. (4 
sq. in. on the assumption of uniform stress distribution). 

These results present certain difficulties. The tension 
test was satisfactory, and the data obtained are what 
would be ex d from the ye of steel and from the 
tests made by Mr. Cook. e elastic limit and yield- 
point appeared to coincide at a stress of 10 tons per 
sq. in. Judged by the first yield the steel is er 
under a bending load (9.18 tons _ sq. in.), but the point 
is clearly defined on a carefully-plotted load-deflection 
diagram. There was a considerable creep when the skin 
stress would be 12 tons per sq. in., assuming Hooke’s law to 
hold. The final stress was evidently between 14.2 (Hooke’s 
law) and 8.37 tons per sq. in. (uniform distribution), and 
it appears that 9.2 tons per sq. in. is very approximately 
correct for the yield-point stress by bending. The torsion 
results deserve special notice. first yield apparently 
took place at 3.27 tons per sq. in. skin shear stress, and 
the test-piece gave way and was twisting slowly but con- 
tinuously when the skin stress was between 6.54 (Hooke’s 
law) and 5.31 tons per sq. in. (uniform distribution). The 
stress difference at first yield appears to be much less in 
torsion than under bending or tension, but the flow-stress 
difference for torsion is greater than for tension, and 
probably also greater than for bending. It appeared 
probable that the point on the torque-twist curve where 
the straight portion ends was not the point at which 
yield occurs, possibly because strain was not proportional 
to stress even when the material was elastic, but such an 
assumption is confused by the fact that strain was never 
are geen to stress in the second torsion test. In the 

tter case it is impossible to locate a yield-point, but the 
final flow shear stress was between 5.71 (Hooke’s law) 
and 4.65 tons per sq. in. (uniform distribution), a result 
which gives a stress difference in good agreement with 
that from the tension test. 





APPENDIX B. 


Report on Alternating Stress Tests of a Sample of Mild 
Steel Received from the British Association Stress 


Commatte. 
By Dr. B. P. Haron. 


The material supplied was in the form of /;-in. rolled 
bar, and was described as ‘‘dead-mild;” its tensile 
strength was approximately 26 tons per sq. in., with an 
elongation of about 21 per cent. on an 8-in. specimen, 
8 in. in diameter. The results of two tensile tests are 
given below, column A giving the figures obtained in a 
preliminary test made by Mr. Cook, and column B those 


in a a slow test, lasting over 30 minutes, made at 
Greenwich :— 
A. B. 
Diameter of specimen (turned) 0.385 0.374 
Yield stress tons persq.in. 23.95 21.0 
Maximum stress es oe 26.4 25.2 
Elongation percent. 22.20n 20.5 0n 
6 in. 8 in. 
Reduction of area at fracture 
percent. 698 7L4 


A Brinell test, in which a standard 10-mm. ball was 
pressed upon a yw? section of the bar, with the 
standard load of kg., gave an impression having a 
diameter of 5.78 mm., indicating a ‘‘hardness number” 
of 104 kg./sq. mm., equivalent to 66 tons per sq. in. 
The ratio between the maximum stress of the tensile test 
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and the hardness is 0.40 to 0.38, according to the value 
taken for the tensile test. The specimens used in the 
tests which are now described were not annealed, but 
were tested in the cundition in which the metal was 
received. 

Alternating stress vests were carried out in a machine 
of the type described at the Dundee meeting of the 
Association, 1912.* In this machine the alternating 
stress applied to the specimen is obtained by combining 
two pulsating forces (derived from two-phase magnets), 
acting upon opposite sides of a single armature, to 
which one end of the specimen is rigidly coupled. The 
inertia force required for the oscillatory acceleration of 
the armature is cancelled by the force of deflection of a 
spring By pe is adjusted to suit the frequency of the test. 

e a 





stage, however, the metal is liable to yield in a ductile 
manner owing to the intensity of the steady stress, so that 
it is hardly practicable (or profitable) to continue the 
investigation with higher stresses. chit. 

Fig. 4 shows also, by the curve D, a limiting range of 
stress beyond which ductile failure occurs instead of the 
characteristic fatigue failure. The exact position of the 
curve is difficult of determination, as the range of stress 

to produce ductile extension depends on the 
rate of increase of stress in somewhat the same manner as 
the form of the stress-strain diagram depends on the rate 
of application of load. Thus fatigue appears to play a 
part in ductile extension as well as in brittle fracture, 
accelerating the development of strain. 


Fig4. 





measuring voltage induced in a fine-wire secondary 
coil, wound close to the pole-faces of the magnets. To 
standardise the machine, a phosphor-bronze specimen, 
fitted with an extensometer, and previously tested under 
steady stress, is inserted in the machine and s' by 
the application of an oe voltage at the desired 
frequency. The range of extension measured under 
alternating stress may be used as the basis of measure- 
ment, or, alternatively, the alternating stress may be 
converted to a 8 y stress by reversing the,; ull of one 


one to the specimen is determined by 9 
e 




















of the two magnets. Stroboscopic observations showed 
that the stress applied to the specimen varies very 
, Agee gn in a sine wave, and it is estimated that 
the load range of stress can be determined with an 
accuracy within 1 per cent. Combinations of alternating 
and steady stress are obtained by extending or compress- 
ing the spring used for compensating the inertia of the 
armature. The stiffness of this spring having been 
measured, the magnitude of the steady stress is deter- 
mined by measurement of the deflection of the spring. 
The form of the specimens ured in the alternating stress 
tests is shown in Fig. 3, page 379. The maximum stress is 
developed in the central cylindrical portion of the piece, 
about 4in in length, which is joined to the conical ends 
by gradual transition curves. The ends of the specimens 
are screwed, and the necessary precautions are taken to 
ensure that the test-pieces are free from initial stresses, 
either torsion or bending, due to the tightening of the 


grips. 

The tests may be arranged in seven series, and are 
summarised in the table given below. In the first series 
the stress alternated between equal intensities of tension 
and compression. In three series, II. to IV., steady 
stresses of tension were applied in combination with the 
alternating stress, and in the final three series, V. to 
VILI., steady stresses of compression were combined with 


3 


146/60) 


























the alternating stress. The frequency of stress employed 
was the same in all series—viz., 2000 per minute. e | 
duration of the tests followed by fracture varied from a 
very few cycles up to 8 million. Other tests were con- | 
tinued beyond this number, in one instance to 17 million | 
cycles, without fracture. 

In Fig. 3 the range of stress is | on a base repr’ - 
senting the numbers of cycles endured. It is clear that 
each series of experiments indicates a limiting range of 
stress below which the endurance increases with very 

t rapidity. It may be doubted whether even the 
ongest tests indicate an absolute fatigue limit, but the 
asymptotes are at least sufficiently clear to indicate a 
fairly definite value. These values are summarised for 
the several series in the following table :— 


Limiting Range of 





Series. Steady Stress, Alternating Stress. 
tons per aq. in. tons per sq. in. 
1. Nil 26.0 
Il. 4.95 24.5 
III. 9.87 21.5 
IV. 12.80 17.5 
¥. — 6.21 23 0 
VL 9.35 21.5 
Vil. — 12,20 19.5 


In Fig. 4, curve F, the limiting range of stress is 
plotted as a function of the steady stress applied to the 
specimen. Ib is interesting to note that, especially for 
the tension side of the diagram, the form of the curve is 
rate gee accordance with the hypothesis ex- 
pressed by ‘‘Gerber’s parabola.”+ Thus the results of the 
tests with combined alternating and steady stresses may 
be expressed by the formula :— 


Sax. = 4/2 + al f# - nAf, 
or 
f% =ft-nAf, 
where 
fmax. is the maximum permissible combined stress 
jt. being the steady component of streas 
and 
A being the range of variation 
f is the ultimate strength of the metal 
and 


the ratio between fard A(=approximately unity 
for this metal), the stresses being in tons per 


On the left"hand side of the d F 
n the left side o iagram, Fig. 4. repre- 
senting the results obtained with combinations of alter- 
nating and ——— stresses, the curve deviates 
noticeably from the parabolic form. The discrepancy is 
greatest with moderate loads and disappears when the 
magnitude of the steady stress is increased. At this 
* See also ENcingerine, November 22, 1912. 
+ See Unwin’s “Testing of Materials of Construction,” 
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The two specimens shown in Fig. 5 clearly illustrate 
the two manners of failure. Thus specimen A fractured 
after 672,000 repetitions of a cycle stress in which an 
alternating stress having a range of 23.7 tons per sq. in. 
was combined with a steady stress of 9.87 tons per sq. in. 
Specimen B, loaded with the same component of steady 
stress, extended immediately with reduction of cross- 
sectional area when the range of alternating stress reached 
the value of 29 tons per sq. in. Ductile failures occurred 
at lower ranges than this when time was given for the 
phenomenon to develop; thus the curve D is drawn 
through the ordinate at 25.2 tons per sq. in. no 
cases of ductile extension having been met with below 
this limit. On the compression side of the di 
curve D falls so low that it intersects the curve ra Thus, 
in the series of experiments made with a compressive 
stress of 12.2 tons per sq. in., all the specimens failed in 
a ductile manner, some showing signs of cracks, while 





page 388, third ed-tion, 


others simply settled down suddenly without visible 














Seri Steady | Range of Millions of Cycles to 
a4 * Stress. Practere. 
jtms p. sq. in.| tons p. sq. in. 
L | Nil 67.2 Approx. nil 
| | 61.2 Specimens became very 
48.2 hot 
| | 39.3 0.003 
| 82.7 | 0.08 
31.3 | 0.056 
| 31.3 0.16 
29.9 0.19 
29.9 0.80 
28.8 0.41 
28.7 | 1.01 
27.5 | 1.87 
27.5 | 2.18 
26.4 1.66 
26.4 5.9 
25.4 Unbroken after 7.2 
Ik. 4.95 27.9 = | 0.24 
26.8 = | 0.64 
26.8 0.66 
25.8 | 1.20 
25.7 1.22 
24.7 | Unbroken after 8.1 
23.7 do. 17.0 
Ill. 9.87 28.9 Approx. nil 
25.8 Do. 
25.3 Do. 
23.7 0.67 
22.7 0.89 
22.3 0.96 
21.7 0.91 
21.2 Unbroken after 4.6 
| 20.7 do. 5.1 
IV. 122.8 «| 21.7 0.11 
18.1 2.08 
17.3 Unbroken after 8.62 
16.5 do. 14.1 
V —6.21 30.0 Nil 
26.8 0.13 
25.8 0.96 
24.8 1.06 
23.7 3.14 
23.7 Unbroken after 8.4 
22.7 lo do. 80 
VL. -9.35 23.7 0.19 
22.7 4.60 
21.8 8.66 
VIL. -12.2 20.8 1.81 
198 2.69 
19.0 Unbroken after 8.36 


cracks. It is remarkable that the zone between the two 
curves F and D is no wider than is shown in the diagram. 

In Fig. 6 the maximum and minimum values of the 
stresses producing fatigue fracture are plotted on a base 
age the steady component of the stress-producing 
fatigue. The elastic limit, yield stress, and maximum 
strength of the metal are represented by the points EF. Y, 
and M on the line O M, passing through the origin, and 
inclined at 45 deg. to the axes. The full lines show the 
loci of the maximum and minimum stresses for the B A. 
mild steel, while the dotted lines indicate, for the sake of 
comparison only, the corresponding results obtained with 
a sample of naval brass. (A dotted line in Fig. 4 like- 
wise indicates the same results for naval brass.) The 
striking difference between the forms of the loci indicates 
that much experimental work with different metals is still 

uired before any general theory can be evolved. : 

“i indicated in the table which follows, the ratio 
between the semi-range of the limiting fatigue stress 
(with equal intensities of tension and compression) and 
the maximum strength of the metal is approximately 0.51. 
In other mild steels tested by the writer the value of this 
ratio has varied between 0.5 and 0.6, the lower value 
being met with in annealed metal and the higher in cold- 
strained ee In —— —_ — — 

rcentages of carbon, and possessing higher ultimate 
aumaibe, the value of the ratio falls to about 0.40. 


Elastic limit... 18.3 0.726 
Yield stress ... a 21.0 0.833 
a — oe La 25.2=unity 

mi-range of limiting alternatin 

fatigue stress sng ae = 13.0 0.515 
Range of limiting pulsating fatigue 

stress, tension ‘ ee “an 21.0 0.833 
Brinell hardness 66.0 2.62 





STEAM-TURBINE BLADING. 
Specifications for Alloys for High-Speed Superheated Steam- 
Turbine Blading.* 

By W. B. Parker, F.I.C. (Rugby). 
(Concluded from page 356.) 

Brass ALLOYS. | P 

To combat the argument that brass is eeMalenthy good 
for blading the lower-pressure end of turbines, Fig 8 
(page 381) is given. It will be noticed that it is a case of 
erosion from wet steam, a defect to which brass is liable, 
because it is too soft per se. Many modifications of the 
three typical brasses, 70 : 30, 60 : 40, and 52: 48, have been 
pro and tried, and these include practically all the 
so-called man bronzes and brasses. No definite 
advantages have been found in their use, and in the long 
run they behave like ordinary brass. 

For typical pure brass of types 70:30 and 60:40, the 
Tables III. and IV., and stress-strain tension curves 


the | Nos. “4 and “44 (Fig. 9), *{* and *§¢ (Fig. 10), *{+ and 





* Paper read at the autumn meeting of the Institute of 
Metals, held at the rooms of the Chemical Society, 
ma House, London, on Friday, September 17, 
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Composition oF ComPpLex ALLOYS INVESTIGATED AND SUPERSEDED. 





Remark. Tin. 


Lead. | Copper. 





| Nickel. | _ Mas- 


Phos- 
phorus. 


Silicon. 





| Foreign 
| British 0.44 
| Foreign Nil 
-- 0.87 
— 6 30 
Foreign Nil 
British a 
— 0.9 
_ 1.0 
British Nil 


per cent |per cent|per cent per cent, per 
Nil | Nil | 56.0 0.5 1. 


Trace 


Nil 


per cent 


per cent per cent. 
0.9 Nil 


2.09 
Nil 
” 
2.82 
Nil 


per cent. 
il 


r cent. percent 
Pei 41.2 


” 











Fie. 8.—An instance of brass turbine-blades eroded by wet steam 
(“* water erosion ’’). 


Fig. 9. 
4% 





Fia, 12.—Wrought brass 
aluminium. 
L« ngitudinal section. 
fied 31 diameters. 
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In condition 
Etched with ammonia. Magni- 


£94 (Fig. 11), indicate the loss of s' or extent of 
annealing which can happen to brass blading even in so 
short a period as 100 hours at 233 deg. Cent. (450 deg. 
Fahr.) The proportionality limit is de ed as much as 
72.6 per cent. of its original value in the worst cace, and 
22.1 per cent. in the best. The compositions of a few 
selected examples of the complex brasses, bror zes, and 
other alloys, which have been investigated, are given on 
this page. The tension tests for two alloys, Nos. T 2 and 
C11, will illustrate in a general manner the behaviour of 
these complex brass alloys under the annealing test (see 
Tables V. and VI., overleaf). 

Alloy No. T2 cones to withstand the J00 hours 
233 deg. Cent. test better than the others, but it possesses 
too low a proportionality limit, and all these zinc alloys 
are ar eroded. 

Alloy No. C 11 not only shows a marked difference in 
prof ortionality limit after annealing, but also the micro- 





, iron, and Fie. 13.— Wrought brass ew orn é iron, and 
as received. alumini 8 le Cll. A 





: r annealing for 100 
hours at 235 deg. Cent. Longitudinal section. Etched 
with ammonia. Magnified 31 diameters. 


Fig.11. 
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Strain on 2: 


(es2it) 


: Straw 
(Decamats ofan inch) (Decimals of an 





P 

Elongation 
on Whole 
— of 





mit of Pro- 

ee y ar my o ns ey 

Nuaver, y nau i per uare 

Condition. nch. 
} tons 
648 (1) As received | 8.0 
648 (2) Annealed 4.0 
650 (1) As received | 11.0 
650 (2) Annealed 30 
651 (1) As received 11.4 
651(2) | Annealed 4.8 
604 (1) As received 12.0 
604(2) | Annealed 40 
610 (1) As received | 8.2 
610 (2) Annealed 4.0 
661(1) | As received 7.7 
661 (2) Annealed 6.0 


Percentage | percentage | Percentage 
Laboratory Treatment of = Elongation | Reduction Fractures and 
Number. =. tionality per 1084 +d - of on 2In. at | of Area at Remarks. 
indition. Sq. In. Sq. In. — of | Fracture. | Fracture. 
644 (1) As received 83.0 34.0 28.4 Sound, silky. 
644 (2) Annealed 27. 238.0 290 34.3 ” ” 
646 (1) As received 42 26.0 27.5 8.3 » @ 
646 (2) Annealed 56. 28.0 30.5 30.5 ” ” 
— e a 


TABLE IV.—Errect or ANNEALING 60:40 Brass BLAvine ror 100 Hours at 233 Dec. Cent. 
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TABLE III.—Errect or ANNEALING 70: 30 Brass Biapine For 100 Hours at 233 Deo. Cent. 


Fractures and Remarks. 


Sound, silky. 


” 
” 
” 
” 
” 
” 


\Broke near 2 in. gauge 


| point. 
Sound, silky. 
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i Strain on 2. 
(eamadls aan Inch) 
constituents had slightly segregated—the relative areas 
of the phases before and after treatment are shown in 
Figs. 13 and 13. 
INCLUSION OF UP-TO-DATE RkQUIREMENTS IN 
SPEOIFICATIONS. 

It is easier to enumerate the points which should be 
considered by any one desirous of improving upon the 

resent supply of blading than to express these in a 
orm which can be considered a specification, because the 
latter really necessitates the insertion of concrete values 
for each, and concrete values are influenced by progress 
in design. 

It is hoped that the following synopsis will answer 
this purpose :— 

Non-Ferrovus Biapine. 

(i.) General.—The metal should be in a physically 
stable condition ; that is, either naturally soft or in the 
annealed state requisite to ensure that it is free from 
unstable internal stresses. 

(ii.) Proportionality Limit.—The metal, when in the 
above naturally soft or annealed condition, should possess 
a proportionality limit of over 16 tons per sq. in. 

N.B.—Since at preeent 12 tons per sq. in. is the best 
obtainable, and is considered as the minimum acceptable, 
a non-ferrous metal which in the above condition pos- 
sessed a eee limit of over 16 tons og sq. iD., 
and also fulfilled clauses iii., iv., and v., would be a dis- 
tinct advance upon present materials. ' 

(iii.) Constancy of Proportionality Limit.—The propor- 
tionality limit of the metal in the naturally soft or 
annealed condition should remain constant within 10 per 
cent. of its cold value over the whole range of tem 
ture from 100 deg. Cent, (212 deg. Fabr.) to 400 deg. Vent, 








(760 deg. Fabr.), 
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Me No. 2, 1914, vol. xii., pages 56 to 88; ENcinezr. 
TABLE V.—Errect or ANNEALING ALLOY T 2 ror 100 Hours at 233 Dec. Cant. —-g Lett 18 1914. 
* ) ; era oti Sera 
Limit of Percent- page 125; Fe 1 page 239; and Apri 913, 
goes | Motus, | Hoe! axan| nae tse | es | ee rae | 
Labera- Sample. Stone per Square tionality Load per | Limit to |omence gation on duction of! a meer, 1912, page 690. ‘ n “ ) 
tory No. Wrought Inch Stress. | Square Maximum) Who 12 In. at | Area at | UILLET. ‘‘ Etude des Alliages Métalliques,” Paris, 
Bar Sguase Inch. ee. [overtane. | Fracture. “ page 278. — Ssteot 
— UILLET. “ i étalliques.” 
, ; | to t. | Hontincton, A. K. Journal of the Institute of Metals, 
f (1) Pe, at ody ty ry | 35.0 Pee. 85 | 14.0 17.0 | 18.7 |Sound, columna-fibrous | No. 2, 1912, vol. viii., pages 126 to 148; No. 2, 1914, 
T2 4 (2) As received | 11,200,000 9.0 35.0 | 25.50 12.0 13.0 14.0 Sound, columna-fibrous | yo], xii., pages 234 to 253; No. 1, 1915, vol, xiii., pages 
( (3) Annealed 11,660,000 10.0 86.6 } 28.15 | 15.0 16.0 20.8 Sound, fibrous 23 to 79. 
- | a eee eae ee ver Some een [er —_—<———S—$ ou gnome of the Steam - Turbine,” 
riffin an . ' 
TABLE VI.—Errect or ANNEALING ALLoy C11 ror 100 Hours at 233 Dec. Crn7. Law, E. FB Alloys and their Industrial Applica- 
Pe a.” hs LS ————— |} tions,” pages 158 and 159. 
P t | | Martin. ‘Design and Construction of Steam-Tur- 
Lriginal |Modulusof Elasticity) Limit of | Maximum) Ratio of age Elon. | a al — hines,” 251, 304, 309, 211, 357, 231, 223, 23, 254, 
Levers | SSS | Sees (a) an Propor- | Load per | Limit to gation on pon on'en | Reduction Fractures and Offices of ENGINEERING. 
tory No. | Wrought | py bs I | tionality | Square |Maximum| Whole 87 0".t" | of Areaat Remarks. Scuu.tz, Brin. ‘‘ New] Researches with Turbine 
Bar. Inch. periq. in| inch. Lead. = of Fracture. Fracture. Biotaelate . Sigh Tengen Seoen ae Gas Tur- 
: ines,” Die Turbine, vol. xiii., No. ix. (J), April 5, 1913 ; 
| tb. per eq. in. tons tons | per cent. vol. xiv., No. ix., April 20, 1913. ts paper quotes 
(1) | Asreceived) (a) {8,200,000 11.5 87.8 81.1 8.5 90 149 Sound, dense, granular | many other references, some of which are reading. 
©11{{} | Annealed | (0) 147450,000 73 40.8 18.8 = 24.0 | 1938 » silky, granular! Srripeck, R. ‘Der Warmzerreifsversuch von langer 
| “3 - | Dauer,” Zeitschrift des Vereines Deutscher Ingenieure, 
} 5 





Maximum Stress (Tensile na maximum 
stress of the metal in the na y soft or annealed 
condition should exceed the Poe limit by not 
less than 100 per cent.; that is, the ratio of 
proportionality limit 
maximum stress 


shall be not greater than 0.5. The ratio should remain 
constant over the whole range of temperature from 100 
deg. Cent. (212 deg. Fahbr.) to 450 deg. Cent. (842 deg. 


Fahr.). S 
N.B.— Usually in sound metal the ratio 
proportionality limit = 0.35 to 0.5, 


maximum stress 


except where some cold working is left in the metal. At 
present the minimum acceptable maximum stress is 24 
tons per square inch, which gives a ratio of 0.5 on the 
12 tons per square inch proportionality limit. It is more 
common to stipulate the minimum maximum stress and 
then a _ etree ond _ as & mos 
percentage of that ; but for turbine- ing it is erab 
to reverse this order, and, in fact, the author has had 
need to alter specifications of other turbine metals in a 
similar way for similar reasons—viz., to prevent excessive 
reliance upon cold working. 

(v.) Corrosion and Erosion.—The metal must be non- 
corroding and non-rusting in damp steam. It must also 
resist erosion by steam. 

(vi.) Hardness.—The greater the natural hardness of 
the metal in the soft or annealed condition the better, 
provided it is obtained concurrently with the other 
necessary properties. : 

The hardness of the best non-ferrous materials now 
available lies between 10 deg. and 15 deg. Shore’s test 
(scleroscope), so that a new metal having a natural hard- 
ness of 30 deg. would be an advance. 

(vii.) Thermal Expansion.—This should preferably be 
low, but provided it does not exceed the expansion of the 
non-ferrous materials now used, it would answer. A 
metal having a constant coefficient between 100 deg. 
Cent. and 600 deg. Cent. is desirable, and metals with 
violent of coefficient due to critical points or 
ranges should be avoided. E 

(viii.) Ductility.—The ductility, as evidenced by ‘‘elon- 
gation per cent.” and ‘‘reduction of area at fracture,” 
an en because it is not, per se, of special 
value. 


‘Lhe elongation should not be less than 10 per cent.; | ¢h 


ar yt re area not _ o- yt per — laced 
ix.) Speci avity.— ower the specific gravity o! 
the metal the better; but only if obtained wih items 
ii., iii., iv., v., and vi. : 

(x.) Resistance to Vibratory Stress.— Under certain con- 
ditions vibration stresses are exerted on the blading, but 
the examination of this question is so difficult that little 
is yet known be 
specifically defined by tke designing engineers, it is best 
to narrow attention down to the other items mentioned. 

N.B.—It might be mentioned that heat-treated steels, 
with artificially enhanced properties, have not given so 
good a result under Professor Arnold’s test as the same 
steels in the natural soft or annealed condition, so that, by 
inference, non-ferrous materials in the soft condition are 
preferable. 

Sucexstions re: RESEARCHES. 


For a complete research upon selected materials there 


is uired a series of tests which aim at 


gives promise in the first two, the 
narrowed down to suit specific conditions appertaining 
to the design of any turbine. 

(L.) Stress a (Duration of ores — 4 series of 
tension tests at ordinary temperature, with loads ranging 
from a ton or so below to a couple of tons beyond the 
proportionality limit with variation of duration of 
stress. 

If the metal is only for use in the low-pressure and 
temperature end of the ine, this test gives 
data, and may suffice.* 


* This is not a “‘ fatigue test” in 


& 





ing them. Until they can be more | ad 


(II.) Stress and Temperature.—This is a series of tension 
tests at increasing temperatures, but including the pro- 
portionality limit determination for each tem ture. 

It serves to detect any weakening due to the effect of 
short durations of increased temperature. 

(III.)—Stress, Temperature, and Time.—This series can 
be limited to particular problems of design. It corre- 
lates the effect of a specific duration of a specific range of 
stress at any specific temperature. It should include the 
determination of the proportionality limit for each set 
of conditions. 

Examples of the second kind have been published in the 
Journal of the Institute of Metals. There has been very 
little published upon the third series, but some information 
is available in a paper published by Professor R. Stribeck. 
The practical value of such tests is great. 

To prevent manufacturers being discouraged by the 
above array of tests, it may be stated that only very 
promising materials need be put through the whole of 
the above research scheme. <A rapid sorting out can be 
effected by a short scheme, such as accurately determini 
the maximum stress, proportionality limit, modulus o} 
elasticity, elongation, and reduction of area upon cast 
materials thus—use: (1) Dry-sand cast bars of the material, 
having a cast section of not less than 1§ in. diameter. 
If these give good results, then (2) repeat the teste u 
a similar after annealing it for four hours at 500 deg. 
Cent., and cooling so slowly that it is in the natural soft 
condition. Ifa good proportionality limit is obtained for 
the annealed casting, and the other properties are not 
lowered below the allowable minima, proceed to roll, 
draw, or otherwise work the metal into sections of, pre- 
ferably, 45> diameter or }-in. by 1-in. flats, and anneal 
these so that << in the natural soft condition. Then, 
using these : (8) termine the same physical values as in 
(1) and (2). It the tests are still satisfactory, then 
thoroughly test it according to the larger scheme, either 
entirely, or Parts II. and ITI. 

The microstructures of the specimens from (1), (2) and 
(3) also form a very good am in sorting out. If the 
structures show what can be termed imitations of steel 
structures, especially of the pearlitic structure, they 
ay! possess a naturally good proportionality limit. 

n fact, the author believes that by striving to find non- 
ferrous materials which naturally have steel structures, 
the naturally strong alloys now in demand will dis- 
covered. paper on “ The Widmanstatten Structure 
in Various Alloys and Metals,” by Captain Belaiew,* and 
@ communications contributed to it give very useful 
directions upon this point. 

Having now, for reference purposes, a statement of the 
nature and present position of the turbine-blading pro- 
blem, it is for the non-ferrous trade to bring forward the 
material and to recover the ground they have lost to the 
steel trade; but it should be noted that only materials 
which have been fairly completely investigated by their 
dvocates upon the lines named above, and which really 
give promise of improvement, will be welcomed by 
turbine-makers. 

Frank exchange of test data is desirable, for turbine 
makers are not in business to test anything and every- 
thing which the brass manufacturers think original and 
an improvement. 

In conclusion, the author wishes to thank the directors 
of the British Thomson-Houston Company, Limited, for 
allowing him to draw so largely upon the data accumu- 
lated in their laboratories. 
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on the Continent. 





But in the United States of America 


the | the term ‘“‘fatigue” is utiliced more loosely, and, the 


author thinks, incorrectly. It has been so applied by 

Mr. Ernst Johnson to his “stress-time” testa, or ‘‘ creep- 

ing effects,” published in June, 1915, in a ‘‘ Reprint of 

American Society for Testing Materials,” entitled 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


. We give below a few data - 7 gy od and 
oreign engineering projects, taken from the rd o 
Trade Journal. Further information on these ded 
ean be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 


New Zealand ;: The Auckland City Council has decided 
to award the contract for the construction of the Niho- 
tupu impounding dam to a New Zealand firm. The 
height of the dam will be 150 ft., the length 530 ft., and 
the water area 36acres. Ib will have a storage capacity 
of 540,000,000 gallons. The time allowed for the com- 
pletion of the work is 34 years. The name and address 
of the successful contractor, and the contract price, may 
be obtained by United Kingdom manufacturers on appli- 
cation to the Commercial Intelligence Branch of the 
Board of Trade at the above address. The Westport 
Harbour Board has decided to obtain preliminary esti- 
mates for the building of a new suctiondredger. A pro- 

to have the dredger built mg was defeated, as 
it was considered impossible to build a vessel of the 
type required at Westport. The Epsom Road Board 
pro to raise a loan of 60,000/. for the improvement 
of the roads in Epsom, a suburb of Auckland. 


South Africa: A meeting of ratepayers ab Cape Town 
has authorised the City Council to raise a loan of 75,000/. 
for the purpose of extending the electric-lighting system. 


Argentina: The Boletin Oficial, Buenos Aires, of 
August 21 publishes a Decree, approving a project rela- 
tive to the construction of a hospital in La Rioja at an 
estimated cost of 501,605 pesos currency (about 43.900/.). 
The same issue of the Boletin also publithes a Decree 
authorising the Argentine State Railways Administra- 
tion to carry out surveys in connection with a pro 
railway from San Luis to the station of Milagro on the 
Northern Argentine Railway, passing through Cande- 
laria, Quines, and San Francisco. A further Decree 
authorises the Argentine Direccién-General de Irrigaci‘n 
to carry out surveys in the Province of Cérdoba, for utilis- 
ing the waters of the Rio Seco for irrigation purposes. 


Netherlands ( ay oy : With reference to the pro- 
posed oil refinery in Curacao, the Acting British Consul 
at Curacao reports that a Dutch am ae | bas pur- 
chased a site on which to erect the refinery. It is antici- 
_ that with the arrival of an engineer from the 
etherlands work will proceed on a larger scale. Up to 
the time of writing ome pay ey 1) no machinery or build- 
ing material had arrived in the island for the company. 


Colombia: The Diario Oficial, Bogotd, notifies that a 
contract has been entered into between the Colombian 
Ministry of Public Works and Sefior Pedro Antonio Peiia 
for the exploitation of petroleum deposits in the district 
of San Vicente de Chucuri, Department of Santander. 
The maximum period allowed for exploration and pre- 
liminary works is two years. 





Tue Bank Position 1n New Sovurn Wates.—The 
Statistical Bulletin for June, 1915, published by authority 
of the be prerennen A New ~~ Wales, states that - 
princi eatures disclosed in the ae av or 
the quarter ended June 30, are the remarkable increase 
in deposits, both current accounts and those bearing 
interest, and the large amount of cash held, which is the 
maximum recorded. Compared with the corresponding 

iod of last year, there was an increase of 3,242,289/. 
in current accounts, and in the total deposits of 5. 290,247/. 
Reserves of coin and bullion d by 655,7202. since 
June, 1914, and by 72,945/. during the quarter. Advances 
increased during the year by 3,614,657/., but decreased 
during the quarter by 769,422/. The proportion of cas)), 
bullion, and notes to total liabilities now stands at 31.6 

cent., and indicates an exceptionally firm position. 
[noluded in the amount of cash held is an amount of 
7,273,320. new Australian notes, as against 1,845,189/. st 
the end of June, 1914. 
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ELECTRICAL APPARATUS. 
8473/14. Siemens Brothers and Co., Limited, and 
. o. Gi London. seynene nstallations. 
{t Fig.] April 3, 1914.—The present invention relates to indi- 
cating devices for telephone or other installations. which are 
operated when a fault or other abnormal circuit condition occurs 
therein, and wherein these installations have means for auto- 
matically clearing some of these faulte, so that the attention of 
the attendant is only required if the said faults are not auto- 
matically cleared, which intimated by reason of the compara- 
tively pro and repeated indications of the alarm-signal 
indicator or the like provided for the purpose. The invention 
comprises the combination of circuit-connecting devices with a 
time-controlling device so arranged that the alarm is only give. 
when the fault or other abnormal circuit condition persists 
beyond a predetermined time. P is a relay in the circuit line to 
be indicated, and 6 a tact in the circuitfof the “‘ auxiliary” 
relay 8S. C isa revolving cam, p a projection, and d a depression 
apon its periphery; Z is an a 5 oo ee a 
battery in its circuit. The other lettered parte and circuits will 
be referred to in the ensuing description. When a fault occurs 


a. 





















a 
A @ 
37 
As D 
9473) Pp ig 


in a line circuit and contact 1 is closed in known manner, a 
circuit is established over relay P, which is consequently ener- 
gised and closes contact 5 in the dependent circuit containing the 
“auxiliary ” relay 8S. The revolving cam finally completes this 
dependent circuit when its projection p presses spring contact 8 
on to contact 2. When relay 8 is thus energised it rates the 
armature contacts 4 and 6. Relay 8 remains energised by reason of 
current flowing from battery over contact 5, line, relay 8, left-hand 
contact of 6, earth, back to battery, until relay P is de-energised. 
If the line-circuit relay P remains energised until the cam C has 
travelled sufficiently to allow the depression d to come into 
action, the said depression allows the spring contact s to close 
down on to contact 8, so that the alarm om | Zis energised b 
reason of current passing over battery, relay Z, contacte 4 and 7, 
line b, contacts 3 and s to earth, back to battery. Relay Z is 
locked at contact 7, and at contact 8 closes the circuit of alarm 
A, which is actuated therefore by the battery in its circuit. The 
alarm rings until the fault has been cleared, upon which the 
relay P is de-energised and opens the circuit of the auxiliary 
relay 8 at contact 5. It is clear that the alarm signal will not be 
given if relay P is de-energised before the depression d on the 
cam comes into action. (Accepted June 30, 1915.) 


16,027/14, The Micanite and Insulators Co., Ltd., 
and J. Allen, Le: D o-Electric Machinery. 
{4 Figs] July 4, 1914.—This invention relates to the insulation 
of collectors for dynamo-electric machinery. The object of the 

resent invention is to make use of the fact that a known insu- 
ating material consisting of fibrous material, such as layers of 
paper incorporated in and thoroughly saturated with synthetic 
varnish, lends itself easily to mechanical working and can there- 
fore be easily turned. According to the present invention, the 
collectors of dynamo-electric machinery, more especially com- 
mutators and 8! ip rings, are insulated by employing this insulating 
material turned into solid rirgs. The commutator shown consists 





(mart) 


of a number of segments 1 of the usual form mounted directly 
upon the shaft 2, or, as shown in the drawings, upon a sleeve or 
metal bush 3 fixed upon the shaft 2. Between the sleeve 3 and 
the commutator segments 1 a sclid sleeve 4 of the fibrous insulat- 
‘ng material is in . At either end of the commutator 
there isa clamping-ring 5 turned solid into the usual from 
4 piece of the fibrous insulating material mentioned. It can thus 
be turned accurately to fit in the V-shaped grooves of the seg- 
ments Land replace the clamping-rings of metal hitherto used. 
By this means perfect contact between each of the commutator 
Segments 1 and the insulating clamping-ring 5 is ensured, eo that 
there is no fear of any of the segments of the commutator work- 











ing loose. The usual methods of oa Se 4 may still 

adopted, for instance, as shown in the drawings ; sleeve 8, 
or the shaft 2 itself instead, may be provided with a collar 6 at the 
inner end of the commutator, and at the outer end of the sleeve 3, 
or the shaft 2, ascrew-threaded is provided, upon which a 
ring or nut 7 can be screwed to compress the whole together and 
to exert sufficient re on the clamping-rings to hoid the com- 
mutator in position. It is obvious that by 
commutator segments are insulated ev 
thickness of the fibrous insulating mate) 
no likelihood of the insulation being punctured or broken down. 
(Accepted July 7, 1915.) 


16,575/14. A. H. Railing and G. C. Gesragd, London. 
Elesteioal (4Figs.) July 11, 1914.— invention | slee 


relates to relays of the type which on @ reversal of power 
in an electric circuit, and are used for the control of automatic 
switches or circuit-breakers which operate to cut off the circuit 
in which the reversal of power has taken place. The invention 


com) @ reverse r relay hav a voltage-com 
coil which is ind ent of the magnetic circuit of the 
coils, and which alters the total amount of counter - con 


The rotating element of the relay, in the form of a disc, is 
shown at 1, and this is caused to rotate under the influence 
co! 


2 and 38; the coil 2 carries a 
to main current, and the coil 8 one 


of the coils current nal 
the to the 
voltage. The coils can be fed from transformers 4, as indi- 












































cated. The disc 1 is caused to rotate under normal condi- 
tions in the clockwise direction, and is limited in its move- 
ments by the stop6. On a reversal of ——- of sufficient magni- 
tude, however, the direction in which the disc 1 tends to rotate 
is reversed. On the reversal apes Cy wen magnitude, the 
weight 7 is wound up, and the con 8 and 9 are brought 
together, which has the effect of tripping the controlled circuit- 


breaker through the agency of the trip-coil 10. In the device 
illustrated, the counterweight 7 is made of etic material, 

is under the influence of the voltage coil 11, which carries a cur- 
rent pi rtioned to the voltage. It will be seen that if the 
vol the magnetic pull of the coil 11 on the weight 7 will 
diminish ; thus the reve of power required to cause the 
contacts 8 9 to come together will be less. (Sealed Sept- 
ember 16, 1915.) 


25,072/13. Siemens Brothers Dypeme Works, 
Limited, C. A. B. D. Koettg and A. R. Bolton, 
London. Electrical Switch- . (2 Figs.) Novem- 
ber 3, 1913.—The present invention has reference to switch-gear 
and switches of the kind employed with apparatus arvenged for 
safety in separate cells or compartments, as commonly adopted in 
high-tension systems. According to the invention, the switch 
arrangement, which serves for apparatus contained in separate 
cells or compartments, has the part which conducts the current 
through the partition arranged within and protected by a part 
of the same insulator which carries the two movable contacts or 
terminals of the switch. 1 and 2 indicate the position of two cells 
or compartments on opposite sides of a partition A, which latter 
may be made of the same material as the walls of the celle. 8 indi- 
cates the bus-bar, which is mounted on the upper part of the 
main insulating pillar 4 by means of a jockey-piece or ont 
bracket 5. 6, 6 are clips or jaws forming the _ -¥ fix: contact 
of the switch. These clips are secured to bus-bar 3, so 
that the same insulator 4 which supporte the latter serves 











to carry the fixed contact 6, thus reducing the number of insu- 
laters which would ee ng be requi se} ~~ . > 
adapted to be engag' y the tongue or le 7 o e knife- 
switch, such tongue or blade swinging in a horizontal plane and 
being carried by a boss 8, secured to a metal rod or spindle 9 
bansing down through an insulating sleeve 10 working in a fixed 
collar or seating-block 10a. This insulating sleeve passes through 
the intervening wall A between the bus-bar chamber and that of 
the oil-ewitch or other device, and the rod 9 affords a metal 
connection through the insulating sleeve from the blade-pivot & to 
the lower portion, blade or arm, of the switch, which comprises a 
set of parts 11, 12, and 13 (similar to the corresponding parte 6, 7, 
and 8), and connected with the oil-switch or other device by a 
lead 14 secured to aclamping terminal 15. It will thus be seen that 
only a single insulator is required for supporting the improved 
switch, and there will be no exposed live parts in the cell 2 when 
the switch is open, as both of ite blades 7 and 12 are separa’ 
from any parte which might energise it. Hence, while the appa- 
ratus in one cell is being napoctes. there is no danger of the 
switch-blade in that cell being yy! energised by parte 
being inadvertently made ‘‘live” in the adj 

The collar or seating-block 10a, in which the insulating sleeve 10 











te | 


jacent compartment. | 


cemented on to the insulator, or may be secured on the aforesaid 
ve or otherwise. 18 is a or collar which may be 
cemented to the rotary insulating sleeve 10, and has a crank 18a, 
to which the insulating rod or hook for working the switch may 
be connected. (Accepted July 7, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

15,735/14. W. Stead and the National Gas-Engine 
Company, Limited, Ashton-und Pistons. 
(5 Figs.) July 1, 1914.—The present invention relates to means 
for connecting the pistons to the piston-rod in internal-combustion 
engines having two co-axial cylinders in tandem. The invention 
consists in holding the pistons in place by means of a split steel 
nut, screwed on to the piston-rod, and afterwards securely 
locked. The invention further consists in a line of pistons in 
tand t her by means of a split steel nut, initially 





» held tog 
compressed before screwing on to tke bolt, and held firmly by 
h 





(ng 


the invention into effect, 
g to one as applied to a vertical engine having 
one or more pairs of cylinders in lem, the rod ¢ connecting the 
two pistons f/, g is formed with a head A at one end and a screw 
thread at the other. The rod passes through the pistons, which 
are held er —_—- the sleeve & by a split steel nut / of 
square section, provided with a cross-bolt d, by which it can be 
tightened. The split steel nut is initially compressed before 
screwing on to the rod, and is then screwed on and securel 
locked hy the bolt d. The nut is provided with a square head, 
and is split, a hole being drilled capable of taking the cross-bolt d. 
(Sealed September 16, 1915.) 


GUNS AND EXPLOSIVES. 
12,832/14. Sir A. T. Da London, and J. Horne, 
-in-Furness. a Mechanism. 


un- 
(56 Figs.) May 25, 1914.—This invention relates to elevatin 
m for heavy guns of the kind that are elevated an 
nee ic motor, such as a press controlled by a 
valve operated by the elevating hand-wheelor the like. The chief 
object of the invention is to provide improved safety depression- 
gear operating u a valve which is auxiliary to the control- 
valve ; this cusllony valve is in fluid pressure communication 
with the elevating motor. According to the invention, the auxi- 
liary valve is so constructed and arranged in relation to the 
control-valve and to the safety -gear that in the event 
of the control-valve being moved to depress 
danger zone, the auxiliary valve will be automatically 
to cut off the supply of pressure fluid to the elevating motor and 


c 


means of a cross-bolt. _in carrying 








Fig. 
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bring the gun to rest. If the gun is trained (with the gun at any 
given angle of depression) to bring the gun into the danger zone, 
the auxiliary valve will be automatically shifted to admit preesure 


fluid to the elevating , and 
elevated out of the ger zone, as is well 
auxiliary valve also serves to os to rest when it reaches 
its full angles of d nm elevation. A is the elevating 
press, the ram of w! is connected through a link a to the 
trunnion-arm A! of the — B is the control-valve of the press A, 
and C is the elevating d-wheel for operating the valve. D 
nts the auxiliary valve. In the example shown, the control- 
valve B is superposed on, but is preferably not in contact with, the 
auxiliary valve D, these two valves being arranged in the same 
valve-body. The stem of the au valve is in contact with a 
plunger.teeek: E, which pivotally & floating lever E, con- 


thereby cause the gun to be 
understood. 
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nected at one end through a link ¢% to a pivot-arm E* under the 
influence, when the gun is being depressed, of a tappet a} carried 
by the trunnion-arm Al. The other end of the floating lever is 
under the influence of a pe ye | slidable roller-bar E* carried by 
the turret, and the lower end of this roller-bar E? bears upon a 
stationary cam E* arra vertically around the turret, and 
having a contour conforming to the deck fittiags or the like, which 
are situated within the training arc of the turret, and which con- 
stitutes the danger zone. In the event of the control-valve B being 
moved towards the left by ite hand-wheel C to depress the gun 
when such depression would bring the gun into the danger zone, 
the tappet a! strikes the pivoted arm E?, and the consequent move- 
ment of the floating lever E) about the end of ite lower arm causes 
the plunger-block E to displace the aux valve D to the left 
to out off the supply of pressure fluid thro: the a 
d of the valve-casing, thereby bringing the gun to rest. If the 
turret is then trained, it may happen that the roller-bar E* is 
moved on to a higher portion of the cam E‘, in which event the 

d displ t of the roller-bar E* causes the floating lever 
E) to be rocked about the point of connection of its upper arm 
with the aforesaid link ¢2, and the auxiliary valve D to be shifted 
further towards the left, so that the pressure fiuid will be 
admitted through the elevating-port d!, and exhaust wiil take 
place through the depression port d to the exhaust-port d? ; 
the gun is thereby elevated until it isno longer in the danger zone. 
(Sealed September 16, 1915.) 


2476/15. P. M. Justice, London. (Reth/chem Steel Com- 
pany, South Bethlehem, U.S.A.) Projectiles. (4 Figs.) 
February 16, 1915.—This invention relates to percussion fuses 
for projectiles of the type in which the fuse is provided with a 
hammer, a firing device carried by same, automatically un- 
locked means for normally restraining the device from arming 
movement, and spring means for moving the device into armed 
position, the invention consisting,in adding thereto means, also 
carried by the hammer, for locking the device in the armed 
mee adapted to form an unyielding connection which is 
nserted between the device and the mer, a similar dis- 
tance-piece being previously known in conjunction with a firing- 
pin, but not with one carried by the hammer. Referring to 
drawings, 10 indicates the usual shell or body member of the fuse, 
which is provided with the external threads 11 by means of which 
the fuse is secured in position within the projectile. The body 
member 10 is provided with a chamber 12 in which a hammer 13 
is slidably arranged. The inner end of the body member has 
secured therein acap 14 containing an cmpeies charge 15 anda 
percussion primer 16. The parts 10, 14, 15, and 16 may be of — 

ferred construction. The hammer 13 comprises an outer shell 
nto which a block 17 is secured, this block having an axially- 
arranged chamber 18 in which there is a firing device 19. The 
device 19 is essentially J having a point 20 and collars 
21. The block 17 is provided with two or more gh my * 
in which are arranged the centrifugal weights 23. ngs 24 
enter the outer ends of the weights 23, and normally press these 
weights against the firing device 19. As shown, the weights 23 
have their inner ends normally arranged between collars 21 of 
the firing device, and thus hold this device in the unarmed posi- 














tion against the action of the spring 25. It will be evident that with 
the firing device 19 in the position shown, it will be impossible for 
the point 20 to strike the primer 16 even if the fuse were dro; 
and struck on the cap 14, thereby causing the hammer to com- 
press the spring 26 which normally holds the hammer in the end 
of the chamber 12 remote from the primer in a known manner. 
The point 20 of the firing device is, in the unarmed position, 
within the hammer, so that the end of the hammer would strike 
the inner surface of the cap 14 before the point 20 could possibly 
strike the primer 16. At the end of the chamber 138 is an abut- 
ment 27 which limits the arming movement of the firing device 
19, and when the firing device is in this position the point 20 pro- 
ects from the for end of the hammer, and isina position 
strike the primer 16 when the hammer moves towards the cap 
14. At the rear of the block 17 isa chamber 28 in which a disc 29 
having an eccentrically-arranged perforation through which the 
end of the firing device 19 projects when the fuse is in the 
unarmed position shown. With the parts in this position the 
disc 29 is held against lateral movement by the firing device, but 
when the latter moves into the armed position the disc is 
released and permitted to move laterally to carry the perforation 
out of alignment with the firing device, and thus prevent a 
return movement of the latter to the unarmed position. With 
the parts in the armed position it will be evident that the disc 29 
forms an unyielding connection between the hammer and the end 
of the firing device, and also locks the firing device against the 
abutment 27. The firing device is therefore in the armed posi- 
tion, rigidly connected with the hammer, and thus when the 
7: the — is interrupted the full force of the hammer 
will be transmi to the tiring device to drive the latter into 
the primer. (Accepted July 15, 1915.) 


MOTOR ROAD VEHICLES. 


17,019/14. BR. T. Smi Jun., Warrington. Vehicle 
Wheels. [2 ree.) ee: 1914.—This invention relates to 
rims for vehicle wheels, which rims are adapted to be attached to, 
and detached from, the wheels, the rims being of the kind which 
are split, cut, or otherwise severed, transversely, so that one end 
of the severed rim can be caused, when desired, to overlap the 
other end, thereby circumferentially contracting the rim so that 
the removal therefrom, and the replacement thereon, of pneumatic 
or other tyres is facilitated, one of the ends being provided with 
a projection which is adapted to en with a recess formed in 
the other end, so that the unintert lateral displacement of 
one end with = to the other end is prevented when the said 
ends are in their en ition. is invention has for its 
object to provide an improved rim of the aforesaid kind, and 
chiefly consists in forming the aforesaid projection and reces3 so 
that as the ends of the rim are brought together circumferentially 
the projection will more readily and quickly enter the recess. 
According to this invention, the projection and the recess are of 
trongat ae ciroweatervatially th o> Bey we the panne 

r circumferentially the pro, 
other 4-7 


and recess will act w each yep et 4 Ay to 

correct abu posttion. The end 1 of the 2 is formed with | wheel 
a V-shaped projection 3, and the other end 4 of the rim is formed 
with a recess 5, 80 that, when the ends are 








ments of the ends is prevented. Unintentional radial movement 
of the ends relatively to each other may he prevented any 
suitable means ; for instance, the edges of the opposed may 
be formed to abut when in their gngaged position and a catch 6, 
as shown in Fig. 1, be vided, ich is mounted so as to be 
— of being turned on the end 4, and 
with a headed stud 7 on the other end 1, so that when the catch 
is in engagement with the headed stud, the ends are locked 
together against both radial and lateral movements ; but when 
the catch is yo yy from the stud, the ends, or one end, can 
be so moved ly that the rim can be contracted circum- 
ferentially, as indicated by the dot-and-dash lines in Fig. 1 ; or, 








(14.018) 


if desired, unintentional radial movement can be prevented Wy 
bevelling or equivalently forming the ends 1 and 4 so that th 
formation at one end will overlap and bear upon the corresponding 
formation at the other end, which can be effec as shown in 
. 2, wherei th out: and inward radial movements of the 
ends, when in their normal positions, are prevented by bevellin 
the respective edges of the projection 3 in opposite directions, an 
correspondingly bevelling the respective op edges of the 
recess 56. In this arrangement, to permit of the rim being con- 
tracted, it is necessary to first expand the rim until the ends are 
disengaged sufficiently to be moved radially, and then the rim can 
be contracted for removal of the tyre. (Accepted July 15, 1915.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c, 


21,648/14. A. Herbert, Burford, and P. Vernon, 
Coventry. D = es. (2 Figs.) October 28, 
1914.—This invention relates to the lubrication of drilling and 
similar machines. According to this invention, a header is em 
ployed which has one or more outlet-pipes, within each of which 
telescopes a delivery-pipe. This can be t 80 that its spout 
can deliver in different directions, and it can be adjusted end- 
wise with regard to the outlet-pi The delivery-pipe is only 
su by the outlet-pipe. Suitably supported near the top 
of the machine is a header A which receives oil by means of the 
supply-pipe B. Communicating with thie header are two out- 
let- ©, one for each spindle. To these outlet-pipes are 
attached extensions D which may be integral with the pipes C, 
but for convenience they are separate. Telescoping within the 
parte © and D there is a delivery-pipe E for each spindle. This 
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pipe preferably ongrene a bearing at F which is held between the 
pipe parts C and D, while the lower end of the part D carries the 
stuffing-box G, which gripe the outside of the mene ay E and 
prevents leakage. In each pipe Eis a tap H whereby the delivery 
of the oil can be controlled. The bottom of the pipe is provided 
with a curved spout J which spreads the oil Tn the manner 
required. Any suitable means may be provided for locking the 
pipe E to oo pan D; but, generally speeking, if the gland at 
is tightened up, the delivery- will be held against acci- 
dental movement. It will be understood that the delivery-pipe 
can be twisted so that the outlet of oil can be adjus as 
required; also that the delivery-pipe can move vertically with 
regard to the machine, telescoping within the pipe parts O and 
D. By this means vertical an adjustment of the 
nozzle J is obtained without the use of flexible piping. (Sealed 
September 16, 19165.) 
1172/15. The Churchill Machine-Tool Company 
Limi London, 8. H. March, lton-cum- 
, and ie Pet kee . Internal 
“Machines. [4 ] January 25, 1915.—This 
invention relates to improvements in internal grinding-machines 
and like machines of the type in which the grinding-wheel or 
other tool is carried upon a rotary spindle which is eccentrically 
or radially adjustable for the purpose of feeding the 
wheel or other tool to the internal surface of the cylinder or 
other work to be machined. The invention consists essentially in 
driving the adjustable ay ya or tool spindle by an 
arrangement of two endless belts immediately in front the 
main spindle and at the rear of the tool spindle—that is to say, 
the belt drive to the tool-spindle is in juced at the junction 
bet the rotating but non-adjustable main spindle and 
rotating but eccentrically or radially adjustable tool-spindle. a 


is the main spindle rotating in bearings b and b! carried ona 
slide z su’ 























gh a gear- 

. Secured to le a, or integral 
= it, is a | ~ phe é, + a with a number of 
peripheral pockets or recesses / for rpose of housing a series 
of loose guide-pulleys g and the studs 01 which they rotate. 


The grinding-wheel A, or other tool, is carried on the interna! 
i, which ie supported in bearings in the tube or snout j. 

snout j, with the spindle i, is mounted on slideways y, which 
form a driving connection between the main spindle a and the 
internal spindle i, the latter being radially adjustable on the head 
e by means of the screw & and nut &!, the minimum ‘ition 
being when the axes of me me pp me @ nearly coincide. To 
drive the tool spindle i, a pulley / is fixed on the spindle i to re. 
ceive an endless belt m, which passes partly round it and the 
series of loose guide-pulleys g, of which any number, say two 
pulleys marked g! and g®, are made adjustable in order to main- 
tain the required tension on the belt m. A second endless belt n 
is superimposed on the belt m, and in the example illustrated 
also over and under other guide-pulleys and round two 
pulleys 0, one of which may be driven at the required speed. It 
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will be readily understood that if the belt nis driven at a high 
speed it will impart a high s to the endless belt m, and so to 
the adjustable tool-spindle + and grinding-wheel h, or other tool 
which it carries, quite independently of any rotative speed which 
may be imparted to the n spindle a and snout j. It will also 
be understood that the snout j, with the adjustable tool-spindle i 
and pulley 7 may be eccentrically or radially adjusted or moved 
from the minimum position marked l! to the maximum position 
12, see Figs. 2 and 3, without en with the separate and 
independent speeds imparted respectively to the main spindle a 
and the ee t. It will be obvious that if the grinding- 
wheel h be substituted by a milling-cutter, or other tool requiring 
a slower speed of rotation, the y ch would be made 
in the driving-gear, as, for example, a reducing-gear might be 
combined with the pulley 1. (Accepted July 15, 1915.) 





TEXTILE .MACHINERY. 


16,442/14. J. Duckworth, J. Eddies J. Gregson, 
an . easdale, Blackburn. Shuttles. [5 Figs.) 
July 10, 1914.—This invention relates to loom-shuttles, in which 
the threading operation is effected by hand. The invention con- 
sists in a loom-shuttle having an internal projection formed in a 
piece therewith, and separated from the side-walls and the end 
of the yay hE two straight passages and a curved passage, 
one of the straight passages communicating with a 
arran at an angle thereto and entering a tunnel in a hori- 
zon or approximately horizontal, direction, so as to occupy 4 
slan tion in relation to such tunnel. A indicates the 
Pa lection, B the tunnel, C the slot which enters the same, and 

the slot which communicates with the slot OC. In the example 
shown, the projection A is separated from the body of the shuttle 





by two straight slots D and E, cut vertically in the shuttle, and 

in communication with each other by a curved passage 
F cut at an incline, and the rear end of the block is cut at an 
angle (as shown at a) to direct the weft when ballooning away 
from the slot D which leads to the slot C, and from the latter to 
the tunnel B. The latter is conveniently bored at an angle, and 


the | the slot C is advantageously cut so as to incline —_ from the 


horizontal in the ite direction to the inc ion of the 
tunnel, so that it en the latter in a slanting direction, and 
constitutes a lock which prevents the weft ballooning out of the 
tunnel, G indicates a wood or other peg which is advantageously 
employed to guard the entrance to the slot D, so that in the 





event of the weft ballooning a loop of thread which may be 
tovmed oa is prevented entering the slot D. (Accepted 
uly 7, . 
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SWEDISH STATE HYDRO - ELECTRIC 
POWERSTATION AT PORJUS. | 


Tue Swedish State power-station at Porjus, on 
the Lule River, is in more than one respect an instal - 
lation of much interest and of t importancs. 
and it forms another proof of the enterprise and 
energy with which the Swedish State acts in the 
matter of modern industrial development. The | 
primary object of the Porjus power-station is the 
electrification of the heavy Lapland iron-ore rail- 
way from Kiruna to the Norwegian frontier at 
Riksgrausen, and this traffic was formally inaugu- 
rated on February 8, this year. This is the first) 
step on a large scale towards adopting electric trac- | 
tion for the Swedish railways, for which purpose | 
the State has purchased several waterfalls, in addi- 
tion to the many falls owned by the Crown. At 
the same time there will be a large quantity of 
electric energy available from the Porjus station 
for industrial purposes, and this, no doubt, will 
lead to the further exploitation of vast natural 
resources. 

The question of introducing electric traction has 
been under consideration by the Swedish State Rail- | 





| but experience has shown that the possibility of 


obtaining electric current generally fosters fresh 
industrial activity. Besides the Porjus, there are 
several other waterfalls in the Lule River which 
can be exploited with advantage. The regulation 
of the river, which further developments of the 
Porjus station will entail, is also of great import- 
ance for the continued exploitation of the power 
of that river. 
In the unregulated state of the river, the water 
consumption at Porjus is as follows :— 
Cubic Metres 
per Second. 
With low water in normal years, about 40 
dry years, minimum, 
about... 
» high water, maximum, about 


” ” ” 


24 
1500 


A careful investigation of the scheme for the 
regulation of the system of lakes above the Porjus 
station shows that the low-water flow can be in- 
creased to about 150 cub. m. (5300 cub. ft.) per 
second, through the gradual regulation of the Great 
Lule Lake and other lakes further up the stream. 





This regulation it is | a to undertake, as the 
increased demand for energy from the Porjus 


















way authorities for a number of years, and mention 
has been made in these columns of the experiments 
carried out during the years 1905-7. In the year 
1910 it was decided that the Kiruna-Riksgraiusen 
Railway should be electrified, and that the Porjus 
Falls, on the Lule River, should be exploited for 
this purpose, it also being decided to build a rail- 
way from Porjus to Gellivare. The Riksdag voted 
in the aggregate 21,500,000 kr. (1,200,0001.) for this 
purpose. Two schemes were under consideration 
—viz., that which was finally adopted, and the 
Vakkokoski scheme, referring to the exploitation 
of the waterfall of that name in the Torne River, 
situated some 20 km. (124 miles) from Kiruna, 
both the falls in question being State property. 
This latter scheme comprised the damming of some 
smailer Jakes above the fall, whereby an aggregate 
height of fall of 19.5 metres (64 ft.) would be 
obtained, in addition to which the large Lake 
Tornetriisk could be used for reservoir purposes. 
Preference was given to the Porjus Fall not only 
on account of the greater possibilities of extension 
it offered, but also on account of the facilities it 
provided as regards a further electrification of the 
railway as far as the Bothnian Gulf, and of the 
— chances for industrial development it would 
ord. 

The Porjus power-station, it should be remem- 
bered, is not intended solely to supply electric 
energy for railway traction, but is also meant to be 
an industrial agent of importance, as far as its 
Capacity goes. So far only one contract has been 


entered upon—viz., with the Griingesberg concern, 
for ite undertakings at Kiruna and Gellivare ; 





(3.1 miles) long, and was, before the construction 
of the power-station, separated from Great Lule 
Lake by a series of falls extending over some 34 km., 
the so-called Luleluspen, with an ag; te height 
of fall of about 8} metres (28 ft.). By the building 
of the dam at Porjus the level of this lake has been 
raised, so that this fall also for the most part can 
be utilised for the power-station. The previous 
and the present water-level, as against an assumed 
—_— plane, will appear from the subjoined 
table :— 


7 ms 
Little 





Great 
Water-Level. Lule Great Porjussele. Por 
Lake. jussele. 
metres | metres metres 
Natural low-water level :— 
Exceptional. . - --, +346.03 _— _ 
Normal --| +846.34 +337.9 +287.0 
Natural high-water 
level :— 
Normal es --| +348.88 +339.7 +201. 
Exceptional . . -, +349.50 — _ 
Dammed :— 
Low-water level ~~ + 343.753—44. 25 -- 
_ +316.0 — 
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station makes it expedient. As the total height of 
fall in the Lule River between the Great Lule Lake 
and the sea is about 360 metres (1180 ft.), this will 
mean an increase in the natural capacity at low water 
from about 190,000 horse-power in normal years, 
and about 115,000 horse-power in dry years, to 
about 700,000 horse-power. As only a compara- 
tively small part of this vast amount of power will 
be required for railway electrification purposes, 
there will be a large quantity of energy available 
for diverse industrial pur , preferably for the 
utilisation of raw materials found in this portion 
of the country. In this connection it may be men- 
tioned that the Swedish Legislature two years ago, 
with a view to increased production of iron ore, 
voted a sum of 1,000,000 kr. (56,000/.) towards the 
above - mentioned regulation ; this work is now 
going on and is calculated to increase the low-water 
volume to about 60 cub. m. (2120 cub. ft.) per 
second. 

According to the arrangements for an _ in- 
creased production of iron ore just referred to, the 
consumption of water would be :— 


Cubic Metres 
per Second. 
For railway traction = sit Fe 22.5 
For the Griingesberg Company ... 10.0 
Total 32.5 


for which the supply of water in dry years would 
be insufficient without regulation. 

The Porjus Falls comprise a series of cascades 
extending over some 2 km. between two compara- 
tively tranquil lakes, Great and Little Porjussele. 





The former, and upper, of these is about 5 km. 





The gross height of fall of the power-station is 
consequently 57 metres (187 ft.) at low water and 
55 metres at high water. Allowing for loss by 
leading the water to and from the turbines, and 
for movement arising from sudden changes in the 
consumption of current for railway traction, the net 
height of fall will vary from 49 to 55 metres (161 ft. 
to 180} ft.). The position of the power-station 
will appear from the ay Fig. 1, annexed. The 
country is rocky on both sides, mostly right up to 
the surface, but is otherwise covered with a thin 
layer of earth. The location of the dam at Great 
Porjussele, at the end of the lake, was a foregone 
conclusion, on account of the natural conditions. 
The river at the dam forms two branches, of which 
the eastern, and broader, constitutes the principal 
bed. On the western shore the dam is continued 
\far into the low, and at places flooded, plain, and 
| adjoins a ridge projecting west of the lake. 

The outflow and inlet to the power-house have 





been placed at the eastern end, as this provides 
the shortest distance and most convenient condi- 
| tions for this purpose. The intake for the turbines 
has therefore been constructed in connection with 
the eastern junction of the dam and the shore. In 
designing the arrangements for exploiting the 
power it was, on account of climatic considerations, 
desirable to avoid long inlet tubes above ground, 
which the location of the machinery hall in an open 
shaft would have entailed. On the basis of com- 
parative calculations as to different alternatives, and 
the nature of the rock having been geologically ex- 
amined and found satisfactory, it was decided to 
place the machinery hall below ground, and to lead 
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the water to and from the machines through inlet | considerations, as a structure of this nature would 
and outlet canals blasted in the rock, and situated| demand masonry of too heavy dimensions. For 
as shown in the map, Fig. 1. This ensures a very | this reason it was decided to construct the two 
material advantage as regards reliability in working, | longest portions of the dam—viz., the section over 
inasmuch as the water on its way from the dam/| the island (Fig. 1), surrounded by both arms of the | 
basin, which in winter is protected by a layer of | river, and on the western shore—as fill-dams, with | 
ice, often a metre thick, down to its outlet into|stone-faced earth fill (Fig. 5, page 387) on the 
Lillselet, entirely flows within the rock, so to/|water-side, which can be compressed by the ice 
speak, and only becomes ex to view in the | pressure without the dam suffering any harm. An | 
distribution basin and the further end of the inlet | additional reason for choosing this construction was | 
tunnel, which basin, moreover, is under a roof as|the ample sufficiency of suitable filling material— 
a protection against snow and cold. In addition viz., gravel with clay found on the height on the | 
the basin can be warmed by the influx of warm air western shore, and the large quantities of stone | 


from the neighbouring instrument-house. from all the biasting work, which thus came in| 


The Dam.—The position of the dam is shown in | useful. | base 


Fig. 1, on page 385. Fig. 2, subjoined, is a general| The crown of the fill-dams is placed at the level | 
elevation of it to an exaggerated vertical scale.| + 347.85 metres—that is, 1.85 metres (6 ft.) above | 
Fig. 3 shows the eastern end in greater detail, the dammed-up high-water level, and above 12, 











damming- P of the water-level. The farther load 
to which the core will be exposed through the 
damming up of the water will be carried by the 
reinforcement on the up-stream side, without any 
danger of cracks. The reinforcement on the down- 
stream side was installed with a view to the stresses 
which occurred during the period when building 
was going on, on account of the earth fill—with 
regard to which work has to be discontinued dur- 
ing winter—rising more slowly in height than the 
stone fill. 

In order to be able to observe whether the dam, 
when subjected to the existing loads, keeps tight, 
an inspector’s passage has been constructed at the 
of the core wall on the down-stream side, 
along 112 metres on the western shore. No leakage 
has, so far, been observed there. Owing to the 
structure of the rock, it was in some places neces. 
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while Fig. 4 is a plan, Figs. 5, 7, and 9, on|metres (39 ft.) above the lowest point of the 
page 387, are sections respectively of the earth and | original ground. The section of the dam consists 
rock — dam, of the spillway, and of the/| principally of three parts: a stone facing on the 
rolling-dam. Figs. 11 to 14, on page 398, are photo- | down-stream side, a filling of earth on the up- 
graphic views of various parts of the dam. Refer-| stream side, and in the centre a heart or core of 
ring to Fig. 1, page 385, and commencing at the| reinforced concrete. The latter, which is moulded 
upper, or western, end of the dam, there is first a| into a groove blasted in the rock down to at least 
long length made by depositing earth and stone,|1 metre in solid rock, is intended to prevent 
with a concrete hearting or core, as shown in Fig. 5, | leakage in the dam, whether beneath or through the 
on page 387. Then comes a spillway, over which | filling, through uneven settling of the latter. The 
the excess water flows, and on the top of which are | fill consists of different vertical layers, of which the 
removable trestles (Fig. 7, page 387) to enable the | inmost puddled portion, with which special pains 
lake to be banked up to a higher level when| have been taken, is intended to constitute the 
desired. South of the spillway there is a shorter | impermeable layer. Above the earth fill is placed a 
length of —_— dam, to be followed by another | layer of mud and stone as protection against frost 
spillway. en comes the rolling-dam by which | and ice. 
the level of the waver in the reservoir can be| The stone fill on the down-stream side forms a 
reduced (Figs. 9 and 10). This brings us to the| support for the core; and to make this support 
southern end of the dam, where the intake for the| more effective, a sloping sliding plane has been 
turbines occurs. provided, in order to ensure a direct transfer of the 
The Earth and Stone Fill Dams (Fig. 2, above, | pressure to the core when the stone fill settles. 
and Fig. 5, page 387).—In the construction of When the portion of the stone fill underneath the 
these dams it was —e to provide for the| sliding plane settles, the wedge-shaped upper por- 
special pressures to which they may be — tion, on account of its weight, will be pressed down 
when the Great Porjussele is covered with thick ice, | against the wall, and exercise an active pressure 
and the latter expands, through being exposed to/ upon it, the amount of which is so adjusted that, 
the heat of the sun. To construct the dams strong | as far as can be judged by theoretical calculations, 
enough to resist the expansion of the ice was out| it evenly balances the pressure against the other 





of the question, both from practical and financial | side of the core from the earth fill before the 





sary to make the groove for the wall as much as 
2 to 5 metres deep, which naturally increased both 
the cost of blasting and concrete work. 

The Spillways.—Across the western branch of 
the river (Fig. 1), between both fill-dams and the 
greater portion of the distance above the main 
stream, the dams consist of spillways carried out 


in concrete (Fig. 7). The western, and shorter, 
dam is 82.30 metres (270 ft.) long, and the eastern 
115.37 metres (378 ft.). The connection with the 
fill-dams consists of walls of stone-faced concrete. 
The crown of the dam is at +343.50, as will appear 
from the cross-section, Fig. 7. The up-stream side 
of the crown has been made sloping, on account of 
the ice pressure, so as to force the pressing ice up 
towards the crown, and so to break it. In addition. 
an earth layer, with stone protection, has been laid 
in front of the dam. ’ 

The construction of the dam proper is of 4 
modified ‘‘ Ambursen ” type. It consists of concrete 
arches, which surround an inner hollow space, 
divided by cross-arranged brick piers, with the 
object of forming a support for the arch, and of 
transferring the resultant of the stresses to the 
rock bottom. By means of apertures in the brick 

iers and bridge-bars of reinforced concrete placed 
| ronhonan them, and located above the lower high- 
water level, the interior of the dam is, under all 
conditions, accessible for inspection (see Fig. 3). The 
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thickness of the brick piers is 1.5 metres (59 in.), 
and the free width of span for the arch 5.8 metres 
(19 ft.). The western spillway comprises nine, and 
the eastern thirteen of these spans. In order to 
facilitate the work for the concrete moulds, all the 
arches have the same inner radius of 6.8 metres 
(22.3 ft.), corresponding to a rise of arch of 0.65 
metre (26in.). The front arches, against which the 
fill in front of the dam rests, have also the outside 
arched, whilst the arches which form the crown of 


Fég. 5. 


+346.00 H.W.L. 


Fig.9. 
H.W.L.+346-0 


L.W.1.+343-95 











large massive portions of wall at both ends of the 
dam. Of the dam across the western branch about 
9 metres (29 ft.) at each end have therefore been 
constructed as solid wall (Fig. 2). The eastern 
spillway dam (see Figs. 3 and 4, page 386), which 
is of greater height on account of the lower position 
of the rock bottom, has required a solid portion of 





wall of about 14 metres (46 ft.) length at its 
western end, and adjoins at the opposite end the 
solid dam wall, to which reference will be made 























the dam (Figs. 3 and 7) and the down-stream side |later on, beneath the timber - floating aperture, 


are covered with a layer of concrete coated with 
natural stones. The latter parts of the construc- 
tion, and especially the crown of the dam, are 
more heavily dimensioned on account of extra 
stresses from the ice. The stone coating, which in 
the most exposed places is firmly anchored in the 
concrete, has been reckoned as a load for the con- 


which is sufficient to receive the horizontal pres- 
|sure. It being necessary, so as to let the water 
| through while the building was going on, to divide 
‘the construction of the eastern spillway dam into 
two stages, a massive portion had to be constructed 
|also in the middle of it, which, however, as it was 
|only required to receive the horizontal thrust 


crete construction underneath, but not as itself | arising from its own weight, is only 8.8 metres 


supporting any stress. 
As the water pressure and other stresses through 


long. 
‘The concrete used for the arches is in proportion 


the arches are transferred to the piers, material | 1 :3 :5, with the exception of a water-tight layer on 
horizontal thruste arise, acting in the longitudinal | the water-side, 200 mm. (8 in.) thick,which was made 


direction of the dam, which must be absorbed by | in 1 : 2 : 24. The concrete layer under the stone 





coating, as well as the piers, is mixed as 1: 5: 7. 
The thickness of the arches has been so fixed that 
without reinforcement they can sustain the maxi- 
mum load with a stress of 20 kg. per sq. cm.(284 Ib. 

r sq. in,) at the utmost. e reinforcement, 

owever, consists of 20 mm. to 32 mm. (0.8 in. to 
1.28 in.) rod iron, besides stirrups, through which 
the stress is reduced to 15 kg. per sq. cm. at the 
utmost. This has been done because this part of 
the work, being comparatively difficult to get at for 
repairs, as compared with other portions of the 
power-station, has been made exceptionally strong. 

In the spandrils between the arches and the 
piers provision has been made for insertion of 
asphalt cloth. The stone-coated concrete layer is 
fitted with expansion grooves above the centre 
of each pier, which grooves are made water-tight. 
So as to make absolutely sure of water-tightness 
— the rock on the up-stream side, a groove of 
about 1 metre (39.3 in ) depth has been blasted 
underneath the front arches and the front part of 
the piers, which groove is filled with concrete, 
into which impermeable layers have been inserted 
(Fig. 7). Between these concrete foundations and 
the front arches is a groove, which allows for 
alteration of the form of the arch through variable 
load and temperature without cracks arising ; the 
groove is e tight with lead sheeting, laid in 
cast - iron mouldings, which in their turn are 
embedded in the concrete on both sides of the 
groove (Fig. 8). 

In continuation of the arches on the down-stream 
side there is a foundation of concrete with a stone 
coating, and between this and the down-stream 
arches there is a similar groove, although without 
any special impermeable arrangements. The up- 
stream side of the front arches is finished with 
cement painted twice with asphalt-mastic. The 
degree of water-tightness obtained through these 
arrangements was gauged by measuring the leakage 
water half a year after the completion of the dam. 
The quantity of water leaking into the hollow space 
of the eastern spillway dam altogether amounted to 
3 litres (5 pints) per second. 

So as to obtain sufficient day and night storage 
in the Great Porjusselet (Fig. 1), at low water, 
between the levels + 343.75 and + 344.25, it was 
originally planned to fit the crown of the dam with 
temporary saddles of only 0.75 metre (30 in ) 
height. These were to consist of removable 
trestles and panels of wood, which were to be 
removed every year for the spring flood, and again 
put up afterwards. While the building was going 
on, the Riksdag, however, a resolution 
regarding the works for a first regulation of the 
supply of water. These works comprise the lower- 
ing of the low-water level in the Great Lule water 
to 344.80 by dredging the falls at Luleluspen and 
by alteration in the Porjus dam, so that damming- 
up can take place up to + 346.0 even at low water, 
and thus a regulating storage of 1.2 metres height 
in both lakes can be controlled by means of the 
dam at Porjus. On this account the saddling on 
the dams has from the outset been carried out at 
such a height that it allows of damming to + 346.0, 
and it consists of iron trestles, capable of being 
lowered, and needles of wood (see Figs. 3 and 4, 
on page 386, and Fig. 6, annexed). 

The Roller-Dam.—The continuation of the dam 
immediately east (Fig. 1) of the spillway across the 
main stream-bed constitutes a solid dam-section, 
above which is arranged a 12-metre (39 ft.) timber- 
floating outlet, which can be closed by a movable 
roller-dam. The dam is shown in cross-section in 
Figs. 8 and 9, annexed, and in elevation it is to be 
seen in Fig. 13, page 398. Its crown is 1 metre 
lower than that of the spillway, or at level 
+ 342.50; and on the up-stream side, on account 
of ice pressure, it has the same slope as the spill- 
way. Its up-stream side is also, in this case, pro- 
tected by stone-coated earth fill, which will make 
good ible cracks in the rock in front of the 
dam. The slope of the down-stream side, so as to 
facilitate the progress of the timber to be floated 
through, is limited to 1:2. Its connection with 
the rock bottom is effected by means of a similar 
foundation to that of the spillway. The outlet is 
flanked by piers 3 metres (10 ft.) thick, constructed 
with recesses for the roller-dam and for the support 
of the appliances necessary for its manceuyring. 
The Passage of the timber on the down-stream side 
is flanked by side-walls 2 metres high, built on the 
piers already referred to. Both the piers and 
side-walls, as well as the crown and the down-stream 
side of the dam, are protected by stone coating, 
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which, especially on the sill and in the foundation, 
is securely anchored in the concrete underneath. 

The water of the river during certain es of 
the building has been through the brick- 
work underneath the roller-dam by means of five 
temporary openings (see Figs. 4, 9, and 13). The 
openings nearest the upper mouth are lined with 
iron plate, and were during the building operations 
protected by interior planking. On the rising of 
the water, they were first aud by timbers inserted 
between grooves in the up-stream side, after which 
the openings were partly filled with concrete, after 
eoeng of the planki Water —s - way 

ast the timbers was dis of through pi 
oasted beforehand. siti ée 

The roller-dam itself, of which sections are shown 
in Figs. 9 and 10, page 387, was constructed accord- 
ing to drawings supplied by the firm which controls 
the patent. B contiete of a cylinder of steel plate, 
fitted with inside stays, 1.6 metres (63 in.) in dia- 
meter and 13.42 metres (44 ft.) long, and two shield- 
plates, the one turned downward and at its lower 
edge fitted with a timber joint-piece, the other 
turning upward. At the time the roller-dam was 
ordered it was proposed only to fix the lower 
shield-plate to begin with, but to make the con- 
struction strong enough to allow of a damming up 
to + 346 being practicable by attaching the upper 
shield-plate later on. But before the roller-dam 
left the works, the Government resolution above 
referred to had been passed, and the roller-dam 
could therefore at once be built in its full height— 
3.5 metres (11 ft. 6in.). This explains the some- 
what unusual construction with two shield-plates. 
Close to the pier, on either side of the roller-dam, 
there extends from the cylinder a screen of plate, 
which covers the groove in the dam, and which, by 
means of wooden fitting-pieces, fits tight against 
the masonry. The ends of the roller, which 
project into the grooves behind the screens, are 
each fitted with a toothed wheel, which, as the 
roller-dam is rotated, gears with rack-bars on the 
down-stream side of the grooves. The manceuvring 
is effected by means of a winch mounted on an 
iron trestle on one of the piers, and a chain 
proceeding from thence, which is attached to the 
circumference of the one end of the roller. At 
the opposite end is a safety-chain, which keeps the 
roller in position should the teeth from some reason 
or other come out of gear. The winch is worked 
either electrically or by hand. The roller-dam and 
its accessories have been supplied by Messrs. 
Nydgqvist and Holm, Trollhiittan. 

The Solid Dam at the Intake. — Between the 
roller-dam and the water-intake at the eastern 
shore the dam occupies a position which excludes 
any apprehension of regular ice pressure. For that 
reason this section has been built as a solid con- 
crete wall, with an almost vertical up-stream side 
and ordinary triangular sectional form (see Fig. 4, 
page 386, and Fig. 11, page 398). At the base of 
the dam wall, at the point where the rock is 
lowest, and the wall has a height of 15 metres 
(49 ft.), two temporary openings (Fig. 3, page 386) 
were arranged whilst the building was in progress, 
in the same manner as with the corresponding 
—? under the roller-dam. In addition, 

ere are, nearer the intake, two permanent 
openings, each of 1.5 by 1.5 metres (59 in. by 
59 in.) area, and height of sill + 339.50. They have 
closing arrangements of iron, with winches for 
hand manceuvring (Fig. 11, page 398), and are in- 
tended to provide for the contingency that the 
water-level, for some reason or other, may require 
lowering below the crown of the spillway or the sill 
of the roller-dam. Finally, there are in the crown 
of the solid dam a smaller opening closed by doors, 
close to the eastern roller-dam pier (Fig. 13), to 
which a floating shoot can be attached should this 
at any time be needed, and nearest the intake an 
ice outlet, 4 metres broad and 0.75 metre deep 
below lowest water-level; this, too, is closed by 
doors made of timbers (Fig. 11). 

At the outlet Rog ne the dam section is duly 
strengthened. e down-stream side is entirely 
covered with blasted rock incorporated in the con- 
crete ; the sides of the permanent outlets and the 
up-stream side of the wall to about 1.5 metres 
(59 in.) below low-water level are protected by 
a coating of hewn stone. Otherwise the wall is 
made of concrete mixture 1: 5:7, in which stones 
are laid, and with an impermeable layer on the 
up-stream side, and inst the rock beneath the 
base. A system of in-pipes is inside 
the impermeable layer ; the water-side, as at the 


spillway and the roller-dam, is faced and twice 
pointed with asphalt mastic. 

Summary.—The dam construction, which com- 

rises all the sections described above, has a total 
fongth of 1254 metres (4114 ft.), of which 981 
metres (3123 ft ) belong to the filled dams and 
197.7 metres (648 ft.) to the spillway dams. The 
following table shows the extent of the different 
kinds of work which the building of the dam 
necessitated :— 


Cubic Metres. 
Earth removal ... About 34,200 
Rock blasting... oss ia 9 ,9 
Wall work of coarse concrete and 
stone ha nt us ame » 24,900 
Core wall of reinforced concrete 
in the filled dams a a » 138,900 
Other reinforced-concrete work és 3,300 
Earth filling se »» 101,600 
Stone filling »» 112,200 


The aggregate outlet capacity of the dam at 
high-water level + 346 metres, when both spillway 
outlets and the roller-dam outlet are entirely free, 
amounts to 1520 cubic metres per second, added 
to which are 30 cubic metres (1059 cub. ft.) per 
second, which can be disposed of through the two 
age outlets in the solid part of the dam. 

e high-water flow of the river, as already men- 
tioned, is 1500 cubic metres (52,600 cub. ft.) per 
second. 

As regards timber - floating arrangements, it 
should be observed that a general floating route 
has not hitherto been arranged in this part of the 
Lule River, but a considerable quantity of timber 
is, all the same, floated every year from the Crown 
forests situated above Porjus. More definite 
arrangements about the floating are pending. 

The Water Intake is located where the dam 
adjoins the shore on the eastern side, in immediate 
conjunction with the solid part of the dam just 
referred to (Fig. 4, page 386). The intake openings 
are arranged in a concrete structure, the front side 
of which forms a right angle with the solid dam 
wall. They are four in number (Fig. 2), each 
11 metres (36 ft.) broad and 4.5 metres (14# ft.) 
high, two belonging to the first and two to the 
second phase of building. Behind the intake 
a are placed wreckage-guards (Fig. 3) in a 

oping position, of bulb iron, at 100 mm. (3.9 in.) 
distance apart. In order to keep out the ice, 
and to some extent also the cold, there are 
erected, on the up and down-stream sides of the 
wreckage-guards, screens of reinforced concrete 
coated with stone. These rest upon reinforced- 
concrete piers, 2 metres thick, which separate 
the intake openings, and they extend from the 
upper edge of the openings at height + 343 metres 
to a height level with the dam crown, + 346.50 
metres, and support an upper structure of wood, 
within which the cleaning of the guards can take 
place irrespective of climatic conditions. 

The water, having passed the intake openings 
and the wreckage-guards, proceeds into an open 
intake basin (see Fig. 1), which forms an interme- 
diate reservoir between the broader and shallower 
sections at the wreckage - guards and the narrower 
and deeper section near the inlet tunnels. The 
basin, in its deeper portion, is blasted in the rock, 
which here was full of cracks, wherefore it became 
necessary to cove: the sides of the excavation en- 
tirely with concrete. The upper portion has stone- 
lined concrete walls built over the rock surface. For 
the second phase a similar basin will be constructed 
east of the present one, space being reserved and 
part of the blasting being already done, while a 
partition-wall of concrete has been erected between 
the two basins. 

In connection with this articlé on the Porjus 
power-station we desire to express our thanks for 
the assistance rendered by the Royal Waterfalls 
Board of Sweden, and more especially the Bureau 
Engineer, M. Albert Westerlind, and the Chief 
Engineer, M. W. Borgquist, both of the Royal 
Waterfalls Board. 

(To be continued.) 





Tue GERMANS AND THE Be.toian Rarways.—Con- 
trary to the regulations of the Hague Convention, the 
Germans have in Belgium raised and carried away large 
= of rails of private Belgian railway concerns. 

t Belgium is stated to have been about stripped of 
ivate rails, and the same thing is now going on in West 
ders, for a. the railway Thielt-Wyngen- 
Zwevezede- Bruges. rails in question are in large 
quantities sent to Germany, for ~~ — it is thought, 
of being used on the t. The Belgian 





Government has , and in some cases the 


now appear to have discontinued this illegal practice. 








GRINDING-MACHINES.—No. XIII. 
By Josern Horner. 


Tue internal - grinding machines are recent 
examples of high specialisation. The universal 
machines, to which internal-grinding spindles are 
fitted as adjuncts, cannot fulfil the additional 
function so well as those machines which are 
designed and constructed for internal work only, 
When the volume of internal work is sufficient to 
keep a machine or machines constantly employed, 
such work should all be transferred from the 
universals to the machines which are built speci- 
ally for that duty. 

The photograph, Fig. 192, and the various views, 
Figs. 193 to 198, on Plate XXII, illustrate one of 
the Churchill machines, a 12-in., one of a series 
which ranges from 12 in. to 20 in. The mechanism 
of the table travel resembles that of universal 
machines, being by rack and pinion, and controlled 
by reversing-dogs. In other respects the design 
differs widely from the enlvendl tone. In the 
machines for internal work the grinding-spindle 
and its driving- pulley are carried on a slide 
which bridges over the table that carries the 
work headstock, so that the most ample stability is 
ensured. The sliding-table which carries this head- 
stock takes a bearing along the entire length of the 
bed, thus securing stability and alignment in all 
positions. The table swivels to give a taper of 
2 in. per foot. The work headstock also swivels on 
an auxiliary base on the table for grinding short 
tapers, turning in a complete circle, with its edge 
graduated into degrees. The speeds of the work 
and of the table are independent of each other. The 
result is that the speeds can be so arranged that the 
table may travel nearly the full width of the wheel 
per revolution of the work. This is in harmony with 
the growing intensive practice of using wide wheels 
and utilising nearly their whole width. There are 
four work speeds and four table speeds, the maxi- 
mum of the latter being 12 ft. per minute. 

The general scheme of the machine illustrated 
can be gathered from Figs. 193 and 194, Plate 
XXII. The main countershaft A, with its fast and 
loose pulleys making 460 revolutions per minute, 
drives through a 1}-in. belt to a speed bracket 
carried on the slide M, which bridges the bed. The 
pulley of the internal-grinding spindle C is driven 
from the large pulley B adjacent to the smaller step 
that is belted from the countershaft. The counter- 
shaft is also belied to the pulley D outside the gear- 
box E, from which both the work and the table 
are driven. The speeds of these are started and 
stopped by the lever F. Lever G effects through 
gears the four speed changes to the table, and lever 
H the four speed changes to the work. The work 
is driven from the gear-box through a 1}-in. belt 
from the pulley J to the second countershaft which 
carries the long drum, whence a 2-in. belt drives 
the work-head K. ; ; 

The method of holding the internal spindle is 
seen in Fig. 196. It is gripped by the bracket L 
on the bridge-slide M, and is belted from the 
large pulley B, this pulley being driven from the 
counter-shaft, as already stated, by a belt acting 
on the small pulley adjacent to B, as shown in 
Figs. 194 and 195. The internal spindle has been 
solestaneh and is shown by Fig. 199, which may 
be com with the firm’s spindles illustrated 
in the last article (see page 278 ante). The front 
end of the spindle, Fig. 199, is gripped in the 
bracket L, Fig. 196, similarly to the spindles 
shown in the last article. It is also provided with 
a large adapter, Fig. 200. ll the firm’s internal 
spindles, with one exception, are interchangeable 
in the bracket L. For the smaller sizes of the 
spindles an adapter bush is fitted, the diameter of 

e shanks being for the smaller 14 in. in diameter, 
and for the larger 2} in. in diameter. In Fig. 199 
the length of the bushings will be noticed, the 
method of taking up end thrust at the rear between 
the inner and outer nuts and the end of the spindle, 
the lubrication with the felt pads, and the sub- 
stantial construction of the whole. 2 

The work-head, marked K in Figs. 194 and 196, 
is seen in detail in Figs. 201 and 202. It swivels 
through a complete circle on an auxiliary base which 
is gibbed to the swivel-table. The spindle is hollow, 
is hardened and ground, and runs in very long 
bronze bearings, which are parallel and divided. 
The half brasses are screwed into their seatings. 
If wear occurs, it is taken up by scraping the 





joints to close the halves. The pulley is arran 
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so that it may be held by the locking-pin a at the 
rear when changing face-plates or chucks. The 
nose is bored with a No. 3 Morse taper. 

The method of operation of the grinding-wheel is 
shown in the sectional view, Fig. 196. This illus- 
trates the bridge-slide M spanning the table, and 
the fitting of the cross-feed screw N. The latter 
has a ball-thrust bearing at the front for ease of 
movement. A weight O is provided, hanging 
within the base, this weight always keeping the 
wheel away from contact with the work except 
when it is brought up by the feed-screw N. The 
cross-feed is by hand only in this case, as automatic 
motion is deemed unnecessary in a machine of this 
type. A dead-stop arrangement is fitted. The 
dial, which also forms the hand-wheel P on the end 
of the screw N, is fitted with an adjustable finger 
b, Fig. 203, which can be brought against a dead- 
stop pin c on the body, so that the wheel can be 
brought repeatedly to a predetermined position for 
repetitive work. 

The changes of s , both for the work and the 
table, are effected in the gear-box E, Figs. 196 and 
197, and each is independent of the other. The 
handle H (compare Figs. 193 to 197) is used for con- 
trolling the movements in the gear-box for the four 
work speeds, and the handle G is for controlling 
those for the table drive, four in number. The 
gear-boxes are standardised for different classes of 
machines, being built on the unit system. The gears 
are of nickel-chrome steel, specially heat-treated. 
The photographic view, Fig. 204, illustrates the 
interior of one of these boxes. The transmission 
of the speeds from the gear-box to the work-head, 
as already stated, takes place from the pulley J to 
the drum counter-shaft. 

The transmission of the speeds from the gear-box 
to the table for the power traverse is illustrated in 
Figs. 195 to 198, as is also the connection for the 
hand traverse. The shaft Q, coming from the 
gear-box, carries a pinion d of 31 teeth, driving a 
gear e of 46 teeth, the latter being on the shaft to 
which the reversing-clutch R is keyed. Bevel- 
pinions f, f, clutched with this, drive a gear g 
and its shaft S in reverse directions. A 20- 
toothed pinion h on a shaft continuous with this, 
and connected to it through the medium of a 
slip-clutch T, drives the 90-toothed gear j, to 
which is keyed the rack- pinion k. The slip- 
clutch T takes the shock of reversal. The hand- 
traverse is done from the hand-wheel U, having 
on its shaft a pinion 1 of 15 teeth, which, meshing 
with one m of 33 teeth, drives to the rack-pinion k 
and rack n, Fig. 202. 

The control of the reversing mechanism is best 
illustrated in the front view, Fig. 195, coupled 
with the small sectional details, Figs. 205 and 206. 
In these views, V is the hand reverse-lever ; it is 
coupled by the connecting-rod W to the lever X, 
which is on the end of the shaft Y, Fig. 198. 
On the other end of this shaft is the fork-lever 


Z, carrying hardened-steel rollers, which fit in| - 


the groove in the reversing-clutch R. The power- 
reverse is obtained through the lever AA (see 
Figs. 195 and 206) which is acted upon by the 
trip - dogs attached to the table, seen in the 
photograph, Fig. 192. After the lever has been 
brought by the table movement into a middle 
position, it is pushed by the spring plunger BB 
below quickly over into the extreme position, and 
thus the travel of the table is seuenel teiemiene- 
ously. To stop the table independently of the 
work, the reversing-lever V, Figs. 195 and 205, is 
used. It is fitted with a small cam which, when 
brought into the position shown, holds the lever 
centrally, and brings the reversing-clutch R into 
the middle = out of engagement with 
its pinions. e handle F is used to stop and 
start the motion of the gear-box, and thus both 
the table travel and the work can be stopped or 
started simultaneously. 

The provision for angling the table is seen in 
the photograph, Fig. 192, and in Fig. 195. The 
adjustment is made by the ball-handle CC to the 
graduations on the end of the table, and clamping 
is done by the handle DD. The flanging of the 
bed is seen in the same drawing, and the slo ing of 
the portion enclosed by the flange to the on tank 
beneath. A centrifugal pump is fitted, driven by 
the 1-in. belt from the main counter-shaft in 
Fig. 194. The fitting of the table to the bed is 
seen in Fig. 196, re a flat and a vee, with 
overhanging edges. e pockets for lubricating 
rollers are seen in Fig. 195. The general plan 
outline of the base is seen in Fig. 197, and the 





foundation plan in Fig. 207, showing the positions 
of the three feet on which it is supported. 

A three-point support steady-rest is fitted, as 
seen in the photograph, Fig. 192, for long pieces 
of work. In the machine illustrated a length of 
36 in. can be admitted between the face-plate and 
the bridge-slide. The ordinary slotted -plate 
is shown in the drawings. But jaw-chucks, or 
universal chucks with expanding drawback collets, 
with jaws adapted for various diameters of work, 
are supplied when so desired. 





THE JAPANESE SOCIETY OF NAVAL 
ARCHITECTS. 

Tue Japanese Society of Naval Architects during 
May of the present year held several meetings, 
some in Tokyo and one (on May 8 and 9) at Yoko- 
suka, with the additional attractions of a visit to 
Yokosuka Imperial Dockyard, to the flying station 
attached to that establishment, and to the Uraga 
Dock Company’s works at Uraga. 


Tae Errect oF THE War on Eastern SHIPPING 
AND SHIPBUILDING. 


At the Tokyo meetings, the papers included one 
by a successful shipowner, Mr. Yamashita, who 
gave interesting statistics, confessing at the same 
time that he knew how to manage ships, but not 
how best to impart information. Other papers 
dealt with oil supply, in view of future needs. The 
only one that we need summarise here is the paper 
by Dr. J. Imaoka and Mr. G. Watanabe, chief and 
assistant ship surveyors to the Marine Bureau of 
the Teishinsho (De ent of Communications), 
dealing with the effect of the great war upon 
freights in general, and the effects of freights, Xc., 
upon Japanese ship-owning and shipbuilding. On 
the route between Japan and Europe, this pa 
shows, there were before the war twelve r 
lines operating—Nippon Yusen Kaisha, P. and O., 
Blue Funnel, Royal Mail, Ben, Messageries Mari- 
times, Hamburg- American, N.D.L., Rickmers, 
Austrian-Lloyd, East Asiatic of Denmark, and 
East Asiatic of Sweden. These lines jointly 
before the war ran every month twenty ships 
from Yokohama and twenty-five from Kobe; in 
the months of October to December, 1914, the 
monthly departures were reduced to eight and 
eleven respectively, advancing in March of this 
year to twelve and fifteen. Similarly, on the route 
between Japan and North America the monthly 
departures declined from fifteen before the war to 
ten at present, and on the route to Australia from 
three to two. On the European route, notwith- 
standing the reduction in the number of ships 
leaving monthly, the amount carried, although it 
fell off at first, is now largely in excess of what 
it was before the war. The following table illus- 
trates this fact :— 


Goods Shipped from Japan to Europe. 











— | 1918-14. 1914-15. | —— 
tons tons per cent. 

October 26,204 8,362 - & 
November .. | 22,656 12,502 | - 45 
December --| 22,261 20,417 -8 
January --| 18,819 22,274 + 22 
February --| 19,798 28,547 + 44 
March.. | 19,178 33,391 + 74 








The principal goods exported to Europe are said 
to be grain, fish-oil, and pulse-oil. On the North 
American route values are given in place of tons ; in 
values there is for each month (except August, 
1914) a falling-off amounting to 33 per cent. in 
November and February, and 13 per cent. in 
March. The authors pointed out that, owing to the 
fall in the price of silk (the principal export), the 
decline in values does not necessarily imply reduc- 
tion in the tonnage conveyed. On the Australian 
route values have increased, the principal items 
being matches and cement, owing to the withdrawal 
of German-made goods from this market. 

The effect of the war upon tramp steamers has 
been distinctly interesting; at the beginning, 
owing to commercial and industrial depression, 
their case seemed hopeless. Then came Govern- 
ment employment of 200,000 tons against German 
possessions in the East, their release in October, 
and re-engagement in November for the trium- 
phant return of Japanese troops from Tsingtau ; 
towards January there was so little to do that the 
survey and repair of many ships were anticipated, 
and others were definitely laid up. About this 
time more and more large ships begun to be ab- 





sorbed in Europe, so that a demand arose f: r + hips 
of 3000 tons and above, while smaller steamers en- 
gaged in home trades suffered not a little. Then 
the increased demand for large ships, the export 
trade of Japanese goods, the restoration of financial 
facilities, and the nearly total withdrawal of foreign- 
owned tonnage, caused greater and greater demand 
for small and medium-sized ships, and the activity 
of the home trade asserted itself. The number 
of steamers owned by Japan of 1000 tons and 
more is 487, with a total tonnage of 1,567,004 ; 
215 of these (811,107 tons) are liners and regis- 
tered vessels (transporte, &&.) in Government 
service, while the remaining 272 (755,897 tons) are 
more or less tramp steamers. Before the war the 
latter were en d in trade at home, to China, 
and to India ; few went beyond. Then the above- 
mentioned causes began to take effect ; 45 steamers, 
of 140,000 tons—all vessels of over 3000 tons— 
entered the trade in European, North and South 
American, and Australian waters. In peace time 
(1914) the tramp steamers carried 8,700,000 tons 
(7,000,000 tons of coal and 1,700,000 tons miscel- 
laneous) of cargo. 

The prospects for the present year run till 
higher. [The authors then gave some figures show- 
ing rise of freights, which are of local interest. | 
Passing on to the rates for chartered ships, they 
pointed out that while usually these are higher for 
the smaller ships, they are now higher for the larger, 
a result of the demand in Europe for large vessels. 
Three yen per month per gross ton and 2 yen per ton 
dead weight was ruling before the war ; 7 yen per 
gross ton and 5 yen per ton dead weight is now to 
be had. Proceeding to deal with the effect of the 
foregoing facts, &c., on the shipbuilding of the 
country, the authors pointed out that demand for 
extra tonnage arose as consequences both of the 
China-Japanese war (1894) and of the Russo- 
Japanese war (1904-5); this demand was met by 
rather inferior ships brought from abroad, few cargo- 
boats being home-built. At present the demand 
once more exists, but importation of ~ is impos- 
sible, even at greatly enhanced prices ; hence ship- 
owners in Japan are poems their home builders 
for early delivery rather than low price. In May 
last fifty-two steamers were under order, with ton- 
nage exceeding 238,000, distributed as follows :— 


No. Tons. 

Mitsubishi Works, > ak 8 53,500 
a os Ko ae 3 12,400 
Kawasaki Dockyard, Kobe ... 11 62,200 
Osaka Iron Works 7 sino 94,900 
Uraga Dock Company ... oo 5 11,000 
Fujinagata Shipbuilding Yard 1 2,000 
Harima Shipbuilding Company 2 2,200 


For these ships most of the structural material 
and equipment has to be imported. Until July of 
last year prices had been falling, but are now fully 
20 per cent. higher than then. Before the war 
a certain amount of steel material came from Ger- 
many and Belgium, but most of it from England. 
The Government Steel Works at Wakamateu, in 
Kyushu, originally founded to supply materials 
for warships and other military purposes, can 
furnish little to the ordinary shipbuilder, who has 
now to import largely from the United States of 
America. For the ,000 tons of shipbuilding 
in hand last May 110,000 tons of steel material 
was needed ; 27,000 tons of this total was expected 
to come from Wakamatsu, 51,000 tons been 
ordered from abroad, and the remaining 32,000 tons 
was still to be placed. 

From these figures the authors deduced the lesson 
that in a period of unprecedented prosperity in the 
shipbuilding industry, only one-fourth of the struc- 
tural material required is produced at home. Hither- 
to the time required for the delivery in Japan of 
imported structural material has been five or six 
months ; it is now, of course, considerably more. 
At Wakamatsu, required material may be obtained 
quickly, but generally takes ‘‘ a fairly long time,” 
all the longer under existing circumstances, so 
that eight or ten months must be allowed. 
The rise in price at the present time is very 

t—over 36 per cent.—from 85 or 90 yen per ton 
fore the war to 115 or 120 yen per ton now. 
The most recent figures in the hands of the authors 
(May 13) were :—Steel from U.S.A., 133.94 yen ; 
See foam England, 121.44 yen. 

Passing from structural material to other mate- 
rial and machinery, 400 winches will be needed for 
the new ships. itherto such fittings have been 
made by the builder, who would now only too 

ladly pass the order to some sub-contractor. 
apocntineg is in good stead in the country, the 
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Tokyo Rope-Manufacturing Company producing the 
largest quantity (600 tons a month of steel-wire 
rope, and using 1500 bales of raw material for 
Manila rope); the steel for the wire rope comes 
partly from Wakamatsu and partly from Sweden ; | 
the price of this rope was in May last little affected 
by the war, owing to the fact that a good stock of | 


have been in 
at the principal shipyards ; recently a good many 
works have been started to keep the work at home, 
amon 
Iron 

valued at 142,000 yen. 
gating instruments are now supplied by the Tokyo 


imported and in part manufactured 


the most successful being the Matsushima 
orks at Osaka, with an annual output) 
Compasses and other navi- | 


the material required had been imported before- Measuring-Instruments Company. 


hand. 


For steel castings and forgings there are several | indica 


With prices of materials so much enhanced, as 


above, the cost of new ships has neces- 


important makers (apart from the Imperial Dock- | sarily increased. Before the war, cargo-ships cost | 
yards—viz., the Kobe Steel Works, the Sumitomo 130 to 140 yen per ton gross and 90 yen per ton 
Steel Works, and the steel foundries of the Kawa- | dead-weight. After the outbreak of war these figures 


saki and Mitsubishi Shipyards 


British hematite | rose to 150 to 160 yen and 110 yen respectively ; 


pig is chiefly used in all of these, and its cost has they are now still higher, a cargo-ship of 5200 gross 


Length......._-.-...- =1276 Ft. 

Maximum Diameter -13 Ft.6ins. 

Dis, Lint -—280 Tons 
‘otal —310 Tons 


Displacement of Superstructure-0Tons 
CURVES FOR MAIN PORTION OF HULL. 


MIDSHIP SEC. OF BOAT: 
WW 








Mitsubishi Dockyard at N: ki... 10,000 

” ” Kobe oe 3,400 
Kawasaki,, oi ce eed soa 9,000 
Osaka Iron Works : ae = 3,000 
Uraga Dockyard ... ee ee 1,900 
Harada Shipbuilding Yard... 300 
Fujinagata Shipbuilding Yard 800 


The wages per day earned by various classes of 


workmen were :— 


Tokyo Osaka 
— ae 
nme 2 

arpenter ... 

Coppersmith 
Engineer... 
Turner 


STABILITY CURVES OF A HOLLAND TYPE SUBMARINE. 
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STABILITY CURVES OF A PROPOSED SUBMERSIBLE. 
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increased 60 per cent. (from 50 yen to 80 yen per 
ton), involving a co’ nding increase in castings. 
For forgings the shipbuilders of Osaka have in 
ordinary times imported all materials from abroad, 
especially from Germany; this has been due to 
the low prices ruling. Now they have te fall 
back on como-ciide productions. Forgings are 
naturally much in demand, the Kobe Steel Works 
alone being in May last under contract for the 
shafting for twelve 3200-ton steamers for the Osaka 
Iron Works, eight steamers for the Kawasaki 
Dockyard (one of 7500 tons), and two 2200-ton 
steamers for the Uraga Dockyard. 

The manufacture of chain cables has made little 
progress in Japan ; in Osaka recently a new works 
has been s and a 200-ton testing-machine 

materials 


installed thereat ; in ordinary times the 
needed came from England and 


ium. Pumps 


90 35 WO WE TH 16 120 125 130 135 MO 145 150 155 160 WE 190 175 180 


tonnage and 8000 tons dead-weight, twenty months’ 
delivery, requiring 1,000,000 yen. Such figures 
are conveniently given in the following table :— 








pon | Price Con- | Price After | Price in May last. 
Ton |tracted Before) Outbreak of | _Infe: from 
— | the War. | the War | Rise of Material. 
yen perton yenperton _ yen per ton 

1000 | 155 175 190 

2000 130 150 160 

3000 120 140 160 

6000 | 145 170 180 

7000 | 140 160 170 





As to workmen available, materials for the 
steamers newly contracted for being as yet un- 
delivered, there is no lack, and wages have not 
risen ; by the end of this year, or the beginning of 
next, these conditions will certainly be changed. 
The approximate numbers of men employed in the 








and other auxiliary machinery an 


ship fittings | 


principal shipyards last May were :— 
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Fig. 7. SPEEDO CURVES. ., ‘ 
e Plots for Hull about 20° Displacement. 








1100 


(46980) Speed in Knots. 
Tokyo Osaka 
District. District. 
Yen Yen 
Pattern-maker 0.79 _- 
Moulder... 0.75 _ 
Boiler-maker 0.81 _— 
Labourer... 0.60 —- 


10 yen = UL. approximately. 

Yokosuka Meetine. 

At the Yokosuka meeting the papers read were 
as follows :—‘ Outline Description of Submarine- 
Boats,” by Commander-Constructor T. Motohara ; 
** New Device for Measuring a Ship’s Inclination, 
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(For Description, see Page 394.) 
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by Professor K. Suehiro and Assistant-Professor 
T. Yamamoto ; ‘‘ On the Diesel Motor-Ship, No. 3, 
Yokosuka Maru,” by Lieutenant-Constructor K. 
Hirayama; ‘‘Special Mines,” by Assistant-Pro- 
fessor T. Aoki. 


Tue StTasiLity OF SUBMARINES AND 
SuBMERSIBLE Boats. 


Commander-Constructor Motohara’s paper on 
‘Outline Description of Submarine-Boats” dealt 
with stability and with the relative performance of 
single-hull and double-bull types when running on 
the surface and when submerged. 

Dealing with stability, it was pointed out that at 
total submersion the area of waterplane is reduced 
to the section of the conning-tower and periscope— 
‘.€., practically to nil. In this condition the centre 
of buoyancy B coincided with metacentre M ; trans- 
verse and longitudinal G M became identical. In 
some types, the Holland for instance, M is always 
at or near the centre, and the designer must see to 
it that in every condition G is below the centre 
(owing to the position of the tank ballast the G M 
became greatest when the tanks are full—i.e., in 
the submerged condition). If the tank ballast could 
be assumed as weights fixed, the stability would 
increase between light and submerged conditions ; 
the free surface of the ballast-water temporarily 
decreased the moment, but when submersion was 
approached the stability increased, on account of 
the decrease of free surface of ballast, until—with 
tanks full—the water became equivalent to a fixed 
weight. Figs. 1 to 3, on page 390, give interesting 
data for the several conditions, and show the curves 
of stability to be sine curves both for slight and 
submerged states. 

_ The effect of making the superstructure water- 
tight, on the stability of the light condition, is also 
shown by the dotted curve in Figs. 1 to3. In the 
double-hall types it is unnecessary to design the 

oat 80 as to place G below the centre of the inner 
skin in the light condition ; this would give too 
great stiffness ; the condition was similar to ordi- 
| ships, and appropriate G M must be obtained. 

ariation of stability during the process of sub- 
—— was more complicated than with the single- 
= type. and in some cases a critical condition, 
pe G M = 0, might possibly arise. Even with 
this kept right, the G Z for finite angles could not 








Fre. 1. 


be got from the G M by mere inspection, and cross- 
curves had to be investigated. 

Figs. 4 to 6 give the several curves for a large 
double-hull boat of the author’s own design ; the 
curve of stability for submerged condition was, as 
before, a sine curve. In both seriesof stability curves, 
on page 390, Figs. 1 to 3, for a proposed submersible, 
and Figs. 4 to 6, for a Holland-type submarine, the 
curve of G M, as affected by ballast, assumed the 
latter to give simple loss of buoyancy ; displace- 
ment thus remained constant—viz., the displace- 
ment D in the light condition. In the Holland 
type longitudinal G M was always small, in the 
light condition even not more than }th to {th the 
length of the boat; submerged it decreased to about 
1 ft., the same as transverse GM. The smallness 
of the moment to change trim was at one time re- 
garded with apprehersion, but with careful hand- 
ling there was no danger ; and, on the other hand, 
the boat answered more readily to the action of her 
horizontal rudders. 

In the double-hull types the longitudinal G M 
was large in the light condition, but was reduced 
to the same as the transverse G M for total sub- 
mersion. Stability at complete submersion, with 
movement, was an interesting problem of dynamics. 
When one horizontal rudder was provided (aft) this 
rudder had to be set to overcome the reserve buoy- 
ancy; it then had to be adjusted to ensure a 
horizontal course at the required depth. In the 
particular case of a submarine of the Holland type 
the reserve buoyancy was 350 lb., speed 54 knots ; 
horizontal motion was secured by an angle of hori- 
zontal rudder of 4 deg. or 5 deg., the inclination 
of the boat itself, by the head, being 2 deg. or 
3 deg. When there was a horizontal rudder at both 
bow and stern, depth could be secured by adjusting 
the bow rudder, and the inclination of the boat 
iteelf by adjusting the stern rudder. Discharge of 
a torpedo disturbed equilibrium ; this was only 
momentary, until the place of the torpedo in the 
tube was taken up by inflowing water. Motion of 
the vertical rudder caused a tendency to rise: (1) 
because pressure on the horizontal rudder was 
reduced ; (2) because the vertical rudder itself 
received an upward component. Unlike ordinary 
ships, a submarine inclined inward under the action 
of the vertical rudder, since the centre of gravity 
was below the centre of lateral resistance. Disturb- 











ances caused as above can be easily adjusted by a 
skilled helmsman. 

Fig. 7, on page 390, gives interesting speed 
curves for the two main types of submarines. The 
information necessary for their explanation is given 
in the figure, and to this information there is 
nothing further to add. 


Device ror Measurine a Surp’s INCLINATION. 


The only other paper amongst those demanding 
notice is the second, by Dr. Suehiro and Mr. Yama- 
moto. The device is a LJ tube, filled with water, 
with special appliances for correct reading of 
the levels and for damping the oscillations of the 
water. The authors recognise the priority of Mr. 
A. Taylor’s usé of a somewhat similar apparatus 
(Institute of Naval Architects’ paper, 1884) and of 
Herr C. Comment’s (German Naval Architects, 
1914), but have added important details of 
their own. A scale similar to that used in 
Jolly’s balance, commonly used in physical ex- 
periments, is placed immediately behind each 
tube; again, the principle of the blue - lined 
burette, used in experimental chemistry, is ap- 
plied ; care has to be taken that, in reading, the 
water -level and its image coincide, in order to 
avoid parallax. Under these circumstances the 
authors claim an accuracy amounting to ,\, milli- 
metre. For damping purposes they fit a cover, 
with a small hole, on the top of the side tubes. 
In the paper they investigate (1) the degree of 
accuracy in relation to the readings of an ordinary 
pendulum ; (2) the effect of external disturbance ; 
(3) errors characteristic of the proposed device. In 
practical application they used it to observe the 
inclinations of an open boat, and—though wind and 
sunshine were appreciable at the time—found initial 
and final readings of the instrument identical. 





SrrucTuRAL ENGInKERING: ReinrorceD OCoNCRETE.— 
Facilities for the study of designing in steel-work and 
reinforced concrete are provided on Thursday evenings 
at the London County Council’é School of Building, 
Ferndale-road, Brixton. The advances made in 
tural engineering and the London County Oouncil’s new 
regulations for reinforced concrete have created a growing 
demand for young engineers and architects with + 
training in the theory and design of structures. The class 
is condu Mr. R. Graham Keevill, A.M.1.M.E., 
and affords opportunities to those desirous of instruction 
on practical lines. 
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TORSION STRESSES IN FRAMED 
STRUCTURES. 
The Calculation of Torsion Stresses in Framed Structures 
and Thin- Walled Prisms.* 


By Cyr Batuo, M.Sc., B.Eng., Assistant Professor 
of Applied Mechanics, McGill University, Montreal. 


§ 1. In designing a double-track cantilever bridge with 
suspended span, it is necessary to consider the stresses 
arising in the suspended span due to unsymmetrical live 
loads on the cantilever and anchor-arms (see Example iii., 
page 393). It is also sometimes of importance to determine 
the stresses in an ordinary truss bridge, braced arch o1 
other framed structure on four supports, due to unequal 
settlement of the supports. Similar problems also arise 
in connection with erection travellers, &c. The stresses 
arising under such conditions may be termed “ torsion 
stresses,” since they correspond to those called into play 
by two equal and opposite couples in parallel i. ~ 
acting at panel points of the structure. Meth for 
their calculation in the case of settlement of — 
have been given by various authorities.t These methods 
are, however, long and tedious, and the work may be 
considerably shortened by the use of the following 
theorem, which is also of interest from a theoretical point 
of view. By its use the stresses in the lateral system, 
usually the most important, may be calculated in a few 
minutes, whil&t the stresses in the main trusses may 
determined by means of an ordinary reciprocal diagram. 

§ 2. Theorem.—If a framed structure consisting of two 
parallel trusses—A BC, A! B' C' (Fig. 1), similar in out- 
line and connected by lateral bracing, be subjected to equal, 
opposite, and parallel couples consisting of unit forces at 
A, A‘, Cand © respectively, the shear S perpendicular to 
the plane of the trusses is constant throughout the lateral 
system and equal to the area of the base of the framework 
divided by twice the area of one of the trusses—i.c., using 
the notation of Fig. 1, 

8= be — 
2 x area ABO 

Consider the equilibrium of any panel-point m. Since 
there is no external force acting at this point, the force 
perpendicular to the plane of the truss ABC in the 
member (m — 1)!, m must be equal and opposite to that 
in the member m m'!. Similarly, considering the panel- 
point m! of the truss A! B' C!, the force in mm! must be 
equal and opposite to the dicular component of 
the force in m! (m + 1), &c. Thus the shear perpendicular 
to the plane of the trusses in the panel (m — 1)', m of the 
lateral system is the same as that in the panel m', (m+1), 
&c. Ina similar manner it may be proved that for any 
type of lateral this shear is constant throughout the 
system. Let it be denoted by S. 

The whole structure may now be considered as consist- 
ing of three parts joined together at the panel-points 
only, the trusses A BC, A! B!C! subjected to the unit 
forces at A, ©, A!, and C! respectively, and the lateral 
system transmitting the shearS. The chords of the main 
trusses must be regarded as belonging to both the truss 
and lateral systems. Each panel of the lateral system 
will transmit a force F to a panel-point of each of the 
main trusses, and these will form a system of forces 
p*raliel to the chord members of the trusses, as shown by 
the heavy arrows in Fig. 2. Thus at any panel-point m 
of the truss A BC a force F», is acting from the panel m, 
m + 1 of the lateral a Considering the equilibrium 
of this panel, it will be seen that 


a 
Fn =S8; . ° ° - (1) 


where a is the length of the panel, and } the distance 
between the main trusses (Fig. 2). It is, of course, 
immaterial whether the force transmitted by the panel m 
(m +1) of the laterals be considered as acting at m or 
(m + 1) of the main truss. In the former case the F forces 
would act as shown, in the latter there would be no 
horizontal force at C and no inclined force at A. 

For equilibrium of the truss A B C thesum of moments 
of the forces shown in Fig. 2 about an axis through A 
— to the plane of the truss must be zero. 

us 


1xl- S (Fm cos 8. Ym = F» sin 6. 2m) = 0, 
the summation extending over all the panel - points. 


Therefore, substituting values of sin @ and cos @ and 
using (1)— 


= s a fm+1 — =m i a (%=# —- Um 
1285 [3 (!22=2*) ym 3 (P= 2) 25] 


or 
bL=SS (a mtr. ¥m—Ymsi. em)  . (2) 
Now twice the area ABC, 


2P= > [2 Ym (Xm+1 — Xm) + (Ym41 - Ym) (am41 - am) | 


“ “ - 
= p (tm+1 Ym — Lm ¥m+1) ws > 2m Ym + Dd 7 m+ Ym+1- 


But 
= Tm Yn = > Tmt) Yn+ds 
and therefore 


2P= ZS lamtiym—zmymsi). (3) 


* Paper read before Section G of the British Associa- 
tion at Manchester, September 11, 1915. 

+ See Johnson, Bryan, and Turneaure, ‘‘ Modern 
Framed Structures,” vol. ii., page 375. 





be - ends perpendicular to the surface. 





Hence, substituting in (3) from (2), Full diagonal bracing is assumed. Then, if th 
” bu posts be vertical, as in a deck bridge, oiieaen 
aP esl tM] gL aren cttase bad 
and the theorem is proved. Si a 2x areaofonetruss 2hnd 2h 

6 stresses in the members e late’ system may — ‘ . 
be found at once by considering the shear S as acting on | If the end posts be inclined, as in s through bridge, 
each panel in turn. In order to find those in the main | Su _bnd = - b 
truss members, the stresses due to the F forces and the | 2a{ (n—2)d + a} wg Ee 
unit os A re C must se , ee seeney 
or graphically. A short graphical me obviating the | A . : . 
calculation of the F forces will be illustrated later (see | + 180s, Tezulte are in sareemen’ with those given by 
Example iii.). These stresses will be the correct ones for | Structures,” vol. ii., page 375. 
the web members, but to the chord members must be |“ (ji) Thin. Walled Rectangular Box. — An interesting 
Sa arising from Og Seed aeeen. tal 12 | verification of the application of the theorem to a thin. 
the tion of wind stresses. hese wi equal to | walled prism is the case of a rectangular box, such as 
or one half of the F forces, depending upon the type of |A BODEFGH (Fig. 4), to which forces are applied, 


lateral system. ‘ 
§ 3. Extensions of the Theorem: | as shown in the figure. 


| Considering A H and F C as the ends of the cylinder. 

(a) If the base of the structure be not plane, the theorem ’ 
still holds in the form given in equation (4), but b/ is not | yy 14 po toy faces EB, AC, DG, and G E parallel 
the area of the base. us equation (4) may be applied | 8 * 
to braced arches, erection travellers, &c.; in fact, to any | a= ab _ a . : (1) 
braced structure having similar parallel faces and sub- - Ste Be » 
jected to any pair or pairs of ~~ opposite, parallel | 
couples in the planes of the two faces respectively. Considering A C and EG as the ends, the shear over 

(6) The theorem may be further extended to include| ED, D G, GB and B E parallel to A E is given by : 
any thin-walled cylindrical or prismatic surface having | 


§= 


zn 


t Fig. 3 represent such a surface. 6 in this case 
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(44954) 
Fig.5. 
A’ B io” D' E la 
@) 4 B c D v3 F 
Loading used for Stresses in L aterals. 
& += = = 
Loading used for Swresses in Main Truss. 
ee —— 5000 Lbs.per foot 


----- 900 Lbs.per foot 


represents the length of the cylinder, and the forces at A : . $,_a : 
pe arte ered a cuaien up one couple, and those It will be noticed that a which must be the case 
at A! and C! the other. Then, using the notation of | for equilibrium of the faces H C. 
Fig. 3, Suppose the walls are of uniform thickness ¢ through- 
F= 8.5 $. out, then the intensity of shear over the faces A C and 
. E@= Ss. _1 , over DE and FC =S2— 1 nd over 
Taking moments about an axis through A parallel to at 2ct bt 2ct 
. _ of the cylinder for equilibrium of the end | ¢he faces E B and H O= 8, re . Thus the shear stress 
A ’ at 2ct 


1xl-Z(Feosy.y- Fsiny.z)=0, 


is constant throughout and of intensity a7" 
ct 
and therefore 


In this case the results may be arrived at quite simply 
bl=Sz(ydx - x5y), wage : ci ey ee the _—_- +” m 
: : resis y the face A H, and n by the face , as 
* <naigguaamees extending sound the boundary A BO D, indicated in the figure. Then for equilibrium of the 
si 8 bl faces AH, AC, and B E, we have 
~ 2x area A BCD aie a 
“Int 1 form the th be stated pib=G.a 
(c) In its most general form the theorem may be s . Salad 4 
thus :—Jf a hollow cylinder or prism, cither continuous- respectively. Thus - 
walled or of framework, and having plane ends 4- 
cular to its length, be subjected to a@ twisting moment by n pb 
couples in the planes of sts ends, the total longitudinal | or half of the force at A is taken by the face A H and 
shear is everywhere constant and equal to the twisting | half by the face AC, irrespective of the lengths of the 
moment multiplied by the length of the cylinder, and divided | sides of the figure. Also the intensity of shear over 
by twice the area of one of tts ends. a thes A OC = Ow 1 wer AH= “= 





§ 4. Examples: ct et ct 2c 
(i.) Bridge having Parallel Chords and Panels of ll and over B E= 2 = ™ °. 3 , which correspond to 
Length.—Let there be n panels each of length d, and let _b¢ cbt Zect 
the height of the trusses te h and their distance apart) | the results obtained by the former method, 
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(iii.) Torsion Stresses in the Span of a 
Cantilever Bridge Due to Unsymmetrical Live Loads.— 
Fig. 5a is a diagrammatic plan of a double-track canti- 
lever bridge having piersat BB! and EE’. Thus AB 
and EF are the anchor-arms, BC and D E the cantilever 
arms, and C D isthe suspended span. Let it be supposed 
that the position of the live load is as shown by the 
heavy lines. It will be seen at once that the suspended 
span is subjected to torsion stresses due to the unequal 
deflections at C and C' and at D and D! produced by the 
live load. The determination of these will be illustrated 
by an example taken from practice. Fig. 6 is an eleva- 
tion of the suspended span of the new Quebec Bridge, 
now in course of erection. The span is 640 ft. long, and 
the distance between the main trusses is 88 ft. The 
other dimensions are shown in the figure. The lateral 
system is shown in plan in Fig.7, aandc. The diagonals 
of this system will be regarded as acting as both ties and 
struts, and the bending in the portals will be neglected. 
Each diagonal of a panel will be ed as taking one 
half of the shear, in accordance with the usual assum 

tion. This applies also to the central panels of the main 


trusses. The sub-members of the main trusses will 
receive no stresses from the torsional couples, and thus 
the only members which need be considered are those 
The lengths of the cantilever and 


shown in Fig. 7b. 


258 x length of the diagonal _ 258 x 118.8 
distance between the trusses 88 
= 348 Ib. 


The stresses in the other members may be calculated in 
a similar manner, and are shown in Figs. 7a and c. 

In order to find the stresses in the main truss members, 
the whole —- may be considered as made up of three 
parts—the lateral system and the two main trusses, 
joined together at the panel-points only. It will be seen 
from the discussion in § 2 above that the front main truss 
is then in equilibrium under two forces of 1090 Ib. each, 
at L, and Ly, respectively, together with forces at each of 
the panel-points transferred from the lateral system. 
The latter forces will act parallel to the members of 
the top and bottom chords, as described in §2 and 
indicated in Fig. 2. The force from the panel I, 
Uj, of the lateral system will be regarded as trans- 
ferred at Uj,, that due to Uj, Uy, at Uys, &e. Ib 
would, of course, be equally correct to the force 
from Uj, as transferred at L,,, and that due to Uj, Uj, 
at Uj,, &c., and the final result would be the same. The 
stresses in the main members due to these forces may 
be found by “Ty > reciprocal diagram in the usual 
manner; but, by a little manipulation, the labour may 
be materially lessened. The first step is to determine the 
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anchor-arms are shown in Fig. 5a, which is a plan of the 
whole bridge. The live load will be assumed as 5000 Ib. 
per lineal foot, together with empty cars weighing 900 lb. 
per lineal foot. 

Any unsymmetrical loading of the cantilever and 
anchor-arms will give rise to torsion stresses in the sus- 
pended span, but only those which co-exist with maxi- 
mum stresses from other causes will affect the design. In 
this bridge there is no top lateral system in the canti- 
lever and anchor-arms, otherwise there would be torsion 
Stresses in these as well as in the suspended span, but 
those in the latter would be somewhat reduced, owing to 
the greater stiffness of the cantilever and anchor-arms. 
Two cases of loading will be considered bere, as shown in 
Figs. 5a and 6 respectively ; a is the loading used in 
calculating the effective torsion stresses in the laterals, 
b that used for the main trusses. An exact calculation 
would require still other cases to be considered, but the 
Magnitude of the torsion stresses in the main truss 
members is not such as to warrant the extra labour 
involved. 

The first step is to calculate the stresses in the sus- 
pended span due to unit forces at Tyg, Lp. and Lh), 
respectively. The forces will be regarded as downward at 
C'and D, and upward at C and D'. Then, from § 2, the 
transverse shear due to these is given by 


oméhe. « 220 
2x area of face 2 x 54,600 


Thus, for 1000 Ib. at the points , Ly, and L)j,, 
the transverse shear would te B16 Nad Ihe IX Ws 


8 = = 0.516. 


. From this the stresses in the laterals may be calculated 
immediately. For example, in the panel U, U4, of the 


upper laterals, each di : 
half the shear, each diagonal, being assumed to take one 


will be subjected to 9 stress equal to 








F forces transferred from the lateral system. As an 
example, consider el U, U1. This isin equilibrium 
under the action of the shear 8 perpendicular to the main 
trusses, the shear transmitted from the main trusses. 
Thus S x panel-length = F,, x distance between the 
trusses. Thus :— 


Fy = 8X UsUw = 0, Uy x 587. 


It will thus be seen that the F forces are proportional 
to the lengths of the main chord members. The force 
diagram may therefore be constructed in the following 
manner, without actually calculating the magnitudes of 
the F forces :—Draw an outline of the truss as in Fig. 7b 
to any convenient scale. Find the scale to which the 
length of the chord members in this diagram represents 
the F forces by determining one of the latter. Erect the 
perpendicular L,,a to represent a force of 1000 lb. to this 
scale, draw ac parallel to the bottom chord, c b parallel 
to Ly Ug, 6 Ug perpendicular to the bottom chord. A 
little consideration will show that a L);, L,; Ing, the top 
chord to U2, U,b, bc and ca form the force diagram. The 
reciprocal diagram may now be constructed and is shown 
in the figure. Thisdiagram gives at once the stresses in 
the web members. chord members, however, must 
be regarded as belonging to both the main truss and the 
lateral systems. ~—— as part of the lateral system 
each member, with the exception of the end posts, is sub- 
jected to one-half the F force in its panel, since the 
lateral system is stiff. This may be allowed for by 
measurement on the diagram. For example, n Uj, re- 


presents the stress in the member U,, Uj, regarded as 
oe of the main truss system, U,, U;, re ts the F 
orce, and therefore the actual force in U,, Uj, will be 
n Ujg—4 Uy, Uig, which may be measured o 





on the 





figure. The other chord stresses may be found in a 
similar manner, and the final results for the whole system 
are given in Figs. 7a, b and c. 

The next step is to calculate the relative deflections at 
the corners Li, L's, Ly, L'\, due to the assumed couples. 
Knowing the sections of the members, this may be done 


in the usual manner by use of the formula = pUl The 


AE° 
details of the calculation need not be considered here. 
The result for the case of the Quebec Bridge is 0.0067 in. 
deflection of Ly with respect to L', for 1000 Ib. load, as 
assumed above. Now the deflection of the point C with 
respect to C! (Fig. 5a) due to the loading shown, and 
assuming the suspended span to offer no resistance to 
twisting, was found to be 2.061 in., whilst the deflection 
of the point O due to a load of 1000 Ib. suspended at the 
point B under the same conditions is 0.00318 in. Hence, 
if X be the actual force transmitted from the cantilever 
arm to the suspanded span at L, due to the loading shown 
in Fig. 5a, 

0.0067 X = 2.061 -—2 x 0.00318 X, 


X = 157,800 Ib. 

Thus the actual value of S for this loading 

= 0.516 x 157,800 Ib. 
= 81,500 Ib. 

For the second case, Fig. 56, X = 99,400 Ib. and 
S = 51,300 Ib. 

The actual torsion stresses may now be found by multi- 
plying the stresses given in Fig. 7 by 157.8 and 99.4 
respectively. For example, the actual torsion stress 
co-existing with maximum stresses from other causes in 
the top lateral member U, U"), is 157.8 x 348 = 54,900 Ib. 

Ib. per. sq. in., the section of the member being 
14 sq. in. 

§ 5. Conclusion.—The above examples will be sufficient 
to show the application of the theorem. © case of 
stresses due to unequal settlement of supports is similar 
to Example iii. but simpler, as it is not necessary to 
form an elastic equation in order to determine X. 
Further applications are to the cases of erection-travellers, 
three-hinged arches, &c., unsymmetrically loaded. The 
form of the theorem given in § 3 ¢ may also be used to 
determine tne angle of twist, &c., of any thin-walled 
prism subjected to a twisting moment by considering the 
work stored, and may also be extended to give an approxi- 
mate method of dealing with solid shafts of any cross- 
section. 


and 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on some colonial and 
foreign engineering projects, taken from the Board of 
Trade Jowrnal. Further information on theee jects 
ean be obtained from the Commercial Intelligence cna, 
Board of Trade, 73, Basinghall-street, London, E.O. 


New South Wales: The Sydney office of H.M. Trade 
Commissioner in Australia reports that tenders are invited 
by the Sydney Harbour Trust Commissioners for the 
supply and delivery of three electrically-operated railway 
freight-car errers. Copies of the specification, con- 
ditions of contract, forms of tender, &c., may be obtained 
from the office of the Sydney Harbour Trust Commis- 
sioners, Circular Quay, Sydney, N.S. W., at which address 
also sealed tenders, on the proper forms, will be received 
up to 2 p.m. on January 31, 1916. A preliminary deposit 
of 5/. for amounts up to 500/., of 107. for amounts between 
5002. and 1000/., and of 1 per cent. of the value of the 
offer if over 10002., must accompany each tender. A copy 
of the specification, &c.. ther with drawings, may 
inspected by United Kingdom manufacturers of freight- 
transferrers at the Commercial Intelligence Branch of 
the Board of Trade, 73, Basinghall-street, London, B.C. 


South Australia : The Commercial Intelligence Branch 
has also received a copy of a report by the South Australian 
Parliamentary Standing Committee on Railways recom- 
mending the construction of a broad-gauge railway, 179} 
miles Jong, from Salisbury to Port Augusta via Vir- 
ginia, Bowman’s Flat, Snowtown, Warnertown, and Port 
Germein. The estimated cost of the undertaking is 
1,464,0007., of which 87,650/. is allotted for the purchase of 
rolling-stock. The ee togetber with a map of the 
line, may be consul by United Kingdom contractors 
and builders of rolling-stock at the Commercial Intelli- 
gence Branch of the Board of Trade, 73, Basinghall- 
street, London, E.C. 


Spain : The Gaceta de Madrid of October 1 notifies that 
tenders will be opened on November 9 by the municipal 
authorities at Valencia for the construction of a central 
market in that town, at an estimated cost of 1,999,875 
pesetas (about 80,000/.). A period of three years will be 
allowed for ey out the works. The Gaceta of 
September 30 notifies that tenders will be opened on Nov- 
cuber 12 by the municipal authorities at Jaén for the 
construction of a school for children in that town, at an 
estimated cost of 486,076 pesetas (about 19,500/.). (Note. 
—The conditions of contract contain clauses to the effect 
that at the first competition the materials to be used will 
be confined, with certain exceptions, to products of 
Spanish manufacture ; but that in the event of no decision 
being arrived at, a second competition, in which forei 
products may be accepted, will then take place. In the 
latter event Spanish products will have a 10 per cent. 
margin of preference over foreign.) The Gacetas man- 
tioned, ey ay moe open of ne and Sotstied 

iculars (in Spanish) regarding the various building 
enue ints, &c., to be employed, may be consulted 
by Uni Kingdom contractors at Commercial 
Intelligence Branch of the Board of Trade, 73, Basinghall- 
street, London, E. 
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PETROL-TRACTORS AT THE HIGHLAND AND AGRICULTURAL SOCIETY’S TRIALS. 








Fic, 2. Tae Sanpusky Tractor ; Messrs 
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. Mitts anp Sons, Limitrep, Lonpon. 

















Fie. 3. Tae Overtime Tracror ; THe Overtime Farm-Tractor Company, LONDON. 


Tue Highland and Agricultural Society carried out 
some interesting trials of agricultural tractors on 
Tuesday and Wednesday of last week, at King’s Park 
Farm, Stirling. Each of the machines entered was 

uired to plough a given area of light-soil and stiff- 
soil land, the former to a depth of not less than 8 in. 
and not more than 10 in., and the latter to a depth of 
not less than 6 in. The trials in stiff soil took place 
on Tuesday morning in a level field of stiff carse clay, 
fairly uniform in quality, in which oate had been 
grown this season and timothy hay last season. For 
the afternoon trials an undulating field of light land, 
on which dung had been liberally sprinkled, was 
selected. Gradients as steep as 1 in 12 were en- 
countered in some parts of the field, and this, added 
to the slippery nature of the ground due to the dung, 
rendered the conditions very severe. On the following 


day threshing and road-hau trials were carried out 


in the ge the ploughing trials were completed 


afterwards. 


Ve understand that a demonstration on 





similar lines is to be given in the Inverness district 
to-day and to-morrow. Altogether seven entries for 
the trials were received, but of these one was delayed 
in transit, and another was withdrawn at the last 
moment, so that only five machines competed in the 
trials. ‘Three of these were of American design, and 
it is to be regretted that several well-known English 
tractors did not compete. 

The first entry was the ‘‘ Mogul” tractor of the 
International Harvester Company, of Great Britain, 
Limited, whose London office is at 80, Finsbury 
Pavement, E.C. This is a 16-horse-power tractor for 
general farm work, using paraffin or any form of motor 
spirit as fuel, and weighing only 2} tons. The engine, 
which is of the four-cycle slow-speed type, has a single 
horizontal cylinder 8 in. in diameter, with a piston 
stroke of 12in. The crank-case is enclosed so as to be 
quite dust-tight, and the valves, both of which are 
mechanically operated, are fitted in so as to be 
easily removable ; the exhaust-valve is water-cooled. 








The driving-wheels are 4 ft. 6 in. in diameter and 10 in. 
wide, and they are driven by a roller-chain on the near 
side. Power is transmitted from the engine through 
planetary gearing. 

The next entry was that of Messrs. Mann’s Patent 
Steam-Cart and Wagon Company, Limited, of Hunslet, 
Leeds, who showed one of their light steam agricultural 
tractors, which was the only steam-tractor competing. 
We illustrate this tractor in Fig. 1, on page 391. As 
will be seen, the design of this tractor is, generally 
speaking, very similar to that of the firm’s well-known 
steam-lorries. The boiler, which is of the locomotive 
type, is constructed for a working pressure of 200 lb. 
per sq. in., and burns either coke or coal. The 
compound engine is mounted on top of the boiler. 
It has cylinders 4 in. and 68 in. in diameter, with 8 
common stroke of 7 in., and is rated at 25 horse-power. 
Three speeds of 5, 34, and 2 miles per hour are 
obtained by means of cast-steel ring, and com- 
pensating gear is also provided to facilitate the nego- 
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tiation of sharp corners. The rear wheels are 4 ft. 3 in. | 


in diameter and 1 ft. 8 in. wide, and the front wheels 
are 2ft. 11 in. in diameter by 8 in. wide. In full 
working order the tractor weighs just over 5 tons, 
but as the wheels are very wide and do not run in 
the same tracks, the compression of the ground is very 
slight. The tractor is capable of drawing a four- 
furrow plough in heavy ground when ploughing 7 in. 
deep, and when harvesting will pull two self-binders. 
On the road loads of 5 or 6 tons can be hauled, and 
the engine will easily drive a full-sized threshing- 
machine with a straw-elevator. A winding-drum 
with 50 yards of steel-wire rope, and a tank holding 
200 gallons of water, are provided. An obvious ad- 
vantage with tractors of this type is that their work- 
ing is extremely simple, and can be easily understood 
by any farm hand who has been used to driving trac- 
tion engines or portable engines. 

The Sandusky tractor, which was the next entry, 
isan American machine for which Messrs. Mills and 
Sons, Limited, of Cambridge-place, Paddington, W., 
are the sole agents. The photograph reproduced 
in Fig. 2, on page 394, shows the tractor drawing a 
four-furrow plough followed by a subsoil-packer. 
The great width of the rear wheels is the most strik- 
ing feature of this view. These wheels are 4 ft. 8 in. 
in diameter and 16in. in width, and the front wheels, 
as is usual in American practice, are quite narrow, in 
order to facilitate steering. One of the special fea- 
tures of the machines is that the load on the front 
wheels is applied to the centre of the axle, thus giving 
a three-point suspension with the two rear wheels— 
an arrangement which is advantageous for working 
over rough ground. The engine, which is of theslow- 
speed type and runs on petrol, develops 45 horse-power. 
It has four cylinders, 5 in. in diameter with a 64-in. 
stroke, and is placed transversely across the frame, 
just in front of the rear wheels. The crank-shaft is 
extended on the off side of the machine, and fitted 
with a pulley, 15 in. in diameter and 8 in. wide, for 
driving a threshing-machine or other farm machinery. 
Power is transmitted to the driving-wheels through a 
gear-box giving speeds of 2, 3, and 54 miles per hour, 
the slowest speed being a direct drive. The construc- 
tion of the driving-wheels is somewhat uncommon, in 
that all the spokes are in tension and are adjustable, 
this construction being rendered possible by the fact 
that the wheels are driven by a pinion engaging with 
& gear-ring bolted directly to the rims of the wheels, 
so that no torque is transmitted through the spokes. 
There are, _of course, two rows of spokes in each 
wheel, and in each row two-thirds of the total number 
of spokes run straight from the boss to the rim, while 
the remaining third are taken across into the other 
row to give lateral strength tothe wheel. In deference 
to public opinion some tangential spokes are fitted 
between the two rows above referred to, but these are 
stated to be quite unnecessary, as there is no torque 
to be transmitted. The weight of this tractor is 3} tons. 
_The ‘ Overtime” tractor, entered by the Over- 
time Farm-Tractor Company, of 124 to 127, Minories, 
E.C., is another American machine with a three-point 
pay mem similar to that above described. Fig. 3, 

© page 394, is reproduced from a photograph showing 
the tractor healing a double-dies Sooo in heavy 
ground. It is driven b 
engine running on pote 


& 24-horse-power horizontal 
or paraffin, and having two 





cylinders 6 in. in diameter with a 7-in. stroke. Power | 


is transmitted to the driving-wheels, which are 4 ft. 4 in. 
in diameter and 10 in. wide, by gearing giving « single 
speed of 24 miles per hour in either direction. A 
special bull pinion is, however, provided to give a 
normal speed of 3 miles per hour, and other travelling 
speeds can, of course, be obtained by varying the 
speed of the engine. The tractor weighs a little over 
2 tons, and can easily handle a three-furrow plough. 
It is also suitable for road-haulage, and for driving 
agricultural machinery. 

We have previously illustrated and described* the 
Wyles motor-plough, which was entered by Messrs. 
Wyles Motor Ploughs, Limited, of 5, Carr-street, 
Manchester, but we now illustrate in Fig. 4, above, 
the latest pattern, in which some improvements 
have recently been made. As will be seen, this im- 
plement differs from its competitors in that it is a 
self-propelled double-furrow plough, and not a tractor. 
It is, however, quite capable of hauling a cultivator 
or binder, and of driving farm machinery, but is not 
suitable for haulage work on roads. The machine, 
which is 12 ft. 6 in. long, 2 ft. 6 in. wide, and 4 ft. 
high, weighs 1 ton, including the double-furrow 
plough. It is driven by an 11-horse-power four-cycle 
engine, using either petrol or benzol as fuel, and con- 
trolled, by a ploughman walking behind, by means of 
the levers clearly shown in Fig. 4. If desired, the 
plough can be provided with a seat and fitted with 
steering-gear. Twospeeds are provided for ploughing 
on light or heavy soils, and all the gearing is now 
entirely enclosed and runs in oil. Another new fea- 
ture is that the engine casing and gear-boxes are 
now bolted together as shown, thus forming a single 
unit and giving a very stiff and compact construc- 
tion. The driving-wheels are 2 ft. 9 in. in diameter 
and 7 in. wide, and each is fitted with twelve detach- 
able - and twenty-four detachable spikes. It is 
claimed that balancing the weight more or less equally 
on both sides of a single axle renders the machine 
extremely easy to manipulate, especially on headlands, 
and this quality, we understand, was amply demon- 
strated at the Stirling trials. The makers state that, 
with the two-furrow plough, three acres of ordinary 
land can be ploughed in a day, with an average con- 
sumption of about two gallons of petrol or benzol per 
acre. The capacity of the plough is thus equivalent 
to that of two good teams of horses. It might also be 
mentioned that the small dimensions of the machine 
enable it to be used in orchards, hop plantations, 
vineyards, &c., in which it would either be very diffi- 
cult or impossible to employ a team of horses or a 
tractor of the usual form. 

The tractor we referred to above as having been 
delayed in transit was the ‘‘ Bull” tractor, sold by 
Messrs. Cyrus Robinson and Co., Limited, of New 
York, for which firm Mr. D. H. Irwin, of 61, Holland- 
road, London, W., is the English representative. In 
this tractor the idea of the three-point suspension is 
carried a step further than in the other American 
tractors previously described, as the front part of the 
machine is carried on a single wheel. It is driven by 
a 25-horse-power horizontal petrol-engine, with two 
cylinders 5} in. in diameter, with a 7-in. stroke, 
P vis-a-vis, The engine is coupled to a single 





* See ENGINEERING, vol. xcviii,, page 38. 
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large driving-wheel, 5 ft. in diameter and | ft. wide, 
by means of ordinary spur-gearing, the normal speed 
of 2.6 miles per hour being regulated by adjusting the 
engine. Parallel with the driving-wheel is a fand 
wheel, 3 ft. 4 in. in diameter and 8 in. wide, and this 
wheel can be raised or lowered to level the tractor 
when the driving-wheel is running in the furrow, or 
for working on the side of a hill. The front wheel, 
which is 2 ft. 8 in. in diameter and 6 in. wide, is 
carried in a fork, and can be turned by means of 
worm-gearing to steer the machine. To facilitate 
steering, the wheel is provided with a deep flange in 
the middle of its face. The chief claims for this trac- 
tor are that it is self-steering while ploughing and does 
not compress the land in front of the plough, owing to 
the fact that its driving and steering wheels run in the 
furrow. The total weight of the machine is about 2 tons, 
and of this only 4 ton is carried by the land wheel. We 
are informed that it has ploughed an acre of land in 
1 hour 50 minutes, using 2 gallons of second-grade 
petrol for the work. It is, of course, suitable for all 
kinds of haulage work and for driving machinery. 

With — to the results of the trials, we propose 
to await the publication of the report of the Society’s 
judges, as the notes on the behaviour of the competing 
machines obtained by other observers are apt to be mis- 
leading unless careful consideration be given to the 
working conditions in each case. In making their report 
the official observers will take intoconsideration the total 
weight of the machine and the weight per inch width 
of wheel, the mechanical design and construction, the 
quality of work done, the time taken and the attend- 
ance required, the adaptability for ploughing different 
widths and depths, the adaptability to different classes 
of work, the convenience and safety of handling, the 
consumption of fuel and other supplies, and the price. 
All these points are of considerable importance to the 
farmer, so that the report should be of much interest 
to him as well as to the designers and manufacturers of 
similar implements. 





Tue InetityTION or Exxecrrican Enoingess.—The 
Council have elected Mr. J. E. Kingsbury to be honorary 
treasurer of the Institution in place of the late Mr. 
Robert Hammond. 





Strate Arp To CuemicaL InpusTRY IN JAPAN.—As all 
other countries, Japan, too, has been much inconvenienced 
by the stoppage, caused by the war, of Germany’s exports 
of dyes and other chemical products, During the - 
ceding years the imports into Japan of dyes amounted in 
value to some 14,000,000 marks per annum, and they 
almost exclusively came’ from Germany. As most of 
these dyes are very essential for the Japanese textile 
industry, the Japanese Government has introduced a 
proposal providing State — to such undertakings 
as apply ves to the manufacture of dyes, 
especially aniline and alizarine dyes, and of chemical 

ucts. Ibis a condition for such aid that more than 
alf the capital of such concerns has been subscribed by 
Japanese subjects. The measure has been unanimously 
by both Chambers of the Japanese Parliament. 

@ support is intended to enable the firms in question 


to pay an annual dividend of 8 cent. on the paid-up 
capital, and the sid is to ex over a period of ten 
years after the Act comes into operation. The list of 


articles which can derive benefit from this Act is fairly 
comprehensive, and also includes explosives and powder, 
as well as some medicines. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 29. 

Tue extraordinary demand for material has sent 
prices up. Wire and wire products are up 2 dols. 
ton, also iron bars, shafting, nuts, bolts, plates, shapes 
are up about as much. The rail-mills would ere this 
have filled up, but they cannot make bars large enough 
for high explosive shells. During the past week orders 
have been placed for 200,000 tons of rails, with an 
order pending from the Harriman line for 150,000 tons, 
and inquiries from other lines for large lots. The 
railway system of the country needs an immense 
=< rails for 1916. The possibilities of the rail- 
mil ing able to meet this demand, in view of in- 
creasing munition demands, are being closely figured 
out. There is naturally much uneasiness. The volume 
of railway traffic, largely due to crop requirements, is 
rapidly growing. The demand for shrapnel is beyond 
ascertainable volume ; there are pending inquiries for 
bars alone that will cost 12,000, dols., for export. 
Representatives of foreign governments are placing 
orders for much more material than is generally known. 
A new steel combination is in process of formation that 
will involve several hund million dollars. The 
Midvale Steel Works in this city has been sold for 
19,000,000 dols., employs 5500 men, and will be 
employed on war material. A 4000-ton order for 
billets will go to Scotland. Ore and coal face an 
advance. 

Pig-iron production, the largest on record, has 
reached nearly 3,000,000 tons a month. Steel for 
shrapnel has reached 3 cents per pound. Orders for 
locomotives for the week are over 100; latest order, 
7000 tons of billets toa Western mill. On October 1 
bids will be open for 25,000 tons of steel for local 
purposes. Car and ship-builders will be in the market 
soon for 1916 deliveries. General building operations 
throughout the country are calling for more iron and 
steel. Automobile factories are rapidly filling up for 
1916. Machinery working plants report continued 
pressure for machinery and tools. Domestic require- 
ments in a very large degree are made subordinate to 
munition necessities. Preparations are being made 
for ample ocean transportation facilities, so that 
prompt deliveries can be made throughout late autumn 
and winter, when the exports will reach enormous 
proportions. Prices are steadily advancing, though 
not in a speculative way. Tin-plate output is equal 
to current demands. bour is lending its highest 
energies in every department of industry to the best 
possible output, excepting in restricted localities where 
wages and hours are not yet adjusted. 





Tue Surveyors’ InstiITUTION OPEN ScHOLARSHIPS.— 
Owing to the effect of the war upon the number and 
standard of excellence of the competitors, the Council 
have decided not to oifer the Institution scholarships 
during the coming year, and the usual examination in 
January will therefore not be held. 





AGRICULTURAL Macuingry.—We have no improve- 
ment to report in connection with the external demand 
for British agricultural machinery. The exports in 
September only represented a value of 11,257/., as com- 
pared with 3417/. in September, 1914, and 112,848/. in 
September, 1913. In the nine months ending Septem- 
ber 30, this year, the aggregate value of our agricultural 
machinery exports amounted to 148,316/., as compared 
with 1. 108,036. and 1,080,829/. in the corresponding 

riods of 1914 and 1913 respectively. New Z d has 
ye6n the only quarter to which a larger . ene of agri- 
cultural machinery has been forwarded this year; the 
value of the shipments to that dominion was 8935/., as 
compared with 7709/. and 7861/. The most severe de- 
pression has been witnessed in the European market, 
which only imported to the value of 56,8082. to September 
30, this year, as compared with 758,425/. and 733,696/. in 
the corresponding periods of 1914 and 1913 respectively. 
With practically all Europe a prey to the difficulties and 
horrors of war, it is easy to explain the great falling off in 
European orders, 





INTERNATIONAL ATOMIC WrIGHTS.—In accordance with 
a resolution passed by the Kighth International Congress 
for Applied Chemistry, 1912, no changes in atomic 
weights should be made unless for stringent reasons, and 
no alterations had been made since that year. The new 
table for 1916, issued by the International Committee 
—which the war, so far as this table is concerned, 
has reduced to three members, F. W. Clarke, T. E. 
Thorpe and G. Urbain—proposes some alterations, how- 
ever, in the atomic weights of several elements. We 
give the new atomic weights proposed, adding the old 
ones in brackets:—Carbon, C = 12.005 (12.00); helium, 
He = 4.00 (3.99); normal lead, Pb = 207.20 (207.10); 
lutecium, Lu = 175.0 (174.0); praseodymium, Pr = 140.9 
(140.6); radium, Ra = 226.0 (226.4); sulphur, S = 32.06 
(32.07); tin, Sn = 118.7 (119); uranium, U 238.2 
(238.5); ytterbium, Yb = 173.5 (172.0); yttrium, Yt = 
88.7 (89.0). The changes pe cme at the suggestion of 
Professor F. W. Clarke, of W: maton, on the strength 
of the most recent careful researches. most impor- 
tant, though not the largest, changes concern the radio- 


— F naerange 3 and ‘‘normal” lead, as distinct — 
their ultimate disintegration product or products, io- 
lead or radio-leads. 


GERMAN INDUSTRIES AND THE WAR. 


Tue Harpener mining concern has not fared particularly 
well during the first year of the war, its gross ts for 
the year 1914-15 amounting only to 7,721,844 marks, against 
9,500,234 marks, and the net profits to 5,607,335 marks, 
against 9,239,235 marks. The dividend has been fixed 
at 6 per cent. (5,100,000 marks), against 8 per cent. 
for the preceding year, 2,213,334 marks being carried 
forward, or about the same amount as from the previous 
year. This balance again shows that concerns depending 
chiefly on their coal production have suffered materially 
from the war. : 

The Bismarck Hiitte has now published its report for 
last year. In order to — os the orders received 
im 6 extensions necessary, in spite of 
which, however, the booked value of the works had been 
reduced from 29,280,000 marks to 26,530,000 marks. The 
profits for the last financial year amounted to 3,913,709 
marks, against 1,969,800 marks for the year 1913-14. The 
perme! — capital amounts - mya A 

ividend o per cent., against 9 per cent. for the pre- 
vious year, was declared. A sum of 1,000,000 marks 
—— in the balance-sheet as being applied to war loan. 

‘he —— institutions had a capital value of 4,620,000 
mar 
The Hénningen Chemical Works have done very well 
during the year, having earned net profits of 2,990,477 
marks, after writings-off amounting to 2,461,770 marks. 
A dividend of 15 per cent. has been declared, against 
8 per cent. for the previous year, 400,000 marks being 
added to the renewal fund, 500,000 marks to war reserve, 
400,000 marks tontine, &c. The dividend absorbs 
1,125,000 marks. 

The Mannesmann Tube Works in May last year 
effected a combine with the Schultz - Knaudt Piate- 
Rolling Mills, the capital at the same time being increased 
by 11,000,000 marks, so as to amount to 72,000,000 marks. 

hilst the company had intended to pay a dividend of 
134 per cent. for the year 1913-14, they found it, on 
account of the war, expedient to reduce the dividend to 
74 per cent. The report for 1914-15 has now appeared, 
and it states that the company to begin with suffered very 
materially from the effects of the war, and an improve- 
ment has only set in by d Last November the 
Board was able to state that the production, which had 
fallen to 25 per cent. of the norm again risen so as 
to amount to 40 per cent. of the ordinary peace output. 
Matters have continued to mend, but although the cum- 
pany also has profited by war contracts, full employment 
is not yet reached by a long way. The gross profits 
for last year amount to 15,878,686 marks, against 
16,804,197 marks for the preceding year, but the net 
profits were 8,120,004 marks, against 5,641,006 marks for 
the preceding year, the dividend being fixed at 10 per cent. 





Tue Perro. Tax.—The representations of the Com- 
mercial Motor- Users’ Association by deputation to the 
Chancellor of the Exchequer, urging that a rebate of 
50 per cent. should be allowed to commercial motor-users 
in respect of the new 3d. tax on petrol, have been 
successful. 





INCREASED SHIPBUILDING AcTIVITY IN SCANDINAVIA.— 
The present extraordinary conditions within the ship- 
ping world have called forth a marked activity in the 
Scandinavian shipbuilding industry. Thus, the Rosen- 
berg Engineering Works in Norway are about to under- 
take extensions amounting in cost to some 168,000/., 
comprising three slips for steamers up to 12,000 tons, and 
a dry dock large enough to accommodate the largest boats 
of the Norwegian-American Line. The dry dock will be 
located in a narrow strip of land, which is being cut right 
through, so that the dock can be entered from either end. 
It will be divided into two compartments by means of a 
movable bridge or gate pontoon. The Kristianssund 
Engineering Company is more than doubling its share 
capital, from 300,000 kr. to 650,000 kr. The Burmeister 
and Wain Engineering and Shipbuilding Company, 
Copenhagen, which, for a considerable time, has been 
exceptionally busy, and which has orders in hand 
ensuring employment for a long time forward, is now 
likely soon to able to carry iuto effect plans of 
material expansion of plant and work, which have been 
under contemplation for some time. The projected 
extensions comprise the building of several new 
slips and a | new basin, so that the firm will 
be enabled to build on as much — scale than 
hitherto. The extensions will partly take place on the 
areas north of the present yard, and the project will 
entail an expenditure of some 200,000. When the 
new extensions are complete, the firm will be able to 
employ an additional 7000 hands. As a proof, if such 
were needed, of how the Burmeister and Wain motor- 
vessels have proved their efficiency, economy, and reli- 
ability, it may be mentioned that the East Asiatic Com- 
pany, of Copenhagen, which from the outset demon- 
strated their faith in the new type, have sold all their 
steamers to a newly-formed company, and for the future 
only mean to employ motor-v of which a large 
number have been ordered at the Burmeister and Wain 
yard. A large new ship-yard is to be started at Téns- 
berg, Norway, in the Jarlsé Island. The new yard will be 
able to build vessels of 6000 tons and more, and will have 
a@ capital of 2,000,000 kr. An t bas been 


arrived at with the Frederikstad ineering Company, 
according to which the latter shall supply all engines and 
boilers required by the yard. The Keldnis Patent Slip 
and Engineering Works, at Téns . has decided to 


increase its capital, for the purpose of building a large 
new dock, which has some canadien with the fortifica- 





tion of the Christiania Firth, now decided upon. 





——__—_ 


NOTES FROM THE NORTH. 
: Guascow, Wednesday. 
Glasgow Pig-Iron Market.—The turnover in Cleveland 
warrants last Thursday morning consisted of a si 
transaction which realised 64s. 4d. per ton cash, a drop 
of 2d. from the previous day’s level, ‘and at the close of 
the market prices were a trifle easier, with sellers quoted 
64s. 5d. cash and 64s. 94d. one month. In the afternoon 
no business was done, and prices were nominally 1d. to 
1}d. per ton down. Dulness prevailed again on Frida: 
forenoon, the only transaction being one warrant, whieh 
changed hands at 64s. 2d. cash. A further drop took 
place, and closing sellers’ prices stood at 64s. 3d. 
cash and 64s. 74d. one month. Cash warrants declined 
still further at the forenoon session to 64s. 2d. per 
ton, and at this figure a deal of 500 tons was reported, 
Closing sellers’ quotations were 64s. 44. cash, 64s. 74d. 
one month, and 65s. . three months. No improve. 
ment was shown in Monday morning’s market, busi- 
ness being quite at a standstill, and prices practical] 
the same as on Friday. These were nominally 1d. to 2d, 
per ton higher in the afternoon, and at the close sellers 
were quoted 64s, 5d. cash, 64s. 9d. one month, and 65s. 7d. 
three months. This advance was continued yesterday 
(Tuesday) morning, and the market was decidedly firmer, 
a restricted business of 1000 tons being dealt in at 64s. 6d. 
cash and 64s. 11d. one month. Closing sellers’ prices were 
— 64s. 7d. cash, 64s. 114d. one month, and 65s. 8d. 
ree months. Even better was the afternoon session, 
when a further increase of 4d. per ton was recorded over 
the morning’s level, and 64s. 10d. was realised for three 
daysiron. At the close sellers’ quotations were 64s. 104d. 
per ton cash, 65s. 3d. one month, and 65s. 10d. three 
months. Thie upward tendency was continued further 
this (Wednesday) morning, when 3000 tons of Clevelaud 
warrants were dealt in at 65s. 14d. per ton cash and 
65s. 6d. one month. These were the closing sellers’ 
prices, with 65s. 4d. fifteen days and 66s. 14d. three 
months. At the afternoon session a still further advance 
was recorded, the transactions amounting to 2000 tons, 
65s. 2d. per ton being realised for five days, 65s. 34d. and 
65s. 4d. nine days, and 65s. 6d. one month. At the close 
sellers’ cash price was 65s. 3d., while the quotation for 
one month was 65s. 74d. per ton. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia keeps good, and after remaining steady in price 
for a considerable time an advance has now taken place, 
and 15/. per ton is quoted for prompt delivery Glasgow, 
and 15/, 2s. 6d. for prompt delivery Leith. 


Scotch Steel Trade.—Just as was indicated last week, 
there is every evidence of increased activity in the steel 
trade in the West of Scotland, more particularly in the 
manufacture of munitions. Locally the steel-makers are 
—— all their energies towards the output of shell- 
bars and the sectional material required by the Govern- 
ment for constructional work. Consequently it is be- 
coming daily more impossible for ordinary customers to 
have their wants supplied. Values accordingly remain 
firm, and it has even been suggested that it may be neces- 
sary to put a complete embargo upon the exportation of 
steel for any other than Government use until it is 
possible to supply all that is required. As things are at 
the moment, and likely to continue, the first and greatest 
consideration is that the output of shells and all classes 
of munitions is of paramount importance—it must be 
first, last, and all the time. Were it possible to limit this 
and prohibit every class of work, no doubt this would 
mean & 8) y termination to the war ; but, on the other 
hand, it 1s the exports which are practically paying the 
cost of the war, and were this outlet to be completely 
barred, the effect would doubtless be ruinous in the ex- 
treme. The unequal delivery of certain raw material 
from America is seriously impeding work in some direc- 
tions, with the result that the imadequate quantit 
of finished steel being turned out is causing muc 
anxiety tothe manufacturers. Although steelmakers con- 
tinue to quote prices and accept specifications, delivery 
of orders to specified time cannot be guaranteed. The 
only class of work for which prompt delivery could be 
promised is thick steel plates, for which there is not much 
demand at present. ‘or sectional material, however, 
and high tensile shell-stee) bars the demand is far in 
excess of the possible output. Accordingly, the highest 
rates are being quoted and obtained, boiler-plates realising 
10/. 15s. to 112. per ton; ship-plates, 107. to 10/. 10s. ; 
and angles, 102. 10s. to 11/. 10s.—all less the usual 2} per 
cent. discount for prompt delivery, Clyde or equal. 


Malleable-Iron Trade.—Large quantities of iron and 
steel bars continue to be turned out by the local malle- 
able-iron makers, and with such business doing they can 

ick and choose their orders as best suits themselves. 

uent upon this satisfactory state of matters, prices 
have visibly stiffened during the past week. Notwith- 
standing the difficulty attendant upon the export trade 
through the scarcity alike of transport and available 
labour, the inquiries from overseas show no slacking off, 
and were it possible to deliver the goods, business would 
be much increased. For export, ‘Crown ” bars are quoted 
11l. net per ton, while for prompt home delivery the 
price ranges from 11/. 5s. to 11/. 10s., less 5 per cent. dis- 
count. 


Scotch Pig-Iron Trade.— Although little or no improve 
ment falls to be recorded in connection with the lo 

ig-iron trade, the business on home account remains 
Fafely good, mainly due to the ever-increasing demand 
made upon the makers’ resources by foundries and steel 
works. The high rate of freight and the scarcity of 
transport continue to tell heavily against the export 
trade, which has fallen off considerably. Another factor 
to be dealt with is that the increase in price is prevent 





ing consumers buying anything more than wil! supply 
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their most urgent needs, besides which the distressing 
situation in the Balkans has had a restraining effect on 
speculation. The number of blast-furnaces in operation 
remains the same as last week—72—which is five in 
excess of those in blast at the same date last year. 
Makers’ (No. 1) iron is still quoted as follows :—Clyde, 
Calder, Gartsherrie, Summerlee. and Langloan, 85s. per 
ton (all shipped at Glasgow); Eglinton, 80s., and Glen- 
garnock, 86s. (both at Ardrossan); Dalmellington, 81s. (at 
Ayr); Shotts, 85s., and Carron, 8fis. (both at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—South Yorkshire collieries sent 7506 
tons more coal by way of Hull last month than during 
September, 1914, though the receipts for the nine months 
were 828,242 tons less than for the vo KX period 
of last year. During the month 425,602 tons were 
imported, as compared with 418,096 tons in September, 
1914, and for the nine months 3,704,073 tons were received, 
against 4,532,315 tons in the corresponding period of la 
year. Increased activity in exports is indicated despite 
the curtailment of business with certain markets. Alto 
gether 260,270 tons were ship abroad, a rise of over 
80,000 tons compared with ptember, 1914. France 
took 164,242 tons, or over one-half of the entire tonnage, 
as compared with 2170 tons a year ago. Denmark, 
Holland, and Sweden took smaller quantities, Exclusive 
of coal for Admiralty purposes, and for the use of the 
Allies’ Governments, the total foreign trade for the year 
reached 1,948,533 tons, as compared with 2,424,201 tons 
in 1914, a decline of 475,668 tons. France took over 
1} million tons during the nine months, against 
} million tons from January to September, 1914. Over 
the same period Denmark and Portugal also proved 
better markets than a year ago. 


South Yorkshire Coal Trade.—The infiux of orders for 
house coal is undiminished, but collieries are workin 
against many disadvantages, and have only a small 
tonnage outside contract output to offer for open market 
disposal. Merchants have a good deal of difficulty in 
getting their requirements attended to, and are piling 
up arrears. Indefinitely deferred delivery has inevitably 
resulted from the rush on supplies. It now seems clear 
that only a small proportion of householders took the 
widely-circulated advice to buy early. Increased tonnages 
of gas fuel are going into inland works, and gas-coal pits 
are busily engaged. Hard steams are going away well. 
Both for home and export the demand 1s good, but trade 
is hampered by the shortage of wagons. Slacks are a more 
active market, and values are firmer. Coke is irregular. 
Steel coke is firm and gas coke strong, but foundry coke 
is unsteady. Quotations: — Best branch hand-picked, 
20s. 6d. to 21s. td.; Barnsley best Silkstone, 18s. to 19s. ; 
Derbyshire best brights, 17s. 6d. to 18s. 6d.; Derbyshire 
house, 16s. to 17s.; best large nuts, 15s. te 16s.; small 
nuts, 14s. 3d. to 15s. 3d.; Yorkshire hards, 16s. 6d. to 
17s. 6d. ; Derbyshire bards, 16s. to 17s.; best slacks, 11s. 
to 12s. ; seconds, 9s. 6d. to 10s. 6d.; smalls, 8s. to 9s. 


Iron and Steel.—The market is in a listless condition. 
Stocks are on the increase, and there a rs to be little 
hope of an early improvement. Two Derbyshire firms 
are disposing of their furnaces. By comparison hematites 
area strong market. East Coast makers are asking 2s. 
more for mixed numbers to cover increasing costs, and 
are moving cautiously as regards forward business. For 
West Coast special brands the demand continues strong. 


Values are firmly held. Exports of manufactured goods | a}) 


show a marked increase. Russia and France are big buyers 
of tools and steel, and a stronger inquiry is experienced 
from Japan, India, and Canada. Shipbuilders require- 
ments are heavy, the foundries being closely engaged on 
heavy casting work. Though the railway material depart- 
ments do not lack work, new business is not very plentiful. 
The war has set up a special demand for certain classes of 
steel, notably in connection with the employment of 
automobiles and aircraft. Rapid progress is being made 
with the erection of new shops, for which plant and 
machinery are being secured at a much quicker rate than 
was at first thought possible. Engineers’ requirements 
keep the lighter branches very busy. Makers of steel 
billets are in a strong position. With production at its 
maximum the supply is hardly sufficient to meet current 
demands, and, now that there is less American material 
available, increased calls are being made upon local out- 

ut. Further advances in values of acid qualities are 
orecasted. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MiIppLEesBroucH, Wednesday. 
The Cleveland Iron Trade.—Cleveland pig-iron bas 
taken a turn for the better. Buyers are a good deal 
more in evidence and values are steadily improving, but 
current quotations are still very low in comparison with 
the rates obtainable for hematite pig. There is practi- 
cally no outside speculative business to disturb the market, 
and the upward movement is entirely due to some increase 
in legitimate demand. Cleveland pig now commands higher 
tates than have ruled since the end of August. A good 
deal of business in No. 3 g.m.b. bas been put through 
this week at prices ranging from 65s. to 65s. 9d., and it 
18 now difficult to find even second hands prepared to 
sell at below the latter figure, whilst many makers hold 
out for rather more. The continued comparative high 


quotation for No. 1 prohibits business in this quality. 
onsumers contend that the price should be no more 
than half-a-crown above No. 3, whereas se as a rule 


will not now quote No. 1 below 70s., with the result that 
No. 3 is still being bought and used in place of the 








superior iron. No, 4 foundry is up to 65s. 3d.; No. 
forge, 64s. 9d. ; and mottled and white iron each 64s. 3d 


Stocks of Cleveland Pig.—The stock of Cleveland pig in 
the public warrant stores now stands at 136,995 tons, all 
of which is No. 3 quality, Since the beginning of the 
month 2005 tons have been taken from the stores. Stocks 
at makers’ yards are stated to be only small. 


Hematite Iron.—Very satisfactory and encow 
accounts are given of the East Coast hematite branch of 
the — industry. With good inquiries in the market 
on both home and foreign account, stocks very low, and 
the output absorbed as it is made, producers are able to 
take a very firm stand, and a further upward movement 
in price has to be ee The general market quota- 
tion for Nos. 1, 2, and 3 is now 105s. Some merchants 
might still accept a trifie below that figure for small odd 
lots; but, on the other hand, many makers quote more. 
Thus mixed numbers of hematite are almost 40s. above 
No. 3 Cleveland, whereas the recognised difference used 
to be 8s. to 10s, 


Foreign Ore.—Great firmness continues to charac- 
terise foreign ore. Notwithstanding rather rapid upward 
movement in values, more disposition to do business is 
shown. Consumers are very desirous to arrange for 
deliveries over the rest of the year, but they are not 
inclined to fallin with the suggestions of sellers. For 
current business market rates are now based on 33s. ex- 
ship Tees for Rubio of 50 per cent. quality. Though 
suitable tonnage is difficult to arrange, and higher prices 
are likely to have to be paid for steamers, sellers are 
ae ape to risk freights and deliver next month on the 

is of 33s. 6d. for best Rubio, and deliver to the end of 
the year on the basis of 34s. 6d. Freight Bilbao-Middles- 
brough is quite 17s. 3d. Excellent supplies of foreign ore 
are coming to hand. 


Blastfurnacemen’s Wages Advanced.—The average net 
selling price of No. 3 Cleveland pig-iron for the three 
months ending September having been certified at 
64s. 0.54d. per ton, as compared with 58s. 7.30d. per ton 
for the previous quarter, under sliding-ecale arrange- 
ments, wages of bisstfurnacemen on the North-East 
Coast are advanced for the last quarter of the year by 
6.75 per cent., which raises wages from 33.25 per cent. 
above the standard to 40 per cent. above the standard. 


Cleveland Miners’ Wages.—In May last, under the 
terms of the Prime Minister’s award, the Cleveland 
ironstone miners received a special advance of 15 per 


4 


ing 


cent. The award stipulated that any advance accruing 
after that date should be merged in the special advance 
then given. In July last it was a between the 
mine-owners and the miners that 74 cent. should be 


regarded as the amount merged under the ascertained 
= of Cleveland pig-iron for the three months ending 

une. Blastfurnacemen have received 0.75 per cent. 
advance, and if a similar settlement is effected with 
regard to the miners, there will still be ? per cent. of the 
15 per cent. to take into consideration at the beginning of 
next year. The Cleveland mine-owners and representa- 
tives of the miners met at Middlesbrough this week to 
discuss the rate of wages to be paid during the last quarter 
of the year, and adjourned the meeting until the 25th inst., 
the men’s executive in the meantime to discuss the situa- 
tion with the miners. 


Manufactured Iron and Steel.—Little new can be re- 
ported concerning finished iron and steel. Manufacturers 
are continuously engaged on Government work, to the 
exclusion of ordinary commercial business. Quotations 
round are very strong. Common iron bars are 
112. 10s. ; best bars, 11/. 17s. 6d. ; best best bars, 12/. 5s. ; 
packing-iron (parallel), 8/.; packing-iron (tapered), 92. 15s. ; 
iron and steel ship-plates, each, 10/.; iron ship-angles, 
111, 10s. ; steel ship-angles, 9/. 15s.; iron ship-rivets, 13/.; 
steel boiler-plates, 11/.; steel strip, 10/. 15s. ; steel hoops, 
111. ; steel joists, 9/. 17s. 6d. to 10/.; heavy sections of 
steel rails, 9/.; and steel railway sleepers, 10/.—railway 
material net, and all other descriptions less 24 per cent. 








Locomotive Exrorts.—There was a slight improve- 
ment in our locomotive exports in September, the value 
of the shipments for the month having been 290,900/., 
as compared with 287,918/. in September, 1914, and 
279,105. in September, 1913. The improvement was due 
to an increase in the value of the deliveries to the 
Argentine Republic during the month to 23,764/., as com- 
= with 6971/. and 54,9551. South Africa imported 
ocomotives in September to the value of 37,866/., as com- 

red with 12,821/. and 22,637/., but there was a great 
alling off in the deliveries to India and Australia, the 
aggregate value of the locomotives exported to September 
30, this year, amounting to 2,079,121/., as com with 
2,929, 5022. in the first nine months of 1914, and 2,067,316/. 
in the first nine months of 1913. The demand for British 
locomotives in the Argentine Republic shows a marked 
contraction this year, being represented by a value of 
only 138, 2167. to September 30, as compared with 603,736/. 
and 494,254/. in the corresponding periods of 1914 and 
1913; the anxieties resulting from the great war, no 
doubt, contributed to this result, but it was also 
largely due to less prosperous times, which have 
enforced the necessity of caution upon the Argentine 
Government. The colonial demand was as follows in the 
first nine months of the last three years :— 


1915. 1914. 1913. 
£ £ £ 
South Africa 820,005 64,099 96,831 
British India 1,111,392 1,322,682 711,900 
Australia .. 62,959 430,950 238,861 


All thi considered, this year’s results appear, how- 
ever, t0 “be uite as favourable as could be reasonably 
expected under current circumstances. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been inactive. 
Apart from the usual week-end influences, the tonnage 
question has continued to exert a restrictive effect upon 
new business. Arrivals of steamers were limited, and 
although after recent heavy chartering it was expected 
that an increased number of vessels would come to hand 
over the week-end stocks of coal were reported to be still 
excessive. There has been a good demand for dry steams, 
which have in consequence shown steadiness, but sellers 
have been willing to make substantial concessions for 
other qualities, so as to clear trucks quickly and avoid 

jit stoppages. The best Admiralty large steam coal has 
mn, to some extent, nominal ; secondary qualities have 
made 20s. to 2ls.; best bunker smalls have realised 13s. 
to 14s.; and cargo smalls, 8s. to 9s. per ton. The best 
household coal has been quoted at to 24s.; No. 2 
Rhondda large has brought 17s. to 17s. 6d.; and No. 2 
smalls have made 10s. 6d. to 11s. 6d. per von. The latest 
— for patent fuel has been 30s, to 32s. per ton. 
jpecial foundry coke has been quoted at 40s. to 42s., 
good foundry coke at 34s. to 38s., and furnace coke at 
286. to 32s. per ton. As regards iron ore, Rubio has made 
26s. to 27s. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 


Pembroke Dock.—Mr. A. W. Brightmore has held a 
Local Government Board inquiry at Pembroke Dock 
with respect to an application of the town council for 
authority to borrow 1742/. for ay purposes, 
including the construction of new works in the parish of 
Carew. Particulars of the proposed works were given 
by the town clerk and the borough surveyor, and it was 
explained that certain protective works were required to 
avoid a contamination of the present water supply. Ib 
was further explained that it was proposed to take in an 
additional spring. The land upon which the spring 
occurs has been purchased for 250/., and 400/. has already 
been expended upon certain works. 


Welsh Trade Matters.—The profits of the Port Talbot 
Graving Dock and Shipbuilding Company, Limited, for 
the past year amounted to 6159/., and a dividend of 10 
per cent. has been declared. Mr. M. Mordey, who 
presided at the annual meeting, said the accounts showed 
a substantial improvement on previous years; this was 
attributable not toany special war work, but to a general 
increase in the trade of Port Talbot. In view of improved 
facilities provided by the Port Talbot Railway and 
Docks Company for the ehipment of coal, and for dealing 
with imports, the shareholders were justified in lookin 
forward to continued prosperity. ‘Lhe directors o 
Hurst, Nelson and Co., Limited, railway carriage au? 
wagon builders, report a net profit of 51,579/. for 
1914-15. The reliquat brought into last year’s accounts 
was 16,811/., as compared with 2257/., and the balance 
available for dividend was increased to 68,390/., as 
compared with 54,0612. for the preceding twelve months. 
The ordinary dividend is accordingly carried from 5 per 
cent. to 10 per cent. The amount allocated to the 
reserve for the past twelve months is 28,694/., as 
compared with 10,000/.; a final balance of 15,696/. is 
to be carried forward. 





German Tuses.—The German Tube Convention has 
been prolonged for three months, and it has been decided 
not to make any alteration in the present quotations. 





Tuer Puysicat Socizry or Lonpon.—The next meet- 
ing of the Society will be held on Friday, October 22, 
1915, at 5 p.m., at the Imperial College of Science, 
Imperial Institute - road, uth Kensington, 8.W. 
Agenda :—(1) “The Radiation and Convection from a 
Heated Wire in an Enclosure of Air,” by Mr. Thomas 
Barratt, A.R.C.S., D.Sc. ; (2) “‘On the termination, 
by the Method of Diffusive vection, of the Coefficient 
of Diffusion of a Salt Dissolved in Water,” by Mr. Albert 
Griffiths, D.Sc. (Man.), A.R.C.S. (Lond.); (3) ‘*‘ The 

itude of the Thermal Resistance Introduced at the 
Slightly Conical Junction of Two Solids, and its Varia- 
tion with the Nature of the Surfaces in Contact,” by 
Mr. Thomas Barratt, A.R.O.8., D.Sc. 





British Rar, Exports.—The war is still exerting an 
exceedingly depressing influence upon our rail exports, 
which amounted in September only to 15,800 tons, as 


com with 39,185 tons in September, 1914, and 
26, tons in ee. 1913. The aggregate shipments 
to September 30, this year, were ,952 tons, as com- 


pared with 365,939 tons in the first nine months of 1914 
and 379,105 tons in the first nine months of 1913. The 
Argentine Republic took British rails to September 30, this 
year, to the extent of 1081 tons, as compared with 24,927 
tons and 39,787 tons. The colonial demand, which is 
still the mainstay of our export rail trade, was as follows 


during the first three-quarters of the last three years :— 
1915. 1914. 1918. 
Tons. Tons. Tons. 
South Africa.. 33,980 47,564 48,880 
British India .. 87,714 128,342 108,627 
Australia =... 65,973 107,115 96,185 
New Zealand... 17,932 15,259 26,275 
Oanada ° i) 122 300 


There has thus been an unrelieved depression this year 
all along the line. This has been due to the diversion of 


an overwhelming amount of capital to war purposes, the 
effect being that Colonial Governments have been com- 


led to restrict or avoid the development of new rail- 





way undertakings. 
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NOTICES OF MEETINGS. 


Tus InstrruTion OF MECHANICAL ENGINEERS. — Friday, October 15, 
at 8 p.m., at the Institution of Civil Engineers, Great a 
street, Westminster. Paper: ‘‘The Theory of Grinding, th 
Reference to the Selection of Speeds in Plain and Internal Work,” 
by Mr. James J. Guest, of Birmingham. 

Tue Farapay Socrety.—Tuesday, October 19, at 8 p.m., at the 
Institution of Electrical Engineers. A general discussion on 
“ The Transformations of Pure Iron ” will ned by Mr. A. E. 
Oxley, M.A., D.Sc. (University of Sheffield). Sir Robert Hadfield, 
F.R.8., President, will take the chair. The following ey 
will also be read :—‘* The Transference of Electricity by Colloidal 
Particles,” by Mr. Frank Powis ; ‘* The Electrolysis of Nitric, 
Sulphuric, and Orthophosphoric Acids Using a Gold Anode,” by 
Mr. F. H. Jeffery, nA. “ The Electrolysis of Ooncentrated 
Hydrochloric Acids Using a Copper Anode,” by Mr. F. H. worny O 
M.A.; “The Thermal Decomposition of lipieegen Peroxide in 
Aqueous Solution,” by Mr. William Clayton. 

Tus LystiruTion OF PeTrRoLeumM TecunoLoeists.—Tuesday, Octo- 
ber 19, at 8 p.m., at the House of the Royal ney < Arts, 
John-street, Adelphi, W.C. The following paper will be read:— 
“The Petroleum Industry of Mexico,” by Mr. P. C. A. Svewart, 
A.R.S.M., A.R.O.8c., Assoc. M. Inst. M.M. The chair will be taken 
by the President, Sir Boverton Redwood, Bart., D.Sc., F.R.S.E. 

Tue Diese. Enersk Users’ Assoctation. —Wednesday, Octo- 
ber 20, at the Institution of Electrical Engineers, the subject of 
Lubrication of Diesel Engines is to be further discussed. 

Tue Instrrotion or Locomotives Enoinsers, Lonpon (INcorPo- 
RATED).—Thursday, October 21, at 7.15 p.m., at Oaxton Hall, 
Westminster. A paper will be read by Mr. W. A. Lelean, 
M.I. Mech. E., on “Inspection of Locomotives under Construc- 
tion.” 


ENGINEERING 
FRIDAY, OCTOBER 15, 1915. 


BULKHEAD DIVISION OF CHANNEL, 
COASTING, AND RIVER STEAMERS. 


Tue second and final report, just issued, of the 
Departmental Committee on Bulkheads and Water- 
Tight Compartments, presided over by Sir 
Archibald Denny, Bart., deals with passenger 
steamers trading to the Continent between the 
limits of Brest and the Elbe, in the channels sur- 
rounding the British Isles, and also those plying 
on short excursions along the coast, and on rivers, 
estuaries, lakes, and canals. The same spirit 
of compromise which characterised the recom- 
mendations regarding ocean-going ships, dealt with 
in the first report, issued in January last, is 
reflected in the proposals designed for the safety of 
these various classes of ships. The fundamental 
principle underlying the recommendations is the 
same. It will be remembered that the Committee 
formulated a definite principle in their first report, 
producing cross-curves and other data, by means of 
which, in all but exceptional cases, flooding curves 
for any permeability can be obtained for a vessel 
of given biock coefficient, longitudinal distribution 
of displacement, freeboard, and sheer ratios. The 
multiplication of the ordinate of such flooding 
curve at any point in the length of the ship by 
the factor of subdivision recommended for the 
particular length and type of ship gave the maxi- 
mum permissible length which a water-tight com- 
partment, having the middle of its length at this 
point, could have. This new method was fully ex- 
plained in our article on the first report (Enot- 
NEERING, vol. xcix., page 49), and need not again 
be exemplified. 

A difficulty arises in dealing with the classes 
of ship to which this second report refers owing to 
overlapping in the principal features of design of 
the respective types. Indeed, vessels designed 
for coasting in many cases correspond to Channel 
steamers, while river steamers are often utilised 
for coasting excursions. It therefore became neces- 
sary to make, as far as possible, recommendations 


‘las to water-tight subdivisions which would be 


applicable generally to all without involving great 
cost or handicap in the design of the vessels of 
each class. ‘Again, the sizes of vessels v 
greatly in the respective classes to which they 
belong. This and other obvious considerations 
involved difficulty in applying stringently rules 
eneral to all types. The Committee, however, 
ion laid down certain principles for general 
adoption, while at the same time recognising 
that exemptions from certain provisions are per- 
— the nature of the case renders their 
application unnecessary or unreasonable. In other 
cases the conditions enforced hitherto in regard 
to vessels built for particular service will no 
doubt continue. It seems probable, neverthe- 
less, that for ordinary cases, which embrace the 
great majority of vessels of the types included, 
the general recommendations of the Committee 





will be acceptable to all; the exceptions will, no 





— be considered on their merits by the autho- 
rities. 

Generally, as far as is possible, the underlying 
principle enunciated in the first report as to sea- 
going ships, regarding floodable lengths and the 
method of finding the permissible length of com- 
ae by multiplying the floodable lengths by a 
actor of subdivision, will be applied. But ob- 
viously this cannot be carried out in the case of a 
vessel which has merely to be fitted with peak and 
machinery bulkheads, without any requirements as 
to the spacing. Complications again are intro- 
— in the absence of a continuous bulkhead 
eck. 

In the case of vessels holding the ‘‘Steam 2” 
pene certificate issued by the Board of Trade, 
or the most Channel steamers, the Committee, 
having closely studied their design, found that 
many of them, notably those trading in the North 
Sea and the English Channel, were of correspond- 
ing size and design to many vessels engaged in the 
oversea trade; that is to say, they merge into the 
oversea type. But among these the Committee 
found a class of vessels not represented in oversea 
tonnage—namely, those vessels engaged entirely, 
or — entirely, in the carriage of passengers 
and mails; for example, those trading between 
Calais and Dover and similar South Coast ports, 
also those trading between Holyhead and Dublin, 
Liverpool and the Isle of Man, &. These vessels 
were also recognised as a separate class by the 
1890-1 Committee, and it was then recommended 
that they should be so subdivided as to float 
with any two adjacent compartments flooded. Sir 
Archibald Denny’s Committee agree in principle 
with this suggestion, but apply their own methods, 
and suggest that these vessels should be subdivided 
by a factor not exceeding 0.5. The Committee 
recognise that it is difficult to classify these vessels 
exactly, although they do not anticipate in practice 
that there will be much difficulty in identifying 
them, as they are of a well-known type; but they 
suggest, however, as an additional means of identifi- 
cation, a ‘‘ criterion permeability” of 85 per cent. 
It is anticipated that the method soepened § by this 
present Committee will be found rather more severe 
than that proposed by the 1890-1. Committee, in 
view of the permeabilities now laid down. The 
Committee propose that the rule should be rigidly 
applied to vessels exceeding 300 ft. in length, and 
even below that where found possible ; but where 
not so found possible, they suggest that relaxations 
might be permitted. 

In the case of vessels plying on short excursions 
along the coast, in daylight and fine weather 
during the summer months, or plying within - 
tially smooth-water limits, or in estuaries, lakes, 
rivers, and canals, the Committee consider that in 
determining the floodable lengths the permeability 
of the whole portion of the vessel forward and aft 
of the machinery space should be taken at 95 per 
cent. 

The Committee generally apply the same idea for 
such vessels as for regular Channel steamers, 
except for the smaller craft, where it is not pos- 
sible always to subdivide the ship so that it could 
float with any two adjacent compartments flooded. 
Vessels of this class, over 300 ft. in length, 
should be subdivided throughout their length 
according to a factor of subdivision not exceeding 
0.5 ; vessels between 200 ft. and 300 ft. by the same 
factor from the fore end to the after-bulkhead of 
the machinery space, and by a factor not exceeding 
unity throughout the remainder of the vessel. 
Vessels over 100 ft. and not over 200 ft. should 
be so subdivided that neither the combined length 
of the two foremost compartments, mor the length 
of any other compartment, shall exceed the flood- 
able length; and vessels not over 100 ft. in 
length shall be fitted with peak and machinery- 
space bulkheads, except in the case of paddle- 
steamers, where the after-peak bulkhead is not 
required ; and in the case of screw-steamers where 
modification of the rule as to after-peak bulk- 
heads may be permissible. As regards double 
bottoms, the Channel steamers are in pretty much 
the same category as ocean-going ships, except in so 
far as they are subdivided by a factor of 0.5 or 
under. The double bottoms are not then made 
compulsory ; nor are they in the other types of 
vessels embraced in the report. 

The question of bulkhead doors bas had careful 
consideration. Channel steamers are treated more 
severely than in oversea ger steamers, as only 
doors worked from the bridge are permitted. In 
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regard to coasting and river steamers, the Com- 
mittee express the opinion that, in view of the 
short passages undertaken, no doors, as a general 
rule, are necessary below the bulkhead deck in the 
machinery space. Where the authorities are satis- 
fied that, owing to the length of the passage, or for 


other special reasons, doors are necessary, these 
should be of the type which can be closed from the 
bridge. Ordinary sliding doors should be worked 


at least once a week, but power doors and hinged 
doors below the bulkhead deck should be tried at 
least once during each voyage, or before its com- 
mencement. Side-scuttles, fitted within 7 ft. above 
the load water-line—which means practically all 
below the bulkhead deck—are to be so constructed 
that unauthorised persons cannot open them. They 
should be closed and locked before the ship begins 
any voyage or trip, and should not be opened 
during navigation. The time of opening such 
scuttles in ports, and of closing and locking them 
before starting, must be entered along with various 
other stipulated precautionary measures in an 
official log ; where none is carried, special records 
must be taken. 

Clearly-defined conditions are laid down on the 
important subject of pumping machinery. In 
addition to the ordinary bilge-pumps on the main 
engine, or the equivalent engine-room pump, there 
must be, in the case of vessels under 250 ft. in 
length, one power bilge-pump independent of the 
main engines, and one pump of the Downton or 
cranked ty In vessels between 250 ft. and 
under 300 ft. an additional Downton or cranked- 
type pump must be carried. In vessels 300 ft. and 
over two power bilge-pumps, independent of the 
main engines, must be provided. Each of the pumps 
called for should be able to draw from all compart- 
ments atthe water speed of 400ft. per minute through 
the largest pipes under ordinary working conditions. 
Where two independent power-pumps are required, 
one should be worked from a source available at all 
times when the ship is occupied by passengers or 
crew, independently of the main propelling plant, 
and the source of power should in such case be 
situated above the bulkhead deck. 

The report deals also with the subdivision of 
cargo steamers. As there was no international 
agreement regarding this type of ship, the different 
nations having refused to consider them at the 
late conference, Sir Archibald’s Committee had 
considerable difficulty. Obviously their idea is so 
to space existing bulkheads as to take the greatest 
advantage of them in order to secure floatability. 
But they are convinced that the application of 
the conditions laid down in the first report as to 
cargo-passenger vessels will have a strong reflex 
action upon pure + vessels, leading ultimately 
to the introduction of extra bulkheads. The Com- 
mittee have not entered into minute details, 
because such vessels are, with few exceptions, 
built under the supervision of one or other of the 
classification societies, and in accordance with its 
rules. The conditions laid down by such socie- 
ties as regards bulkheads ‘‘ have been the means 
of saving ships from foundering,” and, more- 
over, have proved sufficiently elastic to meet the 
special requirements of different trades, particu- 
larly in respect of large holds for the transport of 
bulky ps ay such as locomotives. The Com- 
mittee do not anticipate the need for any great 
change, which would militate against compromise 
between the absolute rigidity of regulations and 
expediency in the interests of trade. They recom- 
mend specifically that any omission of bulkheads 
called for by the rules ‘‘ should be strictly confined 
to special cases where such omission is unavoidable, 
having regard to the service of the vessel.” They 
state that the method of determining floodable 
lengths explained in the first report of the Committee 
will enable the most advantageous spacing to be 
readily determined ; and in order to simplify the 
preparation of flooding curves they recommend that 
a permeability of 60 per cant. should be assumed 
throughout the whole space forward and aft of the 
machinery space, — the double bottom, and, 
of course, as in oversea ships, 80 per cent. in the 
engine and boiler spaces. 

he Committee have very wisely taken advan- 
tage of the opportunity, in this second report, to 
refer to communications received in regard to the 
first report dealing with ocean - going 


nger- 
ships. These communications seem to 


ve dealt 


entirely with details—the basal principle, adopted 
for the first time, has not been in question. The 
Committee suggest one or two alterafons in the 





recommendations in the first report to meet the 
suggestions brought before them. But these are 
not of sufficient importance to demand more than 
a reference here. A modification is made in the 
formula for ascertaining the actual floodable length 
curve of a ship; the other changes concern inlet 
valve-chests, plating, and stiffening of bulkheads. 
On this latter point gratifying evidence is afforded 
of the efficiency under test of a bulkhead con- 
structed in accordance with the tables of scant- 
lings recommended in the first report. The test 
was made with a cofferdam specially constructed by 
Messrs. Doxford for experimental purposes. One 
of the sides was formed of a bulkhead constructed 
partly with bracketed stiffeners, 30 ft. apart, and 
partly with lug stiffeners, 36 ft. apart, each having 
scantlings in accordance with the Committee’s 
report. The bulkhead was 45 ft. broad and 27 ft. 
deep in the middle, and the cofferdam was repre- 
sentative of a segment of a single-deck ship witha 
double bottom. When it was filled with water, it 
was found that the deflection of the stiffeners at 
mid-depth ranged from 1} in. to 1{ in., and the 
permanent set from jin. to gin. The test was 
carried to a height of 8 ft. 6 in. above the top 
of the bulkhead, involving a load nearly 65 per 


cent. above that due to the filling of the com-| peri 


ment. Under these severe conditions the 
ulkhead was effective as a water-tight subdivision 
wall, and the ultimate in of resistance was 
not reached. The lug-stiffeners showed themselves 
not less effective than the bracketed stiffeners. We 
have no doubt that this confirmation of one detail 
of the original report will find many counterparts 
in actual practice when the recommendations of the 
Committee are tested under varying conditions of 
sea service, and that all that we said on a former 
occasion regarding the great service rendered to 
shipbuilding by Sir Archibald Denny and his 
colleagues will a recognised more and more fully 
as the years pass. 





ANCIENT AND MODERN 
ENGINEERING. 

As heirs of all the ages, we are perhaps too much 
dis to glory in the goodliness of our estate, 
and subconsciously even to account it a sort of 
merit to have been born into it, rather than to 
realise that it is, for the most part, a heritage pro- 
vided by the labours of generations we are accus- 
tomed to regard with a certain contempt on account 
of the limited control they were capable of exercis- 
ing over the puaee of Nature. Darwin relates with 
what a shock he realised that his ancestors, in no 
very distant past as measured in millenniums, 
were in every way the peers of the almost naked 
savages of Tierra del Fuego. The interval between 
this stage and our modern civilisation is extra- 
ordinarily wide, and could only have been bridged 
by intellects of a very high order, even as measured 
by modern standards. Fraser asserts that the 
earliest rulers were the priests and not the warriors, 
and these priests were undoubtedly the primeval 
engineers. The Pontifex maximus was originally 
both priest and bridge-builder, and the rise of 
mankind from savagery was largely to be attributed 
to the fact that the engineer in the person of the 
priest had that weight and influence in public 
matters which many thoughtful people on both 
sides of the Atlantic are anxious he should secure 
to-day, to the displacement of the lawyer and poli- 
tician. 

This aspiration finds expression once again in the 
interesting presidential address of Mr. 8S. Boswell 
to the Manchester Association of Engineers. Mr. 
Boswell attributes much of the evils of the 
present system of controlling public matters to 
mere ignorance, and no doubt this is in no small 
measure responsible ; but the classes in question 
suffer also from what cannot be called other than 
a ‘‘dishonest”’ habit of mind, which was excel- 
lently exemplified a few years ago by a famous 
advocate, who, at a committee of investigation, 
drew a distinction between his opinion and his argu- 
ment, which on further inquiry turned out to be abso- 
lutely at variance. Similarly, in a recent railway- 
rates inquiry in the United States, a witness of the 
class in question adopted on two different days 
two entirely different methods of apportioning 
fixed charges between passenger and goods traffic. 
On the one occasion he was arguing for low freight 
charges, and on the other for low passenger fares, 
and that the two methods ef apportionment were 
mutually incompatible did not appear to trouble 








him in the least. Of course, critics may recall here 
the famous jibe as to the credibility of expert 
testimony, but it was not the engineering expert 
but the medical which led certain of the United 
States to pass laws regulating the tender of profes- 
sional evidence. 

Possibly both here and in America the influence 
on public matters of the engineer, as engineer, suffers 
from the laxity with which the term is applied. A 
shipyard labourer is not infrequently described on 
the charge-sheet of a police-court as an engineer, and 
every fitter or erector considers himself as entitled 
to the term as was the designer of the Forth Bridge. 
Some accordingly advocate the legal restriction of 
the term to those who have undergone a certain 
specified training ; but the objections to this pro- 
cedure far outweigh its possible advantages. No 
small proportion of our ablest engineers have 
entered the profession through the ‘‘ hawse-holes,” 
if the nautical equivalent may be permitted. 

A considerable proportion of Mr. Boswell’s 
address is devoted to the achievements of the engi- 
neers of a past age, and he would seem to be of 
opinion that certain knowledge attained many 
centuries ago was afterwards lost. Most of his 
examples are drawn from times within the historic 
iod, and to engineers accustomed to modern 
methods of handling heavy weights the enormous 
masses successfully transported and lifted by ancient 
engineers is perhaps even more striking than to 
the layman, who is somewhat inclined to accept 
as a matter of course the whole of the remarkable 
engineering feats to which he owes the amenities 
of his existence. The stone at Baalbec, measuring 
70 ft. by 26 ft. by 26 ft., to which Mr. Boswell 
refers, would tax our powers to handle to-day. 

In guessing at the methods adopted in trans- 
porting such masses by the ancients, it must be 
remembered that ‘‘time is money” is a modern 
motto. ‘* Forty years was this temple in building” is 
not likely to be truthfully said of any such erec- 
tion in modern times. The great Pyramid, again, 
is said to have taken 100,000 men thirty years to 
build. This figure gives some indication of the 
enormous wealth which was controlled by indivi- 
duals in the early civilisations. Then, as now, the 
average man could purchase by a day’s labour about 
the equivalent of the labour of another average 
man, but in this case it appears that there was a 
single individual able to employ 100,000 men in 
non-profitable labour for a period of thirty years. 
None of our modern millionaires could do as much. 

Our superiority over the engineers of past ages 
is in dynamics rather than in statics, in mecha- 
nical rather than in civil engineering. In the latter 
field our advantage is mainly in the possession of 
better materials. The invention of Portland cement, 
for example, has rendered unnecessary the handling 
of blocks of excessive dimensions. In certain modern 
instances, however, whole houses, of which the 
weight must have been quite comparable with that 
of the Baalbec block, have been shifted bodily for 
considerable distances, and this distance could, of 
course, have been indefinitely increased. The limit 
is, in fact, fixed neither by the weight of the house 
nor the distance, but by the fact that if this distance 
exceeds a certain narrow limit, it is cheaper to raze 
the edifice and rebuild on the fresh site. Since a 
house is a composite structure, liable to damage from 
shock, it may perhaps be questioned whether the 
ancient engineers could have successfully emulated 
the above feat with the appliances at their —. 
but however this may be, our predecessors did in 
fact accomplish feats in transportation which could 
only be bettered now in the matter of the time 
taken, and time, as we have already observed, was 4 
commodity in the expenditure of which ancient civili- 
sations were lavish. The screw-jack has done much 
to drive out of remembrance the cruder, but quite 
effective, appliances of an earlier date, by which the 
sarsens of Stonehenge were transported and erected, 
some 3600 years ago. Some of these, however, sur- 
vived to historical times in out-of-the-way corners 
of the world. In Japan, for example, Professor 
Gowland states that very heavy weights were raised 
and transported by means of tree-trunks used as 
levers. deed, given a sufficiency of time and 
labour, the use of the lever and the wedge would 
effect nearly all that we now accomplish by more 
refined and elaborate devices. : 

In fact, this question of how the ancients 
handled the large masses they did is less puzzling 
than the production of the Iron Pillar at Delhi, 
another marvel alluded to by Mr. Boswell. This 
mass of iron is 16.4 in. in diameter at ground-level, 
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and 13.5 in. in diameter at the top, the height 
above ground being 22 ft. Its total weight, in- 
cluding the buried portion, is estimated at 17 tons. 
For 2000 years this mass of iron stood unrivalled, 
and all record of its construction has long been 
lost. 

It is a little noteworthy that the most remark- 

‘ able of all the engineering feats of the past have 
been uniformly of non-utilitarian value, pure 
luxuries in every sense of the word. It can hardly 
be questioned, however, that indirectly the world 
profited largely, as the heavy expenditure made 
without any commercial aim permitted of the per- 
fection of industrial processes of enormous import- 
ance to the amenities of existence. We have had 
within recent years an instance of the same kind in 
the development of the motor-car. Few who have 
studied the problem believe that the automobile 
could have been developed ab initio on industrial 
lines. It was the wealthy amateur who provided 
the funds by which the excessively expensive 
pioneering stage was ed, and the world as a 
whole is now profiting by what the soap-box orator 
of the day would no doubt have dubbed ‘‘a 
squandering ef wealth on ostentatious luxury.” 

As we have already said, it is in the branch of 
mechanical engineering that the modern world 
contrasts most favourably with the old. Here, 
again, a revue of the past shows how cheaply time 
must have been regarded. It is on record that 
100 years ago as much as four months was spent in 
the mere boring of a cylinder 36 in. in diameter by 
6 ft. 6 in. stroke. Under these conditions a little 
labour more or less mattered relatively little, and 
feats of craftsmanship were accomplished such as 
would never be attempted to-day. Large screws, 
for example, were made by chipping and filing. 
Engines were bedded in their foundations by similar 
tedious hand processes, the use of Portland cement 
grout being unknown. 

Remarkable as was the skill of the old craftsman, 
however, that of the modern is undoubtedly quite 
as high, but it is far more specialised. We are, 
however, very much more economical in our use 
of this highest class of skill than our ancestors, 
modern methods making it possible to execute 
accurately with semi-skilled labour, work which in 
the past could have been accomplished with equal 
precision only by the very highest type of craftsmen. 
‘The general result of this replacement of the crafts- 
man by the machine hand has been a steady and 
continuous improvement in the quality of ordinary 
commercial engineering work. This, again, renders 
more and more available the sources of power 
unlocked by the genius of Watt and his successors, 
and it is our supplies of power which constitute 
the distinctive feature of modern civilisation. In 
connection with Watts’s work it is extremely 
remarkable that the crank was not earlier intro- 
duced as a means of making the steam-engine suit- 
able for other purposes than pumping. The device 
was well known, being employed on every lathe 
then at work in the country. Yet, if our memory 
is not at fault, the plan by which the steam-engine 
was first constrained to drive a shaft was to use it 
to pump up water to a reservoir feeding a water- 
wheel. This device is in essence the same as that 
by which it has been proposed to utilise the Hum- 
phrey pump for power production, but the con- 
siderations which make the method advantageous 
here did not apply to the earlier steam-engine, 
which had necessarily external reciprocating parts, 
aud no adequate explanation of the delay in adopt- 
ing the crank has so far been advanced. Of course, 
Watts’s personal path was barred by a patent which 
for a number of reasons he preferred neither to 
fight nor acquire. 








THE WAR AND MERCHANT 
SHIPBUILDING. 

Tue demands made by the Admiralty and the 
War Office upon shipbuilders, including many who 
did not formerly undertake naval work, have had a 
pronounced effect upon the output of merchant ship- 
ping. This year, so far, there have been launched 
merchant ships, excluding vessels of less than 100 
tons, to an aggregate of only 562,240 tons, or at 
the rate of about 62,500 tons per month, whereas 
during the three years preceding the outbreak of 
war the average monthly output on the same basis 
was 150,000 tons. In other words, the production 
of new tonnage in this country does not at present 
equal the wastage due to natural causes and to the 
operations of war. There is thus a shortage of mer- 


chant tonnage, which is, of course, greatly intensified 
by the requisitionings of ships for military purposes. 
It is true that there is a great decrease in oversea 
trade, but, withal, the tonnage available is far below 
that required. There is a large number of enemy 
ships interned, not only in this country, but in the 
harbours of neutral nations. The latter cannot be 
made available, but the expediency of releasing as 
many as possible of the enemy ships in Britain and 
Allies’ countries ought to have the serious con- 
sideration of the Governments, in order particularly 
to facilitate export trade from this country. The 
shipment of our manufactures to foreign countries 
will assist foreign exchange and add to our necessary 
‘*sinews of war,” and it is therefore incumbent 
— the Government to do everything possible to 

d to our available tonnage. In Italy there are 
interned a large number of useful ships, mostly of 
German ownership ; but it is one of the enigmas 
of the present situation that Italy has not yet 
yw al war against Germany, so that the German 
ships in the Italian ports cannot be seized. 

Another phase of the subject is forcing itself 
upon oman attention. At the present time there 
are in process of construction 14 million tons 
of merchant shipping, but only on a very small 
proportion of this is any work being done. Ship- 
owning companies, too, are eager to place orders 
for new tonnage, but the restrictions placed by the 
Ministry of Munitions upon builders as to work 
on such vessels are sufficient to prevent any con- 
tracts being concluded for immediate progress. 
During the past nine months the tonnage of vessels 
commenced totals only 613,121 tons, or at the 
rate of 68,100 tons per month, whereas in 
normal times the tonnage commenced per month 
is between 130,000 and 150,000 tons. e doubi, 
however, whether the time has yet come for per- 
mitting work to be done to any large extent on 
merchant shipping. The difficulty is not so much 
to get platers and fitters available for hull work, 
but mechanics for the construction of machinery. 
Forgers, smiths, lathemen, and, indeed, practically 
every class of craftsmen required for engine-build- 
ing, are needed for war munitions, and men accus- 
tomed to work in the machine-shop in shipbuilding 
yards are of —_ in the building of gun-carriages, 
and even in making shells, so that a resumption 
now of merchant-ship building operations is not 
practicable. 

In order to show the extent to which shipbuild- 
ing has been necessarily arrested, we give in the 
accompanying table figures deduced from Lloyd’s 
Quarterly Returns, to show the tonnage launched 
and the tonnage commenced per quarter since the 
outbreak of war, and the tonnage on hand at the 
end of each three months ; in all cases vessels of 
less than 100 tons are excluded. For the sake of 
comparison, we give the figures for the June 
quarter of last year—the latest complete quarter 
prior to the outbreak of war. The figures for that 
quarter may be accepted as normal: the launches 


are about an average ; the v ls com d are 











Quarter Ended Launched. Commenced.| On Hand. 
tons tons | tons 

June 30, 1914 444,877 402,383 1,722,124 
Sept. 30, 1914 376,279 294,393 1,723,550 
Dec, 31, 1914 418,669 856,856 1,627,316 
“ar. 81, 1915 267,612 292,421 1,587,467 
June 30, 1915 148,214 172,325 ,506,925 
Sept. 30, 1915 146,414 148,875 1,536,177 


perhaps less than the mean for immediately pre- 
ceding quarters; and the tonnage on hand repre- 
sents a decrease as compared with any period 
prior to the autumn of 1912. The merchant work 
in course of construction reached a maximum 
in March of 1913, when the total was over two 
million tons. It will be seen from the table that, 
immediately upon the outbreak of war, there was 
a reduction in the tonnage launched and a sharp 
decrease in the tonnage commenced. This latter was 
due to the threatened collapse in trade which 
was experienced before the outbreak of the war 
and was due to the occurrence of depression 
following upon a period of great activity. There 
was also, too, hesitancy on the part of ship-owners as 
well as of shipbuilders, consequent upon uncertainty 
as to the influence of the war. Soon, however, 
it was realised that monetary conditions were not 
seriously affected, and the demand for merchant 
tonnage for war purposes being great, there was a 
sudden accession to the shipbuilding orders towards 
the end of the year. At the same time building 





operations were accelerated, and thus the ships 








launched and laid down in the later weeks of the 
year made upa tonnage at the end of the year which 
was little short of the normal. From this time 
forward, however, shipbuilding operations quickly 
diminished, owing, firstly, to the enlistment of 
mechanics, and, secondly, to the demands of the 
war departments. The diminution has since con- 
tinued, with the result that the vessels launched 
and laid down represent in tonnage only about one- 
third of the normal volume. The work on hand, 
however, continues only about 25 per cent. less 
than the maximum ; but it is practically a nominal 
figure, as on very many of the ships on hand no 
work has been done for ten or twelve months, 

In considering the work of the various districts, 
one naturally expects to find the greatest amount 
of merchant work in progress in those localities 
devoted to the essentially cargo type, and where 
naval work is rarely undertaken. ‘Thus, comparing 
the work in pr now and in June of last year 
(before the outbreak of war) there are found to be 
increases on the Wear and Tees, with a relatively 
small decrease on the Tyne and at Greenock. Hull, 
too, shows a large increase, due probably to the 
importance of maintaining the number of fish 
trawlers. In this case there is the greatest rate of 
increase now as compared with midsummer of last 
year. There are in progress 52 vessels, of 33,214 
tons, which latter is 26.8 per cent. greater than in 
June, 1914. On the Tees there are 30 vessels, of 
85,855 tons, in ~~ 4 per cent. rnore tonnage 
than immediately before the war. The increase 
in Sunderland is only 2.65 per cent., the number 
of vessels now on the stocks being 45, making 
up 176,685 tons. In all other districts there is 
a decrease. In Greenock, however, the tonnage 
is only 2.1 per cent, down, there being in progress 
now in that part of the Clyde district 48 vessels, 
of 224,814 tons. On the Tyne, where 58 vessels, 
of 263,591 tons, are in progress, the decrease is 
7.6 per cent. At Hartlepool there is a decrease of 
14 per cent., the vessels building there numbering 
15, and measuring 73,530 gross tons. At Liverpool, 
Glasgow, and Belfast the decrease is very consider- 
able, the greatest being at Liverpool, where only 
9 vessels, of 23,965 tons, are in progress—about 
half the amount of the work in hand before the 
outbreak of war. In the Glasgow district, where 
78 vessels, of 347,533 tons, are on the slips, the 
decrease is 20 per cent. ; and at Belfast, where 23 
vessels, of 258,100 tons are in hand, the reduction 
is equal to 13 per cent. It may be accepted 
generally that the rate of decrease in merchant 
work is indicative of the extent of the increase in 
warship work. It is revealing no secret to say 
that never before have shipbuilders been so fully 
occupied. 





NOTES. 
AmeRIcAN Coa.-MINING aT SpPITZBERGEN. 


ALTHOUGH there are several concerns in which, 
among others, English and Norwegian interests 
are involved, coal-mining at Spitzbergen has, so 
far, only been carried out on a practical scale by 
an American company, the Arctic Ooal Company, 
which also owns a number of large mines in the 
United States, and has offices at Boston. The 
Arctic Coal Company owns the mines at Advent 
Bay, and part of the deposits at Green Harbour, 
where also Norwegian capital is invested ; but the 
actual rational working is confined to Advent Bay, 
where working has now been going on for some 
seven or eight years on an increasing scale. The 
coal has principally been sold to the North Nor- 
wegian steamer companies, some shipments also 
having taken place to Archangel, which latter place 
is expected to prove a good market for Spitzbergen 
coal, the excellent quality of which is now generally 
admitted. Difficulties in regard to ocean transport 
may, to some extent, impede the development of 
the Spitzbergen coal-mining industry ; freight rates 
are high, and will probably remain so, owing to the 
ice frequently rendering the approach to the island 
impossible. The men in the employ of the Arctic 
Coal Company at Advent Bay at first only numbered 
some thirty or forty, whereas now their number 
has reached 350, and is likely to be further in- 
creased. Most of the men are Norwegian, and the 
wages, naturally, are tempting. It has been sug- 
gested that, in order to procure more stable and 
satisfactory labour conditions, provision should be 
made for the men to bring their families with them ; 
there is nothing to prevent such an arrangement, the 
climatic conditions place no obstacle in the way, 
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the health of the men employed at the mines 
remaining excellent. The company has its own 
stores, and sells provisions at moderate prices, 
and the staff includes a doctor and a pharmacist. 
The mines of Advent Bay are located some 300 
metres up the mountain and some 400 metres from 
the sea. There are two shifte—a day and a night 
one. Two electrically-driven coal-cutters will cut 
about 1000 tons of alte an eight hours’ night shift. 
The men of the day shift break the cut coal and 
load it on the trucks for delivery to the surface. 
During the winter the water supply is somewhat 
expensive ; there is no open water, and ice has to 
be used instead. This ice has to be taken from 
some small fresh-water ponds located at a distance 
of about 1km. The Spitzbergen coal-mines are 
very safe. The men are mostly on piece-work 
and earn a good wage. The coal-steamers arrive 
in the beginning of July, and shipments go on 
until the middle of September. 


**Catorisinec”” Mera.s. 


The term ‘‘calorising” was introduced in 1914 
to indicate a new process of coating metals with 
aluminium and its oxide, so as to make the metal 
able to withstand the continued action of tem- 
peratures of the order of 1000 deg. Cent. Steel 
begins to burn, it is believed, at about 370 deg. 
Cent., and nickel at 650 deg. Cent. ; both these 
metals can bear considerably higher temperatures, 
but already at 500 deg. Cent. the oxidation of iron 
becomes rapid, and copper suffers badly as well. 
In the case of iron a certain amount of protection 
has been secured by producing a layer of the mag- 
netic oxide Fe, O, on the surface ; the formation of 
this oxide is, however, accompanied by a large 
increase in the volume of the object, which is in- 
convenient in itself and leads to the cracking and 
sealing of the oxide crust. H. B. ©. Allison and 
L. A. Hawkins, of the General Electric Company 
of Schenectady, hence tried the F. van Aller pro- 
cess of heating metal objects to be protec in 
revolving drums in mixtures containing powdered 
aluminium; and W. E. Ruder, of the same laboratories, 
gave further information about this ‘‘ calorising ” 
process in the meeting of the American Electro- 
chemical Society, held at Atlantic City this spring. 
The mixture used consists of aluminium, alumina, and 
1 per cent. of ammonium chloride. The percentage 
of metallic aluminium (from 5 to 50, by weight) and 
the temperature vary ; copper and brass require 
little aluminium, and the piece need not be heated 
above 700 deg. Cent.; iron and steel require much 
aluminium, and a temperature of 900 deg. or 950 deg. 
for 2 or 3 hours. e object is ked with the 
mixture and heated, not in revolving drums, as 
originally, but in furnaces of suitable shape, mostly 

as-heated, in a reducing or inert atmosphere. 

ulky pieces can be painted with the mixture ; but 
the treatment is not so reliable then apparently, 
unless a thick coating is at once applied, which is 
difficult to manage. Ruder showed some calorised 
and some uncalorised iron tubes which had been 
kept at 900 deg. for 8 hours in open gas flames ; 


the calorised tubes looked perfectly smooth and|h 


unchanged, though of a slightly darker colour, 
whilst the uncalorised tubes were badly cracked, 
scaled, and distorted. In other experiments 
calorised iron had stood 1000 deg. Cent. for 500 
hours, whilst the uncalorised pieces were practically 
destroyed by twenty hours’ heating. The process 
is a kind of cementation process ; the aluminium 
forms an alloy with the metal and penetrates more 
and more into it as the heating continues, whilst 
the alumina remains on the surface as a protective 
coating. When this coating is locally disturbed, 
and the continuity of the oxide film is broken, 
deterioration sets in. At a temperature above 
1050 deg. Cent., this deterioration, which ma 

start from a few small flaws, spreads rapidly ail 
over the surface, which then looks as if it were 
covered with an aluminous slag; contact of the 
calorised surface with the oxide Fe,0, also starts 
this rapid deterioration. On the whole, however, 
the calorised metals stand weli; but there are 
drawbacks. There is an increase in dimensions, of 
something like 0.1 mm. on a flat surface, and more 
atthe edges ; this swelling may be more awkward 
than the increase in weight, which was stated to be 
about 6 per cent. The alloyed iron surface, more- 
over, ie very brittle ; wires and ribbons of iron hence 
lose their flexibility, but nickel wire and tape do 
not, it was said, which would be advantageous for the 
use of nickel resistances, Copper covers itself with 
an aluminium bronze, which it will keep almost to 





fusion ; this would be important for bus-bars, heavy 


copper conductors for electric furnaces, and for 
condenser tubes. As W. R. Mott pointed out during 
the discussion, the advantage of this-treatment over 
coatings formed of other oxides is that aluminium 
increases only by 20 per cent. in volume when it 
is oxidised, whilst zinc: increases by 54 per cent., 
chromium and iron increase by 100 per cent. when 
oxidising. The essence of the process is probably 
that the hot aluminium—like the zinc in the 
sherardising process—has a certain, though very 
small, vapour pressure, which enables it to diffuse 
into the iron. For this reason we are surprised to 
read that base-metal thermo-couples, which have 
rather a short life, can be calorised without mate- 
rially changing their electromotive force ; Ruder 
himself stated that he had at first considered this 
to be out of the question. 


HyproGEN FROM SUPERHEATED WATER AND IRON. 


When the chemist wishes to study the reactions 
of liquids on solids at high temperatures, he en- 
closes them in a sealed glass tube which he places 
inside an iron pipe and heats for hours or days. 
Great care has to be exercised when the tube is 
opened afterwards ; for gases may have been gene- 
rated, and may still be under high pressure in the 
cooled tube. It is difficult, of course, to arrest 
such reactions at any special, desired stage, and 
for want of suitable apparatus this old-established 
laboratory practice has not found much technical 
application. Two years ago* we described the 
steel bombs, joints and valves which F. Bergius, 
of Hanover, uses in his remarkable researches on 
the formation of coal and on the reactions of liquid 
water at high temperatures and pressure in general. 
He has since continued these experiments study- 
ing organic chemical reactions, and he recently de- 
scribed apparatus for the production of pure hydro- 
gen by the combustion ‘or oxidation of bodies like 
carbon or iron in superheated water. The descrip- 
tion in the Zeitschrift fiir Komprimierte und fliissige 
Gase, of March, 1915, is given in general terms, 
but the apparatus are probably similar to those 
we illustrated two years ago. A steel cylinder 
(generator), closed at the top by a conical joint, is 

laced vertically in a furnace, and charged from 

low with powdered iron and water. The iron 
is oxidised to Fe,0,, and hydrogen escapes 
into a pipe leading to a reduction valve, and 
further to the steel bottles in which the hydro- 
gen is collected at high pressure. No steam is 
said to escape together with the hydrogen in the 
laboratory apparatus, of 100 cub. cm. capacity ; in 
larger plant the gas first passes up a reflux con- 
denser, and a water-separator is joined to the pipe 
to collect water particles carried over. After 
several hours’ heating, all the iron will have been 
oxidised, and the apparatus is allowed to cool ; the 
process is thus discontinuous. To obtain complete 
oxidation, Bergius had in the laboratory to heat 
the iron for 7 hours ; after 4 hours, 90 per cent. of 
the iron had, however, been oxidised, and technically 
the operation is interrupted after several hours’ 
eating. The reaction is very much accelerated by 
adding electrolytes (iron chloride) to the water, or 
by mixing the iron with another metal (copper) ; 
the effect would in both cases be electrolytic. 
The small plant in Hanover fills three cylinders, 
each of 30 litres (about 7 gallons) capacity, with 
hydrogen at a pressure of 150 atmospheres in 
5 hours. A large plant for producing 1000 cub. m. 
of hydrogen per day is being constructed ; this 

lant will cover a floor space of about 3 sq. m., 
and have a height of 4 metres. The generator is 
heated up to 350 deg. Cent., the pressure rises to 
300 atmospheres, and is reduced, by the valve 
mentioned, to 150 atmospheres for charging the 
bottles. When the operation is completed, the 
cooled generator is emptied; the magnetic iron 
oxide is dried, mixed with carbon, and reduced 
to a fine, porous iron, suitable for renewed use, 
in a furnace at 1000 deg. Cent. Hydrogen at 
high pressure is thus produced, without the use 
of any compression plant, from water, coal, and 
iron ; the latter has occasionally to be replenished. 
The hydrogen |p aor is of more than 99 per 
cent. purity, and can further be purified to 99.95 
per cent. by passing it through charcoal. The 
reader will aek, ~ #4 the water will not 
—_ the impurities in the iron as well as 

e iron. As regards this point, Bergius states 
that by ordinary analysis not more than 0.05 


* See ENGINEERING, vol. xcvi., page 262. 





per cent. of CO, can be found by burning the 
hydrogen, and that the superheated water does 
not attack the sulphur in the iron. To test for 
impurities, he condensed very large volumes of 
hydrogen by means of liquid air, and he thus 
detected some saturated and some unsaturated 
hydrocarbons and also some carbon monoxide in 
the hydrogen—all in very small proportions. He 
does not mention phosphorus, nor is oxygen re- 
ferred to. The question of impurities may not be 
important, since the iron of the steel generator 
would soon become superficially oxidised, and a 
pure iron can be used for the charge. On the 
other hand, slight impurities, especially of hydro- 
carbons, are a very serious matter in compressed 
gases. 





THE BRITISH ASSOCIATION. 
(Concluded from page 361.) 
SECTION B.—CHEMISTRY. 

In our last issue we reported the first 
the proceedings of Section B, Chemistry, 
mainly with combustion. 
discussion on 


ne of 
ealing 
We pass to the long 


SMOKE AND ITS PREVENTION. 


In calling upon Councillor E. D. Simon to open 
the discussion on ‘‘Smoke and its Prevention,” 
Professor Bone remarked that the subject was of 
great importance to Manchester, and that almost 
the first investigation into the condition of the 
atmosphere of great English cities had been made 
twenty-five years ago in the college in which they 
were deliberating, by Dr. G. H. Bailey, who had 
been unable to come. 


Lives oF ResEARCH IN SMOKE ABATEMENT. 


Mr. E. D. Simon, M. Inst. C.E., M.I.M.E., 
of Manchester, dealt with the general ‘‘ Lines of 
Research in Smoke Abatement.” He remarked 
that he was neither a chemist nor a physicist, and 
regarded the problem from a business point of 
view, with the object of obtaining the best results. 
As the result of a memorial, the City Council of 
Manchester had in 1913 appointed the Air Pollu- 
tion Advisory Board (of which Mr. Simon is chair- 
man), for the purpose of working for the purifica- 
tion of the atmosphere by research and propaganda, 
as opposed to the older municipal method of legal 
prosecution. The annual grant had last year 
amounted to 400/. The Board enjoyed the hearty 
co-operation of scientists and technical men. 
Roughly three possible lines of research might be 
distinguished : (1) damage done by smoke; (2) 
means for reducing factory smoke ; (3) means for 
reducing domestic smoke. 

The damage done by smoke was admittedly so 
great that further research might appear unneces- 
sary ; but those interested in smoke abatement 
were still looked at as the worst sort of faddists. 
In Manchester and Salford the annual damage 
done by smoke was estimated at nearly 1,000,000/. 
Smoke cut off sunlight and caused fog, and had 
serious effects on the respiratory organs ; but health 
was affected by so large a number of factors that 
there was room for research to prove statistically 
the effect of smoke on it. The International 
Smoke Abatement Congress, held in London in 
1912, had appointed a committee to measure and 
to analyse smoke deposits in about twenty towns 
of the kingdom ; valuable evidence should thus be 
collected. This line of research was, however, the 
least important of the three. 

As regards Classes 2 and 3, surface combustion 
and electric deposition of soot and dust might 
revolutionise the whole question of smoke abate- 
ment. The general problems of combustion were 
sufficiently understood for practical purposes ; the 
difficulty was in their application to individual 
cases. With respect to factory smoke, the typical 
problems—the design of mechanical stokers and 
the supply of air at the correct point of combus- 
tion— been dealt with by countless patented 
apparatus, most of which worked well under cer- 
tain ideal conditions. The adaptation of these 
appliances to varying conditions of coal, draught, 
load, wear, attention or inattention, involved prob- 
lems, however, which could only be solved in con- 
junction with the manufacturer ; that applied also 
to pottery and metallurgical furnaces, Phich pre- 
sented very complex problems. Fortunately, 
efficiency and smokelessness went, on the whole, 
together ; but laboratory research could generally 
do relatively little in the field of factory smoke. 
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Domestic smoke supplied the main field for such 
research. In the first instance, the variation in 
efficiency, heat radiation, and smoke production, 
between existing types of coal-burning grates was 
enormous ; knowledge of good and bad grates was 
still rudimentary. Secondly, the production, at a 
commercial price, of a semi-coked smokeless coal 
would be very welcome. Thirdly, improvements 
were needed in the adaptation of open fires to the 
burning of coke. Fourthly, and most important 
probably, was the improvement of gas fires, which 
was subsequently discussed by Mr. Yates. 

The Manchester Advisory Board had undertaken 
two researches. Firstly, they joined in the inves- 
tigation of soot deposition, and measured the sun- 
shine cut off by smoke at their ten stations, about 
which Professor H. Gee would presently speak. 
Secondly, they had fitted up a room at the School 
of Technology for testing domestic heating appli- 
ances in various ways; the respective sub-com- 
mittee comprised representatives of the City Gas, 
Electricity, and other Committees. These re- 
searches on the heat radiated and converted, the 
air feed, materials for the back and sides of fire- 
places, their shape, &c., promised to become of 
great importance, though it might not be possible 
to work out a specification covering all these points. 
The work would help towards the manufacture and 
use of improved fireplaces, and would enable the 
Committee to advise on the type of heating appli- 
ances to be installed, having regard to cost, heating 
power, and ventilation. This testing-station should 
grow and become self-supporting. 

Broadly speaking, bituminous coal should not be 
burned as such, but only after conversion into 
smokeless products. As regards factory smoke, 
moderate progress might be expected in this 
direction, chiefly by the increased use of producer- 
gas, though Mr. Simon did not see that much 
could be done at present to accelerate this progress. 
With regard to domestic smoke, very considerable 
progress was possible. Even if the open coal-fire 
could not be abolished, it might be confined to the 
sitting-room, in fireplaces giving little smoke, all 
heating and cooking to be done by gas or elec- 
tricity. The whole subject of smoke abatement 
offered so vast a field for research, and the results 
were so apt to be inconclusive, that permanently 
constituted committees should take the work up, 
not individuals, and the precedent set by the 
Manchester City Council in appointing the Air 
Pollution Advisory Board should be followed. 
The university towns might move in co-opera- 
tion with a central committee, though there was 
not much to co-ordinate yet, and this central 
committee might well be a British Association 
Committee. 


MANCHESTER AND THE SMOKE PROBLEM. 


Professor W. W. Haldane Gee, M.Sc. Tech., of 
the Manchester School of Technology, followed 
with a communication on ‘‘ Manchester and the 
Smoke Problem.” He said that Fairbairn and 
Williams had attacked the smoke nuisance at 
the Manchester British Association meeting of 
1842. A society for smoke prevention was then 
formed, and an Act passed that every furnace 
should, if practicable, be constructed to burn its 
own smoke. That qualification, if practicable, 
had proved a loophole for offenders. After the 
medical and chemical researches of Angus Smith 
and of Bailey and Cohen, the Sanitary Commitee of 
the city had taken the air-pollution problem up in 
connection with other departments (baths and 
washhouses, gas, electricity, water, education, d&c.). 
The practice was to watch a chimney for half an 
hour, to report that the smoke was black, moderate 
or absent, and to caution or to fine the owner. 
In 1912-13, 197 cases of smoke nuisance had been 
reported, 69 owners had been cautioned, and 110 
owners fined a total of 2351-; in 1914-15 the respec- 
tive numbers had been 284, 146, 136, 2331. The 
chemical sub-committee had set up ten soot-gauges, 
six in Manchester proper, and four more within a 
radius of 9 miles from the Town Hall (none on 
the eastern side, however). The gauges consisted 
of an enamelled iron funnel (4 sq. ft. collecting 
area) supported by an iron frame and discharging 
its rain water and soot into one of three glass jars, 
which were connected by syphons, the whole stand 
being protected by wire netting. Each bottle had 
& capacity of 15 litres ; full bottles had sometimes 
been broken by the frost. The full bottles were 
taken to the School of Technology, in Whitworth- 
street, where the water was filtered, and the water 





and deposit were analysed. The rainfall was heaviest 
in 1913-14, in July, when the total impurities also 
had their maximum. The amount of carbonaceous 
matter was greatest in April and smallest in May. 
The pollution at Whitworth-street (centre of city) 
was worst in many respects, but much less notice- 
able in August than in October; Oldham (the 
dirtiest place), Birmingham, London, and Sheffield 
were far worse off. Sunlight measurements were 
also made at the stations by means of an iodine 
actinometer, with which Professor H. B. Dixon had 
conducted, on his journey to Australia last year, 
some observations as to the influence of the sun’s 
altitude. On the top of the School of Technology 
(100 ft. above ground) the light was about 10 per 
cent. less obstructed than below, it had been ascer- 
tained. Another actinometer-had been constructed 
by the late Mr. Thomas Thorp, in conjunction with 
the committee; it consisted of a fixed metal 
— 34 in. high, 6 in. in diameter, open below, 
slotted in front, and mounted at an angle, within 
which another cylinder rotated once in 24 hours, 
together with its clockwork, about the fixed in- 
clined axis. Photographic actinic records were 
obtained, a paper treated with 5 per cent. of 
resorcin solution and 0.5 per cent. of glycerin 
proving most suitable. Professor Gee showed 
many diagrams, some going back a good many 
years, and advocated drastic legislation or persua- 
sion, and a joint committee of several sections of 
the British Association. 

Professor E. Knecht followed with a paper on 
‘* Some Constituents of Manchester Soot,” samples 
of which covered the laboratory table. Most of 
the deposits he had analysed, together with Mr. 
W. J. Lund, were acid (1 per cent. acidity). The 
soot was extracted with water, sulphuric acid, 
caustic soda, and benzene. The aqueous solution 
contained ammonia salts and also calcium sulphate ; 
the latter did not come from the action of sulphur- 
ous vapours on the chimney mortar apparently, for 
it was also found in fresh snow-soot. The benzene 
extract yielded phenols, humic acid, several oils 
which could be separated by distillation, and a 
dark-brown colouring matter, a saturated hydro- 
carbon C©,; H,,, which also occurred in hay. 
these products might not be present as such in 
the soot, other samples were examined without 
distillation, and then another unsaturated hydro- 
carbon, C,,H,,, again occurring in hay likewise, 
was isolated. 


ATMOSPHERIC POLLUTION IN SHEFFIELD. 


Professor W. P. Wynne, F.R.S., of Sheffield, 
spoke on ‘‘ Atmospheric Pollution in Sheffield,” 
which, he said, was credited with a ‘‘ metallurgical” 
smoke. Sheffield was differently situated from 
Manchester—which was all on a plane—because it 
was situated in the Don valley, with hills up to 
1000 ft. near it, so that the Sheffield people lived in 
a sea of polluted air. Observations taken at five 
stations within 1 or2 miles of Sheffield had brought 
out some unexpected peculiarities. The rainfall 
curve did not run parallel with the curve of in- 
soluble matter, though in that respect Sheffield 
differed from the other stations; again, curves of 
the combustible matter (largely tar) in the soot and 
of the soluble (ammonia) salts did not display any 
seasonable variation, though all fairly parallel, 
which they should be if the domestic fires in winter 
had a great influence. Further, the -values from 
Attercliffe, the centre of the armament works, east 
of the town, were twice as large as those at the 
stations N., N.W., W., and S. of the city, and these 
latter three stations showed uniform results, inde- 

ndent apparently of the average wind direction 
or each month. Professor Wynne did not think 
that much fuel was really wasted by incomplete 
combustion ; thus on economical grounds there 
was not much to be hoped, but there was every 
need on other grounds for further research in other 
towns and for co-operation. 

Before calling upon further speakers, Professor 
Bone remarked that Sheffield, with gas at 1s. 3d. 
per 1000 cub. ft., as well as Birmingham and 
Glasgow, were cities of cheap gas. Manchester and 
Liverpool were backward in that respect, and Man- 
chester continued to tax consumers to some 
50,0001. per annum by the pernicious and senselees 
custom of relieving rates out of gas profits. 


Gas Heatine anp Smoke Prevention. 


Mr. H. James Yates, of Birmingham, advocated 
the use of gas in place of solid fuel, both in industrial 
establishments and at home, to solve the smoke 
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problem. He referred to improvements in domestic 
-fires since the discussion on Fuel Economy, 
eld at the Birmingham meeting in 1913, and 
dwelt at very great length on points that nobody 
questions in his résumé of the present state of the 
development of the gas-fire. Special convection 
contrivances (sending hot air into the room) had 
been dropped as hygienically bad, and radiation 
and ventilation had much been improved within the 
past two years, though a final stage had not been 
reached, probably. e under outlet of the new 
ventilating gas-fires carried the combustion pro- 
ducts up the chimney, while the upper outlet 
removed the ventilating air through a ventilation 
regulator. The air in a living-room should be 
renewed at least three times an hour. Their new 
-fires removed 11,800 cub. ft. of air per hour 
act we 5600 previous), and experiments with 
pipes—at right angles to the fire, 4 ft. from floor ; 
vertical, 6 ft. from fire ; parallel to fire, 6 ft. from 
it, 4 ft. above floor—showed that the ventilation 
was not local, but general from all parts of the 
room, including the breathing level about 3 ft. or 
4 ft. above the floor, without causing draughts. 
Gas-heated boilers and furnaces, he concluded, 
would stop the smoke nuisance. 


Smoke-PREVENTION IN Domestic GRATES. 


Professor Vernon Harcourt, F.R.S., te whose 
work in this domain Professor Bone paid a warm 
tribute, could not quite agree with the possibility 
of a general substitution of gas for coal. The 
domestic drawing-room grate which Professur 
Harcourt described was rather peculiar, In his 
house, he said, he piled the coal or coke up, 
perhaps 2 ft. high, im a layer about 4 in. deep 
(front to back), and kept it in by nine bars, the 
two lower ones of which were removable; the 
8 above the coal up to the mantelpiece was 
closed by removable iron plates, or, better, by 
swinging doors. The fire was lighted at the top, 
and slowly burned downward, without requiring 
attention from 7 a.m. to 11 P.M., getting slowly 
hotter towards the evening. The draught entered 
from the front, not from below, which would be 
Coke burned quite well in this grate, and 
when the fire was to be stopped, an iron plate was 
inserted horizontally at the respective spot. Pro- 
fessor Harcourt gave the results of observations he 
had made with the aid of a simple water calori- 
meter, a box of copper so fitted into a wooden 
frame as to expose a front surface of blackened 
copper 5 in. square. 


Tue Bone-CaLLenpAR-YaTEs BoLomersr. 


Professor Bone’s own contribution to the dis- 
cussion concerned the measurement of radiated 
heat by means of the ‘‘ Bone-Callendar-Yates 
Bolometer,” which we recently described.* 


DaMAGE TO VEGETATION BY SMOKE. 


Two papers were presented on the ‘* Examina- 
tion of the Damage Done to Vegetation by Smoke 
and Vapours,” the one by Professor F. wez, 
of the University of Louvain, the other by Mr. 
A. G. Ruston, of Leeds University. The evidence, 
Frofessor Ranwez pointed out, was sometimes 
quite plain (the scorching of leaves by sulphurous 
vapours), but the courts of law often required com- 
parative experiments on near and distant spots, 
as to plants and soil. Mr. Ruston exhibited photo- 
graphs illustrating the bad effects of diminished 
sunlight, of incrustation of the leaves with soot, 
damage to roots, &c., emphasising that smoke 
pollution injured the enzymes upon which the 
chemical reactions in the plant mainly depended. 


ExvecrricaL Precipitation or SMOKE. 


Owing to the short time left at his disposal, 
Professor W. Haldane Gee could only briefly refer 
to the work done on ‘‘ Electrical Precipitation of 
Smoke ” in Americat+ and to the experiments he is 
conducting in Manchester. 

In the general discussion which followed, Mr. 
Arnold Lupton, M. Inst.C.E., asked whether sul- 
a smoke really stopped consumption, as was 

lieved. Having lived near Leeds, he estimated 
that the smoke damaged him, in furniture and 
clothes, &c., to the extent of 6s. per £ rental, 
and the smoke nuisance might be stopped by a 
rate of 1s. in the £, he thought. 

Mr. D. Brownlie, of Manchester, pointed out 
that a smokeless chimney did not mean an efficient 


* See ENGINERRING, page 143 ante. 
t+ Ibid., vol. xevii., page 815 (June 12, 1914). 
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boiler-plant. The average efficiency of these plants 
was perhaps 60 per cent. ; it might be raised to 
85, with 14 per cent. CO, and no smoke, and 
would then fall to 80 by a slight reduction in 
the air supply ; but this smoky fire would be 
much more efficient than the average plant. His 
experience did not show any connection between 
smokiness of coal and percentage of volatile 
matter. But scientific methods could prevent 
smoke. Dr. A. Hutchinson, of Cambridge, referred 
to the use of coke-oven and blast-furnace fee in 
gas-engines for electrically driving rolling-mills and 
also in the soaking-pits. Alderman A. Bennett, of 
Warrington, though generally approving of persua- 
sion, was afraid that compulsion was indispensable; 
but the application of the smoke-prevention laws 
should be taken from the municipalities and magis- 
trates and trausferred to the Local Government 
Board. 

Mr. Walter Reid pointed out that advocates of 
gas were apt to overstate their case ; it was useless 
to recommend gas-heating to workmen in blocks of 
small dwellings unless it were cheap; he had re- 
cently estimated that the gas-fittings, meter, &c., 
for heating an old office would cost him as much as 
the coal for 14 years. Any committee appointed 
to deal with the smoke problem should have a wide 
scope, and at least half of its members should be 
connected with smoke-producing industries. 

There was a general agreement that a joint com- 
mittee of the British Association was the proper 
body to take this question up. Mr. John W. 
Graham, Chairman of the Smoke- Abatement League 
of Great Britain, cordially supported this proposal, 
and Professor Bone summed up in its favour. 
Action will no doubt be taken by the various 
Sections interested in the problem. 


RutHenium DIcaRBONYL. 


Dr. Robert Mond, of London, presented a preli- 
minary communication on Ruthenium Dicarbonyl, 
one of the carbonyl compounds on which his father, 
the late Dr. Ludwig Mond, had worked, and which 
had become technically so important in the case of 
nickel. The new dicarbonyl shown, he remarked, 
was formed by submitting powdered ruthenium 
at a temperature of 300 deg. Cent. to carbon mon- 
oxide at a pressure of 400 atmospheres and ex- 
tracting the powder with alcohol. It was non- 
volatile, in distinction from other carbonyls, but, 
like them, insoluble in benzene, and there was hope 
of isolating similar dicarbonyls. 


New Capmitum-Vapour Lamp. 


Dr. H. J. 8. Sand, of London, exhibited a new 
cadmium-vapour are lamp, for polarimetric work, 
which certainly has the merit of extreme sim- 
plicity. It is a U-tube of quartz glass, a few 
inches in length, with capillary limbs and a wider 
curved portion ; the latter is joined to a pump for 
evacuating the tube and filling it with plugs of 
liquid cadmium through the limbs, and the small 
branch tube is afterwards sealed off. In filling 
the lamp, the cadmium is filtered through capil- 
laries, and thus freed of oxide and pone all gas. 
The tube is coated inside with a little powdered 
zirconia to prevent the cadmium from adhering. 
Connection with the terminals is effected through 
the capillary limbs. It may be necessary to heat 
the cidmium plugs to start the lamp ; afterwards 
the lamp runs on for any time. Some globules of 
cadmium might pass over from the hot cathode to 
the anode, and produce a flicker, but that, Dr. Sand 
remarked, would not matter for polarimeter work, 
however. 


DissociaTION AND ASSOCIATION IN SALT SoLvuTions. 


Two papers dealt with salt solutions, in which, 
it is assumed, the salt may be dissociated and 
also be associated to complex molecules—matters 
of considerable theoretical interest. The first 
was by Dr. W. E. S. Turner, of Sheffield, on 
**Tonisation in Solvents of Low Dielectric Con- 
stant.” The conductivity of a mixture of solvents 
in such a solvent should, according to Sachanow, 
exceed the sum of the conductivities of the 
single electrolytes by an amount which would 
be the greater, the lower the dielectric constant 
of the solvent, and hence the addition of a second 
electrolyte to a solution of one electrolyte should 
increase the dissociation. But Dr. Turner, ex- 
perimenting with tetrapropylammonium iodide and 
similar organic salts, dissolved in chloroform (also 
used by Sachanow), noticed just the opposite effect, 
an increased association being observed when a 





second salt was added to the solution of a first salt. 


He relied on boiling-point and freezing-point deter- 
minations, which generally agree with conductivity 
determinations. Thus it would appear that solvents 
of low dielectric constant have the opposite effect 
of solvents of high dielectric constants, like water ; 
in the latter case the molecular conductivity in- 
creases as the average size of the electrolyte 
molecule decreases, whilst in solvents of low 
dielectric constants, the conductivity would seem to 
increase as the size of the molecules increases. The 
facts communicated were in accord with previous 
researches by Dr. Turner. 

In the second paper, by Dr. Turner and Mr. 
J.D. Cauwood, on ‘* The Molecular States of Salts 
in Solution,” further evidence was given of the 
high degree of association of silts of tetrapropyl- 
ammonium (the fluoride, chloride, chlorate, sul- 
phate, benzoate, &c.) in chloroform; the thio- 
cyanate molecule seemed to be seven times as 
large, in 4 per cent. chloroform solution, as the 
formula indieated, the association in the fluoride 
being still greater. 


Homocengous CaTALysis. 


The discussion on ‘‘ Homogeneous Catalysis” is 
also to be printed in the Report of the British 
Association, which does not, as a rule, reproduce 
discussions at any length. The trend of the com- 


‘munications submitted was too theoretical for our 


columns. As there is hardly a new technical pro- 
cess brought out, however, which does not: recom- 
mend the use of some catalytic agent (catalyst), we 
will briefly notice a few of the communications 
submitted. A catalyst is a substance which affects, 
accelerates or retards, a reaction, ina certain sense, 
by its mere presence apparently. The catalyst 
does not appear in the final product, but it forms 
unstable intermediate compounds which are sup- 
posed to be redecomposed and reformed in rapid 
alternation. The term ‘‘ catalytic action” has 
been used, derisively almost sometimes, to cover a 
multitude of sins of omission ; it serves to classify 
rather than to explain obscure reactions of great 
variety. Considerable progress has, however, been 
made in the general theory of catalysis in recent 
years. 

The discussion was opened by Professor W. C. 
McC. Lewis, of Liverpool, who presented a paper 
on ‘* Homogeneous Catalysis and Chemical Re- 
activity from the Standpoint of Infra-Red Radia- 
tion.” The physical idea underlying the theory, 
he pointed out, was that ordinary or thermal 
reactions were due to infra-red radiations, which 
were necessarily present throughout any material 
substance in virtue of its temperature. When a 
reaction proceeded without the addition of a cata- 
lyst, the density of the radiation naturally present 
in the system was considered sufficient to actuate 
the molecules, each type of which had its own 
absorption and emission bands in the infra-red, 
and could only be actuated by absorbing radiant 
energy of a frequency corresponding to one or more 
of the bands. The function of a positive (nega- 
tive) catalyst was to increase (decrease) the radia- 
tion energy of the frequency of the reacting sub- 
stance, and the formula for the velocity constant 
of a reaction k was: d log k/d T=Nhv/R T’, where 
N was the number of molecules per gramme- 
molecule, h Planck’s constant, and »v the charac- 
teristic frequency; this formula was of the 
Arrhenius type. Measurements of the temperature 
coefficients and this formula gave for the inversion 
of cane-sugar and the hydrolysis of methylacetate 
characteristic wave-lengths between 1 2 and 1.9», 
in agreement with the determinations of the trans- 
mission spectra by Coblentz. According to the 
speaker, aqueous solutions of hydrochloric acid also 
had an absorption band at 1.3 u, which would 
account for the catalytic effect of this acid. The 
catalytic effect of pure and mixed solvents was 
ascribed to similar causes. 

Mr. J. Rice, M.A., of Liverpool, gave a highly 
mathematical abstract of the theory from the same 
standpoint ; it did not appear, however, that any 


practical application could be made of the very | Ma 


complex formule. 

Professor F. Francis, of Bristol, exhibited an 
pee for measuring the velocity of the catalysis 
of nitrosotriacetoamine, and discu the peculiar 
effects of neutral metallic salts. They mostly caused 
retardation, all the chlorides having nearly the 
same effect, whilst small quantities of sulphates 
had the opposite, positive, effect. He also gave 
some information about the order in which chlo- 


rides, &c., might be arranged as to the intensity of 
their catalytic effects. 

Dr. N. V. Sidgwick, of Oxford, discussed the 
general problems, stating that he regarded all 
reactions as probably catalytic. 

Professor E. C. C. Baly, of Liverpool, remarked 
that the theory of Professor Lewis was a mathe- 
matical representation of one single case of his own 
theory. As a first step in chemical reactions, the 
speaker had shown, the reacting compound was con- 
verted into an intermediate, highly reactive form, 
and a positive catalyst tended to convert more than 
the normal proportion into the reactive form, which 
resulted by the addition of a definite amount of 
energy to the inactive form. Professor Baly thought 
that the actual amount of energy required for 
activation of a molecule was constant and indepen- 
dent of v, and that the numbers of energy quanta 
necessary to produce the critical increment at any 
given values of » (not confined to the infra-red), 
characteristic of the molecule, were simple multiples 
of one another. The relation between the active 
and inactive form did not obey the law of mass 
action. 

Dr. G. J. Fowler, of Manchester, expressed the 
feeling of the non-mathematical chemists in asking 
for experimental foundations for the very elaborate 
superstructure suggested. 


CommitreE Reports. OrGanic CHEMISTRY. 


Several of the committee reports concerned re- 
action velocity and similar phenomena. We mention 
a few, adding the names of the chairmen and secre- 
taries of the committees :—Transformation of 
Aromatic Nitroamines (Professor F. S. Kipping 
and K. J. P. Orton); Dynamic Isomerism (Pro- 
fessor H. E. Armstrong, Dr. T. M. Lowry); Non- 
Aromatic Diazonium Salts (Professors F. D. 
Chattaway and G. Morgan). Two reports came 
from Australia: Plant Products of Victoria (Pro- 
fessor Orme Masson and Dr. Heber Green), and 
the Influence of Weather on Amounts of Nitrogen 
Acids in the Rainfall and Atmosphere of Australia 

Professor Orme Masson and V. G. Anderson). 

he latter research is a continuation of the work 
of V. G. Anderson ; fourteen stations are distri- 
buted all round the coast of Australia, comprising 
one in Tasmania, and two more stations are in 
Central Australia, so that data are really collected 
from all parts of the Continent, and valuable 
information should be gathered. 

The papers on organic chemistry were by Pro- 
fessor Paul Henry, of Louvain, on the ‘‘ Nitrite of 
Vinylacetic Acid,” and by Dr. A. Hynd, M.A., of 
Leeds, on ‘‘ Configuration in the Sugar Group.” 


Liquip CrysTALs. 


Professor W. J. Pope, F.R.S., of Cambridge, 
gave a splendid demonstration of the beautiful 
aegis exhibited by ‘‘ Liquid Crystals,” which 

ave several times been referred to in our 
columns. 


DattTon AND THE Atomic THEORY. 


Some relics of Dalton, notes of his work on 
the atomic theory, other papers and apparatus, 
having recently been discovered, Dr. H. F. Coward 
and Professor A. Harden drew the attention of 
chemists to these interesting documents and appa- 
ratus, and Professor Haldane Gee did the same for 
members of Section A, when they paid a visit to the 
Manchester Literary and Philosophical Society. 
The rooms of this institution, which was founded 
in 1781, contain many objects of great historical 
interest, connected especially with Dalton, who 
worked there, and who lived in »@ small street 
close by, and with Joule and his determination of 
the mechanical equivalent of heat. Dalton was a 
member of the Society of Friends. 

We have noticed several communications brought 
before other Sections, especially the Economic 
Section, in special articles. 


ConcLupsnG REMARKS. 


In spite of the grave general condition, the 
auchest ting was successful and pleasant. 
Shorn of festivities and excursions, it fully main- 
tained its scientific character; and there were 
many in entire agreement with Dr. Schuster, who, 
in thanking the Manchester hosts in the concluding 
meeting, remarked that the ‘‘absence of side 
shows ” had only contributed to the success. The 
hope was expressed that future meetings would 
follow the Manchester precedent in the interests 








of science, and in order to relieve the hosts of some 
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INDUSTRIAL NOTES. 


A party of munition workers that recently paid a 
visit to our armies in France and Flanders have now 
presented their report to the Parliamentary Munitions 
Committee, and the serious attention of the workers 
should be given to some of the points brought out in 
this report. One of these is that industrial stoppages, 
from any motive whatever, cause great indignation 
among the troops, the men feeling that, having rd 
to the very arduous conditions under which their 
duties have to be performed, any impediment to their 
supplies is practically criminal. Everywhere the 
visitors were met with a demand for more shells, 
especially high-explosive shells, the enemy’s positions 
being so strong that the shell-fire necessary to destroy 
them must be overwhelming. It was evident to the 
visitors that the enemy’s supplies of this class of war 
material were enormous, and they therefore wished 
to induce the workers at home to spare no effort to 
increase our supplies. In spite of this, Munitions 
Courts all over the country have to deal with nume- 
rous cases of slacking, absence from work, strikes, and 
other troubles which tend to hinder the supply of war 
material. 





The annual conference of the Miners’ Federation at 
Nottingham was concluded on Friday last. The 
earlier proceedings were dealt with in our last week’s 
issue. During the proceedings of Wednesday, the 
6th inst., it was resolved that the Federation should 
approach the Government with the request that a 
largely increased number of sub-inspectors should 
be appointed from the ranks of the miners, it being 
considered that systematic and independent inspec- 
tion of the mines would reduce the number of acci- 
dents. It was also agreed that it was desirable to 
amend Section 40 of the Coal-Mines Act so as to limit 
the number of men descending or ascending in a cage 
at any time, since overcrowding was a fruitful source 
of accident. Several important resolutions proposing 
modifications in the Workmen’s Compensation Act 
were also carried. Another matter dealt with was the 
use of stone-dust for preventing explosions in mines. 
It was proposed that the executive should make, or 
cause to be made, a thorough inquiry into the effect 
of stone-dusting, from the points of view of health 
and safety. In discussing the matter considerable 
scepticism was expressed as to the conclusiveness of 
tests previously made, especially with regard to its 
effects on the health of the miners. Some speakers 
even suggested that the remedy was worse than the 
disease, and that the liability of the workers to phthisis 
was increased in the attempts to secure immunity 
from explosions. On Thursday it was proposed that 
the Federation should consider the question of secur- 
ing legislation for the abolition of all electric coal- 
cutting machines from mines, on the ground that they 
are a danger to the well-being of miners generally. 
This seesiation was adopted and remitted to the 
executive with a view to the enlargement of its 
scope, the president having pointed out that con- 
sideration should be given to all electrically-operated 
machinery underground and not confined to coal- 
cutting machines only. A resolution, proposing that 
the executive should endeavour to secure an alteration 
in the time of commencing work from 6 a.m. to 8 a.m. 
for all collieries in the United Kingdom, was defeated 
by 111 votes to 47, but another, requiring old-age 
pensions to be paid to persons from the age of sixty- 
five years and the amount paid to be increased to 
7s. 6d. per week for each person, was At the 
final session of the Conference, on Friday, a resolution 
with the object of preventing stop of work on 
the non-union question was adopted, and the con- 
stitution of the Labour Party was also discussed. The 
most important matter, however, was the proposed 
working alliance between the Miners’ Federation, the 
National Union of Railwaymen, and the Transport- 
Workers’ Federation. The object of the alliance is to 
link up the three great organisations, so that joint 
action can be taken on any national question. The 

resident explained that before the proposals could 

‘finally adopted it would be necessary to hold a con- 
ference of the three organisations. The meeting, how- 
ever, unanimously adopted the scheme on the under- 
standing that one of the proposals should be modified 
so as to make it clear that a national stoppage could 
not be declared without the sanction of a natioual 
conference. 





There is a possibility of serious trouble developirg 
in the cotton industry over the question of cotton 
weavers’ wages. A joint meeting between the re- 
presentatives of the Cotton-Spinners and Manufac- 
turers’ Association, and of the Weavers’ and the 
Winders’, Beamers’, and Twisters’ Amalgamations, was 
held in Manchester on Friday last, and at the close 
of this meeting the employers announced that the 
application for a 5 per cent. war bonus to weavers, 
winders, and beamers had been submitted to all the 
local associations, but that in view of the unfavourable 
nature of the replies received, they were unable to 


accede to the application. 
to the Yorkshire Post, was upon their estimate 
of the present position of trade. Stocks, they said, 
were accumulating, prices were ruling very low, and 
consequently, though sympathising with the severity 
of the times through which operatives were passing, 
they were not justified in conceding any advance. 
The weavers’ representatives, however, were _ 
pared for this refusal, and have made their plans 
accordingly, though what these plans are has not been 
disel . Ithas been asserted that, if precedent is to 
be followed, the only move will be in the direction of 
ceasing work. The difficulty of the whole position is 
that, while some manufacturers are just now enjoying 
& wave of prosperity, others are experiencing adver- 
sity. Blackburn and Burnley firms are working only 
to accumulate stocks, and a large of the machi- 
nery in these towns is idle. It is estimated that at 
Burnley nearly half the looms are empty, and that at 
Blackburn only 70 to 80 per cent. are active. At the 
same time some firms engaged in certain classes of 
work are doing well. The trouble is that the weavers 
do not differentiate between the prosperous manufac- 
turers and the others. A cessation of work by the 
weavers would involve 200,000 operative weavers, as 
well as the greater part of the spinning trade, which 
would bring the total workers affected up to 600,000. 


Their refusal, according 





The Manchester Guardian states that there is a pros- 
pect of serious trouble over wages in Bradford. The 
weaving overlookers-have demanded 10 per cent. per- 
manent advance on terms 4 on in 1913, when 
their minimum wage was fixed at 40s. per week. The 
employers, who have already given a war b nus of 
ww cent., have refused this demand fora permanent 

vance ; consequently the overlookers have handed 
in their notices, which commenced to expire yesterday. 
The situation is viewed with some anxiety, for, should 
the works be closed, some thousands of operatives will 
be thrown out of employment. 





A Home Office White Paper, recently issued, gives 
some interesting information relating to the working 
of the Workmen’s Compensation Act (1906), during 
1914. It states that over seven million persons 
employed in mines, quarries, railways, factories, 
harbours and docks, constructional work, and 
shipping come within the provisions of the Act, 
and that during the year the total number of 
cases for compensation amounted to 442,116, of 
which 4216 were fatal. For the latter the total 
amount of compensation paid was 679,732/., and 
for the 437,900 non-fatal cases the compensation 
paid amounted to 2,789,629/. The total amount of 
compensation paid exceeds the corresponding figure 
for the previous year in spite of the disorganisation 
of industry due to the outbreak of the war. The 
increase, however, is largely accounted for by the 
Senghenydd colliery disaster, in which 440 lives were 
lost. Another factor is, of course, the accumulation of 
long-standing cases, in which payments are continued 
from year to year. It was estimated that, in 1913, 
the total charge on the seven industries concerned 
amounted to about 5,000,000/., including the costs of 
management, commission, and legal and medical 
expenses. The figure for last — is not available, 
but the expenditure was probably not less than in the 
previous year. 





The Board of Trade announces that the, Special 
Mission of Inquiry sent to Canada has resulted in 
1700 munition-workers being brought to the United 
Kingdom, and all but a few of this number are now 
employed on munition work of various kinds. The 
workmen agreed to come to this country on terms of 
receiving the standard British rates of wages, with 
war bonus, &c., and it has been decided to make an 
allowance, not exceeding 17s. 6d. per week, to the 
dependants in Canada of workmen brought over by 
the British Mission. 


On Monday last the South Wales Tin-Plate Concilia- 
tion Board sat to consider the men’s claim for an 
advance of 15 per cent. in wages throughout the trade, 
which normally employs 30,000 people. It was agreed 
that men paid over 40s. a week should receive an 
advance of 10 per cent., and that the lower-paid men 
should receive an increase of 15 to 20 per cent. The 

ment is now in operation and will remain in force 
until July next. 








Hull transport workers, who had been agitating for 

|@ further increase in wages, on the ground that the 

cost of living had risen by 30 per cent. since February 

| last, have accepted the 5 ye offer of a war bonus 

| of Id. an hour, or 4s, 2d. a week. This makes a 

—_ increase of 8s. 4d. a week since the outbreak of 
© war. 





Manchester Ship Canal dockers have also received a 
fresh advance as the result of negotiations between the 
representatives of the Manchester Ship Canal Company 
and of the Dockers’ Union. The men originally applied 





for an increase of 2d. an hour in wages, and a modifica- 
tion in some of the workirlg arrangements at the docks, 
particularly in relation to the limitation of the number 
of bags to be _ into slings. The new agreement, 
however, provides only for an increase of 1d. per hour 
to casual workers and men a pay on piece-rates, 3s. 
a week to permanent men, and an extra 1d. per hour 
for overtime work by both permanent and casual men. 
The men, we understand, have » for patriotic 
reasons, to withdraw their demand for the regulation 
of slings. 





The Board of Trade has intervened in the strike of 
coal-workers and dockers at Goole against night-work, 
and the men have agreed to place their case before a 
conference of shipowners and their own representatives, 
the conference to be presided over by an independent 
chairman appointed by the Board of Trade, and to 
abide by his decision. The Yorkshire Post states that 
the men’s contention is that there are sufficient hoists 
in the port to deal adequately with all coal shipments 
during the daytime, and that since they arrived at 
their decision not to work after six at night, some idle 
hoists have been put into commission, and they believe 
that night-work would again render these hoists in- 
operative. The shipowners’ case is that a considerable 
amount of traffic is being diverted from Goole because 
vessels are unable to get quick turns and catch early 
tides, which would be ible if night-work was 
resumed. It was poin out at the conference that 
the ports of Hull, Grimsby, and Immingham, where 
night-work is done, are reaping great advantages at 
Goole’s expense. 





According to the Liverpool Courier, compulsory 
arbitration has been adopted by the Lancashire and 
Cheshire Coal Association and the Lancashire and 
Cheshire Miners’ Federation, in order to avoid stop- 
pages during the war. The agreement come to at a 
conference held in Manchester provides that the 
owners shall give no general notice to terminate con- 
tracts at any colliery, and the miners agree that no 
general strike or cessation of work shall take place at 
any colliery in Lancashire or Cheshire during the war 
and for a further period of six months. It also provides 
that any general dispute in the counties on a prin- 
ciple affecting the whole Conciliation Board area shall 
be referred for final settlement to the Conciliation 
Board, and the rules of procedure of the Board, in- 
cluding the decision of the outside chairman in the 
event of the parties being unable to agree, shall apply 
to the consideration of the settlement of such disputes, 
and the decision so arrived at shall be accepted by 
and be binding upon both parties. Local disputes 
are to be referred for final settlement to the owners’ 
and workmen’s 4 pe respectively on the 
Joint Board, and failing an agreement, to the inde- 
pendent chairman, whose decision is to be accepted. 
Finally, it is agreed that both parties are to use 
their best endeavours to avoid all disputes, and to 
secure the acceptance of any decision arrived at by 
the respective tribunals ; and, further, that financial 
support shall not be given to colliery owners or miners 
who refuse to accept and abide by such decision. 





As a result of a ballot of the members, the Amalga- 
mated Society of Engineers has decided to secede from 
the General Federation of Trade Unjons. The society 
has a membership of 200,000, of whom a tenth are 
resident abroad, and 16,075 members were in favour 
of secession, and 14,250 against it. It is understood 
that the members now wish to build up a fund of 
their own instead of belonging to a financial federation 
such as the General Federation of Trade Unions is. 





The strike at Grimethorpe Colliery, referred to in 
our last issue, has been amicably settled, and the men 
started work on Tuesday night, after being idle for 
overa week. Asa result of negotiations between the 
management and the men’s representatives the former 
have agreed to a time-limit of one month in which 
non-union men would be expected to join the union. 
The manager would not consent to any form of com- 
pulsion, but he agreed to ask the men to join the union. 





All the labour unions in the Shipbuilding and Engi- 
neering Trades’ Federation in Belfast have been offered 
an increase in w of 2s. a week to their members 
as @ result of negotiations which have been in progress 
for some time past. The offer has been accepted by 
all trades except the engineers and blacksmiths, and 
these are expected to come into line within the next 
few days. The advance will probably come into 
omatien to-day, and will affect a total of some 25,000 
workers. 





Although it has been proposed in Norway that the 

t number of labour agreements which expire next 
year should be prolonged for another twelve months, 
the men ap tly show no inclination to fall in with 
this view. In the mining industries the hands have 
already demanded negotiations about several pointe in 
their agreement, which expires on January 1, 1916. 
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METALLIC CRYSTAL TWINNING BY 
DIRECT MECHANICAL STRAIN.* 


By Professor C. A. Epwarps, D.Sc. Manchester 


Univerity). 


Durinc the last few years considerable attention has 


now good reason to doubt that mechanical twinning ever 
occurs in metals.” The author* had previously examined 
the acicular structures of the copper-aluminium § consti- 
tuent, which are obtained by quenching, and demonstrated 
that those markings are due to the presence of twin 
lamell that have been directly brought into existence by 


been given to the question of crystal twinning in metals 
and metallic alloys, but there still appears to be some 
doubt as to whether structural changes of this kind can 
be produced in metals without subjecting the mass to | 





Fig. 2. PRONOUNCED SLIPPING WHICH WOULD 
GIVE SAME OPTICAL EFFECTS AS TWINNING, 
WHICH CANNOT BE REPRODUCED AFTER POLISHS 


the author * were led to examine the behaviour of pure 
metals whilst under strain at the ordinary atmospheric 
temperatures, and from the results obtained they con- 
cluded that tin, zinc, and cadmium will give twin crystals 
immediately they are strained. The effect which is pro- 
duced in tin is illustrated in Fig. 11 (page 408). In all cases 
these lamelle give the same optical effect as twin crystals 
when the specimens are examined under oblique light, and 
rotated through an angle of about 180 deg.—t.c., they may 
be made to appear black or white. This indicates that the 


Fig.1* SECTION OF TWO CRYSTALS BEFORE 
A . STRAINING. B 
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SURFACE STEPPING AS IN Fig. 2. BUTINTHIS 
CASE THE OPTICAL CHARACTERISTICS CAN BE REPRO- 
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Fic. 5. Same as Fie. 4, 


A DirreRENtT ANGLE. 


Bora Ercuep with 10 per Cent. Nirrrc Actp anp Maeniriep 50 Dramerers. 





Fic, 6. 


Maeniriep 50 Diameters. 


some kind of annealing operation. In discussing this | 
extremely interesting subject and its bearing upon the 
hardening of metals, Dr. Rosenhaint says: *‘ There is 





* Paper read at the Autumn Meeting of the Institute 8 
of Metals, held at the Rooms of the Chemical Society, 
a House, London, on Friday, September 17, 


+ Encinegrine, October 10, 1913, 


Same as Fries. 4 anp 5 AFTER STRAINING. 


Fie. 7. 
anp Ercuinc witH 10 per Ornt. 
Maontriep 50 DIAMETERS. 


quenching strains. Under such conditions of cooling it 
seems highly improbable that anything in the nature of 
annealing can play an important réle, especially when it 
is remembered that the more drastic the quenching the 
reater is the number of twin crystals which are formed 
inside the mass. Since, however, this is a matter of far- 
reaching theoretical significance, Professor Carpenter and 








* Zeitschrift fir Metallographie, No. 1, 1913. 
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angles of their surfaces, or the orientations of their interior, 
are different from those of the original crystals. In dis- 
cussing these results Dr. Rosenhain considered the 
evidence was inconclusive, and supplied photomicro- 
graphs in support of his disagreement. He said :— 
**The authors... had to prove that twinning could 
occur at all in metals by direct straining. So far as tin 
was concerned, it underwent spontaneous annealing at 
the ordinary temperature, and from his observations it 
would be found that twinning in tin was due to recrystal- 
lisation going on more or less simultaneously with the 
straining. On straining some east tin appearances were 
obtained very similar to those illustrated by the authors, 
and they looked at first sight like twinning, but, on strain- 
ing far enough . . . the slip-bands passed through the 
black band of apparent twinning without the slightest 
change of direction, and proved 
that there had been no swinging 
round to the twinning position at 
all. When the section was re- 
polished and etched afterwards 
there was not a sign of the - 

vious apparent twinning. he 

authors therefore appear to have 

been misled by a surface appear- 

ance, which was a good deal like 

twinning, but was really not twin- 

ning.” 

It will thus be seen that two 
fundamental objections have been 
advanced for considering that the 
appearances under discussion do 
not correspond to twin crystals, 
and there is also the su tiou 
that even if they are twins they 
are formed as a result of sponta- 
neous annealing which follows the 
straining. It is interesting to note 
that since the publication of the 
paper by Professor Carpenter and 
the author, already mentioned, 
M. P. Gaubertt+ has contributed a 
note on the same subject, in which 
he concludes that the markings 
obtained in strained tin are twin 
crystals, and considers that the 
“tin cry” is caused by this twin- 
ning. 

G. Timoféeft has made many 
interesting experiments upon the 
structural changes that occur in 
zine when subjected to cold work, 
and its recrystallising properties 
when annealed at different tem- 
peratures. He found that twin- 
ning is produced by a slight shock, 
and local deformation by a needle. 
In both these cases, however, the 
evidence which is supplied does 
not satisfactorily meet the objec- 
tions to the view that they are 
indeed twins which have 
formed by mechanical strain. 

The object of the present in- 
vestigation was to determine 
whether the acicular markingu 
which are formed on the surfaces 
of tin and zinc are twin crystals or 
merely appearances which do not 
extend Tie the surface. In 
order to facilitate the discussion, 
it will be advantageous to give a 
brief account of Professor Ewing 
and Dr. Rosenhain’s§ explanation 
of the manner in which a metal 
undergoes plastic deformation. 
They consider that when a metal 
is strained beyond its yield-point 
deformation takes place by a pro- 
cess of slip u the cleavage 
planes. This s ipping is revealed 

upon the crystals of a previously 
polished specimen by a series of 
dark lines, which are practically 
straight and allel in each indi- 
vidual crystal, but have varying 
directions in crystals ing 
different orientations. They illus- 
trate this view by means of Fig. 1a, 
where A B represents the polished 
surface of two crystals before 
straining, and Fig. 1), which shows 
the same Ly after ——. 

ipping occurs upon the incli cleavage planes, an 
apes, steps «, c, d are formed. When examined 


Nitric Acip. 


* Journal of the Iron and Steel Institute, 1914, No. 1, 
vol. Ixxxix.; ENGINEERING, June 26, 1914. 

+ Comptes Rendus, vol. clix., pages 680 to 682. 

+ Ibid., 1912, vol. clv., page 430; Revue de Métallurgie, 
1914, Nu. 1, page 127. ; a: 

§ Philosophical Transactions, 1900, vol. cxciii., p. 352. 
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under the microscope, these steps a as dark 
“‘slip-bands,” because the light rays which fall upon 


them are not reflected to the eye-piece of the micro- 
scope. Unless direct evidence to the contrary can be 
obtained, it is quite conceivable that the markings 
in Fig. 11, below, may be due to a similar kind of 
slipping, but of a much more pronounced character, 
such as is shown in Fig. 2. Steps of this kind could 
clearly be made to appear light or dark simply by 
rotating the specimen under oblique light, and, whilst 
this is the most characteristic feature of twinning in 
metals, in this case it would merely corr d to « sur- 
face appearance. The following very simple experiment 
is, however, quite sufficient to indicate that this view 
canno} be maintained. By drawing an ink line upon the 
polished surface, and then straining the specimen, the 





seriously agitated Gates solidification twin crystals were 
often present, but such specimens were nob used for 
further experiments. The etching solutions which gave 
the most satisfactory results were a 10 per cent. solution 
of nitric acid in water for tin, and Timoféef’s reagent for 
zinc.* In the early stages of the investigation, the strain- 
ing was always produced by bending, but it was found 
that more consistent appearances were obtained by 
scratching the surface of the metal with the point of a 
needle, or by giving a sharp knock on the edge of the 
specimen with a light hammer. When bending strains 
alone were used, the results were very disconcerting ; 
sometimes the twinning appearances were produced, 
whilst at others practically no signs of them could be 
observed. In the latter cases the only new feature caused 
by straining was what are generally regarded as slip-bands. 





| of d and the so-called slip-bands in tin may be of 

| exactly the same internal formation as the twin markings, 
There does not appear to be any means of testing this. 

| It will be seen that in order to decide whether these 
broad markings co d to twin crystals or not, it is 
necessary to have three photomicrographs taken from the 

| Same area as follows :— 

| 1. Unstrained and etched. 

| 2. With the acicular markings produced by straining. 

| 3. Same as No. 2 after polishing and etching. 

| No real trouble was experienced in obtaining the first 

| two photographs, but many experiments had to be made 

| before reliable evidence could obtained for the third. 
The markings in tin and zinc could be readily reproduced 

|on etching, providing the specimens were polished on 
nothing coarser than chamois leather. This method was, 





Fie. 8, 


Fics, 8 AND 9, SHOWING ABRUPT CHANGE IN THE DireEcTSON oF SiIP-BANDS AS THBY PASS THROUGH TWIN CRYSTALS 
BEEN ForMED BY STRAINING TsN. 


continuity of such a line is never found 
to be broken, even when the acicular 
markings cross it, as would be the case 
if the appearances under discussion 
were due to pure slip. Further, if slip- 
ping occurred to anything like the ex- 
tent that would be necessary to produce 
these appearances, the areas occupied 
by the crystals would be considerably 
1 r after straining than they were 
before, but this is certainly not the case. 

A much more crucial, and perhaps 
the only satisfactory, means of testing 
this problem is thoroughly to remove 
all the a? from the surface by 
polishing, and then develop the struc- 
ture again by etching. By grinding 
the surface c d (Fig. 2) down to or be- 
low the level of ab and ef, it will be 
seen that the optical effects of the sur- 
faces bc and de will be eliminated ; and 
they cannot be reproduced by etching, 
because the interiors of bc and de are 
respectively of the same orientation as 
abande/f. In the case of twin crystals 
the material corresponding to the step- 
ping would possess a different orienta- 
tion from that of the original crystals 
(see Fig. 3), and grinding and polishing 
below ab and ¢ f, followed by etching, 
would still reveal the twin lamelle. 
The application of this test and the 
solution of the problem would thus 
appear to be a comparatively simple 
matter, but unexpected experimental 
difficulties were encountered which 
made the work tedious and for a long time very un- 
satisfactory. 

The specimens were all cast on perfectly smooth sur- 
faces in order to obviate the pointy difficulties in 
polishing. With suitable carealmost any subst , such 


ETCHED. 





Maeniriep 150 Diameters. 


In consequence of this, it was thought that after all 
the twin markings were purely accidental, and probabl 

due to some irregularity in the composition of the moe | 
or possibly to an unknown variation in the method of 





4 a block of = » age eer asbestos, will serve 
this purpose, but highly poli steel is perhaps the 
most reliable. When the metal is poured on ae ray sub- 
stances and allowed to solidify in the ordinary way, the 
artificially polished surface is somewhat irregular and 
amet, contains many defects, such as casting pits. Con- 
siderably better results can be obtained by casting the 
metal, whilst at a tem ture only a little above its 
melting-point, upon steel which has been heated to about 
150 deg. Cent. and immediately applying a gentle pres- 
sure to the upper surface of the liquid by means of 
another piece of polished and heated steel. In this way 
almost all the casting defects can be eliminated, and 
specimens of any desired thickness can be produced. 

he prepared specimens were then etched and examined 
for any twin crystals which might be present in the un- 
strained material. It was found that if the mass was 





sting. But by taking more particular note of any 
slight difference in the treatment of the specimens, the 
cause of the rather perplexing appearance or non-appear- 
ance of the twin-markings was discovered. It was found 
that when the surface for examination was bent in com- 
ery the twin markings were always formed, but when 

nt in tension they were almost entirely absent. In 
fact, the author is inclined to the opinion that no broad 
twin markings would be formed if pure tensional.strains 
could be applied to tin crystals. The author is unable 
to decide whether the above facts indicate that the 
deformation of tin when strained in com ion is funda- 
mentally different from what occurs when it is bent in 
tension. The apparent difference may really be only ene 





_ * A few drops of a 6 per cent. solution of chromic acid 
in eee nitric acid, added to 100 cub. com. of 
water. 
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however; open to the possible criticism that even pro- 
longed polishing of this kind might not completely 
remove the surface effect of straining, although the mark- 
ings can be eliminated in this way. In fact, anything 
short of the ordinary polishing on coarse emery, c., 
might legitimately be regarded as inconclusive. But it 
was found that a few seconds’ slight rubbing on 000 emery 
paper, followed by the usual final polishing and etching, 
gave a very confused and almost structureless appear- 
ance; the original crystal boundaries could be only 
imperfectly seen, and after using coarser papers 10 
indications of a crystalline structure could be detected. 
Since, however, this was the only direction in which the 
matter could be permanently settled, the experiments 
were continued, and the difficulties were ultimately over- 
come. It scarcely seems necessary to describe the many 
trials that were made before the desired results were 
obtained. essential fact is, that the lightest rubbing 
on the finest emery has the effect of completely changing 
the structure of these metals for a considerable depth 
below the surface, and with coarse paper the thickness 
of this altered layer may reach about y, in. cases 
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are ted examples of what Dr. Beilby has found 
to occur in the operation of polishing all metals. Owing 
to the presence of these unusually thick layers of broken- 
up crystals or amorphous material, the normal structure 
cannot be seen under the microscope even after very 
strong etching. If, however, the layer is dissolved off by 
immersing the specimen in strong acid and the surface 
again polished on chamois leather, the structure can then 
be developed by ordinary etching. By working in this 
way it was possible to obtain the evidence that was 
- required to demonstrate that twin crystals are produced 
when tin and zinc are strained. @ series of photo- 
graphs, Nos. 4, 5, 6, and 7 (page 407), clearly illustrate 
this fact. Nos. 4 and 5 show the same area of unstrained 
tin taken under oblique lighf at different angles, No. 6 
shows twin crystals in the same area after straining, and 
in No.7 the same twin crystals are evident after very 
severe polishing. 

It may be noted that it is easy to decide whether enough 
metal has been dissolved from the surface by the strong 
acid, because until this has been done straight lines, or 
what seem to be scratches, which were not present on the 
finally-polished specimen, make their appearance after 
etching. Careful examination of these lines reveals the 
fact that most of them are not scratches, but are made 
up of large numbers of small twin crystals which have 
been formed by the scratching during polishing. 

Photographs Nos. 8 and 9 (page 408), which show the 
abrupt change in direction of the so-called slip-bands as 
they pass through the markings under discussion, further 
prove that the latter are twin crystals. Fig. 10 is even 
more significant, because it shows a similar change in 


Fig.72. SECTIONS OF TWOCRYSTALS AT THE 
SAME ORIENTATION. TWINNING PLANES- 
a.b.c AND b'c'd. d 





























Fig.13. SAME AS Fig.12.AFTER TWINNING 
OR ROTATION ON TWINNING PLANES. 
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direction of certain twin crystals as they pass through 


other twins. It seems impossible to imagine how mul. | 


tiple twinning of this kind could be produced by a process 
of slip followed by annealing. Furthermore, the idea 
that they are formed by spontaneous annealing does not 
seem feasible, because they can be seen to form the 
moment straining takes place, and it is completely nega- 
tived by the fact that they are produced in greater abun- 
dance the lower the temperature of straining—+.¢., when 
there is less opportunity of annealing. Thus, for example, 
when tin is strained at 100 deg. Cent. practically no twins 
are formed, but at ordinary temperatures or at tempera- 
tures much below 0 deg. Cent., very large numbers are 
developed. Hence the author considers that all the 
evidence available goes to prove that twin crystals can be 
formed in metals by direct mechanical strain. 

Since the above was written Sir T. Kirke Rose* has 
published valuable data relating to the softening or 
annealing of rolled tin after ae for definite times 
at certain known temperatures. These figures, which are 
given below, have a direct bearing upon the subject of 
this paper. They certainly indicate that spontaneous 
annealing occurs at ordinary atmospheric temperatures, 
and there is a marked softening after 14 hours at 14 deg 
Cent. The lower limit of annealing appears,to be some- 
where near 0 deg. Cent., for there is no change after 
half an hour at that temperature. The fact on which 
the author wishes to focus attention is that, if the twin 
crystals which are produced during the straining of tin 
are IR any way connected with annealing, they ought 
not to be formed if the straining is conducted below 
0 deg. Cent. But this is nov the case, for the author has 
found that large numbers of twin crystals are formed in 
specimens which have been cooled to the temperature 
of liquid air, and these can be observed with the naked 
eye the moment the metal is strained, and whilst it is 
still at the temperature of liquid air. 


Sir T. Kirke Rose's Data. 


: Hardness No. 
Tin, cast ae ie i a 4.0 to 4.2 
Tin, rolled at — 23deg. Cent. (ratio 

of thickness, 8 to 1) as ne 13.0 


B The} Hardening of Metals,” Transactions of the 


iety, May, 1915, page 77. 











The a after 30 minutes at Ty No. 


- ee ‘ae 7 i 4.0 
The same after 30 minutes at 0 deg. 13.0 
The same after 14 hours at l4deg. 10.0 to 10.5 
The same after 20 hours at 13 deg. 6.5 to 6.6 
The same after 24 hours at 15 deg. 45 
Tin, rolled at 15 deg. wn “an 9.5 to 10 0 
The same after 97 daysat the ordi- 

nary temperature... bes on 4.5 
The same after 217 days at the 

ordinary temperature ... ¥ 4.2 
Heated to 50 deg. and quenched... 8.6 
Heated to 100 deg. and quenched... 5.2 


Since it may now be taken as proved that twin crystals 
can be formed in metals by direct mechanical strain, it 
becomes a matter of considerable interest to inquire into 
the mechanism of the change, and, if possible, to deter- 
mine whether it involves any alteration in the molecular 
constitution of the mass. Before doing so, however, it will 
be advisable briefly to describe some of the views which 
have been advanced to explain what occurs during plastic 
deformation of metals, and the cause of the increased 
hardness which usually accompanies such deformation at 
low temperatures. Dr. Beilby considers that at all the 
internal surfaces of movement or slip the material be- 
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ANGULAR PROJECTIONS ON TWINNING PLANE. 





Fig.15. TO ILLUSTRATE INTERNAL MOVEMENT 
OF TWIN LAMELLA DURING ROTATION. 
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comes decrystallised, and those amorphous layers are 
harder than the crystalline substance from which they 
were formed. Dr. Rosenhain supports this view, and 
says that the amorphous phase is ns meee by the slipping, 
which is illustrated in Figs. la and 1b. ‘ 

Professor Tammanp,* on the other hand, considers tha’ 
deformation causes an increased number of crystalline 
lamell2, which change is not accompanied by the de- 
struction of the true crystalline arrangement. The har- 
dening which occurs is regarded as being due to the 
absorption of energy in forming these cleavage lamelle 
and twinning. Thus energy exists in the worked and 
hardened metal in the form of increased solution pres- 
sure. 

Professor Benedickst has also suggested that twin 
lamellz are formed at every surface of slip in strained 
metals. R. von Moellendorfft considers that straining 
simply distorts the space-lattices of the crystals. The 
above views may very conveniently classified under 
two heads, viz. :— : 

1. Hardening by cold work is due to the formation of 
—~. layers at the surfaces of slip. 

2. Hardening is due to the increased solution pressure 
existing at the surfaces of cleavage lamell2 and twin 
a ny 

he dissimilarities between these two groups are more 
ap’ t than real, and, in fact, a little impartial thought 
will make it evident that they are essentially very much 
alike. In both cases the increased hardness must really 
be attributed to the increased kinetic energy at the dis- 
turbed surfaces. In one this energy is su to reside 
in the amorphous layers, whilst in the other it is sup- 
posed to exist in the form of solution pressure. Ib is, 
therefore, y ® question of the choice of words, and 
whilst objections have been made to the use of the term 
‘‘amorphous” in this connection, it certainly oo 
many advantages. Hence, believing that the term 
“amorphous” virtually embraces the idea of solution 





* Zeitschrift fiir Elektrochemie, 1912, vol. xviii., page 
584. 


+ In conversation with Dr. Rosenhain (‘* Metals, 
oat ine and Amorphous,” Encinggrine, October 10, 
1913). 

t ‘aeitechrift fiir Metallographie, vol. vi., page 44. 








pressure and distorted space-lattice, the author prefers 
to retain the use of that term. 

There are many interesting examples of increased 
kinetic energy causing greater hardness. In the case of gases 
kept at a constant volume, the 5 he in other 
words, the pressure, is increased simply by =—— 
increases the kinetic energy of the molecules. ther 
instance is the use of soft steel in circular saws for — 
much harder material. In both these cases the i 
hardness is due to the greater number of molecules pass- 
ing through a given space per unit of time. The greater 
hardness of Dr. Beilby’s amorphous phase may be re- 
garded as being due to the same cause. 

So far as the present paper is concerned the essential 

ints to remember are :—(1) According to one, whenever 
bardening occurs as a result of any special treatment, it 
is only necessary to demonstrate that ounced crystal 
twinning has taken place ; and (2) for the other, it is 
a to show that sufficient internal movement has 
taken place to cause the formation of amorphous layers. 
These two F mp are bound together in the following 
question: Does crystal twinning involve internal move- 
ment of a kind which will produce the amorphous layers ? 

This question has often been answered in the negative, 
but perhaps the best instance is to be found in a very inte- 
resting paper by Dr. Howe and Mr. A. G. Levy.* They 
say :—‘‘ The amorphisation of the metal, along the 
internal planes of which these manganese-steel lines are 
the outcrop, testified to by the hardening, tallies with 
the belief that slip has occurred along them, but not with 
the belief that only twinning has. For slip is naturally 

ieved to cause such amorphisation, whereas twinning 
is not, because it implies only rotation into a new orien- 
tation without crushing any crystalline matter.” 

It is quite true that twinning may be conveniently 
regarded as being due to rotation ; but it certainly seems 
wrong to assume, as the above authors evidently do, that 
this rotation takes place with greater facility and with 
less crushing of the crystalline matter than ig the case for 
ordinary slip. If we accept the view that slipping along 
the inte: es will produce the amorphous matter, 
then it must also be ted that rotation on twinning 
planes, which is another kind of slip, will have the same 
effect. It must not be supposed that twinning occurs 
spontaneously ; energy is required to bring it about, and 
some of this is absorbed in ———a @ new positions 
of the lamelle, because they are unstable. The degree of 
instability of the lamellz increases as their thickness de- 
creases. If the movements involved in mechanical twin- 
ning of metallic crystals are examined, it will be seen that 
it is perfectly logical to consider that amorphous layers 
are produced on the twinning planes. 

Fig. 12 represents two sections of cubic crystals at the 
same orientation. Thesurfacesa, b, c and b', c!, d are the 
twinning-planes upon which rotation or slipping occurs 
by the movement of b', dtoa, b. After this movement 
the crystals are twinned, as is shown in Fig. 13. When 
twinning occurs in a mass ef metallic crystals, this rota- 
tion cannot as easily as might be imagined from 
Figs. 12 and 13, because the twinning planes are not per- 
fectly smooth, but consist of numerous rectangular 
jections, such as are illustrated in Fig. 14. As aresult of 
these irregularities, the rotation which occurs in twinning 
must cause a crushing or breaking up of the crystalline 
material on those surfaces. 

Further, the facts which have been observed in connec- 
tion with the twinning of zinc amd tin indicate that the 
rotation does not p en masse in such a simple 
manner as is illustrated in Fig. 15. The units which go 
to form a twin lamellz cannot retain the same relative 
— to each other after twinning as they did before. 

his fact will no doubt be more readily appreciated after 
considering the illustration in Fig. 15. In this figurea 
number of crystal blocks, a, b, c, d, ¢, f, are shown on 
one side of the twinning plane 2, y, z; and three 
similar blocks, g, h, i, at the base of the same 
If g, h, care considered to be part of the lamelle which 
unde rotation on the twin plane, then it will be 
seen that if 7 is rotated in the manner indicated in Fig. 
18, and h, 4 retain the same relative position to g, the 
movement of h and i will be much greater than that of 
g, and the block i would finally form a twin to that of 
c. If twinning occurred in this manner, it is obvious 
that one end of the twin lamelle formed by straining 
would be brought out in much greater relief than the 
ether, and stand much above the originally smooth sur- 
face. As this is never found to occur in a mass of tin or 
zinc crystals, the twinning rotation must take place in 
the individual units, or small groups of such unite. Since 
& movement of this kind must cause a further grinding 
between the unite or ups of units, such as g, h, 
inside the twin lamella, the amount of amorphous 
matter or distortion of the -lattice that is — 

at a 


during mechanical crystal twinning must 
maximum. 

American Moron Tank-Vessets.—The Baltimore 
Shipbuilding Company, Baltimore, U.S.A., has sold 
four motor tank-vessels to a Norwegian company formed 
for this pu The vessels are 325 ft. long, 47 fv. 
broad, and 38 ft. deep; depth in water, loaded, 22 ft., 
after the Isherwood system. They wili have Bolinder 
motors — three each —of 500 to horse-power, the 
calculated speed being 11 miles loaded. Speedy loadin 
and discharging, in the course of a day, is ens " 
through efficient pumps, which are being worked by 
electricity. These vessels, which are of about 5000 tons 
dead - weight, cost 425,000 dols. apiece, and are to be 
delivered in the course of next year—two in May and two 
in October. 

















+ Transactions of the American Institution of Mining 
Engineers, February, 1915. 
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ELECTRICAL APPARATUS. 
16,471/14. The Telegraph Company, 
Limited, and B. Davies trical 8. 


(2 Figs.) July 10, 1914. —This invention relates to electrical 
relays and the like more particularly employed in submarine 
telegraphic systems, and consists in a relay including a sus- 
pended or pivoted contact-arm carrying a very fine wire adapted 
to make and break contact with a liquid electrolyte. In carry- 
ing the invention into effect in the example illustrated, any con- 
venient form of receiving instrument, such as a siphon recorder, 
may be used, two metallic conductors a and b being substituted for 
the siphon. These conductors are suspended in a horizontal plane, 
and are adapted to be oscillated by the movement of the receiver 
coil e through harnessing fibres k and a vertical pin /. The two 
ends of the conductors are bent downwards and dip into two 
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vessels d and ¢ taining a ducting liquid ted to a third 
vessel f. The arme a and are flexibly and electrically connected 
to coils g and A respectively of a differential instrument, and also 
connected to a battery i. The circuit is completed by @ connec- 
tion from the battery to an electrode j arranged in the vessel /. 
In operation the coil ¢ is oscillated by the received current, 
and the motion of this coil is transmitted to the arms a and b by 
way of the harness k and pinl. In this way the contact-arms a 
and » are rocked about their suspension according to the move- 
ments of the receiver-coil. When they are rocked in one direc- 
tion a circuit is completed through one arm, the battery i, and 
one of the coils of the differential instrument, a co nding 
circuit being completed through the other arm and the other 
differential coil whee the signal-receiving coil is moved in the 
reverse direction. (Sealed September 23, 1915.) 


16,093/14. W. H. Scott, Norwich. Armature- 
Windings. (2 Figs.) July 6, 1914.—This invention relates 
to the qrmatuve-windings of electric motors or dynamos, and is 
especially intended for, but not limited to, use in connection 
with machines for starting or igniting the internal-combustion 
engines of motor road vehicles, and for other purposes where the 
weight should be as small, and the arrang t as pact, as 
possible. According to this invention, the armature is wound 
with insulated flexible conductors formed of strands of bare 
wires insulated by flexible as or the like, and these con- 
ductors are arranged to form the winding in the manner described 
with regard to the diagram, Fig. 2. Fig. 1 is an elevation of 
part of the armature with the windings in section, and Fig. 2 is a 
developed diagram showing the method of winding the arma- 
ture. The slots 1 to receive the armature-windings are nearly 


Fig.l. 








closed at top and are mi semana as shown, wider at top than at 
bottom, and the conductors 2 are insulted stranded flexible con- 
ductors, packed in the slots. In Fig. 2 sufficient conductors are 
shown to illustrate the first half-turn on the armature, and to show 
how the other turns cross over at the ends and the winding of 
the armature is effected. The conductors for the whole of the 
armature are in anumber of lengths commpentne to the number 
of slots, and one end of each of these lengths is laid into the bottom 
of the slot, as indicated in 2) in full lines. A sufficient portion of 
each of these first half-turns is left, at the commutator end, to 
reach the commutator, after they have been bent as shown at 2c, 
and at the other end of the armature, opposite the commutator, 
all these lengths of conductor are as shown also bent over (in the 
opposite direction to the commutator-end bends) along the 
winding-drum indicated at 2a. These bent ends are then bound 
down on each side of the armature, which may be done by means 
of tape or string binders, which are indicated by the horizontal 





lines 2d. Each conductor is then bent over on top of the binder, 
and made to cross diagonally over the first layer of conductors, 
and is laid into the slot which corresponds most nearly with the 
pitch of the magnet pole pieces, as shown in dot-and-dash lines. 
When all the conductors have been thus placed in, and pressed to 
fit, their respective slots, they are all given a bend at the com- 
mutator end, as indicated at 2e, thus forming the second half- 
turn. Another binder is then put on and the process is repeated, 
as indicated by the dotted line, thereby forming the third half- 
turn ; and agaln repeated with another binder at the back end of 
the armature, as indicated by double lines, the end of this last 
half-turn being connected up to the commutator-section No. 2. 
Thus each of these conductors gives two complete turns on the 
armature, beginning on commutator-section No.1. (Sealed Sept- 
ember 23,1915.) 


2214/14. R. Goldschmidt, Brussels, Belgium. Wire- 
less Telegraphy. (3 Figs.) January 27, 1913.—This inven- 
tion relates to multiple oe yy for wireless telegraphy, com- 
prising a ber of electrodes in series, between which sparks 
pass in series. According to this invention, haif the total number 
of electrodes is arranged in the outer surface of a taper plug, 
and the other half is arranged on the inner surface of a socket 
having the same taper as a plug, the two sets of electrodes 
being arranged in staggered order so that each electrode on the 
plug is partly overlapped by two on the socket, and vice verad ; 
and means are provided for moving the plug —— | within the 
socket so as to vary the length of the spark-gap. e spark-gap 
device illustrated is constituted by two conducting truncated 
cones or two truncated pyramids, having the same angle at the 
apex, divided into a certain number of segments along the 
generatrices. These two parts engage with each other, and the 
sparks appear between the outer faces of the inner cone and 

e inner face of the outer cone. The inner and outer segments 





are arranged in a staggered manner relatively to each other. 
Variation of the spark-gap lengths is obtained by shifting 


¥f 





axially one of the two cones. Fig. 2 shows the electrodes dia- 
grammatically in section, and the dotted line indicates the path 
travelled from a to b by the current, and the distribution of the 
seven sparks. The outer cone A comprises segments Al, A2, A3, 
A4, and is fixed and mounted on an insulating disc P!. The inner 
cone B, which is movable, comprises segments B!, B2, B3, B4, 
secured to the — dise P®. Itis controlled so as to be 
raised or lowered by the insulating hand-wheel V which rests on 
the insulating disc P?. This disc P? and the disc P! are secured 
together by columns C, indicated by dotted lines on Fig. 1. A 
wooden box S is used for deadening the noise, and is provided 
with means for ventilating the electrodes, if necessary. Air is 
admitted through the orifice O01, and escapes through the inter- 
stices between the electrodes and the orifices O02 provided in the 
disc P2 or in the box S. Terminals of the usual kind, which are 
arranged on each electrode but are not shown in the drawing, 
enable one or more sparks to be short-circuited by suitable con- 
nections. The cleaning of the active surfaces of the electrodes is 
effected by completely lowering the cone B into contact with A 
by rotation of the hand-wheel V and rotating B against A. 
(Accepted July 14, 1915.) 


GUNS AND EXPLOSIVES. 


16,603/14. Sir A. T. Dawson and G. T. Buckham, 
London. Quick-Firing Guns. [4 Figs.) July 11, 1914.— 
This invention relates to the breech-actuating mi ism of 
semi-automatic guns of the kind that can be converted into quick- 
firing guns, two spring-controlled catches being provided, one 
adapted to lock the breech-actuating hand-lever to the block- 
actuating spindle for the quick-fire working of the mechanism, 
and the other adapted to lock the hand-lever to the gun during 
semi-automatic working. This arrang t of catches is prefer- 
ably similar to that heretofore proposed in the Specification 
No. 8244, of 1911, in which the catches are so arranged in relation 
to each other that they cannot both be in their locking position 
at the same time, and in which the catch adapted to lock the 
hand-lever to the gun can be disengaged without affecting the 
other catch. According to the present invention, means are pro- 
vided whereb;, when the gun is to work semi-automatically, the 
spring-controlled catch adapted to lock the hand-lever to the gun 
can be positively retained in its locking position, so that there is 
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no liability of its b ing gaged as a result of vibration 
during the recoil and run-out movements of the gun. A is part 
of the gun, B is the breech-actuating hand-lever, C is the spring- 
controlled plunger, and ©! is the spring of this plunger. D is the 
spring-casing which is under the influence of the cam E. The 
catch or plunger © is carried by the gun, and its upper end is 
adapted to engage with a pocket B! formed in the underside of 
the h-actuating hand-lever. The cam Eis rotatably mounted 
on the gun and carries a handle E!, having a spring catch E%, by 





which cam is held in either of its extreme positions—that is 
to say, either in the “‘ quick-fire” tion shown or in the semi- 
automatic position. The upper end of the plunger C rests in con- 


tact with one arm of a two-armed lever F having an actuating pro- 
jection or finger-piece F!, by means of which the plunger can be 
readily dep d to disengage it from the pocket in the hand-lever 
without displacing the catch F2, which is adapted to lock the 
hand-lever B to the block-actuating spindle. The other arm of 
this lever F bears against a projection on the catch F2. This 
latter catch is mounted to slide in a longitudinal direction within 





the breech-actuating hand-lever, and is actuated by a hand-grip 
FS carried by the handle of the hand-lever B. The lever F, owing 
to the co-operation of the projection on the catch F2 with the 
lever F, serves to disen; the plunger C from the hand-lever B 
when the catch F? is disp! towards the left to cause this catch 
to become engaged with the block-actuating spindle for the quick- 
fire operation of the gun. The hand-lever may also be made 
hollow to receive the actuating rack of the semi-automatic gear 
and its spring, as is well understood. (Accepted July 21, 1915). 


MINING, METALLURGY, & METAL-WORKING. 


27,678/13. J.S. Atkinson, Thames Ditton, The Coke- 
Oven Machinery Company, Limited, and K. Huesse- 
ner, Twi enerative Furnaces. [6 Figs.) 
September 22, 1913.—Lhis invention has for its object to improve 
the construction and operation of reversible regenerative fur- 
faces such as are used in the manufacture of steel, glass and the 
like. The invention consists in the provision at each end of the 
furnace hearth of an outlet passage, or outlet passages, for the 

ducts of bustion, the said outlet passage, or passages, 
being ee from the inlet gas and air passages and ports. At 
each end of the furnace-hearth there are gas and air passages and 
ports (marked 1 and 2 respectively) for supplying the mixture of 

and air 'y for ibustion in the furnace proper. At 
each end of the furnace-hearth are outlets (separate from the 
burner, or burners, and with their openings in advance thereof), 
those shown being marked 3, these outlets being controlled by 
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valves 4 in the passages 5 by which the outlets communicate with 
the regenerative chambers, which are indicated at 6, the valves 4 
also controlling the flow of heated gases for combustion, so that 
when the valves are raised to their upper position there is com- 
munication between the outlet passages 3 and the regenerative 
chambers 6, and, when the valves are in their lower position, there 
is a communication between the gas and air passages 1 and 2, and 
the reg tive ch 8 ; 7 is a.slag-chamber between the out- 
let 8 3and the passages 5. The furnace is provided with 
appliances for reversal and other necessary appliances or arrange- 
ments, which may be similar to those in use in other reversible 
regenerative furnaces, and the invention is not confined to the 
precise arrangement of the burners and gas and air inlets as 

own, the essential feature of this invention being the arrange- 
ment at each end of the furnace-hearth of the outlet or outlets, 
separate from the inlets, ports, and passages, as hereinbefore 
explained. (Accepted July 21, 1915.) 


MOTOR ROAD VEHICLES. 





21,932/14. The Williamson Motor Com y, 
timateod, and W. Williamson, Coventry. hree- 
Wheeled Motor Vehicles. (3 Figs.| November 3, 1914.— 


This invention relates to the suspension of three-wheeled motor 
and other vehicles, and it has for its object to prevent swaying of 
the body or frame, which usually occurs with three-wheeled 
vehicles. The invention consists in the employment, between the 
front axle and the frame, of a pair of radius rods which are not 
allowed to twist and yet do not interfere with the curvilinear 
movement of the axle as permitted by the springs. The front 
axle A is connected with the frame by the usual semi-elliptic 








springs B, which are pivoted at O and shackled at the rear. The 
axle consequently moves in the usual curvilinear path which 

ximates to the arc of a circle struck from the pivot C. The 
axle is provided with two wide bearings D, to which are pivoted 
the sulltep agi i, which ono of 0 baat di ter and substantial 
construction, so as to resist twisting. These rods are attached 
to shackles F pivoted to a frame cross-member G. The bearing 
at the rear end of the rod is long, as also is the bearing of the 
shackle on the cross-member. The whole arrangement is such 
that the rods are prevented from twisting, but are free to pivot, 
and by means of the shackles they do not interfere with the move- 








ment of the axle as permitted by the springs. (Sealed Sept.23, 1915.) 
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SWEDISH STATE HYDRO - ELECTRIC 
POWERSTATION AT PORJUS. 
(Continued from page 388.) 

The Intake Chamber.—In the inner portion of 
the intake chamber, now completed, about 20 m. 
(65 ft.) from the mouth of the tunnel, is a sluice- 
gate, the construction of which is shown by Figs. 
15 and 16, on Plate XXIII. The closure is effected 
by means of a single large iron gate, of 7.5 m. 
(24 ft. 8 in.) free breadth and 6.67 m. (22 ft.) free 
height, which is suspended from chains, and is 
controlled from a bridge supported by high con- 
crete piers. The gate, which, as a rule, is raised 
into and protected by a shelter of timber, consists 





the bottom by means of two hand-operated jack- 
screws placed on the bridge, to which the free por- 
tion of the chains is attached. When the water- 
level on both sides of the door is about equal, the 
door is raised by the winch. The door, with the 
requisite operating plant, has been supplied by 
the Boras Engineering Company to drawings fur- 
nished by the Building Bureau of the Royal Water- 
falls Board. 

The Inlet Tunnel. —The inlet tunnel has been 
blasted in the rock and is of 50 sq. m. (538 sq. ft.) 
free sectional area, according to the normal section 
shown in Figs. 17 and 18, on Plate XXIII. As 
regards the longitudinal profile, this is so planned 
that the tunnel lies for its whole length below the 
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Fic. 26. Exterior or 


of three horizontal girders having connecting ver- 
tical girders, and is covered with buckle-plates. 
On each side of the door are four wheels 0.75 m. 
(294 in.) in diameter, these wheels being arranged in 
pairs, and the two wheels of each pair being con- 
nected by bogie frames pivoted on the side girders 
of the gate, so as to secure a distribution of the load. 
By these wheels the pressure of the water on the 
gate is transmitted to a wrought-iron bar in each 
side groove, this bar being supported by a Differ- 
dinger girder set in concrete. Water-tightness is 
secured at the bottom of the opening by a wooden 
sill fixed to the gate, while at the sides the gate is 
fitted with loose wooden packing-pieces which are 
attached to it by springs and which are forced 
against rubbing-pieces by the water pressure. No 
by-pass has been provided for; but it has been 
arranged that when the inlet tunnel is emptied and 
the door is to be opened, the water is first let in 
by raising the door only a few centimetres from 








INSTRUMENT BUILDING. 


surface of the water, and the entire section thus 
becomes effective. The gradient is 1 : 800, corres- 
ponding to about the loss of head with the maxi- 
mum flow of water. The length of the tunnel is 
525 m. (1720 ft.). For the greater portion—viz., 
from the upper mouth to about 130 metres from 
the distribution-basin—the rock was sufficiently 
firm to allow of the rock section being maintained 
without concreting being necessary. In the other 
portion, however, there were cracks in the rock, 
and it was at places very loose, so that during the 
blasting of this portion the tunnel roof had to be 
supported by timber, and the whole section, after 
the blasting was finished, had to be lined with con- 
crete. This was done to prevent water making ite 
way through the porous rock down to the machi- 
nery hall and the outlet tunnel, where, as will be 
stated later on, the same porosity was again found, 





and caused further inconvenience. For the con- 


|creting, the normal section, Fig. 17, was used, 








with double-sided reinforcement of the arch of the 
roof, which arrangement, however, in several 
— was modified on account of local conditions. 
n the concrete at the bottom drain-pipes were 
laid, with an outlet under the bottom of the dis- 
tribution-basin to a wooden outlet tunnel. 

The Forebay of the Distribution-Basin.—Under 
conditions such as those which prevail at Porjus, 
where the water is led through waterways of con- 
siderable length, and especial when the power is 
used for railway traffic, with frequent sudden and 
large variations in the load of the power-station, 
the determination of the area of the distribution- 
basin as well as the capacity of the corresponding 
equalising or surge-basins on the outlet side, 
becomes a question of much importance. Before the 
constructive details are entered upon, passing 
mention, therefore, should be made as to how the 
conditions referred to are likely to influence the 
working of the power-station. 

Calculating from probable load diagrams for the 
railway traffic, compiled by the Swedish State Rail- 
ways’ Bureau for electric traction, it may be taken 
that the greatest sudden load variations which may 
be vere for during traffic correspond with a sudden 
increase or decrease of the water consumption of 
about 30 cub. m. (1060 cub. ft.) per second. On 
a sudden augmentation of the demand for water of 
30 cub. m. per second, conditions arise which are 
graphically shown in Fig. 19, the bottom diagram 
being the resultant of the other two, which represent 
respectively the outlet and intake pressures. Inas- 
much as a certain time is required before a corre- 
sponding increase of the speed of flow in the inlet 
tunnel sets in, a sudden lowering of the water-level in 
the distribution-basin first takes place. This again 
brings about an increase in the pressure difference 
in the inlet tunnel; the flow of the water is 
accelerated, and before long a larger quantity of 
water runs in than is let out from the basin. Tue 
water-level is thereby raised, and attains a higher 
level than it had before. Asa result of this, the 
inflow through the tunnel again decreases and a new 
lowering takes place. In this way vibrating wave- 
motion arises with gradually diminishing waves 
until a balance is again established at the water- 
level which corresponds with the loss of fall due to 
the new supply of water. 

On the outlet side a corresponding wave-motion 
occurs in the equalising eries, but is there 
inaugurated by a sudden rise of the water-level, 
about simultaneous with the first fall of the water- 
level in the distribution-basin. 

The calculation of the size of these wave-move- 
ments and of the corresponding time-intervals has 
been done according to methods put forward tly 
by Professor Fr. Prazil, in his paper, ‘‘ Wasser- 
schlossprobleme” (Schw. Baug., 1908), and partly 
by Mr. R. D. Johnson, in his paper, ** The 
Surge-Tank in Water - Power Plants” (Proceed- 
ings of the American Society of Mechanical Engi- 
neers, 1908). With the dimensions of the basins, 
respectively 1050 cub. m. (37,000. cub. ft.) and 
700 cub. m. (24,700 cub. ft.), which, according to 
what has already been stated, were chosen, the 
wave motion takes place and proceeds as shown in 
the diagram, Fig. 19. Wave peaks and wave depres- 
sions do not occur simultaneously on the inlet 
and outlet sides, and consequently the bottom 
curve, which shows the variation in the net effective 
head, attains an irregular appearance. Calculation 
shows that the largest reduction in height of fall 
on account of the wave motion amounts to 2.7 m. 
(106 in.) within about 1 minute after the variation 
in load has set in. The variations are fairly slow, 
so much so that they do not influence the speed of 
the turbines, as these are regulated automatically 
in the usual manner. 

With a sudden decrease in the consumption of 
water of 30 cub. m. (1060 cub. ft.) per second a corre- 
sponding phenomenon happens, only that the wave 
motion in the first instance creates an increase in 
the height of fall. A greater sudden decrease than 
30 cubic metres per second may, however, arise by 
accident ; as, for instance, by a short-circuit in the 
power lines, which in the worst case may be su 
posed to result in the water consumption sudden y 
decreasing from about 100 cubic metres per second 
to0. In such a contingency a wooden outlet on 
the distribution-basin comes into operation; it is 
calculated to be able to dispose of 100 cubic metres 
per second without the water rising above the wall 
surrounding the basin. 

The forebay or distribution-basin (see section, 


'Fig. 23, and plan, Fig. 24, on Plate XXIIL) 
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was constructed by blasting the rock, which also 
here proved full of cracks, and which it therefore 
has been necessary to line with concrete on both 
bottom and sides. The western side is occupied 
by the five tube-intake chambers, only one of which, 
of course, is shown in the section, and [otherwise 
by the concrete-coated rock and the concrete wall 
above it. These are lined with stone, from the 
crown at + 347.30 metres down to +341.50 metres, 
a distance which covers the water-level variations. 
The bottom is at + 335.50, or about 2 metres higher 
than the bottom at the mouth of the inlet tunnel. 
For the purpose of emptying the inlet tunnel and 
the distribution-basin, there is arranged a drain in 
the bottom of the latter, leading from the inlet 
tunnel to a pipe-line, built into and through the 
wall against the outlet, of 0.8 m. (32 in.) in diameter, 
through which the water can be discharged into the 
overflow shaft. It may be of interest to point out 
that when water flows into the shaft through this 
pipe the water spreads over the whole sectional area 
of the vertical shaft, and therefore draws with it the 
air, acting as a gigantic water air-pump. It has 
therefore been n to construct on the roof 
over the wooden outlet a lantern, with doors swing- 
ing freely under the air pressure. This arrange- 
ment also effects the change of air for the equalising 
chambers of the tailrace tunnel. When the air is 
sucked by this large air-pump through these doors, 
the air in the equalising chambers would be com- 
pressed if there were no other outlet. At present 
the air in such cases is led through the connection 
to the shaft cut for inlet tube No. 6, which at the 
top opens out into the open air. When this shaft 
in due time is applied to its proper pu , some 
other means of escape for the air will have to 
be contrived. The overflow consists of a stone- 
coated spillway, 45.5 m. (149 ft.) long, which de- 
livers through a tunnel into the tailrace. Its crown, 
on account of the upper storage limit of the Great 
Porjussele having been raised to + 346 m., has been 
placed at this level. At its southern end an open- 
ing, 1.75 m. (5 ft. 9 in.) broad, and with height of 
sill + 342.30, is formed in the spillway wall, through 
which ice, &c., can be flushed out into the wooden 
outlet tunnel. This ice outlet is closed by doors of 
beams of the same height as the crown of the spill- 
way. The roof over the distribution-basin and the 
overflow is supported by iron structures, resting 
partly on the surrounding walls and —_ on iron 
trestles on the spillway crown (Fig. 23). 

The Tube Intake and the Inlet Tubes.—As Fig. 23 
shows, the water is conveyed to the casings of the 
turbines through inlet tubes of plate iron, 3.5 m. 
(11 ft. 6 in.) interior diameter, mounted and sur- 
rounded with concrete in vertical shafts in the 
rock. These inlet tubes proceed each from its own 
large chamber, partly blasted in the rock and 
partly erected of concrete above the surface of 
the rock, the five chambers being placed alongside 
of each other between the distribution-basin and 
the instrument-house. These chambers, which 
hereafter will be called by the joint name of the 
tube intake, are each connected with the dis- 
tribution-basin by means of an inlet aperture of 
28 sq. m. (301 sq. ft.) free section, and are fitted 
with closing appliances and ice-guards. In the par- 
tition wall between the two southernmost tube- 
intake chambers a smaller one is provided, also with 
closing arrangements and ice-guard, which leads the 
water to a small pipe-line of 0.85 metre (33 in.) in 
diameter. This is placed besides and grouted in 
the same vertical shaft as the most southerly of 
the large inlet tubes, and is further continued along 
the corresponding turbine recess to a spiral turbine, 
running at 525 revolutions, placed in the machi- 
nery-hall. This turbine works a direct-coupled 
continuous-current generator which — energy 
for lighting purposes, working of auxiliary motors, 
exciting, &c. 

The partition-walls between the five tube-intake 
chambers have each a thickness of 5 m. (16 ft.), 
which is necessitated by the distance required in 
the machinery hall of 12 metres (39 ft. 4 in.) 
between the centre of the units, and by the desir- 
able breadth of 7 metres for the tube- intake 
chambers. It was originally intended to leave 
portions of the rock asa core in these walls, but on 
account of the condition of the rock it was not, 
or only to a very small extent, found expedient 
to do so. The walls are therefore, for the greater 

carried out in concrete, but it is of a very 
weak mixture in the interior parts. The southern 
one, as already mentioned, contains a smaller 
jntake chamber for the tube to the continuoys- 





current unit. Its walls have required fairly strong 
reinforcement, and reinforcement has also been 
provided at the edges of the other walls to prevent 
tension of the concrete in its lower portion. 

Towards the instrument-house the tube - intake 
chambers have reinforced-concrete walls, bonded 
into the partition-walls, which are semi-cylindrical 
on the inside and plain on the outside, and with 
expansion grooves at the middle of each chamber. 
The chambers are partitioned off from the distri- 
bution-basin by means of stone - faced concrete 
screens. In front of these screens the partition- 
walls are fitted with grooves for doors, of timber, 
as an alternative to the proper closing arrange- 
ments. These latter consist of large iron sluice- 
gates, which in one span cover the whole of the 
7-metre (23 ft.) b and 4-metre (13 ft.) high 
inlet area, at the inside of the concrete screens 
just referred to. As the construction (see 
Figs. 21, 22, and 23, on Plate XXIII.), the gates 
each consist of a frame of plate-girders, with inter- 
mediate cross-girders and a covering of buckle- 
plates. They are operated by electrically-worked 
winches, placed on the partition-walls, and steel 
wire ropes passing over pulleys carried in an 
upper frame. The gates and the manceuvring 
appliances were supplied by the Arboga Engi- 
neering Company, to the drawings of the Build- 
ing Bureau of the Royal Waterfalls Board. In 
the concrete, close to the grooves of the doors, 
pipe-lines are cast so as to make it possible to 
heat the grooves with steam should it be found 
necessary. At the side of each door a by-pass cast- 
iron pipe-line of 0.6-metre (24 in.) diameter, and 
fitted with closing appliances, has been inserted, 
the closing appliances being operated by means of 
screw-spindle and hand-wheel (Figs. 20and 21). It 
will therefore never be necessary to raise these large 
doors under the water pressure. Immediately 
inside them there is a cross-drain in the bottom of 
the chamber, from which pipes lead down to the 
outlet tunnel. This drain collects and disposes of 
the leakage water, when the chamber and inlet- 
tubes are laid dry—for instance, on account of 
turbine inspection. 

Inside this drain ice- guards are placed in a 
sloping position over the upper mouths of the tubes 
(Fig. 23). These guards are so arranged and fas- 
tened that electric heating of them, such as is with 
good results being resorted to at Trollhittan, can 
easily be effected. The reason for electric heating 
not having been installed at once is to be found in 
the belief that the favourable arrangements of the 
power-station generally, with the large and deep 
dam basin and the well-protected waterways, 
should make such heating unnecessary. The ice- 
guards are supported by iron stanchions, the lower 
portion of each being detachable, so as to make 
possible the transport of turbine parts through the 
inlet tubes, by the aid of the crane. This crane can 
be used in all the tube-shafts and can be traversed 
to a discharge-platform at the southern end of the 
building, to which the goods can be conveyed from 
the railway line through the instrument-house. The 
crane has a capacity of 30 tons. It can lift toa 
height of 57 m. (187 ft.) with a maximum lifting 
speed of 2 metres per minute for the maximum load, 
and of 7 metres per minute with a load not exceed- 
ing 7 tons. This and the other cranes of the power- 
station have been supplied by the Luth and Posen 
Electrical Company, Btockhelm. The small tube- 
inlet chamber for the continuous-current unit has 
separate ice-guard and closing arrangements. The 
inlet tubes, which have been supplied by the new 
Motala Company, are made of plates, varying in 
thickness, for the large tubes, from 6 mm. (} in.) 
in the upper to 20 mm. (# in.) in the lower part, 
and for the small tubes, from 6 mm. to 8 mm. 
The filling of the interval between the tubes and 
the surrounding rock with concrete was done simul- 
taneously with the erection of the tubes them- 
selves. Vertical drain-pipes are placed in the con- 
crete, intended to prevent an outside excess pres- 
sure on the tubes when they are being emptied. 

The Tailrace Tunnel.—The tailrace tunnel is 
shown in plan in Fig. 24, and its entire length is 
1274 m. (4180 ft.) reckoned from the inlet of the first 
suction-tube. The normal cross-section is the same 
as for the inlet tunnel—viz., 50 sq. m. (538 sq. ft.), 
and the blasting was carried out according to the 
same normal section (see Fig. 18, on Plate X XIITI.). 
An exception is found in the innermost portion 
of the tunnel; from the equalising chamber No. 1 
to the first suction-tube, this portion also has a 
gectional area of 50 sq. m., but from here it widens 





to 100 sq. m. atthe inlet of the fourth suction-tube. 
This sectional area has been maintained as far as 
the equalising chamber No. 2, below which the 
tunnel section area over a distance of 40 m. (131 ft.) 
is gradually reduced to 50 sq. m., which dimension 
is maintained until the outlet. The increase of the 
sectional area in the inner portion is intended to 
facilitate the flowing of the water to and from the 
equalising chambers in cases of wave motion and to 
reduce the influence arising from whirlpool motions. 
The condition of the rock has also, at the lower 
equalising chamber and its vicinity, necessitated 
several concrete walls in the tailrace tunnel to 
support. the less stable parts of the rock. The 
outlet to the Lillsele is flanked by stone-faced 
concrete walls, in which there are grooves for 
closing doors of timber. 

In connection with the inner portion of the tailrace 
tunnel, in order to avoid a too considerable rise of 
the water-level with sudden increases in the quan- 
tity of water passing through the turbines, it was 
necessary to provide sufficient accommodation for 
receiving the amount of water momentarily flow- 
ing from the suction-tubes, until the water in 
the tunnel had been correspondingly accelerated. 
This has been done by the blasting of two equalising 
or surge chambers—the one inside the inlet of the 
first suction-pipe, and the other immediately below 
the inlet of the last suction-pipe. Into the latter 
chamber opens, through a horizontal branch, the 
above-mentioned tunnel from the overflowof the dis- 
tribution-basin. The position of the chambers will 
be seen in Fig. 24, on Plate XXII. The sloping 
direction in relation to the tailrace tunnel was 
chosen on account of the structure of the rock. 
Each equalising chamber is 10 m. (32 ft. 9 in.) 
broad and 10 m. high, and their aggregate area in 
plan amounts to 700 sq. m. (7530 sq. ft.). So as to 
render it possible to make observations of the 
water-level there are connections blasted between 
the chambers and the turbine recesses. 

The Power-House.—Fig. 23, on Plate XXIII., 
shows the power-house in section, and Fig. 24 
shows it in plan. It is 11 m. (36 ft.) broad, 11.5 m. 
(37 ft. 9 in.) high, and the length, as far as already 
excavated, is 95 m. (312 ft.). It has been placed at 
such a level in the rock as the natural water-level 
in Lillselet and a convenient suction height for 
the turbines made desirable. The floor is situated 
about 50 metres (164 ft.) below the surface. The 
machinery hall (see Fig. 25, page 411) is an immense 
hall, blasted in the rock, and contains the electric 
generators, besides a crane for their erection, and 
along the one longitudinal wall there are five deep 
recesses, in which the turbines are placed. 

The plant is divided into five large units: two of 
12,500 horse-power maximum each, intended for 
the railway traffic; one of normally 12,500 horse- 
power, maximum about 14,000 horse-power, for 
power to the iron mines ; and a reserve unit. The 
fifth unit will only be installed when the requisite 
demand for power has materialised. The units 
consist of twin turbines, placed in closed plate- 
cases, with horizontal shafts and direct-coupled 
electric generators, constructed for yielding single- 
phase alternate current for the railway traction, and 
three-phasé-for the epher power distribution. The 
reserve unit turbire is coupled to a shaft carrying 
a single-phase generator and a three-phase gene- 
rator, whereby a reserve is obtaimed for both kinds 
of current. The number of revolutions of the 
turbines is 225 per minute for the single-phase 
units, and 250 for the three-phase unit, and for 
the reserve unit it can be adjusted to either of 
these speeds, so that the unit at single-phase 
working yields a maximum of 12,500 horse-power, 
and at three-phase working generally somewhat 
more. 

The distance between centres of the units is 12 m. 
(39 ft. 4 in.), which consequently also becomes 
the distance between the centres of the turbine 
recesses. These have a depth of 15 m. (49 ft.), 
a breadth of 5.85 m (19 ft. 2 in.), and a height of 
4 m. (13 ft.). On account of the large space 
wanted for the double unit, a recess has also been 
arranged in the western longitudinal wall opposite 
this unit. The blasting for the machinery hal! had 
to be undertaken with great caution, in order to 
prevent a slide of the rock, especially in the place 
where the weak spot already mentioned was come 
upon. The blasting was therefore done from the 
first formed cable and hoisting shafts in such 
a way that, to begin with, only the upper portion 
under the rock was blasted. The rock was sup- 
ported by timber scaffolding, which, as the work 
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proceeded, was replaced by the strong concrete arch 
shown in Fig. 23, and for which efficient support was 
provided in the rock on both sides. From headings 
carried forward in both the lower corners of the 
hall, the blasting of vertical shafts along the sides 
of the hall was undertaken, and at last the core 
remaining in the centre was removed. By means 
. of branches from the floor, the blasting of the 
recesses and the shafts for the inlet tubes was 
carried on at the same time, the latter from the 
bottom upwards. Also, in the turbine recesses, 
the roof had to be supported by concrete arches 
during the blasting, the side walls being built at 
the same time. The concrete was laid by leaving, 
close to the rock, a draining space filled with stone 
fragments, for the collection of water leaking from 
the rock, which water flowed thence to the tail- 
race tunnel through pipe-lines. 

The machinery hall, as already explained, has 
inner walls of concrete, with piers 1 - metre 
broad for the rails of the travelling crane, built 
directly against the rock, and between these 
are independent screen-walls constructed accord- 
ing to a Swedish system called the ‘* effective 
system.” The roof i& of reinforced concrete, 
and below this is a ceiling of curved concrete 
slabs (Fig. 23). Between this inner roof and the 
rough roof-arch above a channel is formed, which, 
in conjunction with part of the space between the 
concrete side-walls and the rock, is used for the 
outlet of the ventilation air from the generators, 
The fresh air is forced by means of fans down 
through the cable-shaft and distributed in channels 
under the floor of the machinery hall to the 
different generators. The air, having absorbed heat 
from the machines, is then, through other floor 
channels, conveyed to the interval between the 
rock and the walls, and ascends to the upper side 
of the inner roof, from whence the air, through a 
channel, proceeds to the hoisting-shaft, making its 
exit through the openings in the tower of the 
instrument building. This hot-air current passing 
between the rock and the inner walls of the ma- 
chinery hall prevents these from getting damp ; it 
is not brought into contact with the damp rock 
until after it has passed the generators. During 
the winter, when the outer air is generally of much 
too low a temperature to be, with impunity, led 
straight to the electrical plant, it must first be 
mixed with air which has a y passed the gene- 
rators and has thus been warmed. The outgoing 
air, consequently, must not be led through the 
channels just mentioned. It is therefore led into 
the machinery hall, and ascends into the hoisting 
shaft, from whence part of the air can be sucked to 
the fans through the basement of the instrument 
house, and there mixed with the air taken straight 
from the open. 

The floor of the machinery hall is at the level of 
+293.70, and it is thus 2.7 m. (8 ft. 10 in.) above 
the high-water level in the Lillsele. On account of 
fall losses and wave motion, the water-level in the 
inner portion of the tailrace tunnel can, under 
exceptional circumstances, rise above the level of 
the floor. As the floor, on account of the suction 
height of the turbines, could not be placed any 
higher, and as it is of great importance that the 
channels for cables, air and pipe-lines, and espe- 
cially the generator pits, should be kept entirely 
free from water, it been necessary to insulate 
the whole ground effectively. This has been done by 
the rock having been levelled by means of concrete, 
whereupon has been laid a cemented layer con- 
taining ceresite, and above this a system of drain- 
lines, before the concrete foundation was done. The 
drain-lines open out into a collecting-well, from 
which the leakage water is removed by means of 
pumping. 

The turbines have all been supplied by the firm 
of Nydqvist and Holm, Trollhittan. The pressure- 
casings are constructed of steel plate and the 
forks of cast steel, dimensioned and tested for a 
water pressure of 115 m. (377 ft.), whilst the suc- 
tion-casings are made of cast iron ; other parts are 
of cast steel. The turbine-shafts, which for each unit 
are supported by two bearings outside the pressure- 
case, are of nickel-steel and are hollow. Between 
each turbine and the generator there is a detachable 
intermediate shaft, supported by a third bearing, 
and of a length which ewe of the inner parts of 
the turbine being taken out without necessitating 
the dismounting of the generator. The bearings 
are provided with lubricating and water-cooling 


channels. 


To each turbine there is fitted an hydraulic 





governor, designed to limit the speed variations of 
the turbine to res ively 15, 6, and 3 per cent. at 
sudden removal of the entire maximum load, or of 
half or quarter. The oil-pumping installation 
necessary for the turbine governor is independent, 
and consists of an oil-pump, worked by belting, at 
each turbine, and a reserve pump, worked by an 
electric motor, sufficient to yield pressure oil for 
the regulation of two units simultaneously. 

The smaller turbine, which forms part of the 
continuous-current unit, is a spiral turbine, with 
case of cast iron, other parts of cast steel, and shafts 
ot steel. The turbine has a swing-wheel and 
throttle-valve, and a regulator with an oil-pump. 

The three-phase generators of the Porjus power- 
station, which have been supplied by the General 
Swedish Electric Company, of Viisteras, are so 
designed that they, with a rise of temperature of 45 
deg. and at 10,000 to 11,000 volts, can yield 11,000 
kilowatt-amperes with cos. ¢ = 0.8, corresponding 
with the normal output of a three-phase turbine. 
With a rise of temperature of about 60 deg. they can 
yield 13,500 kilowatt-amperes with cos. @ = 0.75, 
corresponding with the maximum output (14,000 
horse-power) at the turbine. The three-phase gene- 
rators are star-coupled. The vis viva of the gene- 
rators amounts to 4,200,000 kg. m., and is conse- 
quently relatively ample in proportion to the size 
of the turbine. It has, however, been achieved 
without any special cost, being contingent upon 
dimensions n from other considerations. 
The generators are so constructed mechanically that 
for ten minutes they can bear being run at 85 per 
cent. higher speed than the normal. They can even 
stand sudden short-circuits at the highest excita- 
tion. The armature winding has been tested 
during a quarter of an hour with 20,000-volt effec- 
tive huiate voltage, both between windings and 
stators and between the different phases mutually. 
The magnet winding can stand an effective alternate 
voltage of 4000 volts between it and the iron for 
a quarter of an hour. Special care has been taken 
that moisture may not enter into the generator. 

When the installation is complete, the three- 


phase generators will be excited by direct-coupled | be 


exciting - machines. The load variations which 
occur during normal working are so unimportant, 
in proportion to the size of the unit, that the 
speed variations do not amount to more than a 
fraction of a per cent. With such load the direct- 
coupled exciting-machines are, on the face of it, just 
as good as aseparate exciting installation. How- 
ever, even if the load should become variable, a 
good voltage regulation may be anticipated with 
the large units in question. In the meantime the 
three-phase installation obtains its exciting current 
from the central continuous-current installation 
(of which more later), which at present is only 
employed for this purpose. So as to facilitate 
repair of the windings, the stators of the three- 

hase generators have been made shiftable axially. 

e three-phase reserve generator is connected with 
the single-phase reserve generator, so as to make 
a twin-unit with three bearings, and this unit is the 
largest, or in any case one of the largest, of its 
kind. 

Fig. 25, page 411, shows the three-phase and single- 
phase generators now installed, which, as far as 
outer appearances go, are almost alike. The method 
of cooling the three-phase generators is a matter of 
considerable interest. There is a considerable loss 
of energy in the generators, and this is transformed 
into heat—about 500 kw. per unit. So as to pre- 
vent this heat from becoming dangerous, the 
generators have been cased in and are cooled by 
means of compressed air, which is led in closed 
channels to and from the generators. The gene- 
rators themselves are fitted with fan-rings on 
the rotors, which partly serve to distribute the 
cooling air in a suitable manner, and partly over- 
come the resistance in the generators ; but the 
main portion of the pressure, which is neces- 
sary for overcoming the friction in all the channels, 
is supplied by the fan installation installed in the 
instrument building. Each three-phase generator 
requires 18 cub. m. (635 cub. ft.) of cooling air per 
second, and each single-phase generator about 10 per 
cent. larger quantity of air. The ventilating instal- 
lation, so as to be fully efficient, has been fitted with 
two fans, each for 125 cub. m. (4415 cub. ft.) per 
second, the one serving as reserve. The fans 
are constructed for a agg of 50 mm. (2 in.) 
of water. So as to limit the space required, 
which in such cases is apt to assume somewhat 
large proportions, the fan-wheels have been placed 





in joint concrete structures. In order to facilitate 
mounting and dismounting, each fan is fitted with 
two wheels, which can be taken to pieces axially. 
When a fan-wheel has to be dismounted, it is 
pushed out of its concrete case on the shaft, the 
two halves are detached from each other, and each 
half can then be conveniently removed. Through 
an exchange-valve either of the fans can be con- 
nected with the cable-shaft leading to the generators, 
which also serves as a fresh-air channel. The fans 
have been manufactured by the De Laval Steam- 
Turbine Company, in accordance with the prin- 
ciples worked out by the Royal Waterfalls Board. 

The Travelling - Crane.—The travelling-crane in 
the machinery hall has a span of 10.5 m. (34 ft. 5 in.), 
it is fitted with a crab of 8 80 tons capacity, with a 
lift of 7 m. (23 ft.), and the 2 of hoisting is 
1.5 m. (5 ft.) per minute. For loads up to 10 tons 
the lifting speed can be raised to 7 m. (23 ft.) per 
minute. The crab runs on the crane girders at a 
speed of 15 m. (49 ft.) per minute, and the crane 
can be moved in the longitudinal direction of the 
hall at a speed of 30 metres per minute. All the 
movements are effected electrically. 

It will here be convenient to make some refer- 
ence to the extra works which, during the first 
phase of the building of the “staged oy were 
undertaken so as to provide for ible future 
extensions. As a mentioned, the flow of 
water at Porjus, through regulation, can be mate- 
rially increased beyond what is being utilised in 
the section already built. The complete plan for 
the extension and development of the power- 
station therefore involves an extension of the machi- 
nery hall, a direct lengthening towards the south, 
with requisite turbine recesses and inlet tubes, 
the latter proceeding from a second distribution- 
basin with tube intakes, all arranged in harmony 
with the corresponding — of the first phase. 
The water to the new distribution-basin will be 
led through a second inlet tunnel, to the east 
of the first, and equipped with a separate in- 
take from the Great Porjussele. A new tailrace 
tunnel will also be required, and this is intended to 

located west of the present one, opening out 
into the Lillsele above the present outlet. Refer. 
ence has already been made to the correspondin 
extension of the instrument-house to the south o 
what will then become ite central portion. All 
these future extensions have been thus far taken 
into consideration in connection with the first build- 
ing. In cases in which such extensions could not 
be undertaken without disturbing the working of 
the first—that is, the present phase—the work 
belonging to the second phase has been carried out 
along with the coresponding work for the first 
hase. Thus the blasting and masonry of the 
uture second intake has been carried so far that 
the remaining work, as well as the blasting of the 
new inlet tunnel, can be undertaken without doing 
any harm to the first intake and without an 
dams. As Figs. 23 and 24 show, the blasting week 
has further been carried out for a small portion of 
the future distribution-basin, for the two nearest 
tube-inlet chambers (Nos. 6 and 7) corresponding 
with the two inlet tubes, for the extension of the 
machinery hall beyond the future unit No. 7, for 
the turbine recess for unit No. 6, which has also 
partly been set in concrete, and for the inner 
portion of the new tailrace tunnel and the suction 
tube of unit No. 6. 

Between the distribution - basin already com- 
pleted and the shaft for the future second dis- 
tribution-basin, as well as between the inner por- 
tions of the tailrace tunnels, connection tunnels 
have been blasted, in order that the double water- 
ways should have connection with each other when 
the installation is completed, both on the inlet and 
the outlet sides, and the loss of fall thereby be 
equalised to the same amount for both sections of 
the power-station. A material secondary advantage 
has further been gained, inasmuch as an oppor- 
tunity has been provided for an earlier installa- 
tion of the sixth unit, for instance, in additional 
reserve for an extended three-phase working. 
The water can be led to this unit from the first 
distribution-basin and led away through the con- 
necting-tunnel to the finished outlet tunnel, without 
any building or work for the second phase having 
to be done, excepting quite a small portion. The 
connection between the distribution - basins will 
in the meantime be closed means of timber 
dams at the mouth in the fini basin. In 
order to enable the closure of the connecting-tunnel 
between the outlets to be effected, a vertical well 
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has been blasted from the centre of the tunnel to 
high-water level, beyond which level the well is 
extended to a chamber, from which it is possible 
to walk to the machinery hall through the future 
turbine recess, No. 7. In the sides of the vertical 
well there are grooves for closing purposes by 
means of beams.* 


(To be continued.) 





NEW SEWAGE DISPOSAL WORKS AT 
WANSTEAD. 

Wansteap, like most other of the urban dis- 
tricts and boroughs in the Metropolitan area, is 
rapidly being built up. The population, which is 
estimated at 15,000 at the present time, has 
doubled since 1891, and of late years the rate of 
increase has been very rapid. This growth, some 
few years ago, introduced difficulties in connection 
with sewage disposal, and complaints were made 
by the Essex County Council of the pollution of 
the River Roding, into which the effluent from 
the Wanstead sewage farm is turned. Matters 
were further complicated by the yy develop- 
ments of a neighbouring authority in the vicinity 
of the farm. As a result of this state of affairs, 
the Urban District Council sought the assistance 
of Messrs. Willcox and Raikes, MM. Inst. C.E., 
of 16, Victoria-street, Westminster, and Union 
Chambers, 63, Temple Row, Birmingham, who ad- 
vised the extension and modification of the then 
existing works on modern lines. The alterations and 
extensions have now been carried out under the 
supervision of Messrs. Willcox and Raikes, and it 
is the purpose of this article to give some descrip- 
tion of them. 

Wanstead has an area of 1688 acres, 509 of 
which are included in Epping Forest, and 100 of 
which are marsh land. Being a residential dis- 
trict, the sewage is domestic in character, and the 
dry-weather flow has been gauged at 464,000 
gallons a day. This, however, includes a certain 
amount of infiltration water which finds its way 
to the sewers. The area is sewered on the com- 
bined system, the sewers receiving not only sewage, 
but also surface water from roads, roofs, and yards. 
As a consequence, at times an enormous volume 
of storm sewage is delivered at the works. The 
sewage farm, which was purchased in 1880, has an 
area of 45 acres, but some portion of it is at too 
high a level to be utilised. The lower areas are 
underdrained, and previous to the alterations the 
sewage was dealt with by treatment in covered 
septic tanks, contact beds and broad irrigation over 
the land. 

The original works were laid out by the late 
Mr. J. T. Bressey and Mr. C. H. Bressey, F.S.I., 
the surveyor to the Urban District Council. The 
extensions and alterations comprise the provision 
of detritus-tanks with mechanical screens, the sub- 
division and improvement of the old septic tanks, 
the construction of a Dortmund tank for the treat- 
ment of the tank affluent, and percolating filter: 
for its final treatment, together with storm-wate: 
tanks, sludge-pumping plant, and sludge-beds. 

A plan of the works as they now exist is given 
in Fig. 1, annexed. Part of the work there 
shown is new, part is old, and part has been altered 
and modernised. The sewage is brought to the 
works by a brick culvert, 3 ft. 6 in. by 2 ft. 4 in., 
which has a capacity of seventeen times the dry- 
weather flow. This culvert, as will be seen from 
Fig. 1, enters the north-west corner of the works, 
approaching through Wanstead Park. At its end 
a storm-water over-flow chamber, with a weir, is 
provided, so that all sewage over six times the dry- 
weather flow is discharged direct to the storm-tanks 
through the culvert, which is indicated in Fig. 1 
From the end of the main culvert the sewage is 
carried to the detritus-tanks through a 2-ft. sewer, as 
indicated in the plan. There are two detritus-tanks, 
situated side by side, and each 24 ft. long by 8 ft. wide. 
The flow of the sewage to the tanks is controlled 
by penstocks, and at outlet ends the tanks are 
provided with long adjustable overflow weirs. 
All sewage over three times the dry-weather flow 
passes over these weirs and direct to the storm- 
tanks by a pipe, which is indicated in Fig. 1, the 
rest passing on to the treating plant. The result. 


* There was a peematienl error in the table of 
water-levels of the Great Porjussele published in our 
issue of October 15, on page 385 ante. The low-water 
level after the damming of the lake was given as 343.753 
—44.25. It should have been 343.75—344 25, 





of these 
three times the dry - weather flow on 
to the sedimentation - tanks, filters, &.; all 
sew between three and six times the dry- 
weather flow passes through the detritus-chambers 
and screens, for the removal of the grosser con- 
tent, before passing to the storm - tanks; but 
all.sewage in excess of six times the ss 
flow passes direct to the storm-tanks. e should, 
perhaps, say that the sense in which the overflow 
weirs of the detritus-tanks are adjustable is that 
they may be raised to keep back a ter propor- 
tion than three times the dry-weather flow when 
growth of the town and extension of the treating 
plant render this desirable. 


ments is that all sewage up to 





shown in the figure. In addition to this appa- 
ratus, each tank is fitted with a bucket-elevator 
which delivers into the same launder. The bottoms 
of the tanks are made sloping to the centre, 
so that the deposited detritus flows towards 
the elevator buckets. The elevators cannot well 
be seen in Fig. 6, as they lie behind the rake-clean- 
ing apparatus. The whole arrangement is driven 
by an 8-horse-power electric motor, situated in the 
house alongside. It is found that the actual power 
used when running with the normal load is 2} 
horse-power, but this is increased after heavy 
storms. The cost of running a screen and elevator 
is rather less than 3d. an hour. Provision is made 
for running supernatant water and sludge from the 
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Fie. 2. 4 In. ‘*SterecopHacus” Stupee-Pump. 


The detritus-tanks are concrete and brickwork 
structures, and are provided with screening appa- 
ratus and elevators for removing the detritus. 
The screens are situated at the outlet ends, and 
consist of the usual inclined bars. Mechanically 
driven rakes are provided for cleaning the bars, 
while brushes are provided for cleaning the rakes. 
The arrangement may be seen in Fig. 6, on 
page 422, which is a view showing the upper works 
of the tanks. The rakes are carried by endless 
chains driven from horizontal drums. One of them 
can be seen above the right-hand tank in Fig. 6. 
The horizontal cylindrical brushes which clean the 
rakes can clearly be seen at the top of the appa- 
ratus. The detritus from the rakes falls into a 
launder carried across the centre of the tanks. 
The launder contains a horizontal screw conveyor 


which delivers the detritus out of the end of tho | 


launder into a tip-wagen standing alongside, as 





screening-chambers to the sludge-well when it 1s 
necessary to empty the tanks. A by-pass is also 
provided. 

From the detritus-tanks the sewage flows by 
gravitation to the sedimentation-tanks, the position 
of which can be seen in the plan. These tanks 
have been formed by the conversion and alteration 
of two septic-tanks, which constituted part of the 
original installation. The arrangement now con- 
sists of four covered tanks, each 100 ft. by 30 ft., 
and having a total capacity of 372,000 gallons. 
The tanks lie side by side, and by means of sewsge- 
channels at each end, fitted with distribuling- 
valves, may be worked either in series or parallel. 
Experience has shown that for ordinary dry- 
weather working the best results are obtained 
with the tanks in series. The clarification which 
takes place in these tanks is a mechanical one. _ 
certain amount of bacterial purification probably 
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does occur, but is incidental. The essential idea is | 


a mechanical settling of the su8pended matter. 
The sewage enters and leaves the tanks over long 
weirs, so that a gentle flow without disturbance 
is secured, and in its slow traverse through the 
tanks the sewage deposits much of the matter it 


We may return now to the effluent from the 
sedimentation-tanks. This in the first 
instance to the Dortmund tank, which is situated 
alongside the new percolating filters, as shown in 
Fig. 1. The tank is 24 ft. square and 19 ft. 6 in. 
deep, and has a conical bottom. As the effluent 


ment of the distributors. The medium of which 
the beds are formed consists of hard burnt clinker 


graded to the following sizes :— 
6in. of 2 in. to : in. 


3 ft.6 ,, 


” ” ” 


” ” ” 


ES 


All the clinker was washed, screened, and carefully 
graded before being placed in the beds, and was 


carries, to form a sludge. During ordinary working | stands in this tank, further ipitation takes | 
a body of sludge is in the tanks for twelve hours or | place and sludge collects at the bottom. It is 
so. The sludge gravitates to a sludge pump-well.| removed through a pipe which is carried down 
’ Arrangements are made so that any tank may be| inside the tank to the apex of the inverted | picked material, not liable to disin tion, ob- 
emptied separately without interfering with the cone. The pipe leaves the tank through the | tained from the Beckton Gas Works. e effluent 
working of the remainder, Telescopic valves are| wall a few feet below the normal water - level, | from the bottom of the beds passes to branch drains, 
fitted for drawing off supernatant water, and pen-|and makes connection to the sludge pump-well. | in the floors of the filters, formed of special channel 
stocks for the sludge. A valve is fitted at the bottom of the pipe; | pipes. Provision is made for ventilating them. 
is being obtained. and when it is opened the collected sludge 4 he branch drains lead to a main effluent drain 
The sludge from the sedimentation-tanks, as well | forced up the pipe by the weight of water above it, | taken along the centre of the floor and discharging 
as the supernatant water from these tanks, and| and gravitates to the pump-well. Here it mixes|to an effluent-chamber, from whence a 21-in. pipe 
the sludge from the detritus-tanks and the Dort-| with the sludge from the sedimentation-tanks, and |is laid direct to the River Roding. This main 
mund tank, to which we shall’ refer later, all|is dealt with as we have just described. At the drain and pipe are indicated in Fig. 1. Chambers 
gravitates to a sludge pump-well situated near the | top of the tank there is a long weir, the length of are provided for each unit of the beds for obtaining 
sedimentation-tanks, as shown ini Fig. 1. ®From|the width of the tank. The eftluent leaves the samples of the effluent. 
this well thej supernatant water is pumped} back} Dortmund tank over this weir on its way to the e tank effluent is fed to the beds by means of 
to the inlet channel of jthe sedimentation-tanks, ' percolating filters. The object of the weir is to | electrically-driven travelling distributors. For the 





An excellent tank effluent | 








Fig. 3. ELEVATION OF DISTRIBUTOR ARM. 


while the sludge is pumped to the main sludge- 
beds. These beds, which lie to the south-west of 
the area, as shown in Fig. 1, are five in number, 
each 95 ft. by 45 ft., and are formed with earth 
banks and concrete floors. The beds are under- 
drained, the drainage being taken back to the 
tanks for re-treatment. e underdrains are 
brought to the surface, so that they can be readily 
flushed. Arrangements are also made for drawing 
off the top water. The straining medium is clinker 
18in. deep. From the pump-well the sludge 
is pumped to a distributing carrier, from which 
it can be diverted to any of the beds as required, 
the carrier being arranged to provide for future 
extension of the beds. Narrow-gauge lines for tip- 
wagons are laid to each bed to facilitate removal of 
the dried sludge. Unless the weather is unusually 
wet, it is found that the sludge is sufficiently dry 
for removal in six weeks. It is at present mainly 
being disposed of by filling up inequalities in parts 
of the sewage-farm area. The available space will 
allow of this being done for many years. 

The sludge-pumping plant consists of a 4-in. 
“*Stereophagus ” pump, driven by a 10-horse-power 
motor. It is fitted in a pit in the engine-house, 
alongside the pump-well, and is shown in Fig. 2, on 
page 414. A hand-pump is fitted for charging. 

he pump is capable of raising 240 gallons of thic. 
sludge per minute, through a 6-in. rising main. 
The lift between the pump and the sludge-beds is 
30 ft. On test, it was found that 7 horse-power 
was necessary for pumping this quantity of fa > 
while much less power was required for the super- 
natant water. The cost of emptying the 121, 
gallon sludge-tank is about 6s. 6d. e ** Stereo- 
phagus” pump, which we have fully described in 
the past, is of the centrifugal type, and is fitted 
with a cutting-blade set close to the vanes of the 
impeller. This blade cuts into small pieces any 
rags, garbage, or other solid substance which may 
come through. It has proved very successful at 
W anstead. The motor-house is a brick building, 
and the pit containing the pump is some 12 ft. 
ceep. This arrangement is adopted since in pump- 
ing sludge it is desirable to have the suction lift as 
small as possible, 










PLAN OF FILTER-BEDS. 


enable the liquid to flow away only from the surface, 
and as gently as possible, so that the settling sludge 
is not disturbed. After passing over the weir the 
effluent flows on to a roughing filter or strainer, 
and thence to the filter- . Great difficulty was 
experienced in constructing the Dortmund tank, as 
it stands on the site of an old river-bed, and much 
water was encountered. Itis interesting to record 
that during the excavation the thigh - bone of a 
rhinoceros was discovered, 20 ft. below the surface. 
Before — to the percolating filters we should, 
perhaps, say that, under certain circumstances, the 
effluent from the sedimentation-tanks is dealt with 
on the old contact-beds. Such effluent does not 
pass through the Dortmund tank, as does that 
which flows to the filter-beds. We will return to 
this point later. 

The position of the lating filters in relation 
to the rest of the works can be seen from Fig. 1, 
while a plan of them is given in Fig. 5, above, 
and a general view in Fig. 7, on page 422. The 
filters are rectangular in shape, and have a total 
area of 4000 super. yards, and a depth of 5 ft. The 
cubic contents are 6666 yards. They are con- 
structed of brickwork, with concrete floors, and 
without division walls, although the filters them- 
selves are divided into four units by the arrange- 








eye of supplying the distributors, two open 
steel troughs are provided the full length of the 
beds. These are shown in Fig. 5. They are fed 
by means of a 21-in. pipe from the Dortmund 
tank, the water-level in the troughs bei - 
lated by means of a valve controlling t hy ~ 
—. Four distributors are fitted, which, as 
we have already said, divide the beds into four 
units. The arrangement is shown in Fig. 5, 
from which it will be seen that each trough su 
plies two distributors. Any distributor can 
cut off as desired. Details of the distributors are 
given in Figs. 3 and 4, above. Each consists of 
a travelling siphon and distributing tube fitted 
with nozzles and supported by a light lattice 
girder. Each distributor runs on rails at either 
end, the wheels being fitted with ball-bearings, 
and forms a single span without any intermediate 
support. These ments are all clearly 
shown in Fig. 3, while a good idea of the general 
appearance of the distributors is given by ig. 7, 
422. The distributing-tubes are of cast iron, 
and on one side vertical nozzles are provided some 
foot or so apart for the full length. The nozzles 
discharge on to dash-plates, which cause the 
effluent to be discharged on to the beds in a con- 





tinuous and unbroken film. These details can be 
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seen in Fig. 4. The amount of liquid to be carried 
clearly diminishes as the distance of any part of a 
distributing-tube from its trough increases. The 
tubes are accordingly made with a decreasing cross- 
section from the siphon end. 

The distributors are slowly traversed to and fro 
the full length of the beds by a driving arrange- 
ment which we describe below. Asa consequence 
every portion of the beds receives a uniform 
charge of effluent. In order that the conditions of 
application may be the same for all parts of the 
beds, the distributors operate only when moving 
in one direction. They move down the beds with 
the nozzles working and return with them cut off. 
If the nozzles were in operation all the time, all 
parts of the beds would receive equal charges, but 
there would be different intervals of time between 
the various applications. This might introduce 
irregularities in the operation of the beds. The 
supply of effluent is cut off from, and supplied to, 
the distributors by valves carried close to the 
siphon ends, as shown in Fig. 3. These are auto- 
matically operated at each end of the travel by 
— fixed to the effluent troughs. 

he gentle and uniform distribution of the 
effluent is a point of great importance in the opera- 
tion of the beds, and arrangements are made so that 
the distributing-tubes and nozzles can be readily 
cleaned. The spraying arrangement is very simple, 
and the liquid reaches the beds in a thin and 
uniform sheet. The effluent as it comes from the 
Dortmund tank is practically free from all solid 
matter, but it is of great importance that if any 
such matter should get through it should not be 
forced into the body of the beds as the liquid 
reaches them. The sheet spray prevents this. 
The impurities to be dealt with by the beds are 
chiefly of a gelatinous nature, and it is equally of 
importance that they should not be forcibly carried 
into the media, possibly to clog it. The idea is a 
slow trickling of the effluent over the clinker, so 
that as much surface as possible is exposed to the 
bacterial action on which the operation of the 
beds depends. The process which takes place is 
essentially the oxidisation and nitrification of the 
ammonia and carbonaceous matter remaining in 
the sewage. The effluent which leaves the filter- 
beds is colourless and odourless and contains only 
inorganic compounds, mainly nitrogenous, which 
are harmless. At the time of our visit to the 
works, the effluent being turned into the River 
Roding was remarkably good. The filters were 
designed to deal with a dry-weather flow of 
300,000 gallons per twenty-four hours, but a much 
larger quantity than this is discharged on to the 
beds during storm times. 

The method by which the distributors are 
traversed up and down the beds may be followed 
from Fig. 5. They are operated in pairs by means 
of a wire-rope, both ends of which are carried to 
reversing-drums in brick houses built at the ends 
of the beds. The houses are shown in Fig. 7. 
Referring to either of the pairs of distributors in 
Fig. 5, it will be seen that the rope leaves the 
gear-house and is carried round a pulley, fixed 
with its axis vertical, at the bottom right-hand 
corner of the pair of beds. The rope is then 
carried along the lower side of the beds, round 
another pulley, along the end of one bed, and 
back to the motor-house along the lower side of 
the top bed. Here it bends through two right 
angles, round two more pulleys, and returns along 
the upper side of the lower bed, finally passing 
along the end of this bed and back to the house 
along the top side of this bed. Both ends of the 
rope are wound on the same drum, which 
rotates in one direction for a definite period, 
and then reverses and rotates in the other direction 
for a similar period. The ends of the distributors 
are secured to the rope, and as the latter moves it 
carries them with it. It will be clear from the 
arrows in Fig. 5 that the two ends of a distributor 
move in the same direction at the same time, but 
that the two distributors of a pair move in oppo- 
site directions. This latter fact balances the effect 
of wind pressure. Tension weights are provided 
to keep the ropes taut, and it will be clear that the 
distributors are always held square on the beds. 

The driving gear, a view of which is given in 
Fig. 8, on page 422, is very simple. 
engine is fitted with a first-motion shaft, which has 
three pulleys side by side, the outer ones being 
fast and the centre one loose. A 5-horse-power 
motor drives these pulleys by two belts, one 
straight and one crossed. A fork which controls 


The winding | th 





the position of the belts has its prongs so placed 
that when either belt is driving a fast pulley the 
other is driving the looge one. The drum, on which 
the two ends of the rope are wound in opposite 
directions, is gear driven from the pulley-shaft, as 
shown in Fig. 8. The direction of travel of the 
distributors is reversed by reversing the direction 
of rotation of the drum. This is done by shifting 
the belts so that either the open or crossed one 
works on a fast pulley and drives the gear. The 
reversal is carried out by a nut working on a leading 
screw set at right angles to the pulley-shaft. The 
screw is driven by a worm and worm-wheel from 
this shaft, and can be seen in the foreground in 
Fig. 8. The effect of the arrangement is that the 
nut travels to and fro, and at each end of its travel 
a steel catch which it carries engages the belt-fork 
and pa it over to the reverse position from 
which it finds it. As the nut travels from one 
extreme position to the other the distributors travel 
the full length of the beds. In order to ease the 
sudden load which comes on the motor when 
reversal takes place, the push of the nut on the 
belt-fork is transmitted through a helical spring. 
At the moment of contact this spring compresses, 
so that an appreciable time interval is available for 
the shifting of the belts. The powersupply for the 
winding-gear motors, as for the other motors in 
the works, is obtained from the Ilford Urban 
District Council’s supply station. The voltage is 
460 direct current and transmission is by overhead 
lines. The actual power required to run a pair of 
distributors is 14 horse-power, and the cost of 
running both pairs is about 3d. an hour. 

It will be clear that the time of travel of the 
distributors over any portion of the beds and the 
intervals of rest can readily be controlled by ad- 
justing the motor speed. The flow of sewage on 
to the beds is controllod by (1) varying the size of 
the nozzles ; (2) varying the head of water in the 
trough ; or (3) regulating the supply-valves. The 
whole arrangement is a very he. at job, and 
appears likely to give no trouble in operation. We 
eliove the Wanstead installation to be the first 
example of the use of rectangular power-driven 
sewage-distributors in the London area, and that 
it is the first installation anywhere of the new 
form, which we illustrate in Figs. 3 and 4. In 
older types, it has been usual to carry the dis- 
tributor from a central carriage, which, of neces- 
sity, has involved the laying of a central track and 
the construction of a wall on a series of columns to 


ca. it. 

We have already mentioned that effluent from 
the sedimentation-tanks can be turned on to the 
old contact-beds instead of being led to the Dort- 
mund tank preparatory to passing to the filters. 
The practice is to so utilise the contact-beds for 
any sewage discharged to the works in excess of 
the 300,000 gallons per 24 hours, for which the 
filter-beds are designed. These old contact-beds 
are twelve in number, each 60 ft. by 45 ft. by 
3 ft. 6 in. deep. They have a total capacity of 
809,000 gallons and a theoretical water capacity of 
269,000 gallons. They are, however, now in poor 
condition, and the actual water capacity is much 
less than this. The effluent from them is greatly 
inferior ‘to that obtained from the filter-beds, and 
instead of turning it into the river direct it is 
treated on the spare land which forms part of the 
farm. 

For dealing with storm sewage some existing 
filters were utilised and converted into three storm- 
tanks. These can be seen to the north-east of the 
area in Fig. 1. The connections to them from the 
main incoming sewer and the detritus-tanks are 
also indicated in this figure, while a general view 
of the tanks is given in Fig. 9, on page 422. The 
tanks have a total capacity of 216,000 gallons, 
which is nearly half the dry-weather flow, and 
much in excess of the usual requirements of the 
Local Government Board. The volume of storm- 
water to be deal with is, however, at times very 
large, for reasons we have already mentioned. The 
storm-tanks are provided with inlet and outlet 
weirs, and arrangements are made by which super- 
natant water from them can be drawn off on to 
the land, and the sludge pumped to sludge-beds 
adjoining the tanks, as shown in Fig. 1. For 
e purpose of raising the sludge a portable 3-in. 
“*Stereophagus ” pump, driven by a 5-horse-power 
motor, has been provided. The pump and motor 
are fixed on a trolley, so as to be ily moved to 


the storm-tanks, while the overhead cables are 
extended to the tanks in order to furnish the power 





supply. The cost of running the pump is about 
6d. an hour. 

In connection with the modernisation of the 
work, a laboratory, office, and mess-room have 
been built alongside the sewage pump-house, while 
approach roads and paths have been constructed. 
As will be seen from Fig. 1, space is available for 
further extension of the plant when this becomes 
n . The works, which were officially opened 
on July 24 last, are now fully in operation. Their 
total cost was about 13,500/. During construc- 
tion Mr. C. Murray Denton acted as resident 
engineer, while the present manager is Mr. 
Edward Linton. The contractors for the main 
works were Messrs. W. and C. French, of Buck- 
hurst Hill. The travelling distributors were sup- 
= by Messrs. Hartley, Causton and Richmond, 

imited, of Stoke-on-Trent, the screens and eleva- 
tors by Messrs. Hartley, Sons and Co., of Stoke- 
on-Trent, and the ‘‘ Stereophagus ” pumping plant 
by the Pulsometer Engineering Company, Limited, 
of London and Reading. We have to thank the 
consulting engineers, Messrs. Willcox and Raikes 
for the facilities they have placed in our way for the 
preparation of this description, and Mr. J. Edward 
Willcox for personally conducting us over the works. 





INDUSTRIAL NOTES. 

WE deal in 4 special article on page 424 with the 
railwaymen’s bonus settlement. 

The Director of the Department of Labour Statistics, 
writing in the Board of Trade Labour Gazette on the 
state of the labour market in September, says that in 
some trades there was a slight relaxation of the great 
pressure of recent months, but, on the whole, employ- 
ment in September continued to be at a very high 
level. The demand for male labour, both of men and 
boys, exceeded the supply, and the substitution of 
female for male labour continued. 

Compared with September, 1914, when industry had 
not fully recovered from the disorganisation caused by 
the outbreak of war, employment last month showed 
@ very marked improvement, which was reflected in 
the monthly pauperism returns. These, in September, 
1915, showed a reduction of 30 paupers per 10,000 of 
the population of 35 selected urban districts as com- 
pared with the corresponding date of last year. 

Employment in the coal-mining industry continued 
very good, and the average weekly number of days on 
which the collieries were working was much higher 
than was usual in September. At iron and lead mines 
it was good, at shale mines very good, and at tin 


mines dull. At quarries employment was generally 
fair, except in North Wales, where there was de- 
pression. 


In the pig-iron industry employment continued 
good, while the iron and steel trades showed a further 
improvement. The pressure in the engineering and 
shipbuilding trades continued, and there was still a 
shortage of labour. With the exception of tin-plate 
and steel-sheet, the other metal trades continued very 
busy, with much overtime. 

In the cotton trade there was a decline, mainly in 
the weaving branch. The woollen, worsted, and 
hosiery trades were still well employed in most dis- 
tricts, but the pressure on war contracts was not 
quite so marked. There was a decline in the jute 
trade, but employment was still good ; there was also 
a decline in the linen trade, and at Belfast employ- 
ment was slack. Employment improved in the bleach- 
ing, calico-printing, and dyeing trades, the improve- 
ment with dyers being especially noticeable. There 
was little change in the silk, lace, and carpet tradee. 

The boot shoe trades continued to be very busy, 
especially in the home trade; employment was also 
very good in the leather trades, except with saddle 
and harness makers at Walsall. There was a slight 
seasonal improvement in the bespoke tailoring, dress- 
making, and millinery trades ; the ready-made tailor- 
ing trade showed a slight decline, but employment was 
still good. It was fairly good in the hat trade. 

Building operations, except on new factories and 
workshops, continued to be restricted, but owing to 
enlistments and transfers to other trades the number 
unemployed remained low. There was a decline in 
the brickmaking and cement trades. The woodwork- 
ing and furnishing trades showed little change. 

Dinsteoeent with letterpress printers, though still 
quiet, showed an improvement on the previous month ; 
with lithographic printers it remained fairly good. 
With bookbinders and with papermakers employment 
continued to ee and was good. . 

The glass and pottery trades were generally we'! 
employed. The food preparation trades showed some 
decline in certain branches, and employment in the 
fishing industry was fairl . In agriculture, 
harvest operations were he by fine weather, and 
the shortage of labour was met by the employment «! 
women and children. 

Dock labourers were well employed on the whvle, 
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and at most ports the supply of seamen was about 
equal to the demand. : . 

The war bonuses and increases in rates of wages 
taking effect in September amounted to about 3600/. 
per week, and affected 33,700 workpeople. The most 
important changes affected building operatives on the 
North-East Coast, iron and steel-workers in North- 
umberland and Durham and in the West of Scotland, 

_and wool-combing operatives in the Bradford district. 

The number of disputes beginning in September 
was 55, and the total number of workpeople involved 
in all disputes in progress was 52 869, as com 
with 28,870 in the previous month and 13,025 in Sept- 
ember, 1914. The estimated total aggregate duration 
of all disputes in progress during the month was 
172,400 working days, as compared with 109,600 in 
the previous month and 229,800 in September, 1914. 

Cases dealt with during the month included coal- 
miners, South Wales and Monmouthshire ; armour- 
plate workers, O nshaw ; engineers, Manchester and 
Rochdale; stevedores, shipwrights, and joiners and 
upholsterers, London; razor-grinders and spring- 
makers, Sheffield ; riveters, Paisley and Renfrew ; 
women workers, Barrow ; cabinet-makers, Barnstaple ; 
tricians, Bristol; co-operative employees, Lincoln ; 
dock workers, Hayle; carpenters and joiners, Old- 
ham ; building - trade operatives, Stafford ; elec- 
ironworkers, Riddings ; seamenand firemen, Dublin ; 
dyers and scourers and plumbers, Leicester; and 
plumbers, Paisley. In addition, a number of findings 
were issued during the month by the Committee on 
Production. : ; 

The average weekly number of vacancies notified to 
all Labour Exchanges for the four weeks erded Sept- 
ember 10 was 34,957, as compared with 31,984 in the 
previous four weeks, and with 29,339 in the four 
weeks ended September 11, 1914. The average 
weekly number of vacancies filled for the same periods 
were 25,534, 24,373, and 23,107 respectively. 





The advance in rates of wages in the United King- 
dom, which began in 1910, and reached its culminating 
point in the first half of 1913, was followed, says the 
Board of Trade Labour Gazette, by a decline in wages 
in the metal and mining industries, and by aslackening 
in the advances in other industries. In the first seven 
months of 1914 the net effect of all the changes recorded 
was a decrease in wages of nearly 13,000/. a week. 

After the outbreak of war, however, owing to 
enlistments and an active demand for war require- 
meats, employment became very good, and before the 
end of the year a considerable amount of overtime was 
being worked, and in several trades complaint was 
being made of a shortage of labour. This was especially 
the case in the engineering, shipbuilding, woollen and 
leather and kindred trades. meurrently the prices 
of food and many other necessaries rose. In these 
circumstances a movement began at the beginning of 
1915 to raise wages. This movement, which in most 
cases took the form of bonuses or of increases in rates 
of wages limited to the duration of the war, first 
became evident in the trades more directly concerned 
with the output of munitions and the transport of 
troops and supplies—e.g., engineering and shipbuild- 
ing, railway service, dock labour, onl carting. From 
March onwards, however, it spread to nearly all the 
principal industries, and its effects have been far 
greater than those of any other upward movement in 
wages previously recorded. It is estimated that during 
the whole period under review about 44 million work- 
people have had their rates of wages increased by a 
total of over 750,000/. per week. 

In the trades in which the numbers affected are 
ascertained, there have been increases reported amount- 
ing to 494,000/. per week in the rates of wages of 
over 2,800,000 workpeople, an average of about 3s. 6d. 
ow head. These figures relate mainly to organised 

sodies of workpeople, and do not cover the 
numerous cases of advances granted by individual 
employers having few workers, which escape the 
notice of the department. Allowing, however, for 
those cases in which such employers have given ad- 
vances on similar lines to those granted to organised 
employees in the locality, it may be assumed that at 
least 3 million workpeople hav had increases amount- 
ing to over 500,000. a week. 

lo this total the coal-mining industry has con- 
tributed most largely as a result of the war bonuses 
granted in all the principal coal-fields in May, and 
of the subsequent increases in wages in South Wales 
anc Scotland. In the engineering trades there have 
been increases to skilled men in all the principal 
centres, the amount being generally 3s. or 4s. a week, 
wi'\ corresponding increases on hourly and piece rates. 
La’ urersalso have received similar advances in most 
OF tos important districts. Skilled and unskilled men 
in «il che principal shipyards of the country have had 
increases of 38. or 4s. a week, usually the latter 
Smouut, with equivalent advances on hourly and piece 
~~ re me = pig-iron mow and steel trades, in 

us Suctuations in wages depend on the selling price 
of pig-iron and manatncienel iron, there a tens 





increases under sliding-scales, with bonuses in several 
districts in addition. 





In the textile group bonuses or increases of various 
amounts have been granted to workpeople engaged 
in cotton-spinning, woollen and worsted manufacture, 
jute manufacture, and in bleaching, printing, a 
and finishing. Bonuses have been given to boot 
shoe operatives generally, and in a large number of 
cases they have also received an increase of ls. per 
week on minimum time-rates. In the transport 
trades dock labourers at most of the important ports 
have had incresses, usually of 1d. per hour, or 9d. or 
ls. a day, and carters generally have had advances 

ing from ls. to 4s. a week. Bonuses have also 
been granted by a large number of local authorities 
to their “3o“ Reference may also be made to 
increases or bonuses affecting pottery workers in 
North Staffordshire, workpeople in various metal 
trades in the Midlands, and employees of large firms 
in the food and other miscellaneous trades. Trades 
in which the upward movement has been less marked 
are the building, printing, and furnishing trades, linen 
manufacture and certain luxury trades. 





As regards the occupations for which 
the amounts of the increases or bonuses, but not exact 
figures of the numbers of workpeople affected, are 
known, it is estimated that approximately a total of 
over a million and half employees received advances 
of about 270,000/. per week. cluded in these totals 
is an increase of 2s. or 3s. per week granted to large 
numbers of agricultural labourers generally. Bonuses 
of amounts varying from about SOs. up to 70s. per 
month have been granted to seamen, and railway 
servants received a bonus of 2s. or 3s. a week in 
February. In the case of Government employees 
increases of ls. to 5s. per week, and 7} per cent. on 
piece rates, have been granted in His Majesty’s dock- 
yards ; tal servants with less than 60s. have been 
awarded 2s. or 3s. per week in the case of males, and 
half these amounts in the case of females ; and certain 
classes of workpeople in War Department establish- 
ments generally have had their rates of wages raised 
by amounts ranging from 1s. to 7s. per week. 

Apart, however, from the advances in rates of 
wages, many workpeople have received substantial 
increases in average weekly earnings owing to the 
large amount of overtime worked, the speeding up 
of piecework, ter regularity of employ- 
ment. No figures are available to show for all indus- 
tries the effects of this increase; but for certain 
trades returns are obtained from employers, givin 
particulars of the numbers of workpeople employ 
and the amount of wages paid in one week in each 
month. The average earnings deduced from these 
returns for recent months do not afford a strictly accu- 
rate comparison with those in July, 1914; for, though 
they cover as nearly as possible the same firms as in 
that month, they do not necessarily relate to quite the 
same workpeople. This qualification is of importance 
in view of the extent to which men of military age 
have been recruited and the varying degree in which 
they have been replaced by the employment of 
females and | young persons. When due consideration 
is given to these factors, however, it is apparent from 
such figures as are available that in many of the 
principal industries the increases in earnings have been 
considerably greater than those in rates of wages. 





The Board of Trade Labour Gazette states that 
retail prices of food advanced about 34 per cent. in 
the United Kingdom between September 1 and 
October 1. Apart from eggs, the price of which ad- 
vances seasonally at this time of the year, the largest 
increases were in the prices of tea and granulated 
sugar, which are affected by the Budget. The tea 
duty has been raised by 4d. per Ag =. and about 
70 per cent. of the returns showed that amount of 
increase in the retail prices ; advances of 2d. were, 
however, frequent, particularly in London and the 
Midlands. The increases recorded for granulated 
sugar were usually of 4d. per pound. Exoressed in 
percentage form, the average increase was 14 per cent, 
tor both tea and mater wees | sugar. 

Butter and milk advanced 7 and 5 per cent. respec- 
tively on the average, fish 4 per cent., and bacon 
3 per cent. Meat, bread, flour, cheese and margarine 
remained at practically the same prices as a month 
ago, and potatoes showed an average fall of 6 per cent. 

As compared with October 1, 1914, the general level 
of prices showed an increase of about 56 per cent. 
Tea was dearer by about 50 per cent.—9d. per lb., the 
increase in duty being 7d. Fish averaged over 40 per 
cent. dearer. © prices of meat, bread, flour, butter, 
and eggs showed increases varying from about 25 to 
35 per cent. Cheese was dearer by 20 per cent., and 
bacon, milk, and potatoes by about 15 per cent. 
Granulated sugar was only 7 per cent. dearer, and 
margarine showed a slight decline in price at October 1, 
1915, as compared with a year earlier. 

Taking all the articles together, and making allow- 
ance for their relative importance in working-class 


rticulars of | han: 





household expenditure, the average 

retail prices uf food since the beginning of the war 
may be put at about 40 per cent. is figure relates 
to food only, and in estimating the increased cost of 
living generally this increase must not be applied 
to the total family experditure, but only to that 
proportion which is expended on food. 


The official returns of retail food prices in Berlin in 
August, published in the Statistische Korrespondenz, 
showed a rise as compared with July in the case of 
ten out of twenty articles of food, the advances 
ranging from 0.7 per cent. for haricot beans to 7.9 per 
cent. for bacon, 8.2 per cent. for pork, 8.7 per cent. 
for butter, and 9.8 per cent. for lard. On the other 
hand, prices declined for lentils (11.1 per cent.) and 
potatoes (6.7 per cent.), the net result being that food 
prices in general were 3.3 per cent. higher in August 
than in July. 

Taking the prices in July, 1914—the last pre-war 
returns—as a basis, retail food prices in August, 1915, 
showed an advance of over 75 per cent. 


increase in the 








PgrsonaL.—The Council of the Surveyors’ Institution 
have nominated Mr. Howard Martin, past President, 27, 
. W.C., as the representative of the In- 
stitution on the Tribunal of Appeal under Section 176 
of the London Building Act, 1894, to fill the vacancy 
caused by the death of the late Mr. Herbert T. Steward. 





denite uced in Australia comes from 

and during 1913 more than half the world’s production of 
molybdenite ore came from the Commonwealth, so that 
— is no reason why the ey should not be = 
G) to a greater extent, seeing that y’s supplies 
to Sheffield have been cut off. In the year 1912 the 
output of molybdenite in was 102 tons 6 owt., 
of the value of 17,3492., as com with 99 tons 10 cwt., 
of the value of 13,278/., in 1911. In 1913 the output was 
only 57 tons 2 cwt., but the value was 16,1851. year 
1914, however, saw an enormous rise in value, but the 
output was much below that of 1911; 77 tons 15 owt. were 
produced, at a value of 838,190/. 


MOLYBDENITE IN QUEENSLAND.—Most of the molyb- 
ueensland, 





Tue Canapian Srrvation.—There has been little 
recovery at present in Oanadian industrial affairs. The 
two main causes of the depression which has prevailed 
during the last three years have undoubtedly the 
check given to railway enterprise by the completion of 
the great main lines which have been carried across the 

orth American Continent and the general shock to 
finance and business occasioned by the European war. 
The Grand Trunk—or, to s with more precision, the 
Grand Trunk Pacific—Railway has succeeded in at last 
reaching Prince Rupert, but it is a 33 hours’ journey 
from Edmonton to the last-menti town. An immense 

of country remains oneey to be opened up 
between the two points. All that has been done at 
t has been to run three trains week over the 
eavy section between Edmonton Prince Rupert. 
Ano So which has told upon recent 
transcontinental Canadian railway enterprise has been 
the dearness of labour. Interest oc have, at the 
same time, been increased by the delays which have 
attended the completion of the lines undertaken, large 
amounts of capital having been in consequence rendered 
unproductive for much longer periods than had been 
anticipated. Under all the circumstances it is tolerably 
clear that Canadian railway investors will have to exercise 
the virtue of patience to a consid extent, as what- 
ever may be the ultimate merits of the lines which have 
been _—— their development will ocoupy lengthened 
peri 





Tue Late LigvTENANT J. Gorpon Houiincswortu.— 
It is with great regret we announce that Lieutenant 
Jobn Gordon Hollingsworth, of the 10th Battalion of the 
Middlesex Regiment, was killed in the Gallipoli Penin- 
sula, on August 12. He was reported “ missing” some 
weeks ago, but it was only on Friday last, the 15th 
inst., that official announcement was made that he fell 
gallantly leading his men in an advance which took 
soon after the landing at Suvla Bay. Lieutenant Hollings- 
worth was one of those who early recognised the duty of 
all young men to prepare themselves to take in the 
defence of their country. As far back as 1 he joined 
tbe 10th Battalion .0.0.) Middlesex Regiment as 
Second Lieutenant. He served for four years, and then, 
owing to pressure of business, he retired. After the 
declaration of war he joined the 2/10th Battalion (D.O. 0.) 
Middlesex Regiment, being gazetted Second Lieutenant 
on February 2, 1915, and Lieutenant on July 1. He left to 
join the Mediterranean Expeditionary Force on July 18. 

ieutenant Hollingsworth was the second and only 
surviving son of Mr. Alexander T. Hollingsworth, 
one of the managing directors of Enoineerinc. He 
was born in 1884, and after leaving school was trained in 
engineering science and Ss at the Seafield Park 

niv 
wi 


— =~ College, at Uni i and in the 
or 


i ersity € 

of Plenty and Sons, Limi Newbury. 
Later he was en 
Bessemer and Co., 


in the works of Messrs. Henry 

imited, and, after some months spent 

on the Continent, he joined the staff of EnoingeRine, 
being later elected a director of “‘ Engineering.” Limited. 
He married, in 1912, Miss Lucy Hill, the hter of Mr. 
James Hill, R.1., by whom he had one daughter. Alto- 
gether seven mem of our staff are serving, or have 
served, in the forces of the Crown during the present war. 
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THE BROWNHOIST SHNABLE DRAG-LINE BUCKET. 
CONSTRUCTED BY THE BROWN HOISTING MACHINERY COMPANY, ENGINEERS, CLEVELAND, OHIO, U.S.A. 



































Fie. 2. Bucket Startine to Dic. 


AN interesting and patented form of bucket, in- 
tended for use in connection with drag-line excava- 
tion, is illustrated in the three figures above. It is 
known as the Brownhoist Shnable bucket, and is 
manufactured by the Brown Hoisting Machiner 
Company, of Cleveland, Ohio, U.S.A. he bucket is 
remarkably simple, and consists essentially of three 
main parts and two links. Its construction may be 
followed from Figs. 1 and 2. The three parts consist 
of the main shell a, the back gate b, and the pulling- 
bail c. The hoisting-bail d is rigidly connected to, and 
forms one part with, the back gate. The pulling-bail 
is connected to the back gate by a link on each side of 
the shell, while the pins on which the pulling-bail is 
pivoted work in bronze blocks, which can slide in 
slote formed on the main shell. These points are 
clearly shown in the figures, the letters referring to 
Fig. 1. 

The operation of the bucket may best be described 
by following through whe process of digging and 
dumping. » * shown in Fig. 2, the bucket is just 
starting to dig. The tension of the drag-line on the 
pulling-bail draws it forward, and, owing to the form 
of the cutting-plate at the front bottom edge of the 
shell, and also to the fact that the = is applied 
above the centre of gravity of the shell, the bucket 
digs into the ground and fills itself. It will be clear 
that this pull willdraw the bronze blocks carrying the 
pulling-bail to the front end of the slots, and as a 
result the side links will tem to close the back gate 
and keep it closed. This will be obvious from the 
relation between the links and the position of the 

ivot point of the back gate, as shown in Fig. 1. 
Dresing this action the tension on the lifting-rope is 
released. When the bucket is charged it is lifted 
swung round to the we the pull on the 
drag-line being maintained, so that the back gate is 
kept closed. To dump, the -line tension is released, 
with the result that the shell swings round on the 
ey ge pivots and empties itself from its back end. 
Fig. 3 illustrates the action more clearly and com- 


pletely than would much description. For the parts to 











Fic. 3. Bucket Dumpine Sticky Mareria.. 


take up the relative positions shown in this figure it is 
necessary that the bronze blocks carrying the pulling- 
bail should move to the back ends of the slots in the 
shell. The necessity for this movement is indeed the 
purpose of these slots. After dumping the shell 
automatically resumes its closed position and the 
bucket is ready to dig again. 

It will be clear that one of the advantages of this 
bucket is its simplicity. It is handled by the two 
single-part lines which are necessary for drag-line 
excavation, and no locking or tripping devices are em- 
ployed in connection with the gate. It lends itself 
to very robust construction and is easily repaired. 
The front section of the shell is removable and can be 
replaced, if worn, without the necessity of fitting an 
entirely newshell. A front cutting-plate of m ese 
steel is attached to the front of the shell, while this 
plate in turn carries teeth with removable points. All 
these parts can be individually replaced. To facilitate 
repairs all bushings are made from bronze and steel 
tu Spare tubing car be kept at hand on a 
job, and cut off to length as required, so that irs 
can be carried out without-returning the bucket to the 
shops. The bucket can dig equally well on an up-slope 
or down-slope, and in discharging it is found ible 
to dump to a range some 15 ft. beyond the end of the 
jib by taking advantage of the centrifugal force set up 
when swinging. A further point to be noted is that 
when dumping the load dropping out does not strike 
any part of the bucket or ropes. desired, the bucket 
can be lowered on to its bottom before dumping. 
This allows cars to be loaded without any possibility 
of damage to them from the falling load. Fig. 3 
shows the bucket dumping in the ordinary way, and 


and | illustrates how completely it empties itself of — 


material. It is, however, equally adapted for hand- 
ling rock, and a skilful operator can pick up a piece 
considerably larger than the bucket itself by clamping 
it between the pulling-bail and the digging ed, 
When this is done front dumping has to be employed. 
The bucket has been in use for five years digging on 
the Calumet-Sag and North Shore Channels of the 





Chicago Drainage Canals. The material largely con- 
sisted of a thin covering of soil on a glacial conglome- 
rate of sand, gravel, and boulders, cemented with clay. 
Below this there is a hard pan, the colour of bluish 
clay, and full of pieces and ledges of limestone, while 
at the bottom was limestone rock, which had to be 
blasted. It is stated that the Brownhoist Shnable was 
the only drag-line bucket which could successfully dig 
the material and stand up to the work. The bucket is 
built in capacities of from 1 to 34 cubic yards. 





TRADE IN New SourH Watses.—The oversea imports 
during June, 1915, were valued at 2,126,970/., and showed 
a decrease of 337,330/., or 13.7 per cent., as compared 
with the ee pee | month of last year. The total for 
the year 1914-15 was 27,439,091/., a decrease of 6,078,024/., 
or 18.1 per cent., in comparison with the figures for 1913-14. 





American [non Ong.—The amount of crude iron mined 
in the United States last year is returned by the United 
States Geological Survey at 49,439,761 tons, compared with 
61,980,437 tons in 1913, showing a falling-off of 12,540,676 
tons, or 33.14 per cent. The quantity of ore shipped from 
the mines and marketed last year was 39,714,280 tons, 
valued at 71,905,079 dols., as compared with 59,643,098 
tons, valued at 130,905,558 dols. @ average price of the 
ore mined last year was 1.81 dols. per ton, as compared 
with 2.19 dols. per ton in 1913. The uction by States 
last year was :—Minnesota, 21,946,901 tons, as compared 
with 38,658,793 tons in 1913 ; Michigan, 10,796,200 tons, 
as compared with 12,841,093 tons; Alabama, 4,838,959 
tons, as compared with 5,215,740 tons; Wisconsin, 
886,512 tons, as compared with 1,018,272 tons ; and New 
York, 785,377 tons, as compared with 1,459,628 tons. No 
other State produced 500,000 tons last year. The Minue- 
sota ranges are still producing more iron ore than is 
yielded by the rest of the erican States all put 
together, having furnished 52.96 per cent. of the total 
eg in 1914, as compared with 62.37 per cent. in 1913. 

he uction of pig-iron in the United States last yoar 
was 23,332,244 tons, as compared with 30,966,152 tous in 
1913. This decrease was less than the ne of 
decrease in ore production, showing that ore mined, 
although of relatively smaller tonnage, was of a higher 
grade than the average for 1913, 
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DIRECT-READING TACHEOMETER. 
CONSTRUCTED BY MESSRS. THOMAS COOKE AND SONS, LIMITED, ENGINEERS, YORK. 
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THE object of tacheometry is the rapid determina- 
tion of horizontal distances and differences in level. 
As ordinarily conducted, tacheometric practice in- 
cludes the measurement of vertical angles, from a 
knowledge of which the distance readings may be 
reduced to the horizon. This reduction involves 
tedious trigonometrical calculations, and although 
tables and scales are in use for minimising the time 
and rendering the calculations more mechanical, much 
labour still remains. 

An instrument with which heights and distances 
are determined directly, and require no reduction, 
has recently been constructed by Messrs. T. Cooke 
and Sons, Limited, York, to the designs of Professor 
H. H. Jeffcott, of the Royal College of Science, Dublin. 
Although with this instrument both the horizontal 
distance and the vertical difference in level are 
obtained directly without calculation, the readings 
to be taken in the field are fewer and simpler than 
those necessary with other types of tacheometer. 
Nevertheless, the accuracy obtained is, it is claimed, 
not less than that given by the usual stadia theodolite. 

As is well known the ordinary tacheometer is a 
theodolite with cross-wires or rulings, at a fixed dis- 
tance from one another, in the focal plane of the object- 
glass. When a vertical graduated staff is viewed 
these cross wires make an intercept on the staff. The 
magnitude of this intercept, multiplied by a function 
of the angle of inclination of the telescope, gives the 
horizontal distance of the staff position. Likewise 
the vertical difference in level is obtained by multiply- 
ing the intercept made on the staff by another func- 
tien of the angle of clevation or depression of the 
telescope. Thus the measurement of the vertical 
angle is merely a means to an end, and in the instru- 
ment under review this measurement is entirely 
obviated. 

The essential feature of the direct-reading tacheo- 
meter consists in making the cross-wires movable 
relatively to one another, and controlling this move- 
ment so that their distance apart alters automatically 
with the angle of tilt of the telescope in such a manner 
that the intercept on the graduated staff multiplied 
by a constant (say 100) gives the horizontal distance, 
whatever be the angle off tilt. Another pair of cross- 
wires likewise have their spacing altered with the 
sogle of tilt, so that for all angles the staff intercept 
between these multiplied by a constant (say 10) gives 
the difference in vertical height. Reduced to ite 
s'mplest form, only three cross-wires are necessary— 
viz., one fixed at the axis, one movable for horizontal 
Cistance meaeurement, and another movable for the 
measurement of vertical height. The distances of 
‘he two latter cross-wires from the axial wire are 
automatically controlled to give the appropriate 
spacings. To reduce the arithmetical work to a 
‘inimum, the telescope is provided with an analattic 





























lens, so that no constant has to be added to distance 
measured on the staff. 

Professor Jeficott has proposed to arrange the field- 
book used with this tacheometer as follows :— 





Tacheometrical Survey of Date 
Position of instrument—No. of station os 440 
Height of station above datum Il... -- 874.2 H+h 
Height of centre of instrument above station Pc +A 
bench markA .. a o ¥ oS - = 878 7 
Horizontal angle of magnetic north .-38dg. 45 m. 
. 2 : . 
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2 6 20) 7.46 4.00 2.18 4.46)/-1.82 346 356 5 — 
3 (24% 36) 8.58 5.00 3.66 358)-1.34 358 360.3 | Station 
441 
4 |280 25) 10.63 4.00 7.27 6.63) 3.27 663 407 4 _ 


At the top of the page the particulars of the instrument position 
are ente Then the first five columns contain the observations 
recorded for each staff position. Columns six and seven are the 
calculations. Columns eight and nine are the distance and height 
referred to datum. To obtain the distance it is necessary merel 
to subtract the reading m from the reading | and multiply the 
result by 100. The height above instrument level is obtained by 
subtracting (algebraically) the reading m from ten times the dif- 
ference (n -— m). 

The mechanism by which the ends above described 
are attained is illustrated in Figs. 1 to 8, above. 
From the general arrangement, Figs. 1 to 3, it will be 
seen that in appearance the instrument resembles an 
ordinary transit theodolite deprived of its vertical 
circle. The horizontal circle has, however, its verniers 
placed so that one (see Fig. 5) is near the eye end of 
the telescope, and can accordingly be with a 
minimum of trouble by the surveyor. This vernier is, 
moreover, designed to be read to 5’ only, this being as 
high a degree of accuracy as is desirable in a tacheo- 
metric survey. For special use, however, a second 
vernier reading to 30’ is provided, as indicated near 
the top of Fig. 5. As shown in Fig. 4, the cross- 


wires generally used are replaced by needle pointe. |} 


This view also shows the ap of the staff whilst 
being read. The readings shown are respectively 
1.14, 0.74, and 0.54, so that the horizontal distance of 
the staff is 100 x (1.14-—0.74) = 40 ft., and the differ- 
ence in level is 10 (0.74 — 0.54) — 0.74 = 1.26 ft. 

Of the three needles shown in Fig. 4, the central 
one is fixed, and each of the others is mounted on the 
end of one of two levers pivoted to the body of the 
telescope, and abutting at their other ends on one or 
other of the two cams, shown in Fig. 6. The levers 
are forced agairst this cam by a spring, as best seen in 













"Lever 
er aren 
Fig. 7. As the telescope is tilted up or down, the 
levers are carried round with it, the cam surfaces 
being cut so that the spacing between the needles is 
correctly adjusted to the tilt of the telescope axis. 
As shown in Fig. 8, the horizontal needle is on the 
same side of the telescope as the fixed needle and 
below it, whilst the height needle is on the opposite 
side, and can be traversed past the fixed needle. 

The cam surfaces are protected from dirt and injury 
by a cover, which is shown in place in Figs. 1 and 2. 

he cams have, moreover, a sensitive level securely 
fixed to them, as indicated in Figs. 1 and 2, so that 
the accuracy of the cam position relatively to the 
telescope can be checked from time to time by noting 
whether the telescope-level and the cam-level are in 
agreement. Adjustments are provided for securing 
the coincidence of these, and he for correcting the 
positions of the needles in caseof injury. These latter 
adjustments are best seen in Fig. 7. 
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Tue Suppty or Exxcrriciry To Denmark.—The trans- 
mission of electric energy from the power-station at 
the Lagan Falls, in Halland, Sweden, through a cable 
under the Sound, to Sealand, Denmark, will soon 
an established fact. The war has retarded the instal- 
lation, there being an embargo against the cable bei 
exported from Germany, but the necessary amount 
copper to effect an exchange bas in the meantime been 
obtained, and the cable has arrived at Helsingborg, from 
close to which town it will leave the Swedish coast. 
To begin with, the transmission is more in the nature of 
an experiment, and the current will only be distributed 
within a ae small area ; after two years’ satis- 
factory working, another cable will be laid, and a much 
larger district included in the supply, which is being 


Y | taken by the North Sealand Electricity Company. 





Lonpon Docks.—A bridge connecting the u floors 
of the north and west quay sheds of the London Docks 
has recently provided. An elevator and mechanical 
conveyor, for conveying rubber from the north quay of 
the import dock to the rubber vaults, is being installed. 
With a view to providing the best possible north light- 
ing, new skylights have fixed in the showing floors 
of K, F, G, and wool warehouses. A concrete dam 
across @ disused old lock between the eastern dock and 
Shadwell basin is being constructed to take the place of 
old lock-gates which are worn out. It may be noted that 
the southern half of the old buildings known as the Grain 
Ramps is being rebuilt; this will have the effect of add- 
ing 24 acres to the shed accommodation. At the Surrey 
Commercial Docks a shed, 336 ft. long and 214 ft. wide, 
has been erected at Albion Yard, and improvements for 
the wood trade have been carried out. A shed, 280 ft. 
long by 168 ft. wide, removed from the Royal Albert Dock, 
2s been re-erected at Norway Yard. A single-storey 
shed, 385 ft. long ~ 100 ft. wide, is being erected at 
Brunswick Yard. ingle-storey sheds, with nece 
crane rails and roads, in the occupation of the Cu 
Company at the Greenland dock have reached a forward 
stage. At Tilbury Docks additional steam-raising plant 
has been provided at the hydraulic and electric stations, 
in order to meet an increased demand for power. A pair 
of inner lock-gates at the inner lock have been con- 
structed and fixed in position. A single-s shed, 
360 ft. long by 120 ft. wide, with railway and access, 
has been constructed at the north end of Tilbury Decks 
for the War Office. 
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NOTES FROM THE UNITED STATES. 
PHILAVELPHIA, October 6. 

ConTINUED activity prevails in munitions ; most of 
the new business is for 1916 delivery. Information as 
to coutracte actually placed does not reveal all that is 
going on. The Mo house placed orders for 
75,000 tons of blooms for shipment to France ; orders 
are seeking acceptance to-day for 25,000 tons of steel 
bars, blooms, and billets for export; steel bars for 
shells are 2.75; for other purposes, 1.40 ; iron bars, 
1.45 to 1.50 cents per lb. The Lackawanna has booked 
one order for 35,000 tons, deliveries to start at 1800 
tons a month. 

France is negotiating for enormous quantities, to 
be delivered after March 1, which will be distributed 
among many mills; rumours of other large orders 
for Russia, Italy, and England prevail. All the 
steel is being made that can be made with existing 
facilities. Some rumours prevail of a further expan- 
sion of steel-making capacity. Steel-making grades 
of crude iron are, of course, strong and active. 
Bessemer pig for export to France will probably reach 
25,000 tons. Large foundries engaged in manufac- 
turing railroad supplies are now coming into the 
market; engineering plants making machinery are 
also renewing inquiries. Cast-iron-pipe makers have 
been liberal Eesers this week. Sheets, except galva- 
nised, have advanced 2dols. Negotiations are under 
way with England for over 100,000 tons of barbed wire. 

‘At present the mills are filled with orders to the end 
of the year. Italy is a heavy buyer of blooms, ingots, 
billets, crop-ends, and any kind of steel that can be 
shaped into shells and shrapnel. It is said these 
inquiries aggregate 100,000 tons. Whatever the 
aggregate requirements are, they are enormous, and 
their delivery will run far into 1916. Pig-iron for 
steel is on the point of another advance—moderate 
when account is taken of the pressure. Increased 
shipments of manganese from England are anxiously 
awaited ; price 100 dols. to 115 dols. Domestic re- 
quirements have-at last begun to assume normal pro- 
portions, and the long-absent railroad factor is assum- 
ing prominence, with resulting upward tendency in 
prices. Latest crop reports indicate higher produc- 
tion than was previously announced. Extensive ship- 
mente of motors are under way. Plates are advancing 
under Lake shipyard inquiries, but at present the 
extent of these requirements cannot be known. 





Tue AssoctaTiIon or EnNoinegrs-1n-Cuarce.—Mr. 
Frank Bailey, M. Inst. C.E., President of the Associa- 
tion of Engineers-in-Charge, delivered an address on the 
13th inst. on the occasion of the opening of a new session 
of the association. He gave an historical review of the 
development of propellants and explosives, and dealt 
with the effects of the new powders. He also touched 
upon the part which the members of the association were 
taking in the present iod of crisis, and on that which 
they would still take when it came to a close. 





LANTERN-SiIpDES FOR LecturEs.—Messrs. Ed. Bennis 
and Co., Limited, inform us that they have a large 
number of lantern-slides dealing with the development 
and present practice in connection with automatic 
stokers, coal-elevators and conveyors, &c., which they 
will be pleased to loan to any responsible engineer for 
lecture ——- A list of the slides and particulars of 
their subject-matter can be obtained on request. Appli- 
cation for slides should be made as far in advance of 
the lecture date as pai and should be addressed 
to Ed. Bennis and ., Limited, 28, Victoria-street, 
London, 8. W. 





Tux Srrenectu or Osram Lamps.—The General Elec- 
tric Company, Limited, London, send us a copy of a letter 
sent to the Osram-Robertson Lamp Works, Hammer- 
amith, London, W., according to which, on the night of 
Jane 4 last, a house was struck by a shrapnel b 
thrown from a —_——- and so far wrecked as to render 


it unsafe to dwell in. Two years > we house was 
fitted with electric light dovedewh, when a dozen of the 
company’s 32-candle-power metal-filament lamps were put 
in; these had been in use constantly up to the time of the 
air raid. After the house had been struck, and in the 
course of the removal of the furniture on the followi 
day, every lamp was found sound; they were remov 
from the fittings and were stowed away with the furni- 
ture. They were absolutely intact, though the opal 
shades were smashed to fragments. 





University Cotieck CaLenpar.—The new calendar 
just issued by University College, London, bears evidence 
that this institution well deserves its name, the courses of 
study provided for being truly vatholic in character. 
This is shown even in section devoted to applied 
sciences. The branches of we provided for in- 
Ce ee hE ee 
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THE NEW EXTENSION TO THE 
LIMEHOUSE POWER-STATION. 
THE power-stations of the Stepney Borough Council 
sell more electricity than any other municipal und i 
in the Metropolis. Inaugurated in 1899, the demand 


increased s ily up to the outbreak of the war, requiring 
great additions to be made to the original plant. In 1912 
a further addition was decided on, Mr. W. C. Tapper, 


the council’s electrical engineer, was instructed to pre 
plans for very large extensions at the Blythe Wharf 
va se the first ——— to consist K. Fy Be gam: 
turbo-generators, wi e necessary auxi- 
liary plant. It was intended that this work should have 
been completed in the summer of last year, but the out- 
break of the war delayed the opening of the extension 
until last week. Fortunately, from the station engineer’s 
standpoint, the considerable reduction in the demand for 
lighting current has prevented the load overtaking the 
supply. 

_ months, however, the demand for current 
for power has increased very rapidly. The horse-power 
of the motors connected to the mains was 13, in 
1912, 15,797 in 1913, 17,821 im 1914, and 21,623 on 
September 30 last. The units ted have increased 
from 10 millions in 1910 to 21 millions in the last 
financial year. The new buildings have been executed 
in ferro-concrete. The four new water - tube boilers 
have been supplied by Messrs. Howden, Glasgow. Each is 
rated to furnish 33,000 Ib. of water per hour at 200 Ib. 
pressure, and has 190 sq. ft. of grate area. The auto- 
matic stokers were provided by the Underfeed Stoker 
Company. The feed-water is ae ang by a turbine-driven 
—_ pump made by Messrs. G. and J. Weir, of 

lasgow. 

The two 5000-kw. Zoelly steam-turbines have been 
built by Messrs. Escher-Wyss, Ziirich, and are coupled 
to Brown, Boveri three-phase generators furnishing 
current at 6600 volts. The sets are capable of taking 
an overload of 25 per cent. for a period of two hours, and 
50 per cent. overload for half-an-hour. The speed of 
revolution is 1500 per minute. With a stop-valve 
Pease of 180 lb. per sq. in. and a superheat of 120 deg. 

‘abr., a steam consumption of 13.31 lb. per kilowatt-hour 
at unit power factor guaranteed. The surface 
condensers of the two turbines are interconnected, so that 
in case of ape both sets cin exhaust into either 
condenser. condenser has 10,760 sq. ft. of cooling 
surface. The cireulating air-pump and condensate-extrac- 
tion pumps are all of the centrifugal type. The impellers 
are all mounted on the one shaft, which runs at revo- 
lutions per minute. The air supply for cooling the alter- 
nators is — through a Heenan and Froude air-filter, 
capable of cleaning 25,000 cub. ft. of air per minute. 
For handling heavy parts in the works a 50-ton electric- 
ally driven crane has been provided by Messrs. Stothert 
and Pitt, of Bath. 





Tue Port or Lonpon.—Shortly after the inception 
of the Port of London Authority a survey was made of 
the general condition of the undertaking, and upon this 
examination it was provisionally estimated that 729,044/. 
would be required to secure satisfactory efficiency. Down 
to the close of March, 1914, 406,918/. had been expended 
on account of the mme which had been drawn up, 
and the whole of this amount has been liquidated out of 
revenue. In May, 1914, after a further exhaustive survey, 
the chiet engineer reported that, in addition to the 
406,918/., an outlay of 434,338/. was necessary. The 
Authority sanctioned, in the early part of 1914, works 
involving an expenditure of 145,435/., but, owing to the 
war, age oye been retarded. The further outlay 
made to the close of March, 1915, was 30,159/. 





SoANDINAVIAN SHIPBUILDING ENTERPRISE.—The un- 
ented boom in shipping very naturally has called 
orth fresh initiative in the shipbuilding industry, and 
extensions of existing yards, besides the erection of 
some new ones, are in progress. It looks as if the present 
conditions were likely to continue, judging from the plant 
several firms are F pny J down and the ‘iness with 
which fresh capital has been forthcoming. One of the 
most notable extensions is that of the old Ericksberg 
Yard at Gothenburg, which, under the new régime, is 
likely to become an establishment of importance. It 
has now passed into the hands of_the large Brostrém 
shipping concern, of which Mr. Dan Brostriém, the 
Swedish Naval Minister, is the leading spirit. The yard 
has just secured from the city of Gothenburg a long-term 
lease of an additional site, on which will be constructed 
three slips, respectively for vessels of 17,000, 12,000, and 
4500 tons. These new slips will be equipped with entirely 
modern electric t. In the centre of the new site 
will be constructed a station for hydraulic and pneumatic 
machinery. A well-equipped platers’ shop, 70 metres by 
70 metres, will be constructed. The old yard will be re- 
served for repairs and for the building of small steamers 
such as the yard has supplied for a number of years. A 
new floating dock was brought into use in May res 
and has since been exceedingly well employed, the 
construction of a large new floating dock, 
accomm largest vessels likely to be built at 
the yard, has decided u The new yard has 
received, asa first order, one for a 7500-ton steamer for 
the Swedish America-Mexico Line, followed by half-a- 
dozen other vessels. In Norway, the shipbuilding activity 
is even greater, and a numberof yards are their 
ae to meet the demand for new vessels. us the 
leriketad Yard is constructing a slip, 475 ft. long, 
where vessels up to 12,000 tons can be built, and one of 
the old slips is boas 80 as to be to accom- 
b. 


capable of | bars 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—The upward tendency of 
the early part of last week was continued in the pig-iron 
market Thursday forenoon, when 3500 tons oP eve- 
land warrants were dealt in at an advance of 3d. per ton 
over the previous day’s prices. For cash closing sellers 
were quoting 65s. 6d. per ton, and for one month 66s. 104d. 
In the afternoon a further advance was recorded, the 
transactions amounting to 4000 tons, for which 66s. 74d. 
was paid cash, and 66s. one month. Closing sellers were 
1d. per ton over these prices, with 66s. 9d. three months. 
The following morning & sharp reaction took place, and 
down to 65s. was offered for cash warrants. One month’s 
iron, after being done at 65s. 104d., dropped to 65s. 6d. 
—a decline of . per ton from Thursday. A business 
of 2500 tons was dealt in, and at the close the quotation 
for cash sellers was 65s. 2d. and 65s. - one month. 
Although little business was done at the afternoon ses- 
sion, the market was decidedly firmer, and 65s. 64d. one 
month was paid for one Cleveland warrant. which was 
the only transaction, and closing sellers were quoted at 
65s, 3d. per ton cash and 65s. 7d. onemonth. On Monday 
morning prices were strong, and the tone of the market 
again firm. The transactions amounted to 1500 tons of 
Cleveland warrants, and after being done at 65s. 3d. 
cash, closing sellers were quoted 65s. 6d. cash and 
65s. 10d. one month, with 65s. 5d. four days. Good 
business was done in the afternoon, 66s. 04d. being realised 
for one month’s iron and 66s. 7d. three months. At the 
close sellers’ quotations showed an advance of 6d. per ton 
over the day's proceedings—65s. 9d. cash, 66s. 14d. one 
month, and 66s. 9d. three months. Quietness prevailed 
in the market yesterday (Tuesday) forenoon, and although 
no cash iron was dealt in, the price for one month was 
firm at 66s., and 1000 tons changed hands at this figure, 
with sellers over at the close. Cash sellers’ closing price 
was 65s. 74d. Business was a trifie dull in the afternoon, 
500 tons being all that was recorded, and at the close cash 
sellers had dropped 4d. per ton from the morning. At 
this morning’s market the tone of Cleveland warrants 
was steady, a rather hardening tendency being notice- 
able. The transactions amounted to 2000 tons. which 
up to 65s. 8d. cash, 66s. one month, and 66s. 74d. 
three months. At the close sellers were quoted at 
65s. 94d. per ton cash, 66s. 14d. one month, and 66s. 9d. 
three months. At the afternoon session the hardness 
continued, and 2500 tons were dealt in at various odd 
dates, including 66s. 1d. per ton fifteen days and 66s 
twelve days. Closing sellers’ quotations were 65s. 10d. 
per ton cash, 66s. 24d. one month, and 67s. three months. 


_ Sulphate of Ammonia.—Sulphate of ammonia, which is 
in excellent demand, still remains at the higher figure 
reached last week ; 15/. per ton for prompt delivery 
Glasgow, and 15/. 2s. 6d. for prompt delivery Leith. 


Scotch Steel Trade.—While the greatest activity still 
prevails in every department of the steel-making estab- 
lishments in the West of Scotland, mainly, of course, on 
Government account, the shell-bar mille are being so 
severely taxed that they are practically unable to cope 
with the demand for this class of steel. Although 
the output is being taken up as quickly as it is pro- 
duced, this still falls far short of the necessary require- 
ments, and everywhere the cry is for greater and more 
abundant supplies. The demand for light plates and 
sheets continues heavy, and while much of this is re- 
quired for the home market, the French Government 
is a steady customer, whose constant demands cannot 
easily be supplied. Besides this, eteel-makers find it 
increasingly difficult to deliver the sections] material 
required for ordinary constructional work and for ship- 
building. All things taken into consideration, the specifica- 
tions for heavy Plates are not forthcoming to any great 
extent, and yet for these fairly reasonable delivery could 
easily be guaranteed. However, it is daily becoming 
more evident that all ordinary mercantile business must 
be set aside, so that the demands of our own and the 
Allied Governments can be satisfactorily dealt with. 
Meantime, every available machine is being run to its 
utmost capacity, and more plant could only be laid down 
were it ible to secure a greater amount of skilled 
labour, the want of which is still one of the most im- 

b blems which manufacturers have to face. 
iler - plates still run from 10/. 10s. to 11/. per ton; 
ship-plates, 102. to 10/. 10s.; and angles from 10/. 10s. 
to 11/. 10s.—or more in exceptional cases—all less 24 per 
cent. discount for prompt delivery, Clyde or equal. 


Malleable-Iron Trade.—Orders for malleable iron are 
still coming well to hand, and both in the iron and steel 
departments ers are actively employed, alike with 
Government work and with that for private customers, so 
much so that it would be practically impossible for any of 
them to accept further inquiries in the meantime. Owing 
to the high rates being charged for raw material im- 

from America the prevailing prices for the steel 
—— are _—— firm. This advance may be 

accounted for by rise last week of Staffordshire 
bars, which, at 12/. 10s. per have now reached the 
highest level touched for fully forty years. ‘* Crown’ 
for prompt home delivery are still quoted 11/. 5:. 
to 111. 10s. per ton, less 24 per cent. discount, the export 
price being round about 11/. per ton. 


Scotch Pig-Iron Trade.—Little change has taken place 
in the Scotch pig-iron trade, the only local feature 0! 
note being that prices are a trifle stiffer, in s »me cases 
1s. having been added during the past week. Although th: 
home demand is good and orders fairly plentiful, the ex 


a heavy, and is likely to remain so unti! 
freight conditions rule once more. In order t 
attract buyers, some makers 


have lowered their prices fo: 
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inary qualities, but with what effect it is still difficult 
ry Hematite is in great demand locally and the 
price is well maintained, 5/. 5s. per ton being quoted. 
The blast-furnaces in operation in Scotland suill remain 
the same—seventy-two—which is five in advance of the 
same datea year ago. The market quotations for makers’ 
(No. 1) iron are as follow: —Clyde, 84s, 6d. per ton ; 
. Calder, Gartsherrie, Summerlee, and Langloan, 85s. (all 
shipped at Glasgow); Eglinton, 80s., ——e 85s. 
(both at Ardrossan); Dalmellington, 81s. (at Ayr); Shotts, 
85s., and Carron, 863. (both at Leith). 





Munitions oF WaR.—The secretary of the Iron and 
Steel Institute states that he has received a letter from 
the Comptroller of Munitions Invention ae 
drawing the attention of the members of the Institute 
to the fact that an advisory panel of scientific and other 
experts, appointed by the mister of Munitions, is 
assisting the Munitions Invention Department in the 
task of dealing with the large number of inventions that 
have been and are being received, every one of which is 
given consideration by the panel. This body is glad to 
consider also suggestions with regard to simplification 
and improvements either in the manufacture or in the 
materials of existing munitions, or, indeed, in any other 
respect. 





Bou.ton anD Watr Co.iEection.—The e collec- 
tion of models, drawings, and manuscripts d with 
the work of James Watt, gathered together by Mr. 
George Tangye and presented by him to the city of 
Birmingham, is to be formally opened to-day by the 
Lord Mayor, Alderman W. H. Bowater, J.P. The col- 
lection is now housed in a special room in the public 
library in Ratcliff-place, where it will be open to inspec- 
tion by the public. The whole engin world is much 
indebted to Mr. Tangye for having collected and pre- 
served these valuable and interesting relics, which many 
engineers have seen in the Watt museum at Messrs. 
Tangye’s Soho Works, where they were kept under the 
able curatorship of Mr. R. H. Kirton. is action in 
presenting them to Birmingham, the scene of Watt's 
great labours in the perfection of the steam-engine, 
greatly increases our indebtedness, and we imagine that 
few engineers will fail to avail themselves of the oppor- 
tunity of inspecting these relics when visiting Birming- 
ham. Although nothing less could have been expected 
of a city that has benefited as Birmingham has by Watt’s 
inventions, its citizens are nevertheless to be congratulated 
on the fact that their municipal authorities were able to 
appreciate the true value of Mr. Tangye’s gift—a degree 
of wisdom not always found in such bodies. 





New Karte. ARRANGEMENTS IN THE GERMAN Bar- 
Iron AND RoLtEp-WirE INDustTRY.—For some weeks 
the demand for various ‘‘B” products within the German 
iron industry, notably as regards bar-iron and rolled wire, 
has fallen off, and there has been a tendency to get below 
the existing minimum price of 140 marks per ton. 
Endeavours have for some time been going on to consoli- 
date matters within these branches through a closer 
combine and more stringent price regulations than the 
somewhat loose agreements hitherto in force, more espe- 
cially a reduction of the output of bar-iron and rolled 
wire was aimed at, and these efforts have now led to the 
desired end, albeit the a ments only apply to a 
ane of six months. On October 2 a joint meeting was 

eld of the Bar-Iron and Rolled-Wire Conventions, and 
not only were they prolonged until March 31, 1916, but 
the conventions were placed on a broader basis. T 
quantities to be sold were upon, as was also the 
business allotted to the different works. Penalties were 
agreed upon and other steps taken to ensure the condi- 
tions of the agreement being carried out. The works are 
at liberty to sell at a minimum price of 140 marks to the 
end of March, 1916, although the sale of the first quarter 
of next year was not officially given free. im- 
runt See who were formerly decided opponents, 
2ave joined the conventions, but one large concern is 
understood to have kept aloof. 





Tux Cottarse oF THE NavEN RADIOTELEGRAPHIC 
Tower.—When the upper part of the big skeleton tower 
of the radiotelegraphic station at Nauen, near Berlin, 
collapsed in a gale in 1911, Professor Eichhoff selected 
specimens for examination. In the Zestschrift des 
Vereines Deutscher Ingeniewre of July 17, 1915, Dr. R 
Loebe described and illustrated the results of part of this 
examination, concerning an angle-iron and an anchor eye- 
bolt of a stay-wire. The most curious case is that of the 
angle-iron, which had sides 60 mm. wide and 6 mm. thick. 
A piece of this iron, 20 em. long, which had been fixed 
vertically, looked flattened out and badly distorted, and 
there were six roughly parallel cracks across the external 
edge, each opening out wide like a mouth. part 
apparently first been bent over one way and then, as the 
structure fell, bent over the other way ; the material was 
gocd, and there was no evidence of unsuitable treatment. 
Che eye-bolt was interesting, because it was believed to 
have been the part which gave way first, and thus to have 
caused the disaster. The upper of the eye had 
- con reg and ete Sp —_ The steel of 

5S bolt it was quite and sufficiently strong ; 
hut chemical and metallographic analysis omed to 
‘nacate that the material had ran short in forging the 
iaforior shee, oxmcedingty rok te plaapiorce (OTS oer 

erior steel, ex ingly rich in 8 (0.7 
o at ), on to the bolt, This work Lagreey had not bien 
‘ily done ; for no weld seam could be discovered, and the 
“ture had taken place in an apparently homogeneous 
al. The examination supports the belief that this 
: bolt was in the first instance responsible for the col- 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippLEsBRoucH, Wednesday. 
The Cleveland Iron Trade.—There is a steadier feeling 
in iron-trade circles, and prospects are better. juc- 
tion is taken up as it comes on the market, and the 
statistical situation is very strong. There are now 67 
blast-furnaces in operation on the North-East Coast, of 
which 29 are making Cleveland pig-iron, 26 are 1 
hematite, and 12 are manufacturing special kinds of iron. 
A fair amount of business in Cleveland pig-iron has been 
put through this week. No. 3 g.m.b. has c : 
at 663. to 663. 6d., and is now firm at the latter quotation. 


+| No. 1, which is etill very scarce, is quoted up to 71s. ; but 


that is more than local consumers will pay, and they are 
buying and using No. 3 instead of the superior —_ 
No. 4 foundry is now 66s.; No. 4 forge, 653. 6d. ; and 
mottled and white iron, each 65s. 


Hematite Iron.—V satisfactory and encouraging 
accounts are given of the hematite branch. There are 
substantial inquiries in the market both on home and 
Continental account, and further heavy sales are confi- 
dently anticipated. Producers report that they have 
practically no stocks, and under such favourable condi- 


tions it is not surprising to hear rumours of contemplated | i 


increase of output by the blowing-in of furnaces that are 
standing i The minimum quotation for Nos. 1, 2, 
and 3 is 110s., and, indeed, some makers are not disposed 
to commit themselves to any extent at that figure, 
believing that by holding off for a little while “= will 
be able to command an even higher price. Up to 115s. is 
asked by certain firms, and a sale to France is reported 
at 1lls. 6d. f.o.b. Middlesbrough. 


Foreign Ore.—Great firmness continues to characterise 
the foreign ore trade. Some fear is entertained by 
consumers as to the likelihood of deliveries being main- 
tained, and they are anxious to arrange for supplies 
to the end of the year, but they hesitate to pay the 
forward rates demanded. [For early delivery market 
quotations are based on 33s. ex-ship Tees for Rubio of 
50 per cent. quality. Sellers are prepared to contract to 
the end of the year on the basis of 34s. 6d. for best Rubio, 
bub that is more than consumers will give. Freights, 
Bilbao-Middlesbrough, are 17s. 3d., a figure that appears 
to be attracting tonnage. Imports of foreign ore to the 
Tees to date this month amount to 77,347 tons. 


Coke.—Coke is steadier, with a strong tendency to 
firmness, notwithstanding ts of increased output. 
There are a fair number of inquiries in the market for 
local consumption, and average blastfurnace Durham 

ualities are in the neighbourhood of 25s., delivered at 

'ees-side works. 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are being steadily drawn upon. Very little Cleveland or 
hematite pig is lying at makers’ yards. The quantity of 
No. 3 Cleveland in public warrant stores here now stands 
at 134,088 tons, 4912 tons having been withdrawn so far 

is month. Shipments of pig-iron from the Tees to 
date this month average 1550 tons per working day, the 
total despatches amounting to 26,440 tons. To the same 
date last month the loadings were returned at 14,436 tons, 
or a daily average of 850 tons, and for the a 
part of October last year the clearances reached 32,63! 
tons, or an average of 1920 tons per working day. 


Manufactured Iron and Steel.—Government work con- 
tinues to monopolise the finished-iron and steel works. 
commercial orders, 
even at considerable premiums. Quotations all round 
are very strong. Iron bars, iron ship-angles, and iron 
ship-rivets have each been advanced by 10s. per ton, and 
further upward movements in quotations for other descrip- 
tions are looked for. Common iron bars are 12l, ; best 
bars, 12/. 7s. 6d. ; best best bars, 12/. 15s. ; best best best 
bars, 13/. 23. 6d.; packing-iron (parallel), 82. 10s.; packing- 
iron (tapered), 91. 15s.; iron ey 10/, ; iron ship- 
angles, 12/.; iron ship-rivets, 13/. 10s.; steel ship-plates, 
10/. ; steel ship-angles, 9/. 15s.; steel strip, 10/. 15s. ; steel 
hoops, 111. ; steel joists, 107.; heavy sections of steel rails, 
91.; and si railway sleepers, 107. 10s.—railway material 
net, and all other descriptions less 24 per cent. 


Trade Statistics.—The quarterly returns of the Middles- 
brough Chamber of Commerce just issued show that, at 
the end of September, of 77 blast-furnaces built within 
the port of Middlesbrough 43 were in operation. At the 
same date a year 47 were working. The production 
of pig-iron at Middlesbrough last quarter is given at 
533,000 tons, of which 247,000 tons were Cleveland ig 
and 286,000 tons hematite, spiegel, basic, and ot 
special irons. For the previous three months the output 
was 536,000 tons, 279,000 tons py | Cleveland, and 

the correspondi 
quarter of last year the make was 572,000 tons—300, 
tons Cleveland and 272,000 tons hematite, &c. Imports 
of foreign ore to the port of Middlesbrough last quarter 
reached 486,286 tons, as compared with 452,862 tons for 
the previous three months, and 484,371 tons for the third 
quarter of 1914. 





University oF Lonpon, Untversiry CoLiece.—A 
course of six lectures on ‘‘ Electric Heating and Electric 
Furnaces” will be delivered by Professor J. A. ing, 
M.A., D.Sc., gpg hee ay | omega ‘poe 
Engineering), at University lege, on idays, at 
5p.m., beguniag October 29. The course is open both to 
members and non-members of the University, and the 
fee is 17. 11s. 6d. Application for tickets of issi 
should be made to 
Sorceteny, University College, 


Gower-street, on, 


sto 
ucing little variation. The best Admiralty 


hands | ton. 


. Walter W. Seton, M.A., D.Lit., | The 
Lond 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Only a comparatively restricted business has 
been passing in steam-coal. The tonnage scarcity has 
become even more pronounced, and colliery-owners hold- 
ing large stocks have been offering anpeiies on cheap 
verms to buyers in a position to take quick delivery, the 
object being, of course, to clear trucks and reduce pit 
Prices have, however, upon the whole shown 


large steam coal has 

to some extent, nominal ; best bunker smalls have 
made lls. 6d. to 12s.; and cargo smalls, 

best household coal has brought 23s. to 3 

god households have been quoted at 2is. to 22s.; No. 2 

on: . 


tion for patent 
Special foundry coke has realised 
Seer Sa Ss ene Seaes ee. 
per ton. 

ton, u a basis of 50 per cent. of iron, and charges, 
Gaeling reight, insurance, &c., to Cardiff or Newport. 


was the reason why the output per coal-getter was the 
lowest in the United Kingdom. There was little incen- 
tive for the coal-getter to produce a maximum output of 
coal or to reduce the dead-work. In all coal-fields, except 
South Wales, the amount of coal sent out governed the 

of the coal-getter. Nothing would improve the 
WwW outlook but a wholesale reorganisation of the 
system of labour. The princ _— of nm by results 
was, in fact, the only means which could be indicated to 
bring th Wales into favourable comparison with other 


Western Trade Matters. —The Bristol City Council has 
approved a report of its dock committee recommending 
© leasing of further land at Portishead to the Anglo- 
Saxon Petroleum Company, Limited, for the purposes 
of its business. The directors of the Nantyglo and 
Blaina Iron Works Company, Limited, have declared a 
dividend of 3/. per share upon the erence shares for 
1914-15. Extensive repairs requi at the Big Mill in 
the old works at Dowlais are being proceeded with. The 
shaft to the large fly-wheel of the engine, which has been 
working for fifty years, is being renewed. Swansea, as a 
port, has suffered seriously from the war ; but at the last 
ae the Swansea bour Trust it was announced 
that the latest returns showed some little improvement. 
Mr. A. Perkins, who has been district telephone manager 
at Bristol for twenty years, retired from the service on 
Friday, and ary A yen u . ee +a An 
appropriate tribute to him was paid by Mr. H. Fedden, 
who has been closely associated with the telephone service 
in the West of England and South Wales for over thirty 
genes, end aes catered by Me. 2 A. Even, Annies t 
rovincial Superintendent of Telephones, General Post 
Office, London. ieee p | Mr. Perkins’s oy | years ex- 
perience in the Bristol district, the number of telephone 
stations increased from 2000 to 40,000. There was a 
small increase in the exports of Welsh coal in Se tem ber, 
as compared with September, 1914, the cargo shipments 
for the month having been 1,543,640 tons, as compared 
with 1,388,798 tons; but the bunker shipments were 
276,046 tons, as compared with 322,337 tons. Cardiff 
ured cargo shipments for 904,870 tons and 
098 tons respectively ; and Newport for 308,515 tons 
and 270,994 tons respectively. In the bunker shipments, 
the Cardiff proportion was 167,644 tons, as compared 
with 227,314 tons; and the Newport proportion, 50,611 
tons, as compared with 38,401 tons. 








OPENINGS FOR British Trapg.—Since the outbreak of 
the war, ooueutinns have been received in the Com- 
mercial Intelligence Branch of the Board of Trade from 
a large number of firms who wish to get into communica- 
tion with United Kingdom manufacturers of various 
classes of goods which have previously been obtained 
from Germany and Austria-Hungary. United Kingdom 
firms interested are invited to communicate on the subject 
with the Director of the Commercial Intelligence Branch 
of the Board of Trade, 73, Basinghall-street, don, E.C. 


British AssocraTion ComMiTrex ON Fust Economy. 
—As an outcome of the recent meeting, the 
British Association has appointed a committee on Fuel 
Economy, of which Professor William A. Bone, of the 
Imperial’ 





College of Science and Technology, South 
ington, is the chairman. The committee, which has 
wer to add to its numbers, consists of thirteen mem- 
ten in addition to the chairman, and includes repre- 
sentative chemists, engineers, and technologists from all 
the principal industrial areas. Its function is to con- 
sider and report on the whole question of fuel economy, 
including the better utilisation of coal and the prevention 
of smoke, from a broad and national standpoint, in order 
to urge upon the Government and the community the 
need for systematic control of fuel consumption on public 
lines. That large national economies and considerable 
improvement in public health would result from such 
control cannot be doubted, and the importance of these 
considerations, both now and in the future, can hardly be 
overestimated, so that we trust that the committee will 
receive @ possible su and assistance in its work. 
ings of the meeting on the sub- 
es ee were reported on pages 360 and 402 
a . 
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THE ECONOMICS OF POWER-STATION 
DESIGN. 

Lonpon is supplied with electricity upon forty- 
nine different systems, from seventy generating 
stations, by sixty-five authorities ; these are Messrs. 
Merz and McLellan’s figures. ‘heir values natu- 
rally depend on the area one takes to represent 
London. Mr. H. F. Parshall says the supply is 
from forty-five separate undertakings. He is ob- 
viously considering a smaller area. One may take 
the London County area alone, or may include 
surrounding and tributary districts ; it matters not, 
London is the outstanding example to the world of 
how electricity supply should not be conducted. 
In their report to the London County Council, 
Messrs. Merz and McLellan stated that a moderni- 
sation of the electricity supply of Greater London 
would allow of a saving in working costs of 18 per 
cent., or 170,000). a year, after paying capital 
charges on new plant. Mr. Parshall says a similar 
rearrangement, apparently for a smaller area, 
would result in a saving of 14.6 per cent. 
or 15.7 per cent., depending on the scheme 
adopted. There is no need to compare these 
two sets of figures. They do not refer to the 
same thing. th are interesting, however, as 
indicating the order of the waste now going on. 
They form a fitting introduction to a consideration 
on general lines of the economy which may result 
from centralisation in the generation of electric 
energy. That such centralisation may result in 
economies vf the first importance is now realised in 
all responsible quarters—the matter requires no 
preaching, except to town councillors and Members 
of Parliament—but figures such as those above 
bring dismal comfort even to the converted by 
suggesting that the folly of our present proceedings 
cannot go on for ever. Perhaps even our ediles 
may be impressed with Mr. Parshall’s statement 
that modernisation would save 550,000 tons of coal 
a year in London. 

Quite apart from the fact that they are dealing 
with different areas, the variation between the 
economies promised by Mr. Parshall and by Messrs. 
Merz and McLellan may be explained from the 
circumstance that Mr. Parshall’s figures are given 
as a result of a broad general consideration of the 
centralisation problem. General figures may well 
show a smaller saving, when applied to an indivi- 
dual case, than special figures worked out in terms 
of all the local conditions. The basis on which 
Mr. Parshall’s figures for London are determined 
was presented in a paper contributed by him to 
the International Engineering Congress held in 
San Francisco last month. The paper was entitled 
**Economics of Electric Power-Station Design,” 
and constituted an attempt to determine purely 
from an economic standpoint the relation between 
capital expenditure and the economies effected 
thereby, the economic balance between cost of 
mains and the saving which may result from placing 
a station outside its area of supply, the economic 
value of vacuum and superheat when set against 
the cost of getting them, and other such cognate 
problems. The paper was of much interest, and 
although all engineers may not agree with some of 
the data necessarily assumed in it, it is clear that 
the conclusions reached are sound within such 


~ | limite as can be expected in a general statement 


covering such a host of variables as are presented 
by the problem as it arises in the multitudinous 
examples of practice. 

To tackle the problem at all, some conditions 
must be assumed from which to reason, and Mr. 
Parshall took a station containing five turbine- 
driven units, with steam at 175 lb. per sq. in., with 
100 deg. Fahr. superheat and a vacuum of 28} in. 
These being the postulates, he presented various 
curves, , of course, on the known results 
of practice, and giving the total capital cost of 
stations per kilowatt installed, the over-all thermal 
efficiencies at various load factors, and the coal 
Coal was 
taken at 14s. per ton, and of a calorific value of 
12,500 B.Th.U. per pound. We fear engineers 
in this country will have to revise that 14s. for 
the next year or two, but that does not affect the 





general line of the argument, Ip all cases, of 











course, the figures given by the curves improved as 
the stations increased in size. To take the limits, a 
20,000-kw. station had a capital cost of 151. per 
kilowatt, while one of 150,000 kw. had a correspond- 
ing cost only of 11.71. At 50 per cent. load factor the 
over-all thermal efficiency of a 20,000-kw. station was 
13.3 per cent. and of a 150,000-kw. one 15.9 per cent. 
The total generating cost per. kilowatt-hour at 50 
per cent. load factor was 0.185d. for the smaller 
station, and 0.153d. for the larger. As illustrating 
the effect of load factor, the corresponding figures 
at 25 per cent. were 0.228d. and 0.188d. e total 
over-all costs—i.e., generating costs plus capital 
charges—were, at 50 per cent. load factor, 0.29d. 
and 0.233d., and at 25 per cent. load factor, 0.435d. 
and 0.358d. These various figures in themselves, 
showing the remarkable effect of concentratin 
much power in one station, and of improved loa 
factor, which, as a rule, will follow concentration, 
prove the:~whole case for modern methods, and 
condemn tle barren doctrine which has led to the 
museum cdllection of stations in London. 

Generation on a large scale will usually involve 
building the station somewhere outside the main 
area of supply, both for convenience in coaling and 
the attainment of good condensing facilities. This 
necessitates transmission, and the economic ques- 
tion becomes one of balancing the saving effected 
against the transmission costs. In dealing with 
this aspect of the question Mr. Parshall took the 
cost of cables per mile, laid under average condi- 
tions, at 12s. per kilowatt of maximum load and 
calculated the energy loss on the assumption of 
20,000 volts transmission at 500 amperes per sq. in. 
maximum working current density and 0.8 power 
factor. Allowing 10 per cent. on the cost of the 
mains, the total annual cost of transmission on this 
basis worked out at 16.5d. per mile per kilowatt 
of maximum load and was practically constant for 
any load factor or maximum load. On the other side 
he assumed that building a station on an outeide 
site with good condensing facilities would increase 
the vacuum from 27 in. to 28} in. and reduce the cost 
of coal from 15s. to 14s. per ton, There were then 
three savings to balance the transmission cost. 
These were the increased efficiency of the station 
owing to the improvement in the vacuum, the 
saving in capital expenditure on cooling-towers and 
ape and the saving in the cost of evaporation 

y cooling-towers. e saving by station efficiency 
and the saving in evaporation were both depen- 
dent on load factor, and an expression in terms 
of load factor was obtained from which a curve was 
plotted, giving the relation between load factor and 
distance, and showing the distances the station 
might be placed from the area of supply for the 
station savings to balance the transmission costs. 
This curve showed that with a 5 per cent. load 
factor the distance was about 24 miles ; with one of 
15 per cent., 42 miles ; with 25 per cent., 6} miles; 
50 per cent., 11 miles ; and 60 per cent., 15 miles. 
The curve was a straight line. 

It will be noted that in the above calculation no 
allowance was made for cheaper land and lower 
rates which would usually accompany the build- 
ing of a power-station outside the area of supply. 
Mr. Parshall’s idea was that this factor would 
vary so widely in different cases that no figure 
could safely be assumed in a general discussion. 
There will usually be a saving, "T7 a very 
large one, and it is clear that it is in favour of 
the outside bulk station. On the basis on which 
Mr. Parshall was working, the matter would be 
accentuated by the fact that no land would be 
required for cooling-towers on the outside site. 
Another aspect of power-station design which is 
capable of the same sort of analysis as that above 
is the determination of the steam and exhaust 
conditions under which a station should operate. 
The question is again one of balancing a saving in 
fuel cost against the cost of effecting the saving. 
The matter, in ite general aspect, is not a very 
simple one, since while the effect of variation of 
the steam conditions upon the operating costs is 
capable of fairly accurate analysis, the capital cost 
of obtaining more economical —aee is hardly 
capable of general statement. It will vary much 
with local conditions. 

Mr. Parshall’s way of tackling the matter was to 
indicate the saving to be expected by varying the 
steam conditions and to leave the balancing of the 
capital cost necessary to obtain the saving to any- 
one who might wish toapply his results to a specitic 
case. If one knows what saving in operation would 
result from a change, it is easy to determine if 
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that change is worth carrying out. The effect of 
variation of either pressure, vacuum, or superheat 
on the efficiency of the Rankine steam cycle is to 
increase or decrease such efficiency by a definite 
amount, whatever the value of the other two con- 
ditions may be, and Mr. Parshall plotted curves 
showing the effect of such variations of pressure 
for specific values of vacuum and superheat, &c. 
These curves showed that improvement in any one 
condition results in an addition to the Rankine 
cycle efficiency, and that such additions remain 
constant whatever the original efficiency may have 
been. The improvements shown, expressed as a 
proportion, may be applied directly to the over-all 
efficiency of the station, since, apart from the steam 
cycle, the efficiency of the rest of the plant in any 
given station will remain practically constant under 
any variations in steam conditions, if designed to 
meet such conditions. As, however, it would be 
impossible to present general conclusions covering 
all possible combinations of vacuum, pressure, and 
superheat, Mr. Parshall assumed the steam condi- 
tions we have already quoted—i.e., 175 lb. pressure, 
284 in. vacuum, and 100 deg. Fahr. superheat—and 
constructed curves showing the annual saving to 
be expected frum any variations in these conditions, 
one at a time. 

In the construction of the curves the over-all 
station efficiency was taken at 13 per cent. at 
40 per cent. load factor, with coal at 14s. and 
12,500 B.Th.U. The curves for variation in pres- 
sure showed that at 40 per cent. load factor the 
saving by increasing the pressure from 150 lb. to 
200 lb. would be 25d. per kilowatt per year, and 
from 150 lb. to 300 lb., 45d. a year. The curve 
for variation in superheat, for the same load 
factor, showed a saving for 100 deg. Fahr. super- 
heat over no superheat of about 4d. per kilowatt 
per year. For 2U0 deg. Fahr. superheat the saving 
was about 13d., and for 300 deg. Fahr. 25d. The 
third curves, dealing with variations in vacuum, 
indicated, at 40 per cent. load factor, a saving 
of 28d. per kilowatt per annum for an improve- 
ment of vacuum from 27 in. to 28 in., and a 
saving of 45d. for an improvement to 28} in. 
A vacuum of 29 in. brought the saving up to about 
63d. Mr. Parshall pointed out that although close 
calculation for any particular case might give results 
varying slightly from these, the figures were sufli- 
cient to indicate for general pu the amount 
of capital which could profitably be employed in 
increasing pressure, vacuum, or superheat. Capital 
expenditure would increase considerably with in- 
crease of vacuum, and would depend on cooling- 
water temperature, but in the cases of pressure and 
superheat the increase in capital expenditure was 
practically confined to the increased size of pipes 
and valves up to the point at which increased pres- 
sure involved a departure from standard boiler 
designs, or increase of superheat called for a 
separately-fired superheater. These values were in 
the neighbourhood of 250 lb. pressure and 200 deg. 
Fahr. superheat, figures which, in Mr. Parshall’s 
opinion, represen the maxima which were of 
economic benefit in the majority of cases. 

A further feature of power-house design, which 
may be determined by balancing capital c 
against saviog, and which was examined b r. 
Parshall, was that of the economiser installation. 
Many variables come into this question, and to 
reduce it to as simple terms as possible Mr. 
Parshall assumed values for such of the quantities 
as did not appreciably vary in different installations. 
These values covered such quantities as the tem- 
perature of the flue gases entering the economiser 
and the temperature of the air entering the fur- 
nace. It would demand too much space to follow 
the whole of the calculations in the paper, and we 
must simply state that curves were plotted con- 
necting the chimney temperature with the square 
feet of economiser surface per kilowatt of maximum 
load, and the annual saving with the chimney tem- 
perature. Using these curves together, with a 
station efficiency of 15 per cent. and 40 per cent. 
load factor, the saving by employing a chimney 
temperature of 100 deg. as compared with 500 deg. 
was 88d. per kilowatt per year, and the econo- 
miser surface necessary for this fall, with inlet 
water at 80 deg., was 12 sq. ft. per kilowatt. 
Corresponding figures for a chimney temperature 
of 200 deg. were 66d, and 5.5 sq. ft. With a given 
economiser installation, any uction in load will 
result in a drop in chimney temperature if the 
whole of the feed-water is through the 
economiser, and in Mr. l’s caloulations it 





was assumed that the chimney temperature was 
kept constant by by-passing a portion of the feed. 
Other curves showing the gain or loss with varying 
surface, inlet water temperatures, and load factors 
were contained in the paper, and it was shown, 
on the basis assumed, that the installation of an 
economiser was a doubtful improvement at 10 per 
cent. load factor, and that artificial draught was of 
d-ubtful value unless the load factor was above 
40 per cent. The curves also showed that the inlet 
temperature of the feed-water considerably affected 
the economiser installation, and consequently had 
an important bearing on the commercial result, due 
to the common practice of heating the feed by 
means of exhaust from auxiliary plant. Mr. 
Parshall pointed out that the claim that turbine- 
driven auxiliaries were most efficient when exhaust- 
ing to a feed-heater, since the latent heat was 
returned to the system, was affected by the econo- 
miser question. With increased feed-water tem- 
perature, the saving due to the economiser was 
considerably less, capital cost considered. The 
exhaust from turbine auxiliaries would raise the 
temperature of the feed-water by approximately 
100 deg. Fahr., and supposing the original tem- 
rature at the economiser inlet to be 100 deg. 
ahr., the annual saving by the economiser would 
be reduced by about 18d. per annum for every 
kilowatt of maximum load at 40 per cent. power 
factor. 
Referring to the method of exhausting the 
auxiliaries into the main turbine at atmospheric 
ressure, and thus increasing the available heat 
y expanding to condenser pressure, Mr. Parshall 
thought it doubtful if the arrangement had any 
advantages over electrically-driven auxiliaries. It 
was common practice to drive the exciter direct 
from the main turbine shaft, and he was of opinion 
that in the majority of cases it would be advan- 
tageous if such a machine could be designed with 
sufticient output to drive the auxiliaries in addition 
to acting as an exciter. With a common direct- 
current bus-bar and a small independent direct- 
current set as stand-by, the arrangement would be 
convenient to operate, and would obviate the 
necessity for steam-pipes and fittings, and the current 
being generated direct by the main turbine, would 
compare favourably in efficiency with any arrange- 
ment of turbine-driven auxiliaries in the case of 
stations with units above 5000-kw. rating. 





WAR BONUS FOR RAILWAYMEN. 

A THIRD and, it is hoped, final agreement has 
been come to with regard to the payment of a war 
bonus to railwaymen. We may recall that, in 
January last, following upon representations on 
behalf of the men as to the increased cost of living, 
an agreement was made between a commitee of 
railway general managers and the National Union 
of Railwaymen and the Associated Society of Loco- 
motive Engineers and Firemen under which the 
railways have paid their men a war bonus. The 
amount was fixed at 3s. per week to employees of 
eighteen years of age and upwards, embraced in the 
conciliation scheme, whose standard rate of wages 
was under 30s., and 2s. to employees whose stan- 
dard rate of wages was 30s. or more. This arrange- 
ment was operative from the week commencing 
February 15, but the agreement contained a 
clause providing that the arrangement might 
be reviewed at the expiration of three months. 
Accordingly in June the railways were approached 
by the two trade unions, and, after several confer- 
ences, the continuance of the bonus on the same 
basis was to, subject to the extension to 
boys of an allowance of 1s. 6d. per week. 

It will be observed that the lower-paid men 
received the higher bonus, this being the result of 
representations by the trade unions that they 
desired to assist that section of the men. The 
negotiations were at the time regarded as final, and 
the agreement contained a clause to the effect that 
the arrangement was to be read as an appendix to 
the February agreement, and that the two docu- 
ments were to remain in force during the continu- 
ance of the present agreement between the Govern- 
ment and the railway companies. But little more 
than three months had elapsed before the unions 
again sought to open negotiations. There was, 
however, the difference that on this occasion the 
unions would not co-operate, this divergence being, 
it is understood, the result of differences arising out 
of the conferences preceding the June agreement. 


At that time application was made for a war bonus 





of 5s. all round, and the Associated Society of 
Locomotive Engineers and Firemen seem to have 
formed the opinion that the failure to secure it was 
largely attributable to the attitude of the represen- 
tatives of the National Union of Railwaymen. Be 
that as it may, on the last occasion separate meet- 
ings were held between the committee of general 
managers and each of the two societies. The 
result is embodied in a third agreement, which was 
signed by all parties on Saturday, the 16th inst. 
The railwaymen directly concerned are those 
comprised in grades ‘‘ engaged in the manipulation 
of traffic,” as such grades are defined in connec- 
tion with the conciliation scheme. To these the 
railway companies have undertaken to grant in- 
creased bonus payments on the following basis :— 


Present Revised 
ar War 
Bonus. Bonus. 
Employees 18 years of age or s.d. 3s. d. 
upwards whose standard rate 
of wage is 30s. per week or 
more... te eso — ae © 5 0 
Employees 18 years of or 
 » 3 whose stan rate 
of wage is under 30s. perweek 3 0 5 0 
Employees under 18 years of 
age, except boysengaged since 
January 1, 1915, at rates of 
pay which exceed by 2s. 6d. 
or more the rates usually paid 
to boys occupying jitions 
similar to thosein which such 
newly - engaged boys are 
working... pa ann nn «a © 26 

The first payment of the revised bonus is to be 
in respect of the week ending October 23, 1915. 
We estimate that about 275,000 men are directly 
affected by the agreement, but for reasons which 
will be explained the estimate of cost cannot be 
based on that total. There are about 180,000 
wage-earners outside the conciliation scheme and 
60,000 clerks. We understand that the majority 
of the railways have already granted a war bonus 
to the bulk of these, and it must almost inevitably 
follow that if a higher bonus is now regarded as 
necessary to assist men to meet increased cost of 
living, it will have to apply to all who have hither- 
to been allowed a bonus. There is, however, one 
section as to which it is difficult to forecast the 
course of events—viz., artisans and shopmen 
in the large railway works. In several instances 
—e.g., the North-Eastern, London and South- 
Western, Lancashire and Yorkshire Railways, 
&c., applications by shopmen have been adjudi- 
cated upon by the Committee on Production. In 
each instance the award was an advance of wages 
of 3s., and 74 per cent. on piece-work prices, the 
advance being definitely stated to be granted as 
‘*war wages.” There is therefore no case for the 
extension to these men of the new scale of war 
bonus, seeing that they have already had an 
advance of wages in lieu of bonus. On the other 
hand, in so far as, in the case of some of the 
smaller railways, artisans have been paid the 
bonus, they will presumably participate in the new 
scale. For these reasons it is difficult to estimate 
with exactness the number of employees affected by 
the bonus; but we understand that the cost has 
hitherto been at the rate of about 4,000,0001. per 
annum, and it is anticipated that the increased 
bonus will have the effect of bringing the total cost 
to between 7,000,0001. and 8,000,000/. per annum. 

In view of the magnitude of the sum involved 
and the burden it would constitute in the event of 
its becoming a permanent addition to wages, the 

uestion necessarily arises as to what the terms of 
the agreement are in regard to terminating the 
bonus. The agreement is to remain in force until 
notice shall have been received by the railway 
companies from the Government determining the 

resent control agreement, and thereafter be sub- 
ject to determination on one month’s notice on 
either side. 

Upon receipt by either party of notice to deter- 
mine the agreement, the amended Conciliation 
Board scheme is to come into operation. Any 
agreement as to rates of wages that may be come 
to as a result of the first settlement under the 
Conciliation scheme following the determination 
of the agreement is to apply as from the date the 
agreement ends, it song Beg gyn that the 
provision as to dating k of any decisions 
as to rates of wages is not to apply to ques- 
tions of hours, payment for overtime or Sunday 
duty, or general conditions of service. Reference 
to the amended Conciliation scheme recalls the 
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fact that the scheme as drafted by the Royal 
Commission of 1911 was terminable at the end of 
last year, and notice to determine it on December 1 
had been given. Negotiations between a com- 


mittee of general managers and the two trade/|1 


unions, with the object of revising tke scheme, had 
reached an advanced stage when the war broke out. 
It was then apparent that some form of truce must 
be come to, and this was arranged in October last, 
when it was agreed that the 1911 scheme should 
continue in force, as also all existing conditions of 
service, subject to six weeks’ notice by either of the 
parties to the ‘‘ truce.” It has now been agreed to 
make this arrangement apply for the period of the 
war. 

We have said that the agreement of June was 
regarded as a final settlement. Unfortunately, 
however, it was not definitely expressed in the 
document. This time there can be no doubt on 
the point, in view of the undertaking given by the 
two unions, which we cannot do better than quote. 
It reads :—‘* The National Union of Railwaymen 
and the Associated Society of Locomotive Engi- 
neers and Firemen undertake that during the 
pendency of this agreement they will not present 
to the railway companies any fresh demands for 
increased bonus or wages, or general alterations in 
conditions of service, and that they will not give 
countenance or support either to a demand on the 
part of any of their members to reopen the settle- 
ment now made or to any strike that might be 
entered upon in furtherance of such demand.” 

This is obviously an important pledge, and we 
have no doubt that the unions will make the 
strongest effort to comply with it in the letter and 
spirit in which it has been set down. They have 
only secured a measure of official recognition by 
the railways after years of effort. The continuance 
of this depends upon whether they are sufficiently 
representative of, and have sufficient control over, 
their members to enable them to carry out a pledge 
such as we have quoted. Time will show. 





THE TRANSFORMATION OF PURE 
TRON. 

THe general discussion on ‘* The Transformation 
of Pure Iron,” held on Tuesday last, October 19, 
in the Faraday Society, developed into a re-trial of 
the case, ‘* Allotropists versus Non-Allotropists,” 
and concerned predominantly the general definition 
of allotropy, certainly quite as much as the peculiar 
phenomena Pree xen | by iron. At such discussions 
as this there is a president, but no jury; no verdict 
is given, no decision is arrived at, and when the 
meeting disperses, the question generally stands 
adjourned. That is what happened last Tuesday. 
Mr. A. E. Oxley, M.A., D.Sc., of Sheffield Univer- 
sity, had prepared a paper bearing the above title, 
and this communication he enlarged by a 
welcome introduction.* He found some support 
and more criticism in the meeting, and a large 
number of distinguished metall ts, unable to 
be present, communicated further oritical comments. 
Whether or not the new theory of Dr. Oxley will 
eventually bring allotropists and carbonists together, 
as the President, Sir Robert Hadfield, put it, 
remains to be seen. It will certainly help to clear 
the ground, though it did not much look so last 
Tuesday. 

_ As we have already stated, the discussion, in the 
first instance, all turned about allotropy. The 
term ‘‘ allotropy” was introduced a century ago by 
Berzelius to indicate what Lothar Meyer later aptly 
characterised as “physical isomery,” the occurrence 
of certain elements in different forms and states, in 
allotropic modifications. The term was soon applied 
also to compounds, and it has, unfortunately, n 
defined in so many ways since that it is now difficult 
to say what really constitutes allotropy. It is stated 
that carbon, sulphur and phosphorus are known in 
alotropic modifications, meaning that each of these 
substances can crystallise in different systems, 
that they are thus polymorphous, and that the 
different modifications differ in physical and also 
in chemical pro rties. The change of oxygen into 

zone (30,->20,) is regarded as a case of chemical 
allotropy. When metals assume different r- 
‘les under heat treatment, and several modifications 
can apparently exist in equilibrium over a certain 
range of temperature, some scientists speak of 
‘ynamicallotropy. E. Cohen even goes se as to 





* Dr. Oxley has recent] presen veral 
the Royal Society on ome guaien = ee 





consider every metal as representing an unstable 
mixture of several modifications. Our own impres- 
sion is that in such views the influences of small 
impurities, which baffle research, may be over- 
ooked. 

Dr. Oxley endeavoured to go to the root of the 
matter. What is the nature, he asked, of a medium 
that has crystallised? Was it not merely one of ex- 
treme molecular association, which, apart from the 
effects of the mutual influences between the mole 
cules, would be identical with the molecules of the 
fluid state ? When that were granted, and when the 
variations of molecular association over wide ranges 
of temperature were considered, then each state of 
molecular association at each particular tempera- 
ture might be regarded as a new allotropic modifi- 
cation, and there was no icular reason to waste 
time on the A, and A, transformations of iron. 
On the other hand, if that view were rejected, 
then two kinds of allotropy would have to be dis- 
tinguished, one involving a discontinuity at a speci- 
fied temperature, the other involving a gradual 
transformation over a more or less wide range of 
temperature. The first type was the heterogeneous 
two-phase allotropy, the second the one - phase 
homogeneous allotropy of Benedicks. 

In the binary state diagram (heterogeneous 
equilibrium) no consideration was taken of the 
internal molecular (homogeneous) equilibrium 
within each phase (Benedicks). To distinguish ex- 
perimentally between the two types, and te prove 
that a discontinuity existed, demanded an enormous 
tax on experimental ability, and the rival advo- 
cates would hardly be satisfied finally. Dr. 
Oxley showed this by exhibiting Honda’s curves 
of the variation of magnetisation with tem- 
mp te The fusion point might be thought to 

the nearest approach to a mathematical dis- 
continuity defining the two-phase type of allotropy ; 
but the phenomena of liquid crystals, studied by 
Lehmann and others, indicated a continuous mar- 
shalling of the molecules into a flowing space- 
lattice which eventually became a rigid crystal, and 
these liquid crystals exhibited one-phase allotropy 
on cooling, and two-phase allotropy on heating. 
Thus properties might change rapidly — i.c., 
within a small temperature interval—without there 
being distinct evidence of discontinuity. 

Dr. Oxley was therefore unable to draw any sharp 
distinction between the two types of allotropy ; 
the phenomena could be ascribed, he thought, to 
some intra-molecular change, and depended, not 
upon what happened at a particular temperature, 
but upon the sum total of what happened during a 
temperature interval. He considered that the 
molecules of crystalline substances—and even of 
liquid substances—were in a distorted state, the 
distortion being very slight, and due to the restrain- 
ing forces exerted by neighbouring molecules. The 
molecules of the liquid and of the crystalline grou 
ing were hence not quite identical ; that slight dis- 
tortion, however, did not indicate allotropy. But if 
the restraining forces were withdrawn (Dr. Oxley 
admitted su uently that this was hypothetical, 
and practically impossible probably for solids and 
liquids], and if the crystalline structure then differed 
in configuration from a free molecule (which had 
originated in some other way by a chemical or 
physical process), either as regards the integral 
number of atoms in the molecule or the relative 
distribution of those atoms (which might be of the 
same number), then he would say that the substance 
exhibited allotropy. On the other hand, molecules 
of exactly the same configuration might be ked 
into quite distinct crystalline aggregates (Barlow 
and Pope), and that difference of 
metry would not necessarily imply allotropy. One 
had to distinguish between the forces holding the 
molecules in position in the crystalline structure 
and those holding the atoms together in the mole- 
cule ; and as the latter forces seemed to be com- 
paratively larger [thermo-chemical evidence was 
given later], the rarity of allotropy was not sur- 
prising. 

Discussing the 8 and y transformations of iron 
and etic properties from this point of view, 
Dr. Oxley remarked that according to P. Weiss, 
the iron molecule consisted of two atoms through- 
out the temperature interval of stability of the 8 
and y forms, and that, therefore, through the 
transformation from paramagnetic y iron to ferro- 
magnetic # iron, there was no change in the number 
of atoms in the molecule. This conclusion of Dr. 
Oxley’s was based on old papers (1907) of Weiss, 
and is not in accordance with what Weise himself 


stalline sym- | 





stated at Manchester,* when he spoke of 8 iron 
being probably Fe,, y iron Fe,, and 8 iron Fe,. 
Professor Weiss had himself sent a communication 
to the discussion on Tuesday last, and in this 
he stated that recent work had not supported 
the early conclusion just mentioned, because the 
value of the Curie constant had had to be cor- 
rected ; he agreed with Dr. Oxley, however, as to 
A, not being an allotropic transformation. But 
Dr. Oxley, in explaining the determination of the 
Curie constant, showed that Weiss had, in support- 
ing the Fe;, &c., really based forced assumptions 
upon his own experimental data for the sake of 
being true to his magnetons—which Dr. Oxley does 
not accept. Dr. Oxley further considered iron 
allotropic in so far as Fe(CO), was diamagnetic and 
FeC),; paramagnetic, but that was not an allotropy 
of the oxygen-ozone type. The simple constitu- 
tion of the iron molecule made it improbable that 
changes in the physical properties of iron could be 
due to a rearrangement of the atoms in the mole- 
cule. The two atoms might conceivably be slightly 

i relative to one another as the trans- 
formation points were being passed, but the result- 
ing iron molecules could not possess a new set of 
properties. Moreover, if magnetism were to be 
ascribed to molecules, the pore of ferro- 
magnetism on cooling could not be explained on this 
view ; ferro-magnetism demanded intermolecular 
forces (the forces of crystallisation), and though 
intermolecular and intramolecular forces were no 
doubt inseparable, and though both underwent 
small changes in the regrouping of the molecules, 
the molecules of 8 and of y iron should be iden- 
tical if the intermolecular restraining forces were 
abstracted. A change in the closeness of packing of 
the molecules, without affecting the crystalline sym- 
metry, would sufficiently explain A;. Ifthe cooling 
through A, were accompanied by a closer grouping 
of the molecules in the direction of spontaneous 
magnetisation, then the in interaction 
between the molecules would give rise to sponta- 
neous magnetisation. 

Challenged afterwards by Dr. Carpenter as to how 
this view of a contraction was compatible with the 
expansion of 0.086 per cent. observed by Benedicks 
on ing through A;, Dr. Oxley drew a diagram 
of Loree Me magnets, consisting of dashes and 
short gaps, — — —, in a row, the next row 
underneath being at a distance greater than the 
length of one molecular magnet. This may be in 
accordance with Ewing, but we do not understand 
why the rows should not be close enough to allow 
of mutual influences between the magnets of dif- 
ferent rows, whilst Dr. Oxley wished to confine the 
influences to the magnets of the same row. There 
might be contraction in that direction, he said, but 
expansion in others, and the contraction would not 
be inconsistent with magneto-striction. 

The thermal energy, he continued, evolved on 
cooling through A, was the heat of transformation 
from a more open to a closer-packed cubic system, 
with probably a small contribution from intra- 
molecular adjustment resulting from the change of 

king. It was in accordance with his view that 
this heat evolution was small—equal to 1.4 gramme- 
calorie, according to Arnold—and that the latent 
heats of fusion of metals were also small (13 gramme- 
calories for bismuth, 14 for cadmium and for tin, 
5 for lead, 22 for silver, &c.) whilst the exothermic 
heat changes of chemical allotropy and of isomery 
were very large ; ¢.g., 96 grammes of ozone = 96 
grammes of oxygen + 52,900 gr.-cal., or 78 grammes 
of dipropargyl = 78 grammes of benzene + 100,000 
cal, Dr. Desch questioned these figures; the 
ate of fusion, he pointed out, were given per 
gramme of metal, the other calories per gramme- 
molecule ; expressed in all cases per gramme-atom, 
the figures for ozone would become 9866, and for 
bismuth 2704 gr.-cal., while the transformation of 
rey into white tin involved 1133 gr.-cal.; thus the 
isproportion was much smaller t it = porn 
In the case of the A, change, the 1.4 should really 
be multiplied by the atomic weight of iron, 55.84 ; 
but Dr. hh considered the 1.4 itself much too 
low. 

Professor Carpenter, who opened the discussion, 
had already expressed the same opinion as to the 
1.4; the rate of cooling had been far too rapid in 
Arnold’s experiments, so that there would be 
super-cooling. As regards the general problem, 
he stated that it did not much matter whether the 
transformations were called allotropic or not; there 


* See prge 346 ante. 
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were certainly profound changes in all properties. 
The transformation A. was no longer considered 
allotropic ; but Dr. Oxley also attacked A,. Iron 
might be polyatomic or diatomic (Weiss); but 
there was no proof for it. On the other hand, 
the X-ray researches of Bragg seemed to dis 

with molecules; they disclosed only atoms and 
crystals, and in the case of rock-salt, ¢.q., a Cl 
might belong to any Na near it. Though Bragg 
had, so far, only studied one metal—copper—the 
crystals of that metal seemed to contain only atoms, 
not any molecules, and for other reasons as well 
the metals mercury, zinc, cadmium were considered 
monatomic. The views of Oxley would hardly 
account for the profound changes which he (Car- 
penter), working in conjunction with Stead, had 
observed in very pure electrolytic iron (which had 
been heated to 900 deg. Cent. for days in a vacuum 
in order to expel hydrogen) on slightly raising the 
tem ture. Heated to 910 deg. Cent., the fine, 
small crystals changed into big crystals, which, at 
915 deg. Cent., again increased in size. On several 
slides the transition of the one type of crystals into 
the other, which was a matter of a few seconds, 
could -distinctly be seen. These observations, it 
should be noted, were only made with a very pure 
iron, almost free from carbon. 

Dr. J. A. Harker drew attention to the fact that 
the latent heat of fusion of iron did not a r to 
be known, and it was altogether regrettable how 
scanty our knowledge on these matters was. It 
should not be so difficult to devise a suitable 
calorimeter, and if calorimetric determinations 
were then made with specimens of the same iron in 
the different states, we should really learn some- 
thing about the thermal changes. Sir Robert 
Hadfield welcomed this suggestion, and ex 
his. readiness to provide means for such an investi- 
gation. Professor J. W. Nicholson agreed that 
Bragg’s researches made it difficult to conceive a 
molecule; thus we should have to accept the 
possibility of changes in the atom, and that would 
suggest atomic allotropy. Dr. Oxley, however, in 
replying, remarked that the researches of Professor 
Bragg and Mr. W. L. Bragg still admitted of draw- 
ing boundaries round complex molecules, and that 
was our own interpretation of Bragg’s recent work. 

We can only briefly indicate the views which 
were expressed in the many communications re- 
ceived. Mr. Henry Le Chatelier regretted both that 
Dr. Oxley had increased confusion by proposing 
one more new definition of allotropy, and the practice 
of replacing the consideration of experimental facts 
by atomic hypothesis which esca all scientific 
criticism ; Dr. T. M. Lowry was very emphatic 
on the former point. Mr. F. C. Thompson, of 
Sheffield, submitted that the work of Burgess and 
Crowe (1912), which he reviewed at le » had 
finally settled the problem of the allotropic trans- 
formations of iron in the senseof Arnold. Mr. A. 
McCance said he would define allotropy as a change 
in crystalline symmetry. The word ‘‘molecule” was, 
for crystals, fast being replaced by “ crystalline unit,” 
or the minimum number of atoms in space which 
could define the symmetry of the crystal. Iron was 
no exception to the rule that changes caused by 
purely thermal effects were continuous ; changes 
in the closeness of the packing were not sufficient 
to account for the phenomena. Professor Thomas 
Turner considered: Dr. Oxley’s paper very sugges- 
tive, but wished to adhere to three distinct phases 
in solid iron. Dr. J. Stead wrote that he would 
welcome a definition of allotropy which was not 
open to doubt ; but Dr. Oxley had to explain the 
breaking down and the rebuilding of crystals. 

Professor F. Soddy thought that Dr. Oxley would 
have difficulty in defining what he meant by his 
**molecule of a pea er ——e of solids 
and gases seemed to be sharply defined. Few people 
had thought about that; else it would not te 
required the X-ray study to show that the extension 
of the molecular theory to the solid state involved 
an absurdity. The mean kinetic energy of trans- 
lation divided by the absolute temperature was the 
same for all the molecules ; that was Avogadro's 
law for gases, extended to liquids by Van’t Hoff. 
To find out the number and kind of atoms a poo 
ing this energy was easy enough for fluids, but not 
possible for solids, in which the atoms were 
anchored and did not exist in freely - moving 
groups. To Professor Soddy the term ‘‘ molecule 
of a solid” meant merely the te of atoms 
which remained undivided when the solid was 
liquefied or gasified. Only one substance was 
known that was supposed to be allotropic both as 





gas and as solid—oxygen-ozone. There was little 
evidence that sulphur and phosphorus were strictly 
analogous in their modifications, and there was 
less evidence as metals. The thermal evolu- 
tion or absorption in the case of metals was too 
small to justify drawing conclusions. If the heat 
changes were rearrangements in the primary 
atomic grouping might be concluded from them ; 
it was not safe to conclude that there were none, 
because the heat changes were small. 

Our readers will agree that the general problem 
of allotropy was very much to the front during the 
discussion. We may have accentuated it a little 
at the expense of the more strictly metallurgical 
transformation problem. But the placidity with 
which the venerable molecule is being sacrificed 
will be a little startling to engineers, and these 
questions will certainly crop up in many discus- 
sions. We refrain from dwelling on the import- 
ance of the sacrifice of the solid molecule for all 
speculations on dissociation. 





NOTES. 
PATENTS AND THE War. 

A new Order in Council has just been issued 
further regulating and controlling the practice of 
the Patent Office with regard to the grant of 
poe and the registration of designs in Great 

ritain. Under this Order it is provided that where 
an application for a patent or the registration of a 
design has been made, and the Comptroller of the 
Patent Office is satisfied that the publication of the 
invention or design might be detrimental to the 
public safety or the defence of the realm, or might 
otherwise assist the countries with which we are at 
war, or be a danger to our success in arms, he shall 
delay the acceptance of the Complete Specifica- 
tion or the registration of the design, and issue 
an order prohibiting the applicant from pub- 
lishing or communicating in any way the inven- 
tion or design, or applying for protection of the 
invention or design in any neutral or enemy 
country, and, unless the permission of the Admi- 
ralty and Army Council obtained, in any allied 
country or any of the British Colonies or Posses- 
sions. The Order in Council also provides that no 
person shall apply for the grant of a patent in respect 
of any invention or the registration of a design in 
any. foreign country or in any of His Majesty’s 
dominions, unless he has filed at the Patent Office 
a notice of his intention, together with a Pro- 
visional Specification, describing the nature of the 
invention, or, as the case may be, a representation 
or specimen of the design, nor until after the ex- 
— of one month from the date of such, notice. 

f, during the said month, the Comptroller of the 
Patent Office is of opinion that the publication of 
the invention or design might be detrimentai to 
the public safety or the defence of the realm, or 
might otherwise assist the countries with which we 
are at war, or be a danger to our success in arms, 
he is to issue an order as in respect of cases in 
which application is made for the grant of a patent 
or the registration of a design in the United King- 
dom. If any person contravenes these new regu- 
lations, or of any order made thereunder, he is 

uilty of an offence under the Defence of the 
Sadie Regulations. 

Toe Wear or Guns. 


An article in a recent issue of the Revue Générale 
des Sciences, which deals with the wear of guns due 
to firing, states the following points :—(a) Wear is 
nil in the powder-chamber ; (b) wear increases with 
the temperature of combustion of the powder con- 
stituting the charge. The erosive action of ballistites 
containing 50 per cent. of nitro-glycerine is much 
greater than that of pure nitro-cellulose powders. 
The difference decreases with the percentage of nitro- 
glycerine contained in the ballistite or cordite ; (c) 
for a given gun, firing a projectile of a given weight 
at a given pressure, wear increases with the weight 
of the powder charge ; (d) if similar guns similarly 
c be compared together, wear increases with 
the calibre ; (e) at the starting-point of the rifling, 
the diametral wear at the top of the rifling, the 
land, is greater than that at the bottom of the 
grooves, but the bottom of the grooves is also 
much worn when the land shows heavy wear. At 
wtonp 7 Netcom the —— wear at the 

m of the grooves is negligible compared with 
that at the land. Gradual , as the gun wears, 
there is formed on the surface of the bore a large 
system of very fine cracks, which are closest together 





at the point of maximum pressure. At the same 
time the surface of the bore becomes so hard that 
it can hardly be attacked with a file. Osmond 
has shown that the change in structure which 
occurs is due to a cementing action on the steel. 
From the point of view of ballistics these phe- 
nomena have for consequence a decrease in muzzle 
velocity and in the maximum pressure, the result 
being a loss in accuracy. After reviewing the 
investigations carried out by Daubrée, Osmond 
and Vieille on the subject, the author of the 
article referred to concludes that the wear of 
guns is due to the efflux at high speed of gas 
through the space or gap existing between the 
rifling band of the projectile and the bore of the 
gun. The gap is due to the elastic dilatation of 
the gun produced by the pressures which are deve- 
loped inside it. ear at any portion of the bore 
depends directly upon the thermal flux which 
penetrates it during the very short time when the 
rifling band of the projectile is directly opposite it. 
As our readers will remember, we dealt exhaus- 
tively with this subject in our series of articles on 
the ‘‘ Life and Power of Heavy Ordnance.” 


Tue Frenco Rastways 1x War Time. 


With reference to our article under the above 
title given in a former issue (ENGINEERING, vol. 
xcix., page 439), we have received additional in- 
formation confirming the excellent way in which 
the French railway systems have aided and are 
still aiding the operations of the French and 
British armies. According to the information we 
referto, the circulation on the Orléans Railway 
system from August 2 to 5, of last year, amounted 
to 1500 trains, and that on the Paris-Lyons- 
Mediterranean system to over 3000 trains. The 
Eastern of France system, besides having to deal 
with heavy military transports immediately hos- 
tilities commeneed, had to remove from the Briey 
and Longwy ‘districts 40,000 foreign workmen, 
mostly Italians, employed in the iron-mines ot 
those districts. As an illustration of the condi- 
tions which obtained in the early days of the war, 
we may state that from August 6 to 19, of last 
year, the Orléans Railway system carried up to the 
Front 64,000 tons of various provisions. From the 
twentieth day of mobilisation, the six armies 
which were operating on the Front from Maubeuge 
to Belfort, and the seventh army forming the 
Paris military position, had each their revictualling 
centre served by six trains, making a total of 
forty-two trains daily. Special trains were imme- 
diately organised for the removal of the wounded, 
and on the Paris-Lyons-Mediterranean service alone 
670 carriages were set apart for this service. 
The state of tension which reigned during the 
latter part of July, 1914, disorganised all the holi- 
day traffic, and from July 25 to August 1 over 
50,000 Paris tourists returned to their homes in 
the capital, and 200,000 foreigners left France. 
This condition heavily taxed the railway companies 
at the time, when the political circumstances were 
compelling them to consider the question of mili- 
tary transports, a question which was becoming 
more urgent day by day. They were further 
heavily taxed when the German armies invaded 
Belgium and Northern France, and considerable 
numbers of the civil population who were able to 
do so fled from their homes to take refuge in the 
centre of France. Gradually, as the military 
requirements have become less absorbing, the rail- 
way companies have been able to improve their 
ordinary passenger and goods traffic whilst dealing 
adequately, as heretofore, with their war service in 
every detail. 





INDUSTRIAL ENTERPRISE IN Nonway.—The Asa Water- 
falls Company, which last year obtained the permission 
of the Legislature to acquire and regulate the Austdila 
River in the Nevik district, in Hardanger, has nw 
obtained the requisite concession to exploit the same. 
The share capital is 222.000/., which will be all Nor- 
wegian. The Austdéla flows through several lakes or 
waters, as they are called, gevand, with an area of 
2.5 sq. km., being the largest. The lowest of these 
lakes, A’ , is located 906 metres above the 
level of the sea, and has a catchment area, including 
that of the Sept, of 120 sq. km. With the regu- 
lation proposed company reckons that with a volume 
of 5 cubic metres of water per second, and with an effec- 
tive height of fall of 870 metres, 44,000 effective horse- 

wer will be av in the power-station, which will 

situated close to the sea and with short-distance trans- 
mission to factories at the — . = —— — 
aggregate expenditure is calcula at ,000/., sm 
as the ion work is confined to the mountains, 10 
is not expected to entail damage to property. 
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| products of the best quality, and is now being | during his career in develo ing and improving the 

THE LATE COLONEL T. E. VICKERS, C.B. |copied for the benefit of other firms, the patents | production of steel for SL aaestens coginoaing 
By the death last Tuesday forenoon of Colonel | having run out over thirty years ago. — 

Thomas Edward Vickers, C.B., at the age of | In the early seventies came the t develop- e construction of Colonel Vickers’s tyre-mill 

eighty-two years, there has passed away one of the | ment for the manufacture of steel of good quality and the adoption of the open-hearth process for 

earliest and most effective workers who helped | by the open-hearth process. Few men took a more masses in preference to the crucible steel 

to build up the steel trade of England as it now | important part than Colonel Vickers in the work 











exists, and to further the 


which so distinguished the Victorian era. 


oe industrial advance | which m: 
i 


e this possible. No literature was 


|available on the subject, methods of investigation 


Colonel Vickers was born on July 9, 1833, the | and control which are now commonplace were then 
second son of Edward Vickers, who had married | practically non-existent, and the experimenter had 


Ann Naylor and was 
a partner in his 
father-in-law’s steel- 
making _ business, 
which had been in 
existence since the 
end of the eighteenth 
century and had 
works at Millsands 
and Wadsley, near 
Sheffield. After sev- 
eral changes of name, 
the firm was known 
as Naylor, Vickers 
and Co. in the middle 
of last century, and 
eventually took its 
resent name of 
ickers, Limited. 
Into this firm the 
subject of our a 
moir passed, after 
being educated at 
the Sheffield Col- 
legiate School and 
at Neuwied-on-the- 
Rhine. His inclina- 
tions from the out- 
set were towards 
manufacture rather 
than commerce, and 
almost before he was 
twenty-one years of 
age he got charge 
of the firm’s ham- 
mers and  rolling- 
mills. It was about 
this time that the 
early unsuccessful 
attempts to produce 
steel castings were 
being made in this 
country, Mr. Wil- 
liam Vickers, uncle 
of the subject of 
this memoir, having 
been one of the ex- 
perimenters. A Ger- 
man manufacturer, 
Jacob Meyer, of 
Bochum, however, 
succeeded, in 1854, 
in finding a mould- 
ing composition that 
would withstand the 
heat of molten steel, 
and solved the pro- 
blem, making steel 
bells on a fairly 
large scale. Colonel 
Vickers paid a visit to 
Bochum and bought 
the process, stipulat- 
ing that it should be 
applicable also for 
the casting of ri 
suitable for rolling 
into railway tyres. 
The process was duly 
carried out in the 
firm’s works at Mill- 
sands, in Sheffield, 


and proved a success both for the finished castings 
and for the rings for rolling. The casting of 
the rings was, however, abandoned when Colonel 
Vickers invented, in 1864, a double rolling-mill, 
on 4 very original system, for rough-rolling the 
tyres from a punched bloom, is mill was 
constructed and erected in the River Don Works, 
wren being built to take the place of the old 
Millsands and Wadsley Works, which were on 
too small a scale for a trade not only growing in 
volume, but also demanding heavier plant. is 
mill, started in 1867, is still working, turning out 





Tue tate Coronet T. E. Vickers, O0.B. 


to depend on himself for ideas and on his own 
un senses for observation. In this Colonel 
Vickers was extraordinarily successful. Even in 
later years, men who had the advantages of the 
recorded studies and experiences of practical and 
scientific workers, and the use of the latest appli- 
ances for investigation, were continually s i 
at the correctness of the conclusions at which he 
arrived, apparently instinctively. 


Howard Quinquennial Prize by the Institution of 


Civil Engineers, “‘ in recognition of the part taken | 


rised | 


His practical | 
work thus well merited the award in 1907 of the 


were the early features of the growth of the present 
Vickers firm from the old family businegs in the 
staple Sheffield trade. The business was formed 
into a limited company in 1867, and Colonel 
| Vickers became chairman a few years later. The 
transfer of the works 
from Millsands to 
Brightside had made 
extensions - 
sits, and about Fhe 
same time marine 
shafting became an 
important product of 
the firm. Forged in 
earlier years under 
the steam-hammer, 
and after 1882 under 
the hydraulic press, 
heavy shafting of 
Vickers steel ac- 
quired such a repu- 
tation for quality 
and reliability that 
several important 
shipowners used to 
specify it for use in 
their ships. Gun- 
forgings were made 
at the same time, 
and a few years later 
the firm commenced 
manufacturing _fin- 
ished guns and ar- 
mour-plates, both of 
which owed much 
to Colonel Vickers’s 
—— insight 
and ekill. Under 
his chairmanship the 
firm a ac- 
eaenes py and 
allied undertakin 
at home and ab: > 
He resigned the 
chairmanshipin 1909, 
but continued to the 
last his interest in 
the works, and made 
frequent visits to 
them, the last being 
as recently as August 
8, when he was 
wheeled in a bath- 
chair round the scene 
of his old activities, 
and spoke to many 
of the old workers 
with whom he had 
been associated for so 
many years. 
Colonel Vickers 
became a member of 
the Institution of Me- 
chanical Engineers 
in 1861, of the Iron 


op ete: and Steel Institute 


in. 1869, and of the 

Institution of Civil 

Engineers in 1889, 

but was neither given 

to reading papers nor 

to attending meet- 

ings. He was a Con- 

servative in politics, 

and a convinced 

Protectionist before 

Tariff Reform became 

| a political question. He was a member of the Cutlers’ 

|Company of Hallamshire, and served as Master in 

the year 1872-73. He gave his services on several 

committees connected with war materials. He was 

| a Justice of the Peace for the West Riding of York- 

‘shire and for the City of Sheffield. He took no 

. however, either in municipal or other politics 

yond occasionally taking the chair at a public 

oe He was not a good public speaker, 

probably because he never thought a speech a 
worthy object for preparation beforehand. 

As a Volunteer officer he was also well known 
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to the general public. He was among the first to 
join the Volunteer movement, and was chosen 
captain of one of the two companies formed at the 
outeet in Sheffield. He soon came to be in virtual, 


and shortly after succeeded to actual, command of | i 


the battalion, still known, through several official 
changes of name, as the Hallamshire Rifles. He 
commanded it until he had to retire at the “ge 
limit, when he was made its honorary colonel. In 
1898 he was made a O.B. for his services. Under 
him the battalion reached a state of efficiency that 
was rarely found in the old Volunteers; both 
officers and men had the deepest respect and 
veneration for their colonel and would have fol- 
lowed him anywhere. In his youth he was a good 


football player, and was one of the small band of | party 


Sheffield amateurs who, in the middle fifties, re- 
vived the game as a pastime for men. In later life 
he took up chess and became a good ‘‘ club —, 
and was president of the Sheffield Chess Club. 
Shooting and fishing were both among his favourite 
recreations. 

He married, in 1860, Frances Mary, only 
daughter of John Douglas. She died in 1904. 
By her Colonel Vickers had two sons and four 
daughters, all of whom survive him except the 
eldest daughter. 





DAMAGE BY ENEMIES TO ENGINEER- 
ING WORKS IN PROGRESS. 

Owrne to the new situation to which the damage 
done by hostile aircraft has given rise, numerous 
questions have arisen as to liability. The respec- 
tive rights of landlord and tenant have been fully 
discussed in the daily Press, and need not further 
detain us ; but these are not the only ‘‘ parties to 
contracts” who may be affected. The German 
aviators drop their infernal machines without any 
discrimination. Complete works, such as houses 
and factories, and works incomplete are all liable 
to suffer. Who is liable when the progress of 
works under an engineering contract is arrested by 
an explosion ? 

In the days when our insular security was a 
reality it was hardly necessary for parties to con- 
tracts to take account of damage done by enemies. 
Apart from fire or an ‘‘act of God,” works were 
comparatively immune during construction. It is 
one of the uliarities of our codeless system of 
law that, although this novel question, ‘*‘ Who is 
liable for damage done by an enemy bomb to work 
under construction ?” has now arisen in a concrete 
case, it is possible to answer it with some degree 
of certainty. 

The law was stated in 1647 to be that :—‘* When 
the party by his own contract creates a duty or 
charge upon himself, he is bound to make it good, 
if he may, notwithstanding any accident by inevit- 
able necessity, because he might have provided 
against it by his contract. And, therefore, if the 
lessee covenant to repair a house, though it be 
burnt by lightning or thrown down by enemies, 
yet ought he to repair it.” The foregoing, which 
is an extract from the judgment of the Court in the 
case of Paradine v. Jane, is the fons et origo of the 
rule that the tenant under a repairing lease must 
insure against hostile aircraft ; but the principle 
applies to other forms of contract. 

n relation to an executory contract—such, for 
instance, as a contract to build a bridge or erect the 
steel framework for a house—the contractor should 
remember that he is in the position of an insurer. 
If he has undertaken to execute a particular piece 
of work for a sum certain, he must carry out his 
contract. To an employer inclined to rely upon 
his strict legal rights, it would be no answer to 
say :—‘‘ The work was nearing completion when it 
was destroyed by a bomb.” It was enunciated in 
the case of Taylor v. Caldwell (1863) 3 B. and S., 
833, that ‘‘ Where there is a positive contract to 
do a thing, not in itself unlawful, the contractor 
must perform it or pay damages for not doing it, 
although, in consequence of unforeseen accidents, 
the performance of his contract has become un- 
expectedly burdensome or even impossible.” Ac- 
cordingly, in such a case the contractor must either 
do the work over again or be liable in damages for 
breach of couteast Chestthy v. Myers (1867), L.R., 
2C.P. 651). 

There remains to be considered another impor- 
tant class of case—namely, that in which the work 
to be done is in the nature of repairs. The ques- 
tion whether the contractor can recover if the work 
is interrupted or wholly destroyed by a bomb then 





depends upon the terms of the contract. If a man 
has undertaken to repair a piece of machinery for 
a sum certain, he cannot recover the amount, or 
any part of it, unless he completes the work. So 
it hes been held that in the case of an entire con- 
tract for repairs or additions to a house belonging 
to an employer, which house is burnt before com- 
pletion, the holder cannot recover for work done 
and materials supplied before completion, even 
although such materials may have passed to the 
employer by accession. 

n the other hand, where the work is not the 
subject of an entire contract, and performance is 
prevented by unforeseen accident, without the fault 
of the contractor, further performance by either 
is excused, and the contractor may recover 
payment for the portion of his work and labour 
done before the accident occurred. For instance, 
in an old case (Menetone v. Athaves (1764), 3 Burr., 
1592) a shipbuilder sued for work and labour done 
and materials provided in repairing the defendant’s 
ship. This ship, being damaged, had put into the 

laintiff’s dock to be repaired, and when only three 
sooner work was wanted to complete the repairs, a 
fire occurred, without the plaintiff’s fault, and com- 
municated to the ship, which was entirely burnt. 
It was held that the plaintiff could recover. 

It follows from this that where, in the case of 
repair, payment is by measure and value, and the 
work is destroyed while under execution, the con- 
tractor can recover. Similarly, if, as is often the 
case in minor repairs, no arrangement of any kind 
is made beforehand, and the work is destroyed 
during its execution, the contractor can recover 
for any work which he can prove has been done. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue first ordinary general meeting of the above 
Institution for the current session was held on 
Friday last, the 15th inst., in the hall of the 
Institution of Civil Engineers, the President, Dr. 
W. C. Unwin, F.R.S., occupying the chair. After 
the usual formal business, the President referred 
to the Advisory Committee which had been ap- 
pointed by the Government for the purpose of 
facilitating industrial research. That Committee 
had been in conference with the Council of the 
Institution, and the latter had explained the re- 
search work which the Institution has carried out 
in the past, and had frankly stated what they had 
spent on it. The Institution was early in the field 
among technical societies doing work of the kind. 
As a result of the conference, the Advisory Com- 
mittee had suggested that possibly in the future 
they might assist the Institution financially in its 
promotion of research The matter was not yet 
in a definite state, however. The President also 
referred to the Inventions Boards of the Admiralty 
and Munitions Department, and stated that several 
members of the Institution acted on the Advisory 
—— which worked in conjunction with the latter 

oard. 

A further matter referred to by the President 
was the question of a change in the hour at which 
the ordinary meetings of the Institution were held. 
The Council had the matter under consideration, 
and Mr. Pendred had written suggesting that the 
hour of meeting should be 5 o’clock. Mr. Pendred 
had pointed out that many members had to get 
home by train or omnibus after the meetings, and 
that at present these sources were liable to inter- 
ruption, and there was disorganisation owing to the 
darkness of the streets. Some members also were 
special constables and had evening duties. He 
thought earlier meetings would be a general con- 
venience. Some informal discussion and voting 
took place on this question, and it appeared that 
the general sense of the meeting was in favour of 
an earlier hour, a majority appearing to favour 
6 o'clock. The matter is to be the subject of 
further consideration by the Council. 


Tus THeory or GRINDING. 


The meeting then passed to the main business of 
the evening, which was the reading and discussion 
of Mr. J. J. Guest’s paper entitled ‘“‘The Theory 
of Grinding, with Reference to the Selection of 
Speeds in Plain and Internal Work.” The paper 
is reprinted on e 430 of this issue. It was read 
by e author. @ paper, as will be found, was 
° eores a = pe but the discussion 
w ollowed its ing was very disappointing. 
It is to be hoped that if po nd alas a 





arranged for they may result in better discussions. 

Dr. H.S. Hele-Shaw, who rose by invitation of the 
President, was the only speaker. He was, he said, 
no authority on grinding, but was a user of grind- 
ing- ines to some extent, and thought the 
paper presented valuable material on an important 
subject. There were one or two points he might 
raise. One was the importance of changing the 
work speed by a comparatively small amount. He 
was unable to altogether understand this. If a 
work speed of 30 ft. per minute were changed to 
60 ft. per minute, one had a 100 per cent. in- 
crease ; but if instead the grinding-wheel running 
at, say, 6000 ft. per minute were increased to 
6500 ft. a minute, one had a much smaller per- 
centage ; but the relative change of speed in 
the two surfaces was enormously greater than in 
the case of the 100 per cent. increase of the 
work speed. The question was why the increase of 
the work speed made such an apparent difference 
when changing the s of the grinding-wheel 
so as to alter the relative velocities of the two sur- 
faces working in contact to a much greater extent 
did not apparently make nearly so much difference. 

Bearing on this point, the manager of Messrs. 
Charles Churchill and Co. had given him an example 
of the great range possible in work with 
little difference in the result. This gentleman had 
recently been consulted by a customer in reference 
to the installation of a machine for grinding a 
combined steel piston and rod, having diameters of 
44 in. and 1}in. The customer had been advised 
that both diameters could be ground without change 
either of work speed or wheel speed. The matter 
had been put to the test, and the advice proved 

uite correct. As the pieces of work had to be 

ealt with only in small quantities, it was desirable 
that they should be ground in this way ; but if they 
had had to be dealt with in quantity, it would have 
been advisable to fit a grade softer wheel for the 
larger diameter of the piston. The example illus- 
trated the wide range of velocity which could be 
employed without affecting the results. 

Mr. Guest, in reply, said that the advice given 
by Messrs. Churchill in reference to the grinding of 
the two diameters was quite justified. The con- 
dition for grinding was equation (4) in the paper, 
in which it was ible to have any value of », 
provided the machine would give a corresponding 
value of t. Many machines were not fitted with a 
sufficient number of cross-feeds, or they had a great 
number which could not be used. In some instances 
feeds of eighths of thousandths on the diameter 
were used, and even still finer variations. Never 
less than a quarter of a thousandth was employed. 
If Meesrs. Churchill’s machine gave corresponding 
cross-feeds for the two diameters, it was well built. 
What limited the cross-feed in an external grinder 
was partly the oil film on the wheel-spindle bear- 
ings and partly the spring of the machine. With 
a springy machine it was not possible to grind 
satisfactorily with a fine cross-feed, but with a 
substantial one it was, and the condition of the 
equation could be satisfied. 

Dr. Hele-Shaw had referred to the case of a 
wheel running at 6000 and work running at 30. If 
this latter were increased to 60, the relative velocity 
would be 6060, instead of 6030. This was a difference 
which in mechanical engineering one would regard 
as of no significance. is relative-velocity ques- 
tion was just the same as in any machine-tool—a 
shaping-machine and planing-machine, for instance. 
It did not matter if the work moved over the tool 
or the tool over the work, provided the relative 
velocity remained—did not change. Cutting in a 
lathe at 80 ft. per rainute, cutting in a planer at 
80 ft. per minute, or cutting in a compound 
machine, in which the work moved 30 ft. and the 
tool 50 ft., were all the same from this point of 
view. It was one of his assumptions that the differ- 
ence between 6060 and 6030 would not make any 
difference. There was an extra velocity, however— 
the velocity into the wheel, which was not 6060 or 
6030 or , but which could be obtained from 
equation (@). The velocity must be within certain 
limits and the e ion must hold for all sorts 
of grinding. Subject to readiness to sacifice out- 
put, it was ible to have any velocity or increase 
of feed desired. When doing a few jobs output 
would be sacrificed, but when looking for produc- 
tive grinding it was necessary to bring in the ex- 


pression vt = . and combine the two equations. 


That gave the proper speed. It would be noted, 
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however, that the matter depended on power 
delivery to the machine, which was a definite 
quantity. It was necessary to be sure of getting 
power; then the machine would run uniformly and 
the results would be sure. 

This concluded the meeting, except for the 
announcements by the President that the paper 
would be read and discussed in Manchester on the 

19th inst., and that the third Thomas Hawksley 
’ lecture would be given by Dr. Dugald Clerk at the 
Institution of Civil Engineers on the 29th inst. 
The subject of this lecture would be “‘ The World’s 
Sources of Fuel and Motive Power,” and ladies 
were invited to the meeting. 





Mancuester MEetine. 


At the meeting held in the Engineers’ Club, 
Manchester, at 8 P.M., on the 19th inst., Mr. 
Michael Longridge was in the chair. The paper 
was summarised by Mr. Guest, after which the 
Chairman, inviting discussion, said that grinding, 
which was considered a luxury not long ago, had 
now become a common necessity, and in many 
directions was the most economical way of working. 
With the number of variables one had in grinding, 
it might appear impossible to find a series of 
expressions grouping them all, and if the formulz 
given in the paper did constitute such expressions, 
they would form a most valuable thread leading 
one through the maze of variables which had to 
be considered. 

Mr. Hans Renold was the first speaker. He 
thought the subject of the paper one that could 
very usefully be brought forward at the present 
time, especially in Manchester. It had been said 
that the amount of soap used by a country was an 
index of its civilisation, and in the same way 
he was inclined to say that the amount of 
grinding used was an index to the degree of 
civilisation existing in the engineering of a coun- 
try. We were far from being in front in this 
matter. America started it, Switzerland followed, 
and Germany came not far behind. He had re- 
cently seen a machine in Zurich which was a 
revelation. It was turning out hardened helical 
toothed wheels purely by grinding. The author 
had been bold in putting his grinding experience 
into formule. His (the speaker’s) experience was 
that every job required different treatment. He 
had never been able to bring all the elements into 
one formula, and he did not believe it could be 
done. Mr. Norton, one of the greatest experts in 
America, agreed with him. He was rather sorry 
to see the formule. They might frighten people. 
Grinding was full of difficulties and baffling results 
when one first took it up. It could not be taken 
up with formule, but must be taken up with love. 
It was a job for an artist. Two similar machines 
did not give similar results. 

In connection with the extent of the pre- 
sent employment of grinding, he had gone through 
the machines in his works and found that = 
had 980 other machine-tools to 147 grinding- 
machines. He would not like to go below that 
proportion, and wondered how other works com- 
pared in the matter. Grinding-machines were 
chiefly of value for finishing or rectifying. Two 
firms in Birmingham were machining 3.3-in. shells 
by grinding entirely, instead of turning them. 
They claimed to get better results, but he could not 
think it possible. It was a lathe job. All the 
same, heavy work could be done; the trouble 
frequently was that one had not enough power. He 
had a cup grinding machine which produced 
shavings 6 in. long. For this sort of thing, how- 
ever, everything had to be very stiff. Twenty, 
thirty, and even one hundred horse-power were 
freyuently not too much for a grinding-machine. 
Ee had seen one in the States used tor railway 
axies, which had three or four motors having 
* total horse-power of 250. The power question 
was largely a matter of spindle drive. For fine 
grinding with, say, a 12-in. to 18-in. wheel, } in. to 
“in. wide, there was no difficulty with belts, but 
for heavier work there was nothing like a chain 
drive. With such a drive, one could frequently 
sot from 100 per cent. to 140 per cent. more work 
out of the same machine. Any belt, no matter how 
wide, slipped a little. This warmed the spindle, 
snd caused expansion, so that when it was cold 
\\ had to be slack in its bearings. He had certain 
machines on which he could not do fine work in the 
mornings, when everything was cold. When the 


sl'pping-belts had warmed them up they were all 





right. He did not agree with Mr. Guest’s explana- 
tion of glazing. This was due (1) to the fact that the 
particles of the wheel did not fall away and present 
new surfaces, as they should, and (2) to the choking 
of the wheel with the particles of steel ground off 
the work. 

Mr. W. H. Cook wished to controvert the idea 
that we could not grind correctly in England. We 
had been doing so for fifty years. e had seen 
two ground rollers, 100 in. long, placed together, 
clay put at the ends, and water poured in with no 
signs of the water leaking between the ground sur- 
faces after many hours. He had no experience of 
formule in connection with grinding, and would 
give a miss to those of Mr. Guest. e had prac- 
tical experience, however, and used grinding for 
finishing. For removing heavy masses he found it 
did not pay. The effects he had noticed differed 
from those quoted in the paper. Altering the 
speed would frequently not stop glazing, while alter- 
ing the wheel would. One had somewhat similar 
results with vibration. Sometimes, with work 
between centres, vibration might be stopped by a 
change of wheel or a change in direction of rota- 
tion. He had found that for work in bearings it 
was not possible to get truth unless the bearings 
were ground beforehand. A handicap to the general 
adoption of grinding was the absurdly high prices 
which were charged for the machines. 

Mr. H. H. Ashbridge thought the paper should 
be called ‘‘ The Theory of Grinding Geometrically 
Considered.” To develop his formule the author 
had assumed that both the material ground and 
the grade of the wheel were constant. Assuming 
this, he had worked out the speed and feed and 
obtained equation (4), when the speed and feed 
for other cases could be obtained from equation 
(5). This process might be geometrically correct, 
but the results were not borne out by practice. 
There was, for instance, always a danger of vibra- 
tion with heavy work of large diameter, which 
might modify the result ; while with small work a 
higher work speed than was given by equation (5) 
was essential in order to distribute the stress of 
the wheel-cutting action and to distribute the 
heat produced equally throughout the ground 
portion. Why develop a theory on a basis of 
variable work-speed and feed, when by keeping 
both constant the same effect could be produced ? 
Examination of the table given in the paper 
showed that the cubic contents of the material 
removed per minute was practically identical in the 
three cases, and this might be held to prove the 
accuracy of the theory. In practice, however, a 
piece of work lin. in diameter could not be ground 
at a speed of 9 ft.a minute with a cross-feed of 
4 mils. It could be ground at 30 ft. a minute with 
a feed of 1} mils, the figures which the table gave 
for a piece of 4-in. work. 

He had made an experiment bearing on the 
matter. Two pieces of work, 1 in. in diameter and 
12 in. long, were taken. The first was given a 
work-speed of 10 ft. a minute and a cross-feed of 
4 mils ; the second, a work-speed of 27 ft. a minute 
and a feed of 1} mils. These were the nearest 
figures to those in the table which the machine 
available allowed him to get. In both cases ;},; in. 
was ground from the work in 4 min., each taking 
5 horse-power, and each being served with 40 gal- 
lons of water a minute. The result in the case 
of the first piece of work was that it was badly 
discoloured, showed deep traverse marks, and was 
0.002 in. big in the centre. The second had a 
fairly good finish, showed slight traverse marks, 
and was also 0.902 in. big in the centre. The 
general result very clearly was that the higher 
work-speed gave the best result, and he thought 
a higher speed still would have given an even better 
one. It might or might not be concluded from 
this that a theory on the basis of constant work- 
speed and constant cross-feed, in order to maintain 
constant production, would be the correct one. It 
was certain that it was a logical way of looking at 
the matter. 

Professor A. B. Field had had no opportunity of 
studying the paper ; but thought it was a great step 
to have a theory in the light of which to consider 
practical results. As he understood the paper, it 
was intended to serve only as a general guide. 
Extraneous factors, such as the heating of the work, 
would, no doubt, frequently limit the considera- 
tions presented. 

Mr. Guest, in reply, said that the particular 
value of grinding was that it produced accurate 
work, which gave better wear and running, and 





reduced erection costs. Mr. Renold had referred 
to chips 6 in. long from a cup-wheel. The chip- 
length was a question of the length of the are of 
contact, and long chips with cup-wheels were well 
known. Bundled together they produced a 
material looking like slag-wool, and were frequently 
rather a cause of difficulty in operation. Mr. 
Renold had also referred to glazing. This was due 
to the variation in the disposition of the pieces of 
abrasive in the wheel. hile some were cutting, 
others were merely scraping and getting blunt, 
and if the conditions were such that the cutting par- 
ticles were worn flat on the top without breaking 
away, while those next below had time to become 
blunted, the general effect would approximate toa 
glazed surface, which could not bite on the work. 
The second form of glazing referred to by Mr. 
Renold, that due to choking of the wheel with 
oo of metal, was not usually considered as a 
orm of glazing. It was known as ‘‘ loading,” and 
was common when grinding copper and other soft 
metals. The best way to avoid it was to run fast 
with a light cut. 

Referring to different types of wheel, Mr. Guest 
said that one could do more work with a hard 
wheel than a soft one, but the hard wheel took 
more power and man’s time. A soft wheel was 
usually the most economical. The Landis Com- 
pany were very fond of hard wheels, and gave them 
plenty of power. One of the main objections was 
the heating effect. Mr. Cook had referred to vibra- 
tion being stopped by changing the grinding-wheel. 
Vibration was almost always due to something 
being out of balance, frequently in the wheel, and, 
on account of the high speed, the effect was con- 
siderable. If a wheel was out of balance to the 
extent of 1 oz. at 1 ft. radius, the effect would be 
that of an oscillating force of about 301b. There 
was always some elasticity in a machine, and if the 
natural period coincided with that of the oscillating 
force, the effect could build up to quite a consider- 
able extent. As an example of the importance of 
out-of-balance effects, he might say he had been 
supplying some high-speed wood-working machi- 
nery, and had balanced the rotating parts to the 
extent of } oz. at 6-in. radius. The possibility of a 
wheel being out of balance would be quite sufficient 
to explain why a change of wheel might stop vibra- 
tion. It was quite common to balance wheels by 
putting a small amount of lead somewhere towards 
the outer circumference. All went well until the 
wheel was so worn down that the lead was worn 
away, after which the wheel might be out of balance 
again. It quite paid users to balance their own wheels 
if they used a good many. To Mr. Cook’s remarks 
about the cost of grinding-machines, he would only 
say that one could not build an accurate machine 
cheaply. It must be remembered that the accuracy 
obtained was governed by such things as the thick- 
ness of oil-films in bearings. After all, the cost of the 
machine was much less important than the labour 
costs it might save. 

Referring more directly to the paper, it was 
obvious that with formule involving ranges both of 
work and wheel, one must have some constants. 
Those used were : b, which stood for horse-power; c, 
which represented width of wheel or traverse ; and 
a, which represented different quantities of wheel 
and work. One might expect two constants for 
these latter, but the formule involved only one. 
Mr. Ashbridge said the paper was a geometrical 
consideration. It was, but the mechanical effects 
depended on the geometry of the process. The area 
of cut depended on geometrical considerations, and 
on that depended the work. All that Mr. Ashbridge’s 
experiment proved was that the value of a he was 
using was more suitable for a material velocity of 
30 ft. a minute than for one of 9 ft. Professor 
Field had referred to heating of the work. This 
was an important matter. One had to go slowly 
for the last five-thousandths if temper had to be 
preserved in the work. The heat produced was 
sufficient to melt the metal locally, and a hard bar, 

round too rapidly, became soft on the outside. 

his was probably why little difference was found 
in grinding hard steel and mild steel. The hard 
steel became soft outside. 





Merattic Permanent Way.—The war has crippled 
the demand for railway chairs and metallic sleepers, just 
as it has told adversely upon well nigh every other branch 
of British industry. The exports in the nine 
months ended September 30, this year, were reduced to 
50,469 tons, as compared with 61,945 tons and 99,191 tons 
in the corresponding periods of 1914 and 1913, 
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HISTORICAL STEAM-ENGINES, 
To THe Epitor or ENGINEERING. ; 
Sir,—Under the above heading I was interested in 
reading Mr. Arthur Titley’s letter in your issue of 
October 8, but would point out that his a of 
the engine erected near Dudley Castle in 1712, as a 
Newcomen engine, is somewhat misleading. Thisengine 
was the invention of my ancestor, Captain Thomas 
Savery, and Mr. Newcomen joined him in the building 
and erecting. : : i 2 
Apart from a smaller attempt in a Cornish mine, it has 
always been understood, by my family, that this was the 
first successful engine, although a number of others, I 
believe, were subsequently successfully set to work. 
Yours faithfully, 
Ww. K Savery, i ae 
Managing Director, T. A. Savery and Co., Limited, 
Newcomen Works, Birmingham. 
October 18, 1915. 





WORK-WEARINESS AND A THREE-SHIFT 
SYSTEM. 
To THe Enrror or ENGINEERING. 

Sir,—Abt the present time we are faced with two kinds 
of shortages. . 
There is the shortage of skilled labour and the sh 
of machinery, especially automatic and semi-automatic 
machinery used in the —— of war material, an 
in connection with this, lack of shop room required for 
extension of plant. In many instances it is impossible, 
or very inconvenient, to find room for more machines, 
even if they were Pek pery 9 

The only way to deal with the skilled labour shortage 
is by careful direction of it, to see that the skilled worker 
is only employed upon work requiring skill. There is a 
limit to the overtime he should work to obtain the most 
satisfactory results, and that depends upon many things, 
especially the nature of the work. ‘ 

ere is no real shor of workers for unskilled and 

semi-skilled work into which the worker usually can be 
trained in a short time. The apparent shortage is due to 
the fact that women and girls are not allowed by the 
Factory Regulations to wor — shifts, so anins free 
male workers for the heavier and more difficult work. 

The Home Office give extensions of overtime, but I 
know of no cases where women have been itted to 
work the present wearisome night-shift. ere is little 
doubt that permission could be obtained for shorter shifts, 
and there would then be no further shortage of unskilled 
and semi-skilled workers if a three-shift system could be 


ado: le 
There are also instances where the shortage of some 
ial machines is more serious for the moment than 
ckevteae of labour. Some months ago, before the war, I 
substituted a three-shift system in place of a two-shift 
system on account of shortage of some s machinery. 
Tt was so successful that it was retained and extended. 

The original two-shift system was made up as follows: 
—A day ehift from 7 a m. to 5 p.m., with an hour’s break 
—12 noon to 1 p.m. On Saturdays the week ended at 12 
noon, and the total normal day-shift week was fifty hours. 
The night-shift ran from 6 p.m. until 7 a.m. next morn- 
ing. ere was a su io hour from 10 p.m. until 11 p.m., 
and a breakfast half’ our from 3 a.m. to3.30a.m. The 
total night-shift week was normally 574 hours. All shop 

roduction was paid for on piece-work and bonus plan, and 
1t was found that the output per man per hour on night-shift 
was 15 per cent. to 20 per cent. less than on the day-shift. 
The three-shift system which displaced the two-shiftsystem 
was made up as follows :—** A” shift from 7.30 a.m. until 
4p.m., with meal half-hour from 12 noon to 12.30 eS 
‘*B” shift from 3.30 p.m. until 12 midnight, with meal half- 
hour from 7.30 p.m.to8 p.m. ‘*O” shift from 11.30 p.m. 
until 8a,m. next day, with meal half-hour from 3 a.m. to 
3.30 a.m. The shifts for the week finish :— 

“A” shift, 4 po. Saturday. 

**B” shift, 12 midnight Saturday. 

“OC” shift, 8 a.m. —e 

Any worker may obtain leave away on Saturday after- 
noons by obtaining a substitute willing to take his place 
from one of the other shifts, and we have no trouble 
from what appears at first sight to be a formidable 
obstacle. 

There are thus three-shift weeks of 48 hours each, a 
total of 144 hours, compared with the two-shift weeks of 
50 hours and 574 hours—a total of 1074 hours; or, in 
other words, we obtain an increase in the normal weekl 
worki ny of OF pee cent». In ee it is 
more is, as the output per man-hour is greater, 
and we soon found that each man in his 48-hour week 
was doing as much as he did before in the 50-hour day- 
shift and the output has increased 50 per cent. in 
view of the better value obtained from the night hours. 

In the three-shift system we have each shift lapping 
over the other to the extent of half-an-hour, or cqual to 
the meal half-hour. The half-hour is occupied in this 
way. During the first 15 minutes the incoming worker 
gets all his work and tools seady and clears up all 
obsourities before he begins. He th es over the 
machine, and for the remaining 15 minutes of the half- 
hour the outgoing worker books in his work and attends 
to the various small duties necessary to be done before 
he leaves. 

In changing the shifts at the end of every week, ‘‘ A” 
shift becomes “‘C” shift, “‘B” shift becomes *‘A” 
shift, and ‘‘C” shift becomes ‘‘ B” shift. 

The shift itself therefore is run at high pressure, and 
the machine is keptrunning every possible minute. There 
is no time to think of weariness, and the workers are 
cheerful and energetic. Whenever there is a possibility 
of overtime they are glad to work on, and the nature of 





the shifts render them adaptable and elastic for the 
purpose of filling the places of those absent because of 
illness. Apart from the benefit of increased output, there 


is also a gain in economy, due to lesser overhead charges, 
even when i maintenance cost, because of more 
machine-hours per week, is taken into account. 

Yours faithfully, 


Joun E. Grant. 
Straidlands, Surbiton, October 16, 1915. 





Contracts.—The Mirrlees-Watson Company, of Scot- 
land-street, Glasgow, inform us that they have recently 
received orders for thirteen condensing plants and for 
two dry-air pumps, ssveral of them being repeat orders. 
—The Monometer Manufacturing Company, Limited, 
state that they have recently received orders for their 
furnaces from the Daimler Motor Company, Limited, 
Coventry; the Lanchester Motor Company, Limited, 
Birmingham ; the Sheffield Co tion mways ; the 
India-Rubber, Gutta-Percha and Telegraph Works Com- 
pany, Silvertown. The Royal Arsenal, Woolwich, has 
ordered two of 300 Ib. capacity, of the ladling t: and 
one of 500 Ib. capacity, fitted with ten of the ‘‘ Mono- 
meter” patented reversible ingot-moulds.—Messrs R. 
White and Sons, Widnes, have just executed for the War 
Office an order for two of their aerial wire ropeways for 
the use of the troops, and, as the matter was urgent, they 
succeeded in getting the whole of the two ropeways de- 


d | spatched within three weeks of the receipt of the order, 


complete with all the driving-gear, engines, carriers, &c. 





THe German Dynamite Company.—The Dynamite 
Company, formerly the Nobel Company, at its last 
meral meeting sanctioned the separation from the 
lish Trust and the new additional ment to 
the general kartel arrangement with the ot German 
companies concerned, to the effect that, for the future, 
the aggregate profits of the German explosives group 
and the German powder group should be divid 
between the two groups, with 50 per cent. to each, sub- 
ject to the explosives group, after the profits having been 
divided annually, paying the — group a sum of 
318,850 marks. An agreement has, further, been entered 
upon between the German works combined in the 
general kartel and the firms of the Rhein-Siegener 
group, the existing agreement being altered to the effect 
that the latter firms receive a dividend of 80 per cent. 
of the former dividend on their present capital. It was 
decided to increase the capital from 24,000,000 marks to 
36,000,000 marks, and the dividend for last year was 
fixed at 12 per vent., against 20 per cent. for the preced- 
ing year. 





Tue RHENISH-WESTPHALIAN Coat Synpicate.—The 
temporary coal syndicate, the bringing about of which 
proved such a tracted and difficult process, has now 
published its allotments, the aggregate figures of which 
show a material increase owing to several new mines 
having joined, and more pny the Crown mines. 
With the exception of the Admiral and the Gliickauf- 
Hackeney concerns, all the mines of the Rubr district now 
belong to the syndicate. The following is a list of the 
different mines of the syndicate which have an output of 
2 million tons and over, with their allotment of coal, coke, 
briquettes, and their own consumption :— 


Own 
= Coal. Coke. Briquettes Consum 











tion. 
tons tons tons tons 

Arenbe: ‘ee .. 2,243,000 687,250 _ _ 
Consolidation .. 1,951,800 515,400 — _ 
ConstantinderGrosse 2,762,800 1,200,200 233,350 - 
Deutecher Kaiser .. 1,650,000 35,000 — 2,723,000 
Deutsch - Luxemburg 3,635,500 853,700 710,550 2,031,800 
ee «+, 1,000,000 000 — 200,000 
Essener-Steinkohl .. 2,325,900 _ 811,000 = 
Ewald .. es -. 2,449,000 300,000 -- —_ 
Fried. Krupp. . ee 775,400 _ _ 2,992,700 
Gelsenkirchen Berg- 

werk Ges. .. -. 9,995,700 1,826,808 216,000 2,085,000 
G Marien Hiitte 600,000 100,000 _- 470,100 
Graf Bismarck --| 2,326,600 300,000 — — 
Gutehoffnungs Hiitte 2,116,600 40,000 216,000 | 2,085,000 
Harpener Bergbau 

Com a .. 7,788,800 | 2,050,000 417,620 | _ 
Hibernia ai -| 5,818,500 | 1,512,800 66,350 | -- 
Koln-Neuessen .-| 1,976,800 583,540 -- — 
Konig Ludw -» 1,484,300 593,050 — | _ 
Kén Elisabeth .. 1,300,000 400,000 216,000 200,000 
Royal Mining Board | 

Recklinghausen ..| 5,500,000 2,000,000 _ —_ 
Aumetz Friede 1,655,300 331,940 72,000 1,040,900 
Mathias Stinnes 1,729,000 248,195 — a 
Neumthl . | 1,650,000 563,300 _ _ 
Phoénix.. ao -.| 3,190,000 762,640 71,280 2,473,000 
Rheinische Stahl- 

werke ee ee 515,000 100,000 1,441,000 1,100,200 
Zoliverein 1,950,200 540,000 - _ 


The total number of mines is 85, and their agurogate 
allotments :—Coal. 108,729,266 tons; coke, 25,170,816 
tons ; briquettes, 5,419,210 tons ; and own consumption, 
21,242,934 tons. The figures of the former allotments were 
respectively :—88,683,200 tons. 19,181,050 tons, 4,867,510 
tons, and 19,020,200 tons. Of the 85 mining concerns 
rather more than twenty are newcomers, although some 
of them have had a trading connection with the syndi- 
cate, and a few have joined through their connection 
with other und i A number of allotments have 
been altered, mostly with increases for sale or consump- 


tion, the most striking increase being that of the large 
Gelsenkirchen - = 


concern, the consumption allotment of 
which has been raised a tons. The alterations 
apply both to coal, coke, and briquettes. 





THE THEORY OF GRINDING. 


The Theory of Grinding, with Reference to the Selection 
of Speeds in Plain and Internal Work.* 


By James J. Gusst, of Birmingham. 


Introduction.—When the author is asked to advise 
upon plant installation, the grinding-machines proposed 
are those upon which most discussion arises, and of the 
points connected with grinding that of work-s; selec- 
tion is the least understood. The question which he is 
most frequently asked is, ‘‘ What is the best work - 
The inquirer often volunteers the information that he 
does not mean revolutions ew minute, but the actual 
surface speed of the work, which he considers should be 
some certain fixed amount, at any rate for a given mate- 
rial, such as mild steel. The question is often answered 
by a direct statement that the speed should be so many 
feet per minute ; but, unfortunately for the questioner, 
—_ time he asks the question he receives a different 
reply. 

The speeds now recommended vary from 6 ft. to 80 ft. 
per minute; some authorities advise a range from 35 ft. 
to 70 ft. per minute, while others pin their faith to one 
definite amount—for example, 25 ft. per minute. The 
surface speeds formerly in use were much higher—from 
120 ft. to 400 ft. per minute—and a belief in the value of 
high speeds still exists; so much so, indeed, that one 
voluminous writer states 1 to be a self-evident proposition 
that the higher the work speed the greater the output. 

Having received his answer, or looked up the various 
opinions, the anxious inquirer naturally wishes to know 
whether the same speed should be used on internal work. 
Here he finds se noon is much — reticence. A 
improvement es p in any manufacturi rocess, it 
is —- a the s 8 advisable should We soltented 
to change ; but’in this case the change of practice which 
has slowly taken place is very great, and isin the unusual 
direction of lowe speeds, 

This universally accepted idea of a standard work 
surface speed—independent of the diameters of the work 
and of the wheel, and of the particular machine used—the 
author regards as based upon an illusion, probably arising 
from the similarity of the shape of the work produced by 
a Universal grinder and a lathe, and a knowledge that 
there is a (more or less precise) correct work surface 
speed in the latter case. The analogy between the actions 
in a plain grinder and a lathe is false ; a better one would 
be with a circular milling-machine, the cutter speed in 
which corresponds to the wheel speed in grinding. 

Some years ago the author develo the en of 
grinding, which he has found of much service, and he 
presents it here for consideration untiassed by precon- 
ceived ideas. The basis of it is given in his paper before 
the British Association for the Advancement of Science 
in 1914, and it is further discussed in his book on 
‘** Grinding-Machines.” It is there treated somewhat 
discursively, but he will endeavour in this paper to cut all 
side issues short, and to present the argument in such a 
logical form as appeals to engineers. 

Limit of Wheel Speed.—In order to make matters 
definite and clear, take the case of a piece of work of 
diameter d, running with surface velocity v, being ground 
by a wheel of diameter D, with a depth of cut ¢ on the 
work diameter, and with traverse c per revolution of the 
work ; also confine the attention initially to wheels of 
one fixed grit and grade, and to work of one particular 
material. 

First, consider the effect of time and determine what 
it is that prevents the speeds, and so the output, from 
being increased indefinitely. In the case of a lathe or 
milling-machine, if an attempt made to increase the 
speeds continuously, the effect of the heat produced soon 
enforces a limit, but this does not apply directly to 
grinding, as the abrasive particles (whether corundum, 
alundum, or carborundum), whose points do the cutting 
and make the chips, will withstand a very high tempera. 
ture without injury. The word = “directly” is used 
because the rate of production of heat does produce 
secondary effects, which formerly. or od controlled 
the production and even now occasionally do so, although 
a large flow of water is used. This, however, is a matter 
aside from the immediate inquiry, and as such is dis- 
missed from the discussion. Similarly, other side issues 
—for example, the control of the wheel speed by the 
material, and ultimately by the abrasive, of the wheel, 
= in the succeeding paragraph—will not be 
pursued. 

In grinding, the speed limit. is controlled by the 
—- of the material of the wheel. The rotation of a 
wheel causes stresses in its material rtional to the 
square of its velocity, and it can y shownt that 
the stress in a wheehdepénds only = the speed of its 
edge V, and not upon its diameter. decision that 
certain factor of safety is limits the highest 
speed of the wheel-edge to a definite amount. Thes 

issible actually varies with the grade of the wheel, 

t this is foreign to the present issue, and the maximum 
velocity of the wheel edge is taken to be V, and to be 
determined by considerations of safety. 

The interaction of wheel and work surfaces may be 
looked upon from two distinct points of view—the geo- 
metrical and the mechanical. If the surfaces go through 
certain interactions, viewed from the geometrical stand- 
point, in time ¢, the effect of taking time 2¢ over the 
same movements is to lessen the rate of doing the work 
(and of producing heat) in the same ratio. There may be 
@ minute difference in the power required, heat produced, 
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&c., due to a small difference in the shape of the stress- 
strain curve. This variation of the rate of heat produc- 
tion will not, with a good water-supply, disturb matters, 
and, therefore, if any lower velocity than V be used, 
and v lowe in same ratio, same action will 
take merely more slowly, and with a corresponding 
diminution in the rate of output. Hence the wheel is to 
be used at the highest safe surface velocity V for reasons 
f uction. . : 
7 ‘ormal Material Velocity Alone Effictive.—If, instead 
of having a depth of cut 4 ¢, the wheel only just grazes 
the work surface, neither the rotation nor traverse of the 
work, singly or combined, will result in any material 
being ground off. Here the work surface moves by the 
wheel surface in lines the same as that of the velocity of 
the wheel particles, and perpendicular to this direction 
(V) respectively. So that, considering a very small por- 
tion of the work surface just as it grazes the wheel sur- 
face, it becomes clear that no velocity which it has in its 


own plane can have any effect on the actual grinding or | P®™*S 


on the amount of material removed. Such a velocity 
merely ts quantity of work surface to the wheel. 
In grinding, therefore, the third component of the work 
at the wheel-face must be the effective one, and, geome- 
trically considered, it must be the fundamental controlling 
factor. The author calls this quantity the normal mate- 
rial velocity, as it is the component of the work velocity 
which is normal to the wheel surface. To illustrate this, 
suppose that a cup-wheel with a flat face A B, Fig. 1, be 














Fig.1 
A : 
b= 
P 
B 
= Tim = 1 
(4554.4) 


rotating, and a bar of steel C D be held with its end 
against the wheel-face, so that the length C D is perpen- 


that it need not be considered. Join A E and draw F M 
perpendicular to it (produced). Produce AK HF to 
cut the wheel and work circles in N and P respectively, 
and = CE — line in Q, and join F E. ow 





(by Euclid iii., 35) product of chords in a circle are 
equal, and 
.. HQ x QN = QE’; 
. _- QE. 
“ HQ= oF 3 
similarly 
KQg=-2@F 
QP 
and : , 
“HK =HQ+KQ=QE (11. +25) 


Now H K is the depth of the out, or 4 ¢, and in practice 
is of the order of 0.001 in., so that it, similarly to its 
QH and QK, is small com with the diameters 
of the wheel and of the work. Hence Q N may be taken 
as equal to HN or D, and QP as equal to K P or d in 
the above equation. Alsc, since the base H Q of the 
curved triangle H EQ is so small, Q E may be considered 
as equal to H E or s. ; 
Substituting these values in the above equation, it 


becomes ' : 
4t=s (b+ a) 


so that the length of the arc of contact is 


o=,/ Ddt (1) 
«(d+ D) 


Now at E the particles of the work are moving with 
velocity v perpendicular to F E, and this velocity will 
have components », (the normal velocity of the material) 
along E A and v, along the wheel-face E H perpendicular 
toE A. These directions are perpendicular respectively 
to the sides F E, F M, and M E of the triangle F M EF, 
so_that it is a triangle of velocities, and 

—_* FM. 
oe Q = EF E v. 
Now 
area of triangle F E A 
x FA, re 
or 


But FA = AH + FK-HK = 
is so small compared with D + 
and the equation becomes 


(D + d—2), but as ¢ 
. it may be omitted, 


dicular to the face A B. If the bar is pushed lengthwise | #4 


directly into the wheel, it will receive this normal material 
velocity only, and will be ground away. If it be moved 
sideways only, whether parallel to D E or D F, no mate- 
rial will be ground away. If the bar received the three 
movements simultaneously, the amount ground away 
would depend on the normal velocity only. If the bar 
were pushed rapidly into the wheel-face, it would dis- 
integrate ib and cause the wheel to waste away. If it be 
fed in very slowly indeed, the particles of the wheel will 
gradually become dull and then —— ; the wheel face 
will then be ‘‘ glazed,” and it will be difficult to force the 
bar in. These two effects limit the possible amounts of 
the normal material velocity; between them lies the 
region of grinding within which there is some value of 
this velocity any epee | chiefly upon labour and wheel- 
costs) which may be regarded as the best. 

Value of the Normal Muterial Velocity.—In the case 
of circular grinding, which is under consideration, where 
an amount ¢ is being removed from the diameter, the 
work must have some normal material velocity into the 
wheel at the arc of contact, although this arc is so short. 
It is now necessary to find the value of the normal 
material velocity in this case of plain (or external) 
grinding. In Fig. 2, below, the contact of the wheel 


Fig.2. 
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and work is shown on a distorted scale for the sake of 
clearness, the depth of cut having been 
sive. Here A is the centre of the wheel 
axis of the work GHEJ; while 
continuation of the work surface 

been if not ground away, so that H K is the depth of cut, 
or 4t. The wheel is rotating in the direction m 

the arrow V, and the work in the same direction, marked 
by the arrow v. The part of the work G 
sround away, so that the arc of contact is H 
uumber of cutting points on the wheel-face be esti 
aud the size of the chip deduced, it will be f 

the are of contact extends a little above H towards O, 
but that this distance is so small compared with H E 





FM =.S¢D. 
ee, wae ee eet 
a a SS ee ee 
SPREE oer = 
a/a0 +. (3) 


This, then, is the value of the normal material velocity 
at the point E, and will control the grinding at that 
point. 

It cannot, however, be concluded immediately that it 
controls the grinding completely, as the normal velocity 
varies all along the arc from the value zero at H to the 
amount just found at E. Equation (2) states that 


= Qvuett DP 


db’ 
and as, in the proof of this, no specification as to the 
value of the depth of the cut has been made, this applies 
all along the arc HE; that is, any other point in H EK 
may be sup to correspond to the point E for « 
smaller depth of cut and very slightly less diameter of 
work. Since the quantities v, d, an are the same 
within insignificantly small amounts, this shows that the 
value of rv, at every point along the arc of contact is pro- 
portional to the length of the arc s measured from H to 
that point. Hence, whether the arc of contact in any case 
is long or short, provided that the final value of +, is the 
same, a cutting particle is subjected to the 
material velocity at corresponding intermediate points ; 
so that whether a cutting point, in its history of getting 
blunt, passes a large number of times over a short arc or 
a fewer number of times over a longer arc, it receives 
equal amounts of action under equal normal material 
velocities. Just the same applies to particles whose 
points lie a little lower in the w: than those which at 
any moment are taking their full cut, so that the total 
result is that the history of all particles is similar, pro- 
vided that the final normal velocity of the material at E 


is the same. Hence the quantity +./ D) is the 


controlling factor, and if it be too the wheel will wear 
away unduly, while if it be too small the wheel will glaze. 
In the first part of the history of a cutting point the 
normal ma 1 velocity is very small and the action is 
a glazing one ; in the latter part it is greater and the 
action finally fractures the particle or forces it from its 
bond in the wheel. 

The force of the cut on any particle will depend on 
the norma! material velocity, and it is the force which 
fractures or dislodges the —- of abrasive ; beyond 
this the actual value of the force is not of present import- 
ance. The action gradually blunts the particle, and so 
increases the width of the chip; this increases the force 
produced by the same normal velocity, so that a particle 
1s not immediately fractured or dislod ged by a certain 
normal velocity ; but such an event occurs after a certain 
amount of action, 


same normal | ¢), 





Let /2 a, be the value of », at which glazing just takes 
place, and ./2 a, that at which the wheel wears unduly. 


Some intermediate value «/2 a will be the best value, and 
for it the equation becomes 


ad+D 
aD * 


This is the equation giving the best value of the work- 
surface velocity v, and it shows that it does not depend 
on the nature of the wheel and of the material ground 
only, butalso upon the diameters of both work and wheel, 
and upon the depth of cut. 

If v be increased from this best value, the normal 
material velocity profuals rises until the value /2 ag is 
reached, at which the wheel wastes away too rapidly ; 
its value is not a precise one, but is a matter of the 
balance of wheel and labour costs. When the quantities 
are so |: that the grinding is done in two operations, a 
higher value of v, should be used in the rough grinding 
than would be satisfactory in cases when parts are finished 
at once. The best value of a is therefore also somewhat 
higher in the former case. Equation (4) shows that some 
fanction of d, D, v, and ¢ is to be constant in order that 
the wheel should work well; but even in grinding one 
particular piece of work with one definite wheel (so that 
d and D are given), the two quantities v and ¢ may be 
varied, and yet the equation be satisfied perfectly. 

The Matcrial Removed.—The rate of removing material 
is hut - unit width of effective wheel-face, and this is 
limited by the power supplied to the machine. By the 
expression ‘* effective wheel-fuce” is intended the amount 
which takes the cut ; if the traverse c lies between the 
half and the full width of the wheel-face, then the wheel- 
face tends to keep flat, and is effective over a width c, and 
the rate of removing material is 4 vt c. 

The work done in removing metal by a single-point 
cutting-tool in a lathe is approximately proportional to 
the volume of the material removed. Ragevimente upon 
cutting forces show that this work increases as the section 
of the chip diminishes; a result to be expected, but the 
increase is at aslow rate. Thechips taken in grinding are 
of very small cross-section—of the order of a thousandth 
of an inch both in breadth and thickness—and no experi- 
ments have been made upon chips of such a size, or 
taken with cutting points whose facets are disposed to 
irregularly as those of an abrasive particle. The results 
above referred to may, however, be considered as applying 
to the case, leading to the conclusion that the wurk done 
in removing metal by a definite wheel is wry the 
same over usual variations of the depth of the cut, 
although it will actually be a little less with the heavier 
cuts. Also it leads to the conclusion that wheels of the 
larger grits will remove material at a slightly less cost in 
energy than wheels of the finer grits. 

ile no experiments have been made on the work of 
cutting metal at the rate at which grinding chips are 
taken, the stress-strain curve can only alter very slightly 
if the rate of taking them be altered to the extent of the 
variation which the tangential component of the work 
velocity produces on the relative tangential velocity of 
wheel and work ; it can only alter little, even over the 
variation of wheel speed (4 ft. to 7000 ft. per minute) 
used in practice. Hence the work of removing metal can 
only alter by very little with «peed variations of wheel or 
work. Therefore the work done in grinding off metal is 
proportional to the volume removed ; that is, the rate of 
grinding, 4 vtc, depends on the power used. 

Hence, for the work and wheel under consideration, 
the quantity vc depends upon the power which is sup- 

lied to the macbine, and cannot exceed a certain amount 
. while for production reasuns it is to be kept up to thas 
amount In use, a machine should not te run so bard 
that the power taken is close on the possible limit ; this 
would lead to trouble, sooner or later (fur example, the 
machine might siow from belt slip), and » is to be taken 
as the highest safe working quantity. 

The Controlling ae’; apeiiresans are therefore two 


xtv=a, ° ° 


conditions, v? t = a a+bD=¢ and vt = ? which cerve 


to determine the values of v and ¢ for any particular case, 
and they are sufficient for the purpose. 

Checking Whel-Waste and Glazing.—They will indicate 
procedure to be adopted in the various cases. Sup- 
pose that the wheel in use is wearing too rapidly. The 
first impulse is to reduce the cross-feed so as to lessen 
the intensity of the action, and check the wear by this 
means. The years of practical experience, however, have 
proved that it is better to reduce the work-speed, and 
that the wheel will then last properly, and this is gener- 
ally recognised as the best modern practice. A: 
methed advised is to reduce the wheel-speed, but this 
the author cannot recommend. Inspection of the above 
equation indicates a somewhat different course to be the 
most advan us. 

As the wheel is wasting, v’¢ is too high, and must be 
lowered. If ¢ be reduced, this is effected, but itis clearly 
more effective to reduce v. For example, if it were 
necessary to reduce v?¢ to } its value to stop the waste, 
and ¢ alone were altered, it would be reduced to } its 
value ; while the same result would be effected by reduc- 
ing v to half its original amount. In case the output 
is sacrificed as vtc is lowered—to } of ite original value 
in the first case and to 4 in the second, which is therefore 
the better. This sacrifice of output is, however, unneces- 
sary. The problem is to alter v and ¢ so that r*¢ is 
vedeced to t of its previous value, while v¢ is unaltered. 
Solving the simultaneous equations, the result shows that 
v must be lowered to } of its original value, and ¢ simul- 
taneously increased tu four times its initial value, This 
stops the wheel-waste, and at the same time keeps up the 


output. 
enerally, then, the equations lead to the rule that if 
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the trouble is wheel-waste, the work speed is to be de- 
creased far more then is sufficient to check it, and the 
cross-feed is to be proportionally increased ; if the wheel 
still wears too fast, proceed further in the same manner. 

Conversely, if the wheel glazes, the work speed must 
be increased and the cross-feed simultaneously decreased, 
so as to k within the power limit. 

Securing Maximum Output.—Suppose, now, that the 
wheel is‘behaving well, showing that v*¢ is correct, but 
that the machine can take more power, hence give 
more output. Here v*¢ is to be kept constant, but v ¢ 
increased. This can be done by decreasing v in any 
ratio k and increasing ¢ in the ratio *. For example, 
suppose that v be lowered to # of its initial value, then ¢ 
should be increased in the ratio (4)? (or by 78 per cent.), 
with the result that v?¢ would be unaltered, but v¢, the 
amount ground off, would be increased in the ratio ¢ (or 
by 33 per cent.). And this is a general law, so that 
slower the work and the deeper the cut, the quicker 
will the stock removed. ern practice tends 
towards slow speeds, partly for the reasons shown above. 

The question now arises as to where the work-speed 
reduction should stop, for the ultimate result is that, in 
order to remove the material at the highest rate, the 
whole grinding allowance should be removed by a deep 
cat ata single traverse. This is immediately opposed to 
one of the principles of grinding, which give it the 
primary quality of accuracy— y, that the stock is to 
be removed in small amounts, so that any ual distor- 
tion of the work is minimised and the wheel-wear also 
rendered of no effect. The greatest permissible reduction 
of work speed is therefore ultimately governed by the 
liability of the work to sponse bye in practice no machine 
is supplied with nearly enough power for such a state of 
affairs to arise, and the limit is encountered much earlier 
by reaching the maximum value (v¢c) of the power sup- 
plied to the machine. : 

In finishing the cross-feed must be exceedingly small (no 
ae feed a = a a or ceak 
as to finishing 5; vice t the ordinary s 
should be increased and that it should be diminished 
being given equally. As the cut in finished grinding is 
exceedingly small, the normal material velocity will be 
small and the wheel will tend to glazing. This is desir- 
able, as the wheel must not wear much in finishing ; but, 
nevertheless, as ¢ is so much (to one quarter or so 
of its previous amount) v may be safely increased (by 25 
cent. or more) and yet v*¢ will much uced. 

inish ultimately depends upon the number of cubti 
— which have passed over the work surface, an 

rom this point of view wheel-speed and the truing alone 

count; from the principle above mentioned as to the 
securing of accuracy, an increase of work-speed is 
desirable, and also the required finish may be obtained 
earlier. The only factor militating against the increase 
of be aay ry for finishing is the greater tendency to 
vibration, but this is small. 

Effect of Work Diameter.—Now that the manner of 
dealing with work of a definite diameter, ground by a 
wheel of a given diameter, has considered, the effect 
of change of work diameter and of wheel diameter may 
be discussed. The equations v? ¢ é +P 
must hold simultaneously, the first dependent on the 
wheel substance and the material ground, and the second 
on the machine. Dividing one equation by the other, the 
equation 

ae, aD 


6 d+b 


is obtained. It shows that the effects of wheel and work 
diameter are interrelated ; and hence, in to obtain 
some idea of the effects of variation, it is best to consider 
numerical cases. 

Suppose that the work be 4 in., and the wheel 14 in., in 
diameter, and that for the machine in use it were found 
that a work surface-s of 30 ft. per minute and a dia- 
metrical reduction of 0.00125 in. gave the best results. If 
the wheel wore down to 10 in. in diameter (being kept 
up to the initial surface speed, usually 5000 ft. per 
minute) the question would arise as to whether any 
change should be made in the work surface-speed and 
in the feed. From equation (5), but substituting the 
original values of v, d, and D, we have > =O + 
and hence for the work velocity with a 10-in. wheel we 


have :— 
» —30(4 + 14) ~ 4x 10 
4x14 4+ 10 


so that the best work velocity is little affected, there 
being only 8 per cent. difference, and generally the effect 
of the wear of the wheel on the best work s in ex- 
ternal grinding is small. It may be noted that, if the 
same work ~ oon be preserved, the normal material 
velocity is higher and the wheel appears somewhat softer 
as it wears, and still more so if its surface is not 
= up to the value V. ; 

e work diameter, however, varies more widely than 
the wheel diameter and produces y 
effects. Suppose that work of 1 in. diameter is to 
ground, the work speed would then be 


30x 18. 1x 14 
4x14 1+ 414 
Since v ¢ is constant, ¢ = 0.004 in. After calculating the 


values for work of 16 in. in diameter also, the results may 
be tabulated thus :— 


= aand vi= . 
c 


(5) 


= 


= 9 ft. per minute. 


v= 


Work —— "oe in. 1 af 16 
” oan ae per min. 7 
Oroas-feed ... mils on diam, 4 1 . 
Revolutions per minute... .. 36 17 





grinding, the more interesting case of internal 


The surface speed of the work therefore varies con- 
siderably—much more so, in fact, than the rate of revo- 
lution does. Such large variation of work diameter 
would — in practice, as the 1-in. and 16-in. 
work would be done on different machines, but it illus- 
trates the point in question markedly. In practice the 
following difficulties usually modify these natural speeds. 

Work of Large and Small Diameters.—The force of the 
cut of the wheel on the work is the same in all these 
cases, and although the effect may be checked by steadies, 
this force will probably cause slender work to vibrate. 
In this case the force must be reduced, which sacrifices 
output and lowers v ¢. In order, then, to keep vt : t+” 
constant, and so, the wheel under good working condi- 
tions, v must be increased and ¢ lowered. The extent to 
which it is necessary to do this will depend on the flexi- 
bility of the work ; it may only belittle. From this result 
it is seen that work of small diameter should run at a 
lower surface speed than larger work in the same machine, 
but that the tendency to chatter modifies the speed which 
can actually be used. 

The diameter work ts another point of 
interest. Here it will be noticed that the work speed is 
so much higher that the cross-feed is reduced nearly to 
the amount of a finishing cut, and is such as can only 
well be used when the work is very true, and is therefore 
unsuitable for preliminary and general grinding. 

Now if v be lowered and ¢ increased in such proportions as 
to keep the normal material velocity unaltered, v t—that is, 
the power per unit width of wheel-face—is increased. 
The machine is supposed to be already in use up to the 
reliable limit of its power, and this leaves only one re- 
source (apart from changing the wheel for one of a slightly 
softer grade)—namely, to reduce the effective width of 
the wheel so as to concentrate the same power over a 
lesser axial space. This increases “ and so permits a 
heavier and satisfactory cross-feed to be used with a lower 
surface velocity. B.. rf 

Narrowing the Wheel-Face.—The width of the wheel in 
full use com ey reduced by lessening the traverse c, but 
as the number of traverse speeds is limited, and as the 
traverse should be between § and { of the wheel-face, this 
method is seldom really available unless the advantage of 
such a traverse be sacrificed, and a lesser one (which tends 
to make the wheel-face wear convex) used. For a few 
articles this is best, but, for any quantity, the wheel should 
be chan for a correspondingly narrower one, and 
at the same time the traverse am yee ol reduced. 

In addition to the want of original truth of work, ren- 
dering fine cross-feeds undesirable, they are difficult to 
maintain if the absolute distance between the work and 
wheel axes can vary (by spring of parts, &c.), as is espe- 
cially the case in internal grinding. Furthermore, they 
afford little flexibility, and small variations and errors 
affect fine f proportionally more than they affect 
heavier feeds. 

Surface-Grinding.—If in the expressions (1), (4) and (5) 
the work diameter sup) incr until 
it becomes exceedingly (infinitely) great, the work be- 
comes fiat, and the case is that of surface-grinding with a 
disc wheel ; and, if it is supposed to vary further, chang- 
ing its sign and diminishing, the case mes that of 





internal grinding. The expressions of the various quan- 
tities then become :— 
For Surface For Internal 
Grinding. Grinding. 
P Js Dt aDt 
2«d — D) 
a tv? ad-Di 2 
b dD 
” acnh _ae aD 
b b.a@-D 


The negative sign in the last expression indicates that 
the direction of work rotation is to be reversed in internal 
grinding. In the other expressions for the internal case, 
the sign of ¢ is changed also. These values may be 
deduced from Figs. 3 and 4, using the same reasoning as 
previously. 

Internal Grinding.—Passing by the case of oo 
ndin; 
is reached. Here both d and D vary considerably, bes 
any change in either will usually produce a more than 
proportional change in d — D, and hence it is an impor- 
tant factor. Its change as the wheel wears down in 
grinding a number of similar holes causes the chief 
difficulty in internal work. 

Neglecting the sign of v, its value is > x = D D’ which 
can be calculated for any particular values of the work and 
wheel diameters by using the value of > derived from 
the previous example, provided that the internal grinder 
uses the same power per inch of wheel-face as the plain 
grinder does, and that a wheel of the same grit and 
grade be employed. Taking the case of a 4-in. hole (in 
the previous example the work was 4-in. diameter, but 
external), su that a wheel 3 in. in diameter be used 
to grind it. Substituting these values 


Mx (44+ 14), 4x3 


‘= = i 
aoe so? 116 ft. per minute, 


and the corresponding value of ¢ is 0.00125in. x >. or3 


of a thousandth of aninch. If, however, a wheel 34 in. 
in diameter were ues would be v = 270 ft. 





the wheel approaches that of the hole, the difficulty of a 


very fine cross-feed again arises, for the springiness of 
an internal grinding spindle renders such a cross-feed 
unusable. As in the case of external work, the difficult 
is to be met by increasing the power used per unit width 
of wheel-face—that is, by decreasing the width of wheel 
ary a > the ee re ns ye ty does 
not directly im loss of output, whi inly depends 
on the power utilised or on the total force of the — 

Internal grinders are usually supplied with less power 
than plain grinders, for work o— diameter, and this 
makes the wheel which can be still narrower. The 
great disadvantage of a narrow wheel is that there is less 
grinding substance in it, so that the difficulties caused by 
the diminution of its size occur more rapidly. 


Fig.3. 

















Effect of Wheel-Wear and Size of Wheel.—The correct 
understanding of these difficulties is important as regards 
internal grinding, and they are shown most clearly 
gral ically. In Fig. 5 (which is taken from the author's 

on ‘‘Grinding,” page 264) is shown the effect of 
change of size of the wheel in grinding work of 4 in. in 
diameter, the quantities being upon those of the 
example taken, in which the power coal weal be about 
2 horse-power a inch of wheel-face. Along OA is set 
off the wheel diameter, and along OB the work-surface 
a for the case of external grinding, the dotted 
curve OC > obtained from the equation (5) where 

ac 


b*aeD The corresponding feeds ¢ are set off 


downwards from the line O A, the scale being given on 
the right of the diagram, and the dotted curve T so 
obtained. 

The original 14-in, wheel required a work velocity of 
30 ft. per minute, which would fall to 274 ft. per minute 
for a 10-in. wheel, and to 23 ft. per minute for a 6-in. 
wheel. If a 24-in. wheel were used, the work velocity 
would be 33 ft. per minute, but, however the wheel 
diameter were increased, the best work speed would never 
exceed 384 ft. per minute indicated by the broken hori- 
zontal line, to which the curve O C D—a rectangular 
hyperbola—is asymptotic. If the same power were con- 
centrated upon a wheel of half the width, the speed 
curve would be the full-line curve O EF, and correspond- 
— would be given by the full-line curve below. 

right-hand side of the diagram gives the case for 
external grinding, and shows that variation of wheel 
diameter produces little difference on the speeds and 
feeds suitable for work of a given diameter, and practically 
this small difference is covered by the range of the normal 
material velocity within which the wheel works well. 
The curves for internal grinding are shown on the left, 
O A’ and OB’ being the axes of wheel diameter and work- 
speed respectively. The curve O G H is actually a con- 
tinuation of the curve D C O, but its inclination is very 
different, and it is asymptotic to the bounding vertical 
line, whereas on the external side it was asymptotic toa 
horizontal line. 

The work speeds and feeds for 34-in. and 3-in. wheels 
have already been given, and it was observed that the 
feeds, which also may be taken from the dotted curve 
A’ WV in the quadrant BO A’, turned out to be unwork- 
re | small. To remedy this, suppose that a wheel of 
half the face width be taken, so that 4 horse-power is now 
used inch of wheel-face; all the velocities are now 
hal and feeds quadrupled. the former jy Cg 
by the full-line curve O K L, and the latter by the 
curve A’ X. A 3-in. uire a work- 





per minute, and ¢ = 0.00014 in. Thus when the size of | full 
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but actually there is a range—that between ./ 2 a, and 
./ 2a,—which may be used satisfactorily. Su that 
halving its value would just not make the w: glaze, 
and that doubling it would make it waste excessively 
(these are wide limits, and taken for the sake of clear- 
ness), the curve ON P then gives us the limit on the 
glazing side, and the curve OGH the limit on the 
wasting side, and the space between them yn 
’ eonditions under which grinding can successfully take 


lace. a * 
. All these curves, being derived from different values of 
a—that is, of the pay yes aw of the 
same t passing throug , ani ing asymptotic to 
the heskorieg line. A curve OQR, shown os dots, 
would indicate a stage of very excessive wheel-wear. 
Now suppose that a surface speed of 65 ft. per minute be 
given to the work ; this is indicated by the horizontal 
line PLGQ, and the corresponding feed, indicated by 
the point X, israther more than a thousandth of an inch. 
The point P, which gives a 3}-in. wheel, is on the 
glazing line, which indicates that a 3}-in. wheel would 
just glaze and any larger one would glaze badly. In 
inding a series of holes the wheel would slowly wear 
own, and as it did so it would work better until, when 
the diameter was reduced to 3in., the point L on the 
full-line curve was reached, when it would be working at 
its best. Further wear of the wheel would tend to make 
it waste, until, when it had worn down to 2} in., it would 
reach the point G on the bordering curve, and be then 
wearing excessively. ; 5 
The wheel can be used still further with the work at 
65 ft. per minute, towards the point Q, but the cross- 





expressed geometrically, means that, by drawing the quasi- 
hyperbola’ » D? = coustant—whieh O A’ and OB’ 
as asymptotes—through P to cut the curve OG H, the 


9int of intersection Z gives the wheel diameter desired. | th 


rawing the hyperbola or, what gives nearly the same 
result, its tangent at P, we obtain 2} in. as the limiting 
wheel diameter instead of 24 in. 

Generally, if the surface speed V of a wheel changes, 


x D : 
the equation v2 t = a a. D beoomes vz! = kop since 


the normal material velocity must be proportional to 
the wheel - surface velocity. If wheel-spindle speed 
remains constant at n revolutions per minute, this gives 
v2t= kr? n? x al 

a-D 


the same, vt has its former value, , which furnishes 


the second equation necessary for the determination of 
results. The elimination of ¢ for n revolutions per minute 


krne aT : 
; Xg- p the same equation as 


has been found more directly for dealing with the special 
case of wheel wear in internal grinding. 

More closely calculated values of the wheel diameters 
in the above example are 3.48 in. at P, 2.51 in. at G, and 
2 86 in. at Z, so that G shows a 28 per cent. reduction of 
wheel diameter, and Z an 18 per cent. reduction. : 

Thus the oe of — or — +r ~ 
in meeti continuous régime due to the 
direct effect of the d ing diameter of the wheel 
and to the secondary effect due to less of wheel-surface 


If the power taken still remains 


then gives v = 





Fig.5. EFFECT OF WHEEL-WEAR ON SPEEDS 
VARIATIONS OF WORK-VELOCITY AND WHEEL-FEED. 
WORK-DIAMETER 4 INCHES. WHEEL GRADE ON NORTON SYSTEM, 36 K. 
2H.P. PER 1 INCH WHEEL-FACE. 





(sse) Internal 


feed must then be reduced to prevent the waste, and out- 
put will be sacrificed. The width PG thus gives the 
range through which a wheel may wear in internal grind- 
ing without causing trouble. Owing to its shortness the 
rinding régime alters rapidly, there being little range 
tween glazing and wasting away. What is to be aimed 
at is to start with the wheel condition on the wlasing 
curve, chamfering the edge if need be ; as the whee 
wears, it first works better and afterwards worse, and 
on reaching the stage of undue wasting the work s' 
has to be lowered. If it be lowered considerably (¢.g., 
from 65 ft. per minute at G to 15 ft. per minute at N), it 
mav be restored to the glazing condition again. 
_ For the sake of lacidity, one factor has not yet been 
included—namely, the decrease in surface velocity of the 
wheel as its diameter decreases, for in the diagram the 
wheel surface velocity is supposed to be kept constant, 
which would involve increasing the speed of the internal 
spindle frequently as the weal wore down—a case 


seldom Provided for in iotesnel gaining machines. The | 
le the so that the length of the arc of contact is proportional to 


effect of keeping the wheel-spindle speed (instead of 
wheel-surface speed) constant is to decrease the 

PG or the amount of wheel wear before wasting. 
& geometrical view, it is clear that 
must be proportional to the wheel-surface 
therefore drop as the wheel wears 
revolutions per minute—that 


material velocity, instead of being ,/2a., must be 
a/ ay x, where Dy is the original wheel diameter at 
0 


oO 


aking 





P. Thus the boundary curve instead of being v = “ss x 


aD : 

{p(t O GH) will be» = a, 13 x ‘ xD, and 

by giving to v its initial value ry—the value at P—this 

he neneiee for D and is easil 
y @ diagram, however, it is best.solved b 

noticing that the elimination of v between v p= % De 

end v = 2° 


is ip gives the same equation for D. This, 





the nornjal velocity | 
, and must | 
" down at constant | 
is, the limiting normal | 


| before 
Con 


External 


velocity, and so far from the work velocity being kept 
constant, it is to be changed as often as necessary to meet 
the altered state of the grinding. 


The Arc of Contact.—No reference has so far been made 


as'to the effect of the length of the arc of contact in 
internal grinding ; it is commonly regarded in practice as 
the cause of the trouble of the wheel behaviour. 
author has previously shown, however, that, owing to the 
proportional distribution of normal material velocity in 
the arc of contact, the actual length of an arc has no direct 
influence in grinding. provided there is room between the 
abrasive particles of the wheel for the chips produced. 
Equation (1) gives :— 


The 


Ddt- 
2(d + D)’ 


s= Jet ator/) ; 
2u 2a 


and 


the power per unit width of wheel, or the area of effective 
contact—i.¢., the length of the arc by the traverse—mea- 
sures the power used at the grinding point and the output. 

Effect of Grade.—Lastly, consider the effect of using a 
wheel of a different grade. The greater the amount of 
bond ert the greater the force upon the cutting 
points which is necessary to dislodge the particles of 


|abrasive and the ‘‘harder” the wheel is. It therefore 


will withstand, and requires, a ter normal material 

velocity to work well, and hence the work-surface velocity 

employed must be higher. The value of v¢ fora given 

wer supply is less, because the particles get more blunt 
they are dislodged 


with softer wheels the speeds must be 


versely, y ’ 
ashe besic- | lowes = the output for a given power supply is greater, 


leads to their employment in order to secure the 


eo and hence to a further lowering of speed in 
| modern 


Conclusion. mH the presentation of the author’s 
of speeds and feeds and the deduction of the 





for meeting the various difficulties, he has made use of as 
few properties of the wheel and work as possible, in order 
that the results shall be of very general application. In 
ose cases where he has taken numerical examples in 
order to display the ae more clearly, the methods 
employed have been generally applicable, and the results 
may be considerred to be ty y representative. 





FOREIGN AND COLONIAL ENGINEERING 
PROJECTS. 


ava gave, Siew a few data on passe Seven and 
colonial engineering pro taken from Board of 
Trade Journal. Taner telaseenion on these jects 
can be obtained from the Commercial Intelli ch, 
Board of Trade, 73, Basinghall-street, ion, E.C. 
Portuguese East Africa: H.M. Consul - General at 
Lourencgo Marques reports that tenders are invited by 
the Government of the Province of Mozambique for the 
vn ly and Pee — oer an and rolling-stock 
.067-metre -metre gau; permanent-wa 
material, for the Quilimane-Shird Railway. Sealed ten. 
ders will be received at the office of the I of 
onsen, ap te’ pra, on Hoven ak: “h wicliedees 
ues, up p.™,, on Novem iminary 
deposit of 4000 escudos (about 580.) must be paid into 
the Treasury Department, at Lourenco Marques, to 


qualify each tender. representation is necessary. 
‘oreign firms must agree to renounce all special rights 
enjoyed as foreigners, and if the tenderer is ta- 


1 } the represen 
tive of a foreign (s.¢., non- Portuguese) firm he must be 
vided with a proper power of attorney, not only author- 
ising him to present the tender of that firm, but also, in 
its name, to renounce all special rights as above men- 
tioned. United ae manufacturers of rolling-stock 
and railway material may vpn Ty en of the 
specification and conditions of tender at the Commercial 
Intelligence Branch of the Board of Trade, at the above 
address, where the names of British firms established in 
Lourengo Marques may also be obtained. For the con- 
venience of provincial firms, the Commercial Intelligence 
Branch will prepare on application, at a cost of 5s. each, 
without responsibility, typewritten copies of the trans- 
lation of the conditions and specifications of tenders for 
(a) locomotives and rolling-stock, and (b) permanent-way 
material. 

Spain : The Gaceta de Madrid of October 5 notifies that 
tenders are invited by the Spanish Ministry of Marine for 
the supply and delivery of a floating dock, with a minimum 
capacity of 4000 tons, for the Arsenal at Cartagena. Pro- 
posals must be for a dock to cost not more than 2,000,000 
pesetas (about 80,000/.). Copies of the conditions of contract, 
&c., may be consulted by resident ts of British firms 
at the Negociado Quinto de la segunda Seccién (Material) 
del Estado Mayor Central de la Armada, Ministerio de 
Marina, Madrid, at which address also sealed tenders will 
be received within a period of 60 days from the date of the 
Gaceta. A provisional deposit of 100,000 pesetas (about 
4000/ ) will required to qualify any tender. Foreign 
competition will be admitted. 

South Africa: H.M. Trade Commissioner reports that, 
according to information received from the Commissioner 
of Customs Excise at Pretoria, the municipal autho- 
rities of Port Elizabeth have decided to raise a loan of 
450,0002. for the purpose of carrying out a sewerage scheme. 





American Coke.—The American Geological Survey 
reports that the total output of coke in the United States 
ip 1914 was 34,555,914 tons, valued at 88,334,217 dols. Of 
last year's American coke output, 23,335,971 tons were 
made in bee-hive ovens, with an almost total loss of 
the by- ucts, while 11,219,943 tons were produced in 
by- uct ovens, with a recovery of by-pooteste to the 
aggregate value of 17,500,000 dols. 





Sree, MANUFACTURE IN AUSTRALIA.—An attractive 
souvenir of the opening of the Broken Hill Proprietar 4 
Company’s iron and steel worksat Newcastle, New Sou 
Wales, reac us from London offices of the 
company at 3, Great Wieqpestte- pent, The works, 
which were opened on June 2 last by the Governor- 
General of the Commonwealth, are fully equipped for 
the manufacture of rails and structural steel from ore 
supplied from the company’s deposits in South Australia. 
This ore, 2 rich, yielding as much as 68 
per cent. of metallic iron on an arenes. An abundant 
supply of coal is available in the neighbourhood of New- 
castle. The works, which are laid out with a view to 
future extensions, are equipped with one blast-furnace, 
with all the necessary accessories, including a battery 
of 66 Semet-Solway by-product-recovery coke-ovenr, and 

im process, 
mill, are rolled into rails Am 
mill of the three-high type. } 
existing plant is capable of producing 
aday. We understand that arrangemen 
— for the pons ape pled — pas bene 
urnaces, each capable of producing > 
capacity of the coking @ is aloo about t0 be increased. 
There need be no doubt as to the existence of'a market 
for the company’s products, since, in 1913, the value of 
Australia’s imports of iron and ste amounted to 
7,592,1201., of which rails, bars, girders, and other seo- 
tions accounted for nearly 3,000, Extensive railway 
construction is also contemplated in the Commonwealtb, 
so that the company’s prospects seem ——— bright. 
In any case, in making Australia dependent on 


i ted i and lormi aluable 
matical sarvice, whieh’ wil’ anddabtediy x much to 
enhance the prosperity of the colony. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED 

OATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
in ach aaa; ehore none ts mentioned the Specthoaton Ra 
Where inventions are communicated from abroad, the Names, é&c., 
of the Communicators are given in itali 


italics. 
— . yo may be obtained at the Patent Office, Sales 
Branch, , Southampton Buildings, Chancery-lane, W.C., at 


of 6d. 
date vertisement the Complete 
ae %, an hate cates te 
‘atent been sealed, when the date of sealing is 
Any person may, at any time within two months from the date of 
dame oh Ty = pb to the grant of a 
gion notice atthe Patent Ofle of opyeiton to the 


ELECTRICAL APPARATUS. 

16,418/14. Sterling Telephone and Electric Com- 
~ ° Limited, London. (Telephon Fabrik Aktien G-sell- 

vormals J. Berliner, Hanover, Germany.) 
ndicators. (3 Fige ] July 9, 1914.—This invention 
relates to indicators of the kind in which an electromagnet is pro- 
vided with a pivo armature and a press-button normally 
pressed out , the stem of the button when pressed in being 
engaged by the armature when the latter is unattracted, so that 
the button is retained and the stem being arranged to engage 
the armature when the latter is in the attracted position, and the 
button bein out so as to lock the armature in ite 
attracted position. The core 1 of the electromagnet which 
carries the winding 2, is screwed to a plate 3 bent outward at 
right angles. The of this plate behind the ety is 
screwed to a support 4. The front portion of the plate 3 is formed 
into a boss 5, in which slides the press-button 6. This is pressed 
outward by a spring 7 surrounding its stem 8 and e ng 
between the plate 3 and the head of the button 6. N lly the 
button is held in ite inner position—namely, that shown, by the 
electromagnet armature, and in this position it may conveniently 
be substantially flush with the cover-plate 9, which encloses the 
mechanism, and may bear any ni inscription relative to 
the significance of the button. The end of the plate 3 is bent over 


achaft, 




















the top of the electromagnet, as seen at 10, so that the plate as a 
whole forms an incomplete rectangular casing on four sides of the 
Fig.1. 
Fig. ic 
a2 
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electromagnet. In the part 10 is pivoted the armature 11, which 
consists of a plate portion depending beside the end of the core, 
and of an arm 12 which reste against the side of the stem 8 of the 
button. In the position shown the end of the arm 12 is engaged 
in a notched or reduced portion of the button stem, and so 
the button in against the action of its spring 7. The outer face 
of the part 10 is covered with mica or like insulation, and there 
are attached to it, but insulated from it and each other, three 
contact springs 13, or as many as may be needed for the ap om 
in view. These springs are ——— made (J-shaped in order 
that they may be as long therefore as resilient as possible. 
Stiff slips of metal 14 secured beside the springs form abutments 
for their free ends, so that the springs may be adjusted to have a 
considerable inward pressure without any fear of their contacting 
together when the armature of the electromagnet is unattracted. 
The armature engages the springs through the medium of an 
insulating pin 15 attached to the arm 12, which can move up and 
down through a slot in the plate 10. When the armature 11 is 
attracted, !he arm 12 is lifted out of the notch in the stem 8, and 
the spring 7 forces out the button 6 to the limit of its movement. 
The larger portion of the stem 8is then engaged beside the arm 12, 
8? holding the armature in its attracted positi o quently 
the contact springs 13, which have been pressed together by the 
movement of the pin 15, remain in contact until the device is 
released by hand. This release is effected simply by pressing the 
button. (Accepted July 14, 1915.) 
1 /i4. The Hon. Sir C. A. Parsons, Newcastle- 
on-' o-Electric Ma . (5 Figs.) July 17, 
1914.—The present invention rel:tes to the cooling of the rotating 
rt of dynamo-electric machines, and refers more parti: ly 
5 the cooling of alternator rotors. The invention consists in a 
liquid-cooled rotor for dy lectric hines, in which liquid 
introduced at one end of an axial bore flows first longitudi- 
nally to the other end of the rotor, and then outwards radially 
to longitudinal passages situated at the bases of the winding 
slots, through which it returns to further radial passages at the 
inlet end by which it passes inwardly to exhaust. In carrying the 
present invention into effect, as lied to an alternator havin 
a solid-steel core a, there is provided an axial bore b, whi: 
extends from near one of the journals c of the rotor to the extreme 
end of the spindle, and outside the other journal d of the rotor, 











this latter end of the bore heing carried well away from the 
tunnel. nt Os eS ee SS ee - 
tudinal slots ¢ are prov |, to contain the windings of the rotor. 
ab of sent tho Nase of Shen siete ages pose 

poarited. into each of which a J is bedded secured in 
ntimate metallic contact by ring. The several pipes / are 
connected at each end of the rotor to the axial bore 6 by radial 


holes A, suitable screwed plugs or like means being provided for 

the purpose of stopping the ends of the tubes and the outer ends 
the t the open end of the axial bore the cooling 

liquid, which is preferably water, is ae eee 

& pump & by a fixed tube & of smaller diame 

su co-axially with the bore by a suitable 4 

end of this fixed tube jects within the bore b some distance 

beyond the radial holes A at that end of the rotor, and carries at 

ite end a number of eharp-edged discs or other suitable means m 


ids | Secured to the axle. 


are 
farther from that cylinder. 





to act as baffle king. An important feature of the present 
invention is that all water joints are kept well outside the end 
of the rotor so that no water can get splashed on to the conduct- 
ing or insulating parts of the rotor or stator. The cooling liquid 
introduced by the fixed tube & flows along the axial bore b to the 
further end of the rotor, then passes —— outwards to 
tubes f, through which it returns longitudinally to the inlet end 
of the rotor, then radially inwards and out to exhaust t 

the inte n between the fixed tube & and the bore of 
rotor spi (Accepted July 21, 1915.) 


MOTOR ROAD VEHICLES. 


17,773/14. H. A. Collier and and Sons, 
Limi London. Motor-Cycle Wheels. [4 Figs.) 
July 27, 1914.—This invention relates to the wheels of motor- 

cles and the like, and has for ite object Sea and 
chective means to permit of the y de ment of the rear 
wheel without the necessary detachment of the driving sprocket 
wheel. According to this aap mee pe axle is oe ay i = 
integral enlarged part or boss adapted to paes completely throug 
the slotted end of the frame or stay to the inner side thereof, and 
in that position to be turned so that the enlarged 
may be out of alignment with the slot in the frame or stay. The 
axle or bolt A is provided with a boss or enlargement 7 having 
paralleled flat faces i}, and its ends 7? of a circular curvature, so 
that it may be introduced:through the slot c®-in the frame or stay 
cl, and completely through to the inner side thereof. The 
axle or Qolt h awoue e tubular hub axle /, and through 
the tubular axle b upon which the driving-wheel or sprocket a is 
mounted, and which is secured in the end of the frame or stay c 
by means of the nut d. The axle or bolt A is szcured in 
by means of the nut v. The opposite end of the axle, at which 
the handle h! is provided, is caused to engage the stay orend } 


le. 


a 


Fig.t 
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by means of a nut ¢, between which and the stay a washer may be 
inte , the nut being screwed upon a screw-threaded t or 
boss i+, while a boss or ring @ is provided by means of which the 
axle may be held within the slot in the stay. The parts ‘4 and i 
may be provided as an integral ring or sleeve, and fixedly 
By such means it is unnecessary, first of all, 
to mount the hub e of the wheel in driving engagement with the 
driving-sprocket @ before the axle A is introduced, it being 
possible, first of all, to introduce the axle A through the hub-axle 
or sieeve f and through the tubular axle b of the driving-sprocket 
a, which is fixedly mounted at one end c of the forked frame as 
described, so that the respective faces of the clutch s being thus 
concentrically dis with the axle, the hub e may be moved 
laterally, so that the respective clutch-fices engage, and then the 
axle h may be forced forward, so that the enlarged part or boss 7 
provided thereon passes through the s'ot c2 in the stay or end cl! 
of the frame opposite ‘o that on which the driving-sprocket a is 
mounted. The axle A may then be turned by means of the handle 
A! through 90 deg. so that the enlarged part or bossa i is out of 
alignment with the slot c2 in the stay or end c! of the frame, so 
that thus the axle is fixedly held in position and the hub main- 
tained in engagement with the driving-sprocket. (Sealed Sept- 
ember %, 1915.) 


PRINTING AND ALLIED MACHINERY. 


16.781/14. Lino and Machinery, Limited, 
London, and T. R. G. Parkerand J. Shuttleworth, 
th. x 3 Figs.) July 14, 


1914. - This invention relates to devices for clamping printing- 
to the cylinders of printing-presses in which two or more 
of such plates are adapted to be secured end to end on the same 
printing-cylinder. A special object of the present invention is to 
provide an arrang t wherein a dog, which, when the inner 
and outer printing-plates are on the cylinder, is located between 
those plates, is ada to engage the outer end of the inner plate 
or the inner end of the outer plate or both of such ends, and is 
operated for effecting those engagements from the end of the 
cylinder. The terms “ inner plate ” and “ outer plate ” are herein 
employed to identify the nting-plates which are respectively 
remote from and near to the end of the cylinder from which the 
dogs for clamping them are operated. The cylinder 1 is, as ordi- 
narily, provided at or about the middle of ‘ts length with a double 
— dog or ring ©, known as a centre margin ring, ‘ 
at each side, to engage the edge of one of the two printing-plates 
3, 4 upon the respectively opposite sides of the ma 
two printing-ple‘es, which ure secured to the plate-cylinder on 
each side tae margin ring 2, for example, the two plates 
st _ 5 L. + a for convenience, herein termed re- 
— y's inner nting-plate (4 e outer - 
ate (5). The inner printing-plate 4 is secured in Fon tse 
jog 6, herein termed the inner dog, through which 
screwed rod 7, whose outer end extends 
for convenience termed a segmental 
in which, preferably, it is formed ; segmental 8 
justably secured to the corre: end of the cylinder 1 so as 
to be capable, with ite attachments, of being moved nearer to and 
For this purpose the 
8 be attached to the cylinder by a screw or screws 9. 
the screws 9 the segmental plate 8 will be moved 
wards from, and inwards towards, the end of the cylinder 1 in a 
direction parallel with the axis of thelatter. The inner 6 isa 





threaded a 
h a plate 8, herein 
te, that hei —oe 


double one for engaging with the outer end of the inner plate 4 and | device 


the inner end of the outer plate 5. The inner dog 6 is guided in 


& recess or pocket 10 in the printing-cylinder 1, and the screwed 
rod 7, which engages it, is free to move longi to an 
extent limited by, in ore direction, a shoulder 11, in the 

collar 12, fast to the screwed rod, the shoulder 
to engage respectively with abut- 


other direction, a 2, 
1] and vollar 12 being adapted 


rgin ring. The | Wh 


tion by a | be 


segmental plate | that the 








ment surfaces 13 and 14 on the cylinder, say, for example, those 
constituting virtually the ends of the pocket 10. The outer end 
of the —_ 5 is capable of being e by a dog 15, 
herein termed “outer dog,” through wh is threaded a 
sleeve 16 coaxial with, and rotatable upon, the screwed rod 7 apper- 


the | taining to the inner dog6. This sleeve 16 is free to turn in, and 


is supported by, the ental plate 8, in which it is prevented 
from moving axially, pendently of that plate, in one direction 
» Senay 17 integral with the sleeve, and in the other direc. 

by a collar 18 secured to the sleeve. The outer end of the 
sleeve 16 ia of hexagonal or other non-circular form, so that it 
can at that part be engaged and rotated by a suitable spanner or 











Mest.) 


key. The before-mentioned screws 9 have fast on their outer 
ends spur-pinions 19, which are geared together through inter- 
mediate spur-wheels 20 capable of being rotated about studs fast 
in the segmental — 8. Each of the two intermediate spur- 
wheels 20 is provided, on ite outer face, with a hexagonal boss by 
which, through the engagement therewith of a spanner or the 
like, it may be rotated in either direction, and through this 
rotation cause the three screws 9 to be simultaneously rotated ; 
by turning either of the intermediate spur-wheels 20 in one 
di jon the seg tal plate, together with its attachments, 
will be moved inwards towards the cylinder 1, and by rotating the 
wheel in the reverse direction, the segmental plate and its attach- 
ments will be moved outwards away from the said cylinder. 
(Sealed September 30, 1915.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


9756/14. The Warwick Machinery Company (1908), 
Limited, London. (Vereinizte Dampfturbinen Gesellschaft 
m.b.H., Berlin, Germany.) Turbines. (1 Fig.] April 20, 1914. 
—The invention relates to regulating mechanism for turbines, 
and more particularly to regulating mechanism of the kind in 
which a plurality of valves, each controlling a separate nozzle or 
group of nozzles, are caused to operate successively. According to 
this invention, all the valves are controlled by a singie pilot-valve 
responsive to the in the admissi hamb This 
pilot-valve controls the nozzle-controllin valves, and is arranged 
so that its return to the neutral position is delayed until the 
operation of a valve n completed. a indicates a steam- 
turbine with regulable supply, the nozzle-controlling members 
b, ¢, d,e of which are actuated one the other depending 
upon the pressure which exists at the exit from the inlet-valve /, 
that is in the admission-chamber r at the entrance of the rozzles 
of the first stage. The main inlet-valve PA is controlled by the 
centrifugal governor g. Each of the nozzle-controlling members 
or valves b, c, d, e is provided with a piston h, the upper and 
lower sides of which are supplied with fluid under pressure 
through the co-operation of the regulating device or pilot-valve i, 
depending upon the pressure at the entrance of the nozzles, which 
varies in proportion to the load on theturbine. The pilot-valve i 
is provided with a piston k whose upper side is connected with the 
admission-chamber, while its lower side is in communication 
with the boiler steam. The effect of the steam pressure in the 
admission-chamber is reinforced by an adjustable spring /. 
Assuming that all the nozzle-controlling valves b,c, d,¢ are 
closed, and that there is a rise in the load on the turbine, the 
main inlet-valve is opened a certain amount under the action of 
the centrifugal regulator, so that a rise of pressure in the admis- 
sion-chamber at the entrance of the nozzles takes place. In con- 











sequence of this rise of pressure the piston k descends, and with 
it the slide-valve i, so that oil under pressure is admitted to 
the underside of the piston A of valve b, and valve b is raised to 
admit steam to the group of nozzles controlled by this valve b. 
Shortly before the end of the opening stroke of the valve b, its 
piston A the conduit m leading to the lower side of the 
piston of the next nozzle-controlling valve, so that the valve c is 
now opencd. If the load on the turbine rises further the pres- 
sure at the entrance of the nozzles controlled by valve ¢ will also 
rise, and the remaining nozzle-regulating members d, ¢ will open. 
en the load decreases the centrifugal governor will partially 
close the main valve /, and the pressure in the admission-chamber 
acting on the upper side of piston &, will fall, so that the slide- 
valve i will rise. Consequently the pressure medium will flow to 
the upper side of the piston h of the last valve of the series to 
opened, and the nozzle-controlling members close one after 
the other in the reverse sequence ¢ d,c.b. In the same manner 
as during the opening of the valves the power piston of each 
nozzle-controlling valve at the end of ite stroke opens the port 
for admission of operating fluid to the piston of the next succeed- 
ing valve. During the movement of the valves b,c,d,¢ the 
pressure at the entrance to the nozzles will immediately vary so 
k has a tendency to resume its neutral position. 
If this were to happen immediately, however, the supply of fluid 
to the of the last actuated valve would be cut off prema- 
turely, and the latter would come to a stop in a mid-position. To 
avoid this the outlet openings of the cylinder of the regulating 
are provided with threttle-screws p, and by throttling the 
outlet openings n, o the fluid under pressure, which jis displaced 
during the movement of a valve piston, is arrested at the par- 
ticular outlet from the pilot-valve cylinder, so that the t-valve 
¢ does not return to the mid-position until the valve piston which 
— moved has reached ite end position. (Accepted July 21 
1 
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SWEDISH STATE HYDRO - ELECTRIC 
POWER-STATION AT PORJUS. 
(Concluded from page 414.) 
The Instrument Building.—The western longitu- 
dinal wall of the tube-intake building also forms 
the side wall of the instrument building, and this is 
the part of the wer-station which, next to the 
‘dam, is most visible in the general view. Fig. 26, 

age 411 ante, shows the same structure from the 
west. This building has, not inappropriately, been 
christened ‘“‘the Cathedral.” It contains all the 
electrical equipnent for both single - phase and 
three-phase lines, consisting of transformers, excess 
voltage protection, &c., and certain other apparatus, 
such as an accumulator battery, a Diesel motor- 
driven reserve plant for a continuous-current unit, 
oil and water cisterns, pumping installations for 
oil and water, heating-chambers, &c., as well as 
offices, workshops, &c. The last-mentioned instal- 
lations and accommodation are located in the 
southern portion of the building, beneath the 
tower, which in future extensions is intended to 
form the central part of the instrument-house, 
whilst the ‘‘ aisle” contains the high-voltage equip- 
ment proper. 








vided on account of the wind pressure on the 
western longitudinal wall. 

The crane above the hoisting-shaft, which has a 
span of 7.4 m. (24 ft. 4 in.), is designed for a load 
of 50 tons. The height of lift is 57 m. (187 ft.), and 
the hoisting speed is 2 metres per minute with 
maximum load, and 7 m. (23 ft.) per minute with 
loads under 10 tons. The longitudinal speed is 
20 m. (65 ft. 7 in.) per minute, and the crane is 
worked partly by electricity and partly by hand. 
A travelling-crane for 30 tons maximum load and 
6.5 metres width of span, mounted in the trans- 
former workshop. is worked by hand. 

A section of the instrument-house is shown in 
Fig. 23, on Plate X XIII. of last week’s issue. It will 
there be seen that it is arranged partly in two 
stories and partly in three. On the ground floor 
are the transformer cells, which are shown in per- 
spective in Fig. 27, on this page. The various 
switches and measuring instruments are fitted on 
the other floors, the general arrangement being 
shown diagrammatically in Fig. 28, on the next page. 
In this the plant already in position is shown in full 
lines, while the extensions are in dotted lines. The 
three-phase generators are to the left at the bottom 
of the diagram, and the single-phase to the right. 





Fig. 27. TransrormMers in INstRUMENT- House. 


The electric connection between the machinery 
hall and the instrument-house is effected by cables 
brought through a vertical shaft (Fig. 24, on 
Plate XXIII., published with our last issue) speci- 
ally blasted for this purpose, which reaches the 
surface close to the northern portion of the instru- 
ment-house, from whence the cables are led into 
the basement of the building. From the basement 
of the instrument-house there extends further a 
vertical hoisting-shaft, placed beneath the centre 
ofthetower. The shaft comprises a free section of 
40 sq. m. (430 sq. ft.) area for the transport of 
machinery and goods, and also a passenger-elevator 
and a reserve staircase. Over it is an electric 
travelling-crane, by means of which machinery, 
&ec., can be conveyed direct to and from railway 
wagons, on a line of rails through the basement 
of the instrument building, and in direct connec- 
tion with the Porjus railway station. 

The instrument building is for the greater part 
erected of brick, covered outside with hand-made 
bricks, which are capable of resisting the mist from 
the waterfall, and the frost. Certain heavily-loaded 
inner walls are carried out in concrete. Reinforced 
concrete has been used for those portions which 
support the hoisting-shaft crane, and in certain 
other places for girders, balconies, &c. The outer 
roof is supported by steel stanchions, and is 
roofed with “‘ eternit,” coated with iron plate in 
places where aggregations of ice, which have to be 
removed by force, are likely to occur. In the upper 
floor of the “ aisle,” which forms one large instru- 
ment hall, special arrangements have been pro- 





In the centre, and the lowest of all, is the acces- 
sory plant, to be described later, consisting of a 
Diesel motor, a converter, a battery, and some sub- 
sidiary appliances. 

Transformers.—When the power-station is 
fully completed there will be for each generator 
unit a transformer unit comprising three single- 
phase transformers, which primarily are delta- 
coupled, and secondarily star-coupled, and which 
transform the three-phase energy up to 77,000 
volts. For the first stage of the exploitation there 
have in the meantime been installed only four single- 
phase transformers (one in reserve), each of 4000 
kilowatt-amperes at 11,000 volts primary voltage. 

The transformers are constructed as water-cooled, 
oil - insulated, enclosed transformers. The oil 
receptacles, which are completely tight and fitted 
with expansion vessels and safety-valve, have 
maximum thermometers for giving warning of too 
high a temperature, distance thermometers for the 
continuous reading of the temperature in the con- 
trolling-room, and alarum arrangements for inter- 
ruption of the cold - water circulation. As the 
cooling water throughout the year is of fairly low 
temperature, and the transformers rarely are fully 
loaded, a maximum rise of 70 deg. Celsius has 
been allowed. The test voltage for the primary 
windings was 20,000 volts from the copper to the 
iron, for the secondary winding 150,000 volts to the 
primary winding, and to the iron 175,000 volts, all 
during a quarter of an hour, the reading being the 
mean effective voltage with a sine-shaped voltage 
curve, : 





Ausiliary Plant.—For auxiliary plant and light- 
ing continuous current of 220 volts is used, except 
for the auxiliary machin and lighting at the 
dam, for which there is employed alternate current 
of 3000 volts. The continuous-current installation 
comprises at present a turbine-driven continuous- 
current generator for 350 kw. and 500 revolutions 
per minute, a six-phase converter for 300 revolu- 
tions per minute, and an accumulator battery which 
during one hour’s discharge can yield 50 kw. For 
the charging of the battery a smaller motor-gene- 
rator has been installed. The converter will later 
on be coupled to a Diesel motor. Should the 
tunnels have to be emptied, and the continuous- 
current generator thus be put out of action, the 
converter, worked by the Diesel motor, can yield 
both continuous and alternate current for lighting 
and auxiliary machinery. For the six - phase 
converter, three-phase energy from the power- 
station’s three-phase generators is used, the current 
being transformed down by means of a station 
transformer with three windings for about 10,700, 
3000, and 135 volte. 

The station transformer, the converter, and the 
motor-generator for charging the battery have been 
supplied by the New United Electric Company ; 
the battery has been supplied by the Accumula- 
toren Fabrik Actiongesellachaft. On the comple- 
tion of the power-station a turbine-driven and an 
asynchronous motor - driven generator, each of 
350 kw., will be installed. 

The Switchboard. —The switchboard arrange- 
ments, both for the three-phase installation on 
its ultimate completion and for the one-phase 
and for the continuous-current installation, are 
represented in Fig. 28, on the next page. The 
arrangements have been simplified as much as 

ible, with due regard to the possibilities 
or the three-phase installation. Inasmuch as 
each generator-transformer unit will in all prob- 
ability for the future correspond with an out- 
going 77,000-volt single line, the switching scheme 
has been installed accordingly. Oil-switches have 
been installed for the primary side of the gene- 
rators and transformers, but not for the secondary 
side of the transformers. Such uniform reliability 
of the transformers has been assumed that trans- 
former failures, requiring automatic uncoupling, 
should be extremely rare. Should such ever occur, 
it will therefore be allowable to uncouple all the 
lines and transformers connected with the damaged 
transformer. The coupling of units at work on 
the 11,000-volt and 77,000-volt side is brought 
about by means of double systems of bus-bars, with 
requisite isolation switches and section switches. 

The instrument plant, for 11 000 and 77,000 volts, 
with the exception of the generators’ zero-point 
resistance, has been placed in the instrument 
building. This building, as already mentioned, 
has been joined to the tube-intake building 
on account of climatic considerations, and with 
its central portion located round the opening for 
the hoisting-shaft to the machinery-hall, whereby 
a fully self-contained and compact complex of 
buildings have been obtained. The instrument- 
house consists partly of a central portion, contain- 
ing the control-room, offices, accommodation for 
Diesel motor, station-transformer, and accumulator 
battery, workshops, stores, &c., and partly of a 
side portion, where the high-voltage switches for 
11,000 and 77,000 volts and transformers are in- 
stalled. In an addition to this side portion, as 
already mentioned, the fans for the cooling-air 
circulation have been placed. When the power- 
station attains to its full completion, a second side 
building is intended to contain the three-phase 
section, this being removed thither as the single- 
phase installation expands. 

The three-phase generators, the zero points of 
which can be attached through a common cable to 
a zero point resistance of about 40 ohms, placed in 
one of the recesses in the machinery hall, are con- 
nected with the switches hy means of single-phase 
cables. These cables, placed close to each other, 
had to be brought up to the instrument-house 
through the cable-shaft. As a short-circuit in a 
three-phase cable under these circumstances might 
have serious consequences for neighbouring cables, 
and indirectly, through the cooling air, upon the 
generators, single-phase cables have heen adopted, 
consisting partly of iron and partly of bronze wire. 
The general arrangements of the instrument-house 
will appear from the sectional view, Fig. 23; on 
Plate XXIII., published with our last week’s issue. 

The so-called current-switch passage accommo- 
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dates the three-phase current switches for 11,000 
volts, and the single-phase current switches for 
80,000 volts, and a portion of the excess voltage 
protection for the 77,000-volt side of the three- 
phase installation, whereas the 77,000-volt three- 
phase current switches and the current-trans- 
formers for automatic working belonging to them 
(see Fig. 27, page 435) are installed on the third 
floor. The total height of these current switches 
is about 2.50 m. (8 ft. 3in.). The excess voltage 
protection for 77,000 volts consists, besides, of re- 
sistance in the zero point of the transformers, of 
choking-coils at the attachment of the transformers 
to the 77,000-volt lines, and of horn lightning-con- 
ductors or gap-arresters, star-arra with serially 
coupled metal resistances of 4000 o in oil. The 
resistances are placed nearest to the voltage-con- 
ducting lines, so that the lightning arcs from the 
horn gap-arresters cannot cause any short-circuits 
should the arcs get into touch with some object 
connected with the earth or with each other. The 
zero-point resistance for the 77,000-volt side of 
the transformers can be coupled for 5, 15, and 
30 amperes, and will no ly be adjusted for 


30 am The excess —- protection for the 
11,000-volt side consists, besides the zero-point re- 
sistance of the generators, of a delta protection. 

The three-phase and continuous-current switch 
arrangements have been supplied by the General 
Swedish Electric Company, with the exception of the 
excess-voltage protection, which forms part of the 
transformer contract of the firm of Leith and Rosen, 
of the machine telegraph installation, supplied 
by the Allgemeine Elektricitiits Gesellschaft’s 
works in Stockholm, and of the cables, supplied 
by the Land und Seekabelwerke. 

The Three-Phase Lines.—As already mentioned, 
the energy generated at the Porjus power-station 
is transmitted to Gellivare and Kiruna, respec- 
tively 53 km. and 118 km. (33 and 74 miles) dis- 
tant from Porjus. It is probable that it will some 
day become necessary to install, to each of these 

laces, a separate double line from Porjus, built 
Soe two generators, and fitted with six . mm, 
(0.062 sq. in.) copper lines, besides two earth lines 
of iron with 35 sq. mm. (0.054 sq. in.) area. 
These lines will then run el between Porjus 
and Kuosakabbo. At Kuosakabbo they will pass 
through asub-station, from which they, along sepa- 
rates routes, will be carried to the respective 
receiving stations at Gellivare and Kiruna. Of 


this scheme the following portions, so far, have | p 


been installed :— 

1. One of the double lines between Porjus and 
Kuosakabbo, of which all the six copper conductors 
are installed (40 sq. mm.), but so far only one iron 
conductor. 








2. The switching tower at Kuosakabbo. 

3. The pole line between Kuosakabbo and Gelli- 
vare, on which in the meantime only three co 
conductors (40 sq. mm.) have been installed and 
one iron conductor ; and 

4. The pole line between Kuosakabbo and 
Kiruna, with the same number of conductors 
as under paar 3. 

The pole lines between Kuosakabbo and Gelli- 
vare aan Kiruna respectively have, however, been 
built for six copper lines and two iron lines. The 
pole lines, on the whole, have been carried beside 
the railway lines Gellivare-Porjus and the Rivers 
Lina- Kiruna. 

Both the country and the climatic conditions are 
somewhat peculiar in the districts through which 
these lines pass. About one-third of the poles had 
to be placed in bogs, and although the bogs, as a 
rule, are not very deep, firm ground being come 
upon $ to 2 metres below the surface, they have 
given a good deal of trouble in connection with the 
making of the foundations for the poles. 

When the erection of the Porjus power-station 
was first taken in hand, it was thought that the 


Fig. 28. 
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meteorological conditions would be favourable for 
the lines. Thus thunderstorms were sup to 
be of a rare occurrence, and the accumulation of 
ice on the wires, which had to be reckoned with, 
comparatively harmless. The experiences of the 
last few years, however, have offered no support 
for such optimism. Perha 
lighting may be a little less than further south ; but, 
on the other hand, it is certain that further south 
one never has to work with an almost continuous 
tendency to ice and hoar-frost accumulations on the 
lines, as at Porjus. Particularly.exposed to these 
adverse conditions are sections of the line across 
bogs at Kuosakabbo and Harra. There have in 
these districts repeatedly been ice accumulation 
which may be estimated at 1.5 kg. to 2 kg. (3.3 1b. 
to 4.4 lb.) per lineal metre. Such exceptionally 
high ice-loads, luckily, as a rule, only occur at 
isolated spans. 

The conditions for the three-phase lines at Porjus 
are thus, as regards the danger from ice, somewhat 
more unfavourable than is generally the case. On 
the other hand, the margin to be allowed for safety 
in the three-phase lines at Porjus could be put 
somewhat lower than at Alfkarleby power-station 
on account of the current-consumers at the former 
place having their own stations at the receiving 


The Type of Pole.—The type of pole used at the 
Porjus three-phase lines is shown in Figs. 29 
to 34. ie Seaeariive feature is this: the three 
copper conductors belonging to the same single- 
phase transmission are suspended in the same hori- 





the risk arising from, 





zontal plane. The distance between the phases 
amounts to about 4 m. (13 ft.). Wires suspended 
above each other are of the same voltage. 

The normal span amounts to 190 m. (623 ft.) 
Only in exceptional cases there are spans above 
225 metres, which, as a rule, may be considered 
as the maximum span . It was considered 
point of special importance that the voltage-carry 
ing lines should be so arranged that they free 
play vertically. With uneven ice-loads the sagginy 
may often v: 2 to 3 metres from the normal, 
whereby lines suspended above each other may 
easily come in contact. With the arrangement of 
the lines here adopted such contact does not signify 
much, inasmuch as lines suspended vertically above 
each other have the same voltage. With a com- 
bination of uneven ice-load and wind pressure the 
i saggings are attended by extremely un- 
even oscillations sideways, under which the line 
which has a smaller ice-load generally shows the 
larger oscillation. So as to prevent lines of 
different voltage from coming in contact with each 
other under such conditions, it naturally is neces- 
sary that they should be suspended far apart hori- 
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zontally, particularly if the spans are t. Inthe 
present case the width of span is saatively large, 
and the distance between the lines is therefore 
very considerable. 

The type of pole chosen is cheap and substan- 
tial, but when used for double lines it has its dis- 
advantages. The repair of a line or an insulator 
of the upper line cannot take place without the 
lines below being rendered dead, and this necessi- 
tates a recoupling of the wires. 

The copper lines are so proportioned that at a 
temperature of 15 deg. Cent., and with a moderate 
wind pressure perpendicular to the line, and a 
reduction factor for round surface of 0.6, they are 
not subjected to any greater stress per square 
millimetre than 12 kg. (7.6 tons per sq. in.), or 
60 per cent. of the stress at the elastic limit, 20 kg. 

sq. mm. (12 tons sq. in.). 
peWith the ntacwearh shes and spans the stress 
with ice-load comes out as under :— 


Width of span : 190 m. normal ; 225 m. maximum. 


. Ioe-Load per Kg. per Kg. per 

ineal Metre, Sq. Mm. Sq. Mim. 
0.5 17.9 18.5 
1.0 22.3 23.9 
1.5 27.2 29.4 
2.0 33.7 35.6 


With normally - occurring ice-load (< 0.5 kg. per 
lineal metre) the stress thus will be somewhat 
below the elastic limit for the —— lines. 
Breakages occur with accidental increases of the 
load up to 3-kg. ice-load per lineal metre (2 !b. 
per ft.) at 190 m. (623 ft.) span, and up to 2.6 kg. 
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in load per lineal metre at 225 m. (739 ft.) width of 


span. With a temperature of 50 deg. Cent. th 
free distance off the ground is not less than 6.7 m. 
(22 ft. 8 in.). If a span is loaded with 0.5 kg. 
ice-load, and the other spans are free from ice, 


which may represent the most unfavourable con- 


With an ordinary suspension insulator chain there 


| is a pronounced tendency on the part of the insu- 


lator nearest the voltage-carrying line to absorb 
a disproportionately large part of the voltage drop 


| —asa rule upwards of one-third of the total. From 


this insulator the voltage drop decreases for each 


ditions with which one need reckon for the sus-' insulator unit the nearer one gets to the earthed 


pension, the free distance off the ground will be 
‘4m. (13 ft.). The copper lines have seven wires, 
with a soft-core wire and hard-drawn outer wires. 
The Earth Lines.—The iron lines are so sus- 
pended that with a temperature of 15 deg. Cent. 
and a wind pressure of 75 kg. per sq. m. (15 Ib. per 
sq. ft.) perpendicular to the line, and a reduction 
factor for round surface of 0.6, they are not sub- 
jected to any greater stress per square millimetre 
than 20 kg. (12.7 tons per sq. im.). The iron lines 
have seven wires, tough-hardened, and have a sec- 
tional area of 35 sq. mm. ; the elastic limit is 
about 60 kg. per sq. mm. (38 tons per sq. in.); 
breakage limit, 120 kg. per sq. mm. With an ice- 
load of 2 kg. (4.4 1b.) per lineal metre the stress 
on the iron lines rises to 54 kg. per sq. mm. (34 tons 
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' suspension point. This drawback has been avoided 
|ia the insulator chains used by the Waterfalls 
Board by their being composed of units of varying 
resistance between the insulator petticoat and the 
respective insulator bolt. According to measure- 
ments the unit in this chain nearest the copper line 
absorbs only about one-fifth of the voltage drop 
on the chain. All the suspension insulator chains 
have the same outer contours, and the variations 
in capacity between petticoat and bolt have been 
attained through altering the thickness of the 
porcelain around the bolt, The variation is from 
27 mm. (1.06 in.) to 18 mm. (0.71in.), with a corre- 
sponding alteration in the diameter of the bolt, 





which alteration, it should be observed, does not 
affect the average strength of each separate unit. 
























































Fig.82. 
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per sq. in.) at 190 metres span. All the poles are 
earthed through the iron lines. On those portions 
of the lines which run parallel with the railway a 
conuection-line has been installed every kilometre 
between the earth lines and the rails. On other 
portions the earthing is effected every kilometre by 
means of iron pipes filled with salt and surrounded 
with a solution of salt. 

_ The Poles.—The poles are perpendicular to the 
line, and have a factor of safety of 5. In the 
direction of the line the intermediate poles (Figs. 
2% to 31) are dimensioned for a breaking load of 
about 2 tons, and the straining poles (Figs. 32 to 
34) for about 3.5 tons. This stiffness in the direc- 
tion of the line has been considered necessary, so 
that the poles may ess the requisite reliability 
in the event of breakage of any of the earth-lines, 
which normally serve as stays. 

U'he Insulators.—The copper lines are suspended 
from insulator chains with 6 units per chain, a 
relatively large insulation for the voltage in ques- 
tion. Experience with existing lines, however, 
shows that about 90 per cent. of all faults of the 
line directly or indirectly emanate from the insu- 
lators, for which reason nothing has been left 
undone to make this part of the installation as 
reliable as possible. 

_ Figs. 35 and 36 show, in section, how the two 
insulators respectively are constructed. On the 
whole, the insulators are like the American 
normal types, but they have in several important 
respects been modified by the Royal Waterfalls 
Board, so as to obtain an improved distribution 
of tension, both as regards the insulator chain as 








& whole and each separate unit. 


For the lightning-insulators a similar method has 
been adopted. ‘The insulators have been given a 
more rounded form than that of older types, so as to 
obtain a more advantageous distribution of tension. 
Special care has particularly been taken with the 
lightning-insulators in the matter of transferring 
the strain to the insulator hell without the porcelain 
being exposed to undesirable strain effects. The 
adjoining surfaces between the porcelain and the 
cement have been made conductive by means of 
graphite deposited in water-glass. 

A series of experiments Lave been undertaken 
to ascertain to what extent protective arrange- 
ments were needed at the insulator chains soas to 
prevent the latter from being disturbed by light 
arcs. It has been manifested that a light arc can 
be conducted from the insulators, so that these 
suffer no harm, by fixing a guard between the 
bottom insulator unit and the line. Some of the 
Porjus insulators, for the sake of these experi- 
ments, have been fitted with so-called guard- 
screens. These have been attached above the first, 
the third, and the fifth unit, reckoned from the 
top, a screen being also placed beneath the bottom 
unit. Such screens have proved themselves capable 
of protecting the insulator from light arcs, which 
occurred during the experiments (up to about 125 
amperes, 40,000 volts), and the screen beneath the 
lowest unit has proved useful, for the purpose of 
reducing the tension at the bottom unit to a 
smaller portion of the total tension, and thereby 
improving the tension distribution at the insulator 
chain as against the other protective screens, which 
deteriorate the tension distribution. An objection 


they are apt to give the light arcs a certain tc ndency 
to creep in under the insulators, on account of the 
highest point of any screen being found near the 
petticoat as it is formed with protective guards, 
which are bent upwards, in order to effectively 
conduct the light arcs from out the insulators. 
Costs. — As already mentioned, the Swedish 
Riksdag of 1910 voted a sum of 21,500,000 kr. 
(1,160,0001.) for the construction of the Porjus 
power-station and the railway, which, in connection 
with the station, had to be built between Gellivare 
and Porjus, and for other requirements in connec- 
tion with the installation of the electric traction 
on the Kiruna-Rikegriiusen Railway. Of this vote, 
the sum for that portion of the work which had 
to be carried out under the auspices of the Water- 
falls Board—that is, the power-station with turbines 
and electric three-phase equipment, power-lines for 
three-phase current to Gellivare and Kiruna and 
the blasting work belonging to the railway con- 
struction at Porjus—amounted to 11,033,000 kr. 
(610,0001.), of which 9,387,000 kr. refer to the 








can be raised against these protective screens that 


power-station, turbines, and railway arrangements, 
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and 1,646,000 kr. to electric equipment and power- 
lines. 

These votes, as the work proceeded, proved in- 
adequate, and the reasons for their being exceeded 
were princi = 4 the following :—It has already 
been mentioned, in dealing with the construction 
of the fill-dams, that the inferior quality of the 


rock necessitated additional blasting and concrete- 
work, and the same applies to er portions of 
the dam. 


Also in the building of the machin 
hall and the tunnels, the looseness of the sock 
caused additional expenditure of about 500,000 kr. 
(27,8001.). As regards the instrument building, 
several improvements were afterwards ahestol, 
which also meant additional cost ; it may be men- 
tioned in this connection that the working voltage 
for the three-phase installation was increased from 
70,000 to 77,000 volts, whereby the transmiesion 
capacity of the power-lines was materially augmented 
These alterations required more space and con- 
sequently entailed increased expenditure. Also 
the cost of transport arrangements and those in 
connection with provisions for the large staff of 
workmen exceeded the calculations. e three- 
hase lines were eventually made heavier and the 
insulation more efficient than originally planned, 
and a sub-station, not included in the first pro- 
ject, has been built at Knosakatto. Additional 
votes have been granted amounting to 1,735,000 kr. 
(96,000/.). Although some minor items may still 
have to be divided between the different heads, 
the cost of the different portions of the work will 
very nearly be as follows :— 


Kr. 
Dam construction and intake.. 3,250,000 
Inlet tunnel oe = sna ie 515,000 
Distribution basin, with timber out- 
let, tube-intake, and inlet tubes ... 950,000 
Machinery hall, suction tubes, cable 
and hoisting-shafts ... as .-» 1,176,000 
Outlet tunnel and outlet - 1,265,000 
Instrument building... 700,000 
Residences for officials a aes 220,000 
Temporary housing accommodation... 280,000 
Permanent roads, purchase, &c. 135,000 
Turbine equipment... wo, .\*\ Uap 480,000 
costs—such as | ga 
power-station, rail, and transport 
ts, obtainment of labour, 
hospital administration, &c. - 1,714,000 
Electric three-phase and -  gpnennnena 
current equipment at the power- 
Three-phase lines 1,325,000 
12,765,000 
(18 kr. = 12.) 


The design and execution of the works described 
above have been undertaken by the Royal Waterfalls 
Board, through ite chief, Colonel F. V. Hansen, 
and a large number of engineers on the Waterfalls 
Board have superintended and managed the diffe- 
rent branches of the comprehensive work. 
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Surveying and Field Work: A Practical Text-Book on 
Surveying, Levelling, and Setting-Out, intended for the 
Use of Students an Technical Schools. By James 
Wituiamson, A.M. Inst. C.E. London: Constable 
and Uo., Limited. — 7s. 6d. net. } 

Tuts is an eminently practical book, and elemen- 

tary in the sense that it begins at the beginning. 

The details into which the author has thought it 

necessary to enter by their minuteness suggest 

that he intended his book to displace oral instruc- 

tion, but experience generally condemns such a 

course. The practised teacher can save the student 

not only valuable time, but prevent him pursuing 
wrong lines that have to be remedied later. The 
writer may think he has foreseen and guarded 
against the waywardness of the pupil, but the per- 
verse ingenuity of the tyro will find opportunity 
for straying from the right path, however clearly 
indicated. Many practical hints, some almost too 
trifling to be insisted upon, are spread out for the 
guidance of the beginner. but we fear the minute 
detail increases the length of the book without 
making the true path easier to follow, while the 
surveyor, the engineer, and the architect, for whom 
the work is intended as a book of reference, may 
be irritated by the enunciation of simple truths 
they have long practised. It might safely be 
assumed that anyone who is pre to tackle the 

problem of triangulation is competent to solve a 

plane triangle. 

Roughly, the book may be divided into three 
sections: chain surveying, to which the author 
devotes eight chapters; angular measurement 





with divided instruments, as the sextant and theo- 
dolite, introducing traverse surveying and plane 
triangulation ; and levelling, including the locating 
of contour-lines. A few chapters are devoted tothe 
calculation of areas and of earthwork quantities 
required for excavation and embankment work, &c. 
Whatever the character of the measurement, the 
effect of error is everywhere considered in greater or 
less detail, for, the author rightly observes, it is 
only from the close study of the magnitude of 
errors and their effects that the surveyor is able to 
arrange the work to the best advantage, paying 
due regard to accuracy and economy. 

He might have added, too, that it is only by 
questioning the instrument that we learn how a 
more accurate or more trustworthy result might be 
obtained. There is too great a tendency to trust 
to the instrumental nmeal as absolutely exact—to 
accept the instrument as an infallible authority. 
But errors there always will be, and these can be 
removed toa great extent either theoretically or 
practically. Geometrically it is possible, from a 
knowledge of the theory of the instrument, to 
compute the errors introduced by imperfect mechan- 
ism, and to apply the necessary correction—as, for 
example, in the inequalities of the pivots of a 
theodolite ; but we doubt if any arithmetical correc- 
tions are ever contemplated. Mechanically, errors 
may be eliminated uae the instrument is made 
adjustable in its parts and can be used under 
different conditions. Mechanical corrections are 
more usually insisted upon. The author wisely 


advises the reversion of the theodolite for the 
removal of collimation error, and this, indeed, is 
jan advance in practice. He seems, however, to 
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regard the reading of both verniers of a circle as 
a work of supererogation. In ordinary work we 
are told that only one vernier is used, and we are 
afraid this is true, but it would have been as well 
to have given a hint that the centre round which 
the vernier revolves may not coincide with that 
of the divided circle. It is true that in another 
place it is mentioned that when great precision 
is required the reading of two verniers may be 
necessary, and even three verniers are considered 
as a possible adjunct, but the use of three verniers 
is not even explained. We admit that everything 
the author says is true, is well and clearly ex- 
pressed, and that he has followed the lead of many 
worthy predecessors. But we also submit that 
each successive treatise should aim at a higher 
standard than the last. We are pleading for 
increased accuracy and the adoption of more 
scientific methods. Instrumental construction 1s 
improving, and to get the full benefit of the care 
and ingenuity shown by the makers, greater 
nicety of handling is required and a more refined 
discussion of the crude records. Some teachers, 
and, indeed, many practical operators in the 
field, seem to think that the object of all im- 
provement in construction is to make all observa- 
tion more mechanical and easy. This is not our 
view. For the best results, an intelligent use of the 
instrument is as necessary as excellence of construc- 
tion. The highest class of observation can be 
obtained only when every advantage is taken of 
the power of mechanical adjustment, and every 
ingenuity employed to eliminate error. Wesubmit 
that a teacher should rather insist on such a method 
of observation that the instrumental errors may be 
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THE CANADIAN RAILWAY-TRAIN FERRY - STEAMER 
CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, WALKER-ON-TYNE. 


“SCOTIA II.” 
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eliminated as far as possible, than to arrange a 
simpler plan that entirely ignores these errors. 

Chain surveying is an operation that has often 
been described, and about which it is difficult to 
say anything new. The author’s explanations are 
very distinct, and cover the usual ground. They 
leave very little to the intelligence of the pupil, 
whose mathematical knowledge is supposed to be 
very small. We should have preferred to see the 
effect of an error of measurement in the side or 
angle of a triangle treated more generally, for 
some would have benefited. Some of the ‘‘ special 
problems” handled at some length will seem 
ridiculously simple to those who have read a little 
trigonometry ; but a straining after extreme sim- 
plicity is a feature of the book. One form of 
simplicity, however, does not appeal to the author, 
and we would ask him to consider whether in some 
examples he could not dispense with a few decimal 
places. When distances are measured to a foot, 
it does not seem worth while to apply corrections 
accurate to the thousandth part of a foot. But 
instances of this vicious practice are not so glaring 
as in many technical works. Similarly, in the com- 
putation of rectangular co-ordinates (page 170), 
five-figure logarithms are introduced somewhat 
unnecessarily. A Crelle multiplication table, or 
possibly a sliding scale, would have been readier 
and shorter. As a rule, the employment of loga- 
rithms, as a labour-saving device in small multi- 
plication, is to be deprecated. 

Traverse surveying and the use of the theodolite 
deal with the ordinary problems that come before 
the surveyor. The subject of plane tabling, geodetic 
surveying, and rn nett work do not come 
within the scope of the book. The same may be 
said of the employment of photogrammetric 
methods of topographic surveying, and the use 
of photography as an aid to practical surveying. 
These limitations rather narrow the view, and the 
student has to restrict his ambitions to the con- 
sideration of very commonplace problems. He 
will have the satisfaction of finding the simplest 
worked out at length and with great thoroughness. 
The vernier is not difficult to understand, but its 
explanation occupies several pages. That the 
author has preferred to give numerous diagrams 
with lengthy explanations instead of the general 
theory indicates the class of student for whom the 
book is intended. With this care to prevent the 
student stumbling, we were surprised to find that 
in the solution of plane triangles he is allowed 
the chance of coming to grief over the ‘‘ ambiguous 
case.” Another instance in which this excessive 
watchfulness slumbers occurs in the computation 




















Fre. 11. Srern View. 
of the work required in the excavation of a pond 
(page 336). The solution leads toa quadratic, but 
only one root is discussed. The student would like 
to know what is the meaning of the other root, 
and why 14.8 ft. is not as good an answer as 5.2 ft. 
The chapters on levelling are, perhaps, the best 
of the book. The various forms of levels in use 
are well explained, and the description of the 
methods of use leaves little to be desired. The 
treatment of longitudinal and cross-sections and 
the locating of contour lines is eminently practical. 
The examples are selected with judgment. The 
author has taken his pupil a little beyond the ele- 
mentary stage, and the lengthy explanations which 
made the earlier sections somewhat tedious are not 
so frequent. It is hinted in the preface that it is 
pro in a subsequent volume to pursue the 
subject further ; in that case we have no doubt the 
interest and the usefulness of the treatise will both 
be increased. 
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CANADIAN RAILWAY FERRY-STEAMER 
**SCOTIA II.” 


We reproduce on Plate XXIV., this week, seo- 
tional drawings and plans, and on this and the oppo- 
site pages and on page 446 photographic views of 
the railway ferry-steamer Scotia II., built to the 
order of the Minister of Railways and Canals of 
the Dominion of Canada, in connection with the 
Intercolonial Railway System. This vessel is in- 
tended for service across the Strait of Canso, be- 
tween the mainland of Nova Scotia and Cape Breton. 
As in the winter there is considerable ice-flow, the 
vessel has been constructed to break > this ice, 
in order to keep the passage open for the railway 
service. The vessel, which has several interesting 
features, was built at the Walker Shipyard of Sir 
W. G. Armstrong, Whitworth and Co., Limited, 
Newcastle-on-Tyne, who have made a speciality of 
this type of steamer, and have consequently great 
experience of the special structural requirements. The 
vessel left the Tyne on August 31 last, under the com- 
mand of Captain Manning, and, in spite of heavy 
weather on the voyage, arrived at Port Mulgrave on 
September 15, proving the structural strength of the 
hull and the fact that vessels of this character can 
safely cross the Atlantic. 

The principal dimensions of the vessel are :— 


fo. in. 

Length overall ... ie ie 300 0 
»» _ between perpendiculars 286 6 
Breadth, extreme, over fenders 50 0 
Depth, moulded ... we Ke 20 0 
Draught of water... 14 2 


Displacement at 14-ft. 2-in. draught... 3665 tons 

As is shown on the cross-sections on Plate XXIV., 
(Figs. 8 and 9), the vessel is of the single-deck 
type ; as all the scantlings are given, it is only neces- 
sary to direct attention to the increased strength 
introduced in the framing of the deck in order to sup- 
port the weight of heavy locomotives on the centre 
track. Fig. 7 shows on a larger scale the connection 
at the upper deck, stringer angle, deck beam, and 
garboard strake. The vessel conforms to the condi- 
tions of Lloyd’s highest classification and also with 
Board of Trade requirements. The three lines of 
track, well shown in the photographic view, Fig. 13, 
on page 446, are laid to standard 4-ft. 8}-in. gauge, 
and the cars will be shipped and discharged over the 
forward end only (Fig. 12). It will be seen that the 
four bunkers with which the vessel is fitted are so 
arranged that they can be loaded from cars on the 
railway track on deck (Fig. 5). The longitudinal 
elevation shows, Fig 2, the ram form introduced in 
order to break up the ice in front of the forward 
propeller. The structural arrangement aft is for a 
single-screw propeller with the ordinary rudder. The 
hull is specially strengthened at the water-line, fore 
and aft, and water-ballast tanks are arranged at the 
forward and after ends. These can quickly be filled 
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in order to increase where necessary the downward 
thrust for the breaking up of the ice. 

To facilitate navigation, a superstructure has been 
built, as clearly shown in Figs. 2 and 4, on Plate 
XXIV., and Figs. 12 and 13, on 446. This 
gives a clear headway for the railway - carriages 
traversing the track on the deck, and affords a good 
outlook for navigation purposes. The pilot-house on 
the navigation-bridge (Fig. 4) contains the steam steer- 
ing-gear control stand and the steering compass, 
with speaking-tubes and telegraphs from the house to 
the engine-room and the steering-gear, which is fitted 
immediately forward of the rudder, as shown in the 
plan, Fig. The gear is of the combined hand and 
steam type. 

In addition there are warping steam capstans placed 
at each end of the vessel for working anchors, cables, 
and mooring-ropes, the positions being shown in 
Figs. 5 and 6. The capstan heads are placed on 
deck, with the engines below the deck. here are 
also four pairs of mooring bits with the necessary 
pipes. Aft there is a superstructure corresponding 
to that for the pilot-house, but utilised for carrying 
four life-boats, as shown in Figs. 2 and 3, on Plate 
XXIV., and in the views, Fig. 11, on page 439, and 
Figs. 12 and 13, on page 446. The dimensions of the 
life-boate are given on the plan, Fig. 3, just referred to. 

On each side of the upper deck are the funnel 
casings and also the deck-houses, providing the neces- 
sary sanitary accommodation, &c., for the officers, 
crew, and ngers. The nature of the accommo- 
dation is clearly shown on the deck-plan, Fig. 5, on 
Plate XXIV. The mess-room and living accommo- 
dation for the officers and engineers is under the 
deck aft, and for the crew below the deck forward, 
as shown in the _ Fig. 6. The former accommo- 
dation consists of one large mess-room, four rooms 
for the officers and engineers, one for the steward, 
two separate rooms for the day and night captains, 
and two for the chief engineers. The crew’s quarters 
include & mess-room, one room for six seamen, and 
one for eight firemen. 

A complete installation of electric light is fitted 
throughout the vessel. The generating machinery 
consists of two direct-coupled plants, each capable of 
giving an output of 25 kw. at 80 volte when running 
at a speed of 350 revolutions per minute. A search- 
light, of 20 in. diameter and 16,000 candle-power, is 
fitted on top of the pilot-house (Fig. 8), with the 
necessary controlling gear and connections therein. 
There are eight electric fans fitted in the stokehold 
and engine-room ventilators. An air - compressin 
plant, consisting of two Westinghouse air-pumps, wit 
receivers, is placed in the engine-room. Connections 
are led to each end of the vessel for providing power 
for pneumatic tools used for effecting repairs to the 
hull or machinery. 

The machinery was manufactured by the Wallsend 
Slipway and Engineering Company, Limited, Wall- 
send-on-Tyne. It is fitted amidships, as shown on the 

lan, Fig. 6, on Plate XXIV., the arrangement of 

iler uptakes and funnels being as seen in the 
section, Fig. 8. We shall give further drawings and 
a description of the machinery in our next article. 


(To be continued.) 





Coat Exports.—Our coal exports in September 
were just a little larger than those of September, 1914 
(which was the first complete month of the great war), 
the shipments amounting to 3,892,033 tons, as com 
with 3,859.188 tons last year, and 6,197,180 tons in Sept- 
ember, 1913. These totals were increased by the addition 
of coke and J racaog fuel to 4,096,637 tons, 4,096,453 tons, 
and 6,501,598 tons respectively. When we take account 
of the export movement for the nine months ended Sept- 
ember 30, this year, we are confronted with a great falling- 
off in business, the ey having attained an aggre- 
gate of only 33,414,212 tons, as compared with 48,116,349 
tons and 54,517,788 tons. These totals are extended to 
35,095,037 tons, 50,372,812 tons, and 56,898,208 tons when 
account is taken of coke and patent fuel. The shipments 
of bunker coal—that is, coal shipped for the use of 
steamers in foreign trade—amounted, to —_ 
ember 30, to 10,722,894 tons, as compared with 14,581, 
tons in the first nine months of 1914, and 15,545,617 tons 
in the first nine months of 1913. It follows that in one 
way or another coal left the shores of the United Kingdom 
to Gapeeeber 30, this year, to the aggregate extent of 
45,782,431 tons, as compared with 64,954,574 tons and 
72,243,865 tons in the corresponding periods of 1914 and 
1913 respectively. The countries which took the largest 
quantity of British coal in the first nine months of 1915 
were :—Sweden, 2,091,047 tons, as compared with 3,055,335 
tons ; Norway, 2,096,675 tons, as compared with 1,907,090 
tons; Denmark, 2.522.950 tons, as compared with 
2,267,312 tons; Holland, 1,329,239 tons, as compared 
with 1,457,102 tons; France, 13,224.756 tons, as com- 
pied with 9,040,744 tons ; Spain, 1,551,632 tons, as com- 
pared with 2,458,575 tons; Italy, 4,402,998 tons, as 
compared with 6,557.270 tons; Argentina, 1,289,440 tons, 
as compared with 2,362,722 tons ; and pt, 1,080,435 
tons, as compared with 2,193,988 tons. The very con- 
siderable increase observable in French imports of 


British coal this is explained by the fact that most 
of the French -mining districts have been all through 
the war in the hands of the Germans. 





INDUSTRIAL NOTES. 


Tue Ministry of Munitions issued last week the 
following recommendations of the Munitions Labour- 
Supply Committee relating to the employment and 
remuneration of women on munition work of 4 
class which prior to the war was not recog- 
nised as women’s work in districts where suc 
work was customarily carried on. The Minister has 
decided to adopt the Committee’s recommendations as 
regards munition factories for which the Ministry 
is responsible, and also to commend them to the 
favourable consideration of other employers engaged 
on munition work. These recommendations are on 
the basis of the setting up of the machines being other- 
wise provided for. They are strictly confined to the 
war period, and are subject to the observance of the 
provisions of Schedule II. of the Munitions of War 
Act. 

(1) Women of eighteen years of age and over em- 
oe on time, on work customarily done by men, shall 

rated at 1/. per week, reckoned on the usual 
working hours of the district in question for men in 
engineering establishments. This, however, shall not 
apply in the case of women employed on work cus- 
tomarily done by fully-skilled tradesmen, in which 
case the women shall be id the time rates of the 
tradesmen whose work they undertake. Overtime 
and night-shift and Sunday and holiday allowances 

yable to men shall also be made to women. (2) 

here women are prevented from working, owing to 
breakdown, air raid, or other cause beyond their con- 
trol, they shall be paid for the time so lost at the rate 
of 15s. a week, as above, unless they are sent home. 
(3) Women shall not be put on piece-work or premium- 
bonus systems until sufficiently qualified. The period 
of qualification on shell ok shall not, in general 
case, exceed three to four weeks. (4) Where women 
are employed on piece-work they shall be paid the 
same piece-work prices as are customarily paid to 
men for the job. (5) Where women are engaged on 
premium-bonus systems, the time allowed for a job 
shall be that customarily allowed to men for the 
same job, and the earnings of the women shall be 
calculated on the basis of the man’s time rate. (6) 
Where the job in question has not hitherto been done 
on piece-work or premium-bonus system in the estab- 
lishment, the piece-work price or the time allowed 
shall be based on a similar job previously done by 
men on piece-work or premium-bonus system, as 
the case may be. (7) Where in the establishment in 
question there are no data from previous operations to 
enable the parties to arrive at a piece-work price or 
time to be allowed, the price or the time to be allowed 
shall be so adjusted that che woman shall receive the 
same percentage over the time rate of the class 
of man customarily employed on the job as such 
man would have received had he undertaken the job 
on piece- work or premium - bonus system, as the 
case may be. (8) On systems of payment by 
results equal payment shall be made to women 
as to the men for an equal amount of work done. 
(9) Piece-work prices and premium-bonus basis times 
shall be fixed by mutual agreement between the 
employer and the woman or women who perform the 
work. (10) On eye every women’s time rate 
as per Clause | hereof shall be guaranteed irrespec- 
tive of her piece-work earnings. Debit balances 
shall not be carried forward beyond the usual weekly 
period of settlement. (11) On premium-bonus systems 
every woman’s time rate as per Clause 1 hereof shall 
in all cases be paid. (12) Overtime and night-shift 
and Sunday and holiday allowances shall be paid to 
women employed on pieve-work or premium-bonus 
system on the same conditions as now prevail in the 
case of men in the district in question for time-work. 
(13) Piece-work prices and premium-bonus time allow- 
ances, after they have been established, shall not be 
altered unless the means or method of manufacture 
are changed. (14) All wages and balances shall be 
paid to women through the office. (15) Auy question 
which arises as to the interpretation of these recom- 
mendations shall be determined by the Minister of 
Munitions. 


We are informed that the shortage of labour in 
Sheffield has become so marked that the Education 
Committee of the city has decided to allow boys over 
thirteen years of age, who can produce certificates of 
having had 350 attendances in each of five years between 
the ages of eight and thirteen, to leave school upon their 
furnishing definite requests from intending employers 
for occupations approved by the Committee. The 
boys released from day-schools will be required by 
their employers to attend the Committee’s evening 
schools. Some time ago the Committee fixed the 
leaving age at 134 years, but the difficulties of em- 
ployers have increased, and the Committee ised 
the necessity of relaxing still further their conditions. 

In the course of the discussion a Labour member 
pointed out that the proposal sanctioned a breach of 
the paws Act, whilst a steel manufacturer stated 
that manufacturers were not looking for cheap labour ; 





they did not care what they paid so long as they got 
the work done and helped the country. At his own 
works the output of the*melting-furnaces could be 
doubled if labour could be got. 





In an account issued on Sunday last by the Press 
Bureau of a visit which was paid to the Front by the 
Welsh deputation of representative munition worker: 
the following remarks occur :— 

“‘The present situation at the Front was aptly 
illustrated to us by one of the officers, who said it wax 
just as though we had trapped an armed burglar’s 
fingers in the door. We had him fast, he could noi 
move, he was in our power, and yet we had not the 
necessary weapons essential in order to overcome him. 
In speaking of the industrial disputes in England, it 
was pointed out to us that the soldiers were fighting 
for their own lives and the lives of the ple at 
home, whilst the people at home were fighting about 
rates of wages and money. All were greatly upset, 
disturbed, and disappointed when industrial disputes 
took place. It took the heart out of our men, as it 
seemed to the soldier that the workers scarcely realised 
the gravity of the difficulties and dangers a shortage 
of supplies entailed on our fighting forces. 

** It was suggested to us that this was a war of 
machinery and of the necessary munitions to keep 
that machinery in constant operation, in order to 
obtain the greatest measure of effectiveness. That 
an iperedibly enormous number of shells could be 
used ; that if those shells were sent the effect would 
undoubtedly quickly show itself ; that the munition 
workers hold the key to the situation, and the men at 
the Front asked us to turn that key. It was insisted 
on how important a factor time was in the delivery of 
supplies. Every day’s delay disheartened and dis- 
couraged the men. They were anxious to get a big 
effective move on. They wanted plenty of shells, an 
unceasing, unending, everlasting supply for daily use, 
to blast the enemy out of his burrows, and they 
wanted an enormous reserve supply to be ready to 
meet any emergency. They wanted this big supply 
now—to-day ; it would be of no use if it came too 
late. That would mean disaster for us all... .” 





A Central Finance Fund has been inaugurated under 
the triple-alliance scheme of the miners, transport 
workers, and railwaymen. Mr. J. H. Thomas, M.P., 
has been appointed treasurer. 





The Emergency Committee of the Federation of 
Master Cotton-Spinners’ Associations held a special 
meeting on Tuesday last to consider the question of 
the shortage of labour in the spinning section. It 
was reported previous to the meeting that a sug- 
eg had been made to organise the available 
abour on a better scale by stopping certain mills 
and running others at full Seunaie rather than have 
an irregular prcduction in all factories. The restric- 
tion of output as a result of the labour shortage 
amounts, it was stated, to nearly 15 per cent., and the 
tendency is for things to get worse owing to the fur- 
ther heavy enlistments in the Army. Many leading 
members of the federation do not believe that a work- 
able scheme such as the one proposed can be formulated. 
The chief difficulty would be to decide which mills 
had to stop; there would also be the question of 
compensation. Probably another attempt will be 
made to get the Operative Spinners’ Amalgamation to 
allow female labour in the spinning-rooms in Oldham 
and district. Such a system is already in force in 
Bolton and Manchester. 

The meeting on Tuesday we refer to was private. 
It is said, however, that the discussion was adjourned 
with a view to obtaining more information on the prac- 
ticability of the proposal to solve the difficulty by 
closing and subsidising the mills where the machinery 
is only slightly engaged and by transferring the opera- 
tives to the mills in which there is an undue pressure 
of work. 





According to information received from the High 
Commissioner for Australia, Mr. J. C. Watson, ex- 
Prime Minister of Australia, has offered his services 
to the Commonwealth Government, and has been 
asked by the Federal Parliamentary War Committee 
to organise a scheme for the employment of returned 
Australian soldiers. 

Mr. Watson’s duties will be to visit the various 
States and secure the co-operation of the State Govern- 
ments in the scheme laid down by the Federal Parlia- 
mentary War Committee ; to secure the appointment, 
by the State Governments, of State councils to give 
effect to the scheme and to supervise and co-ordinate 
their work ; to enlist the sympathy and assistance of 

rivate citizens in the provision of employment and 
and settlement opportunities for returned soldiers ; 


to report to the committee from time to time ; to act 
in concert with the members of the committee of each 
State visited, and, generally, to act in an executive 
capacity in carrying out the instructions of the War 
Committee. he 

Mr. Watson explains that his exact position is not 
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so much to find employment himself for men as to 
secure co-ordination among the various State agencies, 
which, it is hoped, will be established by the State 
Governments. } 

He thinks that the question of finding employment 
for the men who have already returned, or are return- 
ing, will be coped with easily. The bigger question 
will be to provide for the much greater number who 
will require direction and assistance in the near 
future. ; 

He is hopeful that in addition to Government land 
that may available in the various States he will 
receive the active co-operation and assistance of the 
larger landholders ; he has had indications that land- 
holders generally would be agreeable to make their 
properties available to Governments dealing with the 
placing on the land of men who have had a little 
previous experience. ; 

Mr. Watson adds that he thinks Government 
experts could assist in the instruction of the men. 
Should the land available be more than is required 
for our own men, there would no doubt be plenty of 
applications from returned British soldiers who were 
desirous of becoming farmers. 


We read in the Jron Age that the machine-tool 
manufacturers of Cincinnati posted in their works 
the following notice, dated September 23, addressed 
to their men, in reply to their demand for a 48-hour 
week :—‘‘. . . Machine-shop employers in Cincin- 
nati during the last several years have voluntaril 
reduced working hours from 60 to 524 per wee 
without reduction in pay. . . . Under normal busi- 
ness conditions the machine-tool industry must meet 
foreign competition to maintain its export trade ; 
few foreign competitors are operating as low as 
52} hours per week. . . . The policy in the future, as 
in the past, will be to make working conditions, hours 
of work, and wages as favourable to the employees as 
competition will permit. . We believe our em- 
ployees will appreciate that we must consider com- 
petition in the operation of this business, and that 
our first duty to them and to ourselves is to maintain, 
as far as possible, a steady volume of business and 
steady jobs for our employees at fair wages... In 
view of the above facts, if the demand is made we 
shall be obliged to refuse it, no matter what the 
final consequences may be.” 





In the course of an address he recently delivered 
before the Industrial Relations Committee of the 
Constitutional Convention on Minimum Wage — 
lation, Mr. William A. Dyer, President of the New 
York State Dry Goods Association, is reported to 
have stated the following, among other points :— 
‘In regard to the argument that written or spoken 
opinions are largely in favour of a minimum- 
wage law, his reply was that business men were pro- 
verbially poor public speakers, extremely loath publicly 
to express their opinions, either by word of mouth or 
in writing ; this hesitancy also applied to workers, who, 
like business men, found little time out of their busy 
days to speak or record their thoughts. Most of the 
written or publicly expressed opinions were those of 
theorists, so-called social workers, self-named publi- 
cists and professional writers, all accustomed to take 
the side of that which is radical. It did not follow 
because & man was either a business man or an em- 
ployer of labour that he himself was not as competent 
a thinker on this and similar subjects as the theorist. 
Wages were determined, always had been, and always 
must be by the law of supply and demand; the 
employer did not and could not fix wages, except in 
exceedingly rare cases. He could not, in justice, be 
held responsible for ‘unfair wages’ if such exist. 
The employer’s effect on wages was only through the 
demand he had for labourers He did not control the 
supply. The wage of any person in the long run 
must depend upon his productiveness, his skill, in- 
dustry and experience; the preponderance of these 
qualities was in demand, and the ones possessing them 
commanded the highest wages. The supply of in- 
etlicient workers, from whatever cause, was large, the 
demand small, and the wages low. Business was only 
conducted when it was profitable. Sentiment did not 
and could not control any successful business ; hence 
an employer would not, indeed he could not, pay his 
workmen more than they were worth, and their worth 
to him was dependent entirely upon their ability to 
earn for him a profit.” 





MopERN Igon-FounpRy Practicr.—On Monday, the 
18th mmst., Mr. W. Rawlinson read a paper on ‘‘ Modern 
Ircn-Foundry Practice” before the Junior Institution 
of Engineers. In this he dealt with the subject from 
the melting of the metal to the cleaning of the castings. 


Personat.—Mr. John age ny Pearson, general 
tanager Of Messrs. Cowans, Sheldon and Co., Limited, 
ot Carlisle, has, with the consent of that firm, been ap- 
pointed Assistant Superintendent of the Royal Laborato 
ad Woolwich Arsenal for the period of the war, and took 
up his duties there on the 25th inst, 








DEVELOPMENT OF MAIN- LINE 
SIGNALLING ON RAILWAYS.* 
By W. C. AcFiEtp. 

In preparing a r on the development of main-line 
signalling on saibenane, the author realises the difficulty 
of writing anything on the subject without passing over 
ground al) y traversed by others who have papers 
on the question of signalling on railways. 

History repeats itself in railway safety ee quite 
as much as in any class of engineering. veral - 


tions may be said to have passed since the jeteotuction graph 


of the first railway signal, and the progress of inventions 
is due to those who have passed away, and to whom the 
present and future generations must be indebted for the 
safe travel and the high speeds which are now partici- 
pated in. It is impossible here to review old customs 
and methods, but in all fairness to the pioneers, the 
author suggests that their valuable efforts must not be 
overlooked. 
Brook TELEGRAPH. 

The object of the system of block-tele signalling is 
to prevent more than one train being ag section 
tween two block signal-boxes on the same line at the same 
time, thus providing an adequate interval of space be- 
tween following trains; and, in the case of junctions, 
between converging or crossing trains. The signalling of 
trains on the block system does not in any way dispense 
with the use of fixed, hand, or detonating signals, when- 
ever or wherever such signals are requisite to protect 
obstructions on the line. 

The signal-boxes at which block-telegraph working is 
in operation are furnished with instruments to signal 
each line of rails, and the system under which these in- 
struments are to be worked and the mode of indicating 
the description of approaching trains are laid down in a 
code of regulations, which are given from one signal-box 
to another by various numbers of beats on a signalling- 
_— oy — of the various owe of oe ny vy Ev) 
‘ast and ordinary passenger, perishable goods, light en- 
gines, breakdown, goods, and mineral trains, ides 
provision for obstructions on the line and irregularities of 
working, there are a large number of different bell-codes, 
numbering as many as thirty, with which the signalman 


q.1. ROTARY I ING 2. ROTARY INTERLOCKING 
BLOCK (PEGGING BLOCK (NON-PEGGING 
INSTRUMENT), INSTRUMENT), 
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must be thoroughly conversant. The normal condition 
of a line on most railways is considered as “‘ blocked,” and 
all signals must be kept in the danger position, except 
when it is necessary to lower them for a train to 
and such signals must not be lowered until “ line clear’ 
has been received from the signal-box ahead, which is 
indicated on the block instrument in the signal-box. The 
type of block instrument generally in use is of the three- 
position type, the indications given being ‘‘ blocked,” 
** line clear,” ‘train on line,” the last-mentioned indica- 
tion being used whilst a train is travelling on its way 
between two block sections. There are various forms of 
block instruments in use on the different railways, but 
they all more or less have the same application. i 

e@ system of tel ph signalling was originally 
termed the ‘‘absolute block,” and was at one time con- 
sidered the acme of safety. The word ‘‘ absolute” was 
perhaps a misnomer, as it was only absolute so long as 
the signalman strictly observed all rules and regulations ; 
but at any rate it conveyed the impression to the travel- 
ling public that it meant absolute safety. It is only too 
evident from results that the system did not avert acci- 
dents entirely. It must not be overlooked, however, 
that it has afforded safety, and railways could not pos- 
sibly have been worked without such a system. 
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Lock aNnD BLOoK. 

Prior to 1875 the block — = system and inter- 
locking of points and signal appliances were distinct, and 
were worked independently of one another, but it soon 
became evident that the two systems should be combined 
to give greater safety to traffic-working, and as a result 
a combined lock and block system was introduced 
which rendered it impoesible for a signalman to accept a 
second train until an electric treadle, operated 5? 

ing of a train over the railway, unlocked the block 
instrument in the ‘‘ train-on-line” position. 

** Lock and block ” is a very well-known term amongst 
railwaymen and those interested in | matters, 
and several different <a have been produced, the 

known inventors being Messrs. Sykes, Hodgson, 
Spagnoletti, Langdon, Tyer, Blakey and O’Donnell, 
and Pryce and Ferreira; but it may be said that the 
most generally adopted system is that of Sykes. 


* Paper read before the Birmingham Local Section of 
the Institution of Electrical Engineers, 





the | which the handle is free to 





“‘ Lock and block” plays an important part in the 
working of suburban rtiwoye, and where a re and 
similar class of traffic only to be dealt with, it has 
so far proved a very valuable system for the safe working 
of ways, but there are certain limitations to its adop- 
tion, as sufficient elasticity cannot be obtained in cases 
where passenger, goods, and mineral traffic are con- 
cerned. In goods and mineral working it is not neces- 
sary to have so © — between trains as in 
passenger-train working, although the absolute block 
principle, coming under Rule No. 3 of the Block Tele- 

1 tions, may be in force, which, as before 
mentioned, prevents more than one train being in the 
section between two block signal-boxes at the same time. 
Rule No. 5, “Section clear, but station or junction 
blocked,” provides for closer working, and allows a second 
goods train to be accepted whilst another goods train is 
shunting under the protection of the “home” signal of 
the bl signal-box in advance, or is waiting at the 
starting or advance-starting signal of the said advance 


section. 

To enable closer working to be curried out, a mechanical 
ment is provided—viz., the cancel key—in the 
use of which there is, unfortunately, no check upon the 
ignalman. By injudicious use of this key several serious 
collisions have occurred, the signalman, although finding 
his instruments locked up actually by the proper means 
of working, baving overlooked the existence of a train in 
the section, and freed the appliance by ing it with 
the cancel key, une of the most recent cases being the 
serious collision at Waterloo Junction, on the South- 

Eastern and Chatham Railway. 

Tt can thus be seen that the weak spot in a lock-and- 
block system is the means provided for aaies Soe 
man to release the electrical locking between the block 
instruments and the levers working the signals, either in 
the event of a train being accepted, and such train for 
some reason or other not going forward on its journey, 
the failure of the treadle to do its proper work, or ti 
shunting backwards of trains over treadles during the 
operation of dividing or making up trains. 

Special arrangements have in a comparatively few cases 
been installed to provide for permissive working under 
Rule No. 5, ‘*Section clear but station blocked,” in com- 
bination with the ordinary lock-and-block working ; a 
second signal, known as a ‘‘calling-on arm,” being fixed 
under the home signal in the rear, and the instruments 
duplicated in the signal-box for special working, which 
enables a second train to enter the section already 
occupied by a train at the station in advance. 

A ewitehing-bandle is provided in the signal-box for 
changing from ordinary to special working, and when 
used becomes locked Oy es ae a second train 
until the previous train cleared out of the section and 
the treadle has actuated. With this method the 
cancel key has still to be retained to deal with failures 
of apparatus, and there is still the loophole for using 
key irregularly. Treadles are of two kinds :— 

(a) Treadles operated by the first wheel of the train. 

)) Treadles operated by the last vehicle of the train. 

e latter type ensures the whole of the train havi 
passed over the treadle before the release in the bloc 
instrument is given ; and in short sections where trains 
are liable to come to rest with the rear vehicles over- 
hanging the treadle this is a very desirable form to use. 

The treadles in use to-day are of the mercury ty Pe, 
which are far preferable to the old form of rubbi 
contact previously introduced. ® mercury is contain 
in a box or chamber, and is set in motion by the deflec- 
tion of the rail to which the treadle is attached ; the 
mercury is caused to flow over the contact points either 
by the movement of pivoted levers or is pumped up by 
& piston depressed by the rail upon which the trains run. 


INTERLOCKING BLOOK. 
This is a form of lock and block in use to a large extent 
on the Midland Railway (which railway it is the author’s 
rivilege to serve), and furnishes the necessary elasticity 
or r and goods traffic working under Rules 
Nos. 3 and 5, before mentioned. instrument ured 
(Figs. 1 and 2) is known as the ‘‘ro block,” and is 
of the pegging-handle and vertical-needle type. The 
handle stands normally vertical in the “ blockes i- 
tion,” and to give the “‘line clear” and “train on line” 
indications is moved in a clockwise direction. There is 
a ratchet movement in the instrument to prevent the 
handle being turned in a reverse direction, and this 
vents a signal being given a second time unless the 
ndle has been rotated to both the “line clear” and 
“train on line” itions. 

** Line clear” being given removes the electric lock on 
the starting signal in the rear section, and ‘‘train on line” 
being given drops the said lock, ready to fall into position 
again when the starting-signal lever in the rear is 
to “‘danger.” After ‘‘line clear” has been given by the 
first movement, the handle is then turned to the “‘ train 
on line” position, and becomes locked in that position, so 
that it cannot be moved either forward or backward until 
a releasing treadle, fixed on the railway inside the home 

i has been operated by the accepted train, after 
turned to its normal and 
vertical position. 

To prevent the possibility of ‘‘ line clear” being given 
for a train to approach from the rear section whilst the 
home signal is at “clear,” a lock is provided in the 
block instrument, and a switch on the home-signal lever, 
which ensures the home signal being at ‘‘danger” before 
the handle of the instrument can turned from the 
blocked or normal position. With this in combination 
with rotation mechanical locking on the home and start- 
ing or shunting signals, the signalman is compelled to 
go through the i i 


operations necessary for passing a train 
through the section, thereby making certain that the 
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starting signal if once lowered must be returned to the 
danger position before the home signal can be used a 
seeond time. 

The rotation locking referred to provides that the 
home signal pulled over and replaced becomes locked 
until the starting or shunting signals, where the latter 
exist, have been pulled over and replaced ; and upon the 
completion of this operation the starting si is once 
more automatically electrically locked by advance 
section, and is only released by “line clear” being given 
from the advance section as before described. 


CANCELLING. 

The weak spot of the cancel-key, already referred to 
in lock-and-block installations, is one which has received 
considerable attention, and as it is necessary to provide 
means whereby the signalman can wipe out one or other 
of the block indications, an arrangement is provided in 
the form of a press-button on the rotary instrument in the 
advance section, and a similar -button on the receiv- 
ing instrument in the rear section ; and it is only by the 
co-operation of the two signalmen pressing their respec- 
tive buttons simultaneously that “line clear” can be 
cancelled. The action of the two si men lifts out the 
ratchet lock, and enables the handle to be turned in a 
backward direction to ‘line blocked.” Even this opera- 
tion cannot be performed unless the starting signal in 
the rear is at “‘danger,” and it thus affords additional 
safety in working. 

The cancelling of “ train on line,” which may be neces- 
sary owing to an on-coming train unexpectedly having 
. shunted = oS a 
after permission has been given for f 
it to leave that section, or on Fig.3. 
account of the treadle having DISTANT 
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stance, where a goods line runs parallel with a passenger 
line, and there is a junction between them, the absence 
of a second distant signal for the junction, particularly 
on @ rising gradient, would result in an unnecessary 
reduction in the speed of the goods train as it approached 
the said junction. 

Signal-arms of various lengths and forms, made ir 


Fig4 
GROUND SIGNAL. 
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failed to release the block instru- 
ment, is quite a different problem. 
To prevent the cancel being used 








witbout a record being made it is 
masked by a glass which has to be 
broken before the cancel-button 
can be used. The time and date 
of the breaking of the glass must 

recorded in the train-register 
book by the signalman, whose 
duty it is also to send for the tele- 
graph lineman, who then replaces 
the broken glass, affixing on the 
back of the same a printed label 
= instructions and properly 
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lated. 

The “‘line clear” cancel is placed 
at the foot of the block instrument, 
on the right-hand side, and that 
of the “ train on line” cancel on 
the left-hand side, this arrange- 
ment being adopted in all ins’ - 
tions of rotary interlocking block. 

An attempt has been made to 
provide a ‘‘ co-operation cancel ” 
in other lock-and-block systems, 
but it is not a general practice. 
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system to require special experience in order to read th 

different forms of — which really ‘orm the oume 
function. It must be admitted that erican railways 
are somewhat in advance of English railways in this 


b. 
Distant Distinguishing Lamps.— Although distant arms 
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SIGNALS, 


It is said that one of the earliest 
forms of signal consisted of a 
candle placed in a window of the 
— to —— that the driver 
should stop to take up passengers; 
the absence of such a light at 
night time implied that the train 
could proceed without aes. 

Since the early days when 
signals for working traffic on rail- 
ways were instituted, changes have 
taken place in the form and type 
used. The three-position arm was 
abandoned in favour of the two- 
position signal now in use, indicat- 
ing only “‘danger” and ‘“‘clear.” 
History is, however, now repeat- 
ing itself by the use of three-posi- 
tion signals, used to a considerable 
extent in America for automatic 
block signalling: horizontal for 
“atop,” inclined 45 deg. for ‘‘cau- 
tion,” and vertical for ** proceed.” 
Such signals are electrically 
operated and controlled by means 
of track-circuited lines, as here- 
after referred to, and were intro- 
duced in the year 1900. 

The subject of the distant signal 
is one that not only has been much 
disoussed in the past, but is con- 
stantly iy Ae oy up to-day, 
There is little doubt that in past 
years the introduction of distsnt 
signals for each route defined by 
home signals has been overdone, 
with the consequent result that 
most railways are now devoting 
their attention to the abolition of 
such signals where practicable, and 
recommendations have been made 
by the Board of Trade, in official 
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inquiries into accidents, to dispense with the use of| wood and enamelled iron, are used for main lines, 
‘inner distant” signals. The author suggests, however, | goods, shunting, and calling-on 


that no hard-and-fast rule can be laid down on this point, 
as it is purel 


on its merits, ng in mind the 
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rs question of dealing with each problem 
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, however, that before long the type of 
be standardised 
be justified. Fom in- drivers of one company running over another company’s 
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are distinguishable in daylight by the notched arm, there 
has been no general move towards giving a similar indi- 
cation at night time. Several attempts have, however, 

made to introduce a means of giving a distinction, 
of the most effective being a notch form in a white 
ton the right-hand side of the si lamp (Fig. 3), 
the more impor- 


one 
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and this has been adopted by several 
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tant railways. This white indication is quite distinguish- 
able a3 a distance of 250 yards from the signal, and in 
many cases is a useful adjunct in traffic-working. There 
is no doubt that such an indication at the outermost 
distant signal leading to shorter sections, where the dis- 
tant arms are placed under home or starting si 
would be a great advantage. 

Flashlight Signals. — On Swedish railways distant 
si are provided with flashlights asa distinction from 
other signals. The flashlight is operated by a diaphragm 
valve, controlled by a permanent m t and com: 
gas. e flash can be regulated to give 10 per cent. light 
and 90 per cent. darkness—or whatever duration is 
required—and it is claimed that the apparatus is effec- 
tive; but it must be admitted that a flickering light 
might be mistaken for a flashlight. Flashlights were 
tried about 25 years ago in this country and were not 
adopted, but they are now being tried on one or more of 
the Tenglich railways. : 

Ground Signals.—Ground signals are now generally 
made of the miniature semaphore type (Fig. 4) in substi- 
tution of the disc type. Considerable discussion has 
arisen lately on the question of the abolition of red lights 
in ground signals, it being considered desirable to reduce 


the number of red lights on railways in order to prevent | 


hand-signals by shunters being mistaken for fixed signals. 
The Great Northern Railway and other companies have 
for a considerable number of years used a white light in 
ground signals to indicate the danger position, and a few 


| indicators, which have superseded the original arms for 
the various routes. The author claims no originality for 
the principle of this arrangement, as an equivalent was 

in the old signalling installation of the London, 
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years ago it was decided that white lights should be gener- 
ally adopted. A e number of companies came into line 
and substituted white lights for , but the Board of 
Trade inspectors raised an objection on the ground that 
this did not comply with the requirements issued ; at the 
same time they were prepared to consider such a step 
with certain restrictions, and accordingly, after further 
discussion, the Board of Trade requirements were 
amended in 1914, it being there laid down that :— 

“In the case of dise or dwarf signals, a white light to 
be used in lieu of a red one, except when the signals con- 
trol movements from sidings to main lines or in and out 
of running loops.” 

Some difference of opinion has arisen as to the inter- 
pretation of the requirement, as it is difficult to lay down 
® hard-and-fast rule which will apply to the various uses 
of ground or discsignals, but it is hoped that a ruling will 
be given to enable the matter to be dealt with consistently 
by all railway companies. 

Route Signals.—With the —- of terminal and large 
Stations, the number of signals required for entering and 
pete. a “ ay that it becomes difficult for 

Tivers to pick out the proper signals from large groups 
«pplying to the road to be taken. With the abject of 
sim plifyim matters, and bearing in mind the necessarily 
low speeds of trains entering or leaving such stations, 
route-indicators are provided so as to give the drivers 
information for which particular road the points are set 
for the train to = along. One semaphore only is 
vided for each ine from which various platform lines 
Civerge, & route-indicator in addition being provided for 
each line ; these indicators are placed on the post carrying 
the signal-arm, and take the form of numbers or letters, 
which do the necessary interlocking with the points. The 
indicators are exhibited in front of a white background, 
“rr at night time (see Fig. 5). 

1g. © shows how a large group of forty-two signal-arms 
has been reduced to sixteen ane, wie the necessary 
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Brighton, and South Coast Railway at Victoria Station 
before it was remodelled ; and it is also in use on many 
railways where itis desirable to reduce the number of 
signals, such as those on gantries. 

‘oo much attention cannot be given to ing, 
grouping, and omy the si as near as possible to 
the lines for which they apply, so that their application 
is at once apparent to drivers. Unfortunately, in the 
past sufficient consideration was not given to this 
matter in the case of laying out widened lines, with 
the result that much expense is incurred to-day in sluing 
lines in order to give the required space, of not less 
than 10 ft. between parallel lines, to enable signals to be 


erected. 

The author strongly advocates that all signals should 

placed as low as possible, without, of course, sacrificing 
efficiency. It must be admitted that =: signals on 
railways appear to be unnecessarily +4 is is doubt- 
less the survival of ancient practice before trains were 
equip with continuous brakes, since the adoption of 
these brakes renders it no longer necessary for signals to 

seen from such long distances. 

Repeaters.—It is the practice now to provide electric 
repeaters more y to distant signals, irrespective of 
the facility with which the latter can be seen, in order to 
give the signalman an indication of the working of the 
signal. Home, starting, and other signals ho A 
ight of the 


electrically —— where they are out of 

signalman. electric repeaters are preferably of 
the three - position ty showing ‘‘on,” ‘“‘off,” and 
“fault.” signal lights cannot be seen by the 


signalman at night time, light indicators, electrically 
operated on the pyrometer system by the expansion bar 
placed over the flame of a signal-lamp, are also provided 
in signal-boxes, but are not at the present time generally 
adopted. It is interesting to note that this device was 
invented as far back as the year 1866. 

In a paper which he read before the Institution of Civil 





Engineers,“ Mr. A. T. Blackall mentioned a device for 
interlocking the distant signal with the block tele- 
graph system in such a manner that it is impossible for 
the signalman to give “‘line clear” to the section in the 
rear unless at the time he attempts to do so his dis- 
tant signal is properly at “‘danger.” This is done by 
making use of the electric repeater circuit, and ensures 
that the distant signal must have gone to the “ danger” 
position after the passing of one train and before the 
acceptance of another. 


INTERLOCKING APPARATUS. 


High tribute must be paid to the pioneers and inventors 
of interlocking machines, as this is the fundamental 
principle of the safe working of the traffic on railways, 
and the well-known firms of Messrs. Stevens and Sons, 
Saxby and Farmer, McKenzie and Holland, the Railway 
isddagtignnl Ocapene. ant ipepastebd Kactaanentan 
ing Si mpany, and Spagnoletti, have one an 
rendered valuable pa st to the world in the solution of 
signalling problems and appliances for the same. 

locking-frames of the present day may be classified 








in two types :— 
(a) Lever-frames fixed on the floor of the signal-bor, 


Fig.9. POSITION OF LEVER FRAME ANO FITTINGS 
IN SIGNAL-BOX. 


with the locking-gear fixed above the floor-level. 

(b) Lever-frames with locking-gear fixed below the 
floor-level, the levers being fixed on a fulcrum below the 
floor-level. 

The author favours the former type as being easy to 
fix, since it is unnecessary to provide a well in signal- 
box floor ; and it has the further recommendation that 
the locking apparatus, being fixed on the floor, can be 
su ied by a new lever-frame with complete interlock- 
ing, where considerable locking alterations may be re- 
quired in the rearrangement of signals and points, instead 
of carrying out the locking alterations on the spot, as it 
is well known that such alterations occupy considerable 
time and cause much hindrance to traffic during the dis- 
connection of locking-gear. In providing a new locking- 
frame of this.type, it is quite unnecessary to disturb the 
signal and point connections to the same extent as in a 
locking-frame in which the locking-gear and lever centres 
are fixed below the floor-level, as shown in Fig. 7. 

Figs. 8 and 9 show the type of locking-frame used on 
the Midland Railway. The locking is of the tappet type, 
and the tappets are actuated by the lifting of the catch- 
handle, the movement being conveyed through a rocker 
to which the tappet is connected. It will be thus seen 
that no undue force can be brought to bear on the lock- 
ing gear ; and the locking-blocks, slides, and tappets are 
very much lighter, and the parts smaller, than in the 
case of the so-called “direct lever” tappet locking. 
There is also not the liability of the locking being strained 
by the usual thrust of the point-rod connection. With 
direct lever locking, immediately the catch-handle is 
lifted, in the event of the lever being locked. a consider- 
able strain is put on the locking-gear, and this isa dis- 
advantage from a maintenance point of view. 

(To be continued.) 

* A.T. Blackall, “‘ Railway Signalling ; Developments 
on the Great Western Railway.” Minutes of Proceed- 
ings of the Institution of Civil Engineers, vol. clxxxv., 
page 153, 1910-11, 
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NOTES FROM THE UNITED STATES. 
PHILAVELPHIA, October 13. 

GENERAL iron and steel conditions continue to im- 
prove in alllines. Pig-iron production, which during 
August was 89,666 tons per day, was during Sept- 
ember 97,535 tons per day, and increasing ; notwith- 
standing, purely foundry output of Nos. 1 and 2 is only 
about 65 per cent. of capacity, though this percentage 
is increasing. As conditions in the car, locomotive, 
and general foundry iron-using channels are improv- 
ing, foundry production will soon reach 75 to 80 
per cent., especially as large consumers have be 
to provide for 1916. Pipe-makers are in the market 
for 25,000 tons of No. 3. A sale of 10,000 tons of 
low phosphorus shows an advance. Domestic demand 
for all manner of finished material is mounting up- 
wards, after months of sluggishness, for delivery in 
the first quarter of 1916. ail orders for September 
were 325,000 tons; orders within a week, 100,000 
tons. Inquiries for large lots are pending. September 
orders for cars, 9000 ; large orders pending; orders 
for locomotives are liberal, and larger orders pend- 
ing. If shipyards and shipbuilding capacity could be 
increased it would be immediately absorbed under 
contracts awaiting opportunity. Two passenger 
steamers have been contracted for with the Cramps, 
which call for some 15,000 tons of plates and shapes. 
Another unnamed Eastern yard has booked an order 
for a large ore vessel. 

Details as to munition orders are not available, but 
the pressure for earliest possible deliveries continues. 
The orders cover every product necessary for war pur- 
poses, especially ‘‘rounds,” which amount to extra- 
ordinary proportions. Forging steel billets are ex- 
tremely active ; production is, of course, at highest 
limits, and capacity extension is in rapid progress. 
The United States Government will soon be in the 
market for steel for two battleships and six torpedo- 
boat destroyers. The contemplated naval programme 
will call for immense quantities of material, but the 
character of the programme will be determined by the 
outcome of fierce Congressional discussion this winter. 
One line of policy is based on the presumption of allied 
success, which will destroy formidable aggression in 
the future by existing Central Euro Governments. 
Faith in this outcome modifies public sentiment with 
reference to the magnitude of fighting preparedness, 
and European developments between now and mid- 
winter will exert a very powerful influence on the 
course of action to be adopted. 








Tue InstiTuTION or AUTOMOBILE ENGINKEERS,—The 
firsy meeting of the session of the Institution of Auto- 
mobile Engineers, which will take place on November 10, 
will be heid in the Hallot the Royal Cuero Arts, 
John-street, Adelphi, W.C., at 8 p.m., when Mr. J. H. 
Dickenson, of Sheffield, will read a paper entitled *‘ The 
Choice of Steel for Use in Automobile Construction.” 
‘I'he paper, which will be illustrated with lantern-slides, 
is of special interest in view of the fact that the Instita- 
tion’s Steel Committee, of which Mr. Dickenson is a 
member, has now drawn up a series of specifications of 
standard steels for automobile and aeronautical purposes, 
the results of which will, it is hoped, shortly be issued in 
the form of an Engineering Standards Committee Repurt. 
Cards of invitation to the meeting may be had on appiica- 
tion to the Secrevary, Institution of Automobile Engi- 
neers, 28, Victoria-street, London, 3.W. 





Tue Diese Encine-Users’ AssociaTion.—The discus- 
sion on the question of the lubrication of Diesel engines 
was resumed at a recent meeting of the above-mentioned 
Association, held in the building of the Institution of 
Electrical Engineers. One of the members stated that 
the consumption of lubricating oil on any particular 
engine was found in practice to be more or less indepen- 
dent of the load. ‘Ine oil actually consumed, he suid, 
must ily be somewhat higher when the engine 
was heavily loaded, but the luoricating arrangements 
were usually set on the liberal side to allow for any 
sudden increase in load, so that variations in load made 
bat htile’ difference. He therefore concluded that the 
lubricating oil consumption of Diesel-engine plants shoud 
be com in gailons per brake-horse- power hour, using 
for the horse-power the maximum ouvput of which the 
engine is capable. O.her members stated that the low 
cost of lubricants in 6 m3 plants was due to the effective 
means adopted for filtering, or otherwise treating, used 
oil, and ~ i over agaiv. Filtered oil, it was held, 
should be wed to stand for a considerable period 
before re-use, and it was alsc desirable to add to it 
about 10 per cent. of fresh ol. Figures were given 
of comparative tests of new and filtered, or treated, 
oil to show that the latter had deteriorated very little 
after a considerable amount of use in a Diesel engine. It 
was also stated that the consumption of oil had been 
found to increase considerably after an engine had been 
running continuously for a long period, and worn liners, 
as might be expected, caused a very definite increase in 
the consumption of lubricating oil, as well as of fuel oil. 
The subject of cracked pistons is to be further discussed 
at the next meeting of the Association, which will be held 
on the 2ith prox. Full particulars of the Association 
can be obtained from the Acting H y> 


onorary Secretar 
Mr. Percy Still, whose address is 19, Cadogan Gardens, | S 


London, 8. W. 





WAR COMMITTEE OF GERMAN 
INDUSTRY. 


Ws print below the translation of a report of a meeting 
held in Germany to promote export trade at the termina- 
tion of the war. It will be seen that already an organisa- 
tion has been prepared to deal with the subject. 


Under the chairmanship of Mr. Roetger, Deputy 
Lieutenant ex-officio, there was held on September 20 
a meeting (at which an extraordinary number of persons 
were present) of the Central Union of German Mer- 
chants and of the. Federation of Merchants for the dis- 
cussion of the tasks confronting the foreign trade de- 
7 formed by the War Committee of German 
Lrade. 

Professor Dr. Bernhard Harms, of Kiel, of the Society 
for the Promotion of the Institute for Maritime Traffic 
and World Commerce, gave a very attractive lecture on 
the necessity for a caretul cultivation of German foreign 
trade after the war, and at the same time pointed out 
that even during the war the necessary steps therefor 
must be taken. One thing necessary for this purpose was 
a systematic investigation of the world’s commercial 
conditions. Both practice and science must render their 
services in this matter. Modern commercial science ex- 
cluded all political aims. Analysis and causal investiga- 
tion were its functions. For this reason it required the 
most intimate relationship with practice. ‘The speaker 
recommended in the warmest possible manner the develop- 
ment of the Institute for Maritime T'raffic and World 
Commerce, and his statements were vigorously applauded. 

An anima discussion followed, in which, amongst 
others, Dr. Johannes Merz, Director Meesmann, General 
Director Muller, Dr. Markiwiez, Privy Councillor Busley, 
Deputy Dr. Benmer, Dr. etanam, Disaster Hosemann, 
Privy Councillor Ziese, and Professor Dr. Harms took 
part. As the conclusion the following resolution was 
adopted :— 

‘Tne Committees of the Federation of Merchants and 
ef the Central Union of German Merchants note with 
satisfaction the comprehensive and successful labours 
which the Foreign Trade Department of the War Com- 
mittee of German Trade have accomplished since the 
commencement of the war and the results thereof, which 
have been printed in the Transactions of the War Com- 
mittee and regularly published so far as they can promote 
further expansion. 

The Committees of the two Associations are of opinion 
that the numerous attempts made by enemy foreign 
countries systematically to strangle and exclude German 
commercial competition after the war will require an 
intelligently-organised expansion of German exports as 
well as of German world’s commercial interests alto- 
gether, in order to remove the injuries brought about by 
the war. They approved and welcomed the preparatory 
steps which had been undertaken and set on foot by the 
Foreign Trade Department of the War Committee of 
the German Industry for the furtherance of German 
commerce in the domain of foreign trade. 

The meeting considered the further development of 
the foreign trade department in this direction tu be 
urgent, aud stated their intention of entering into com- 
munication with other commercial associations and insti- 
tutes which are adapted and willing to co-operate in the 
problems arising in this domain, so as in this way to do 
justice to the widely ramified interests of the Fatherland 
in foreign trade. These attempts at furtherance of 
exports can, however, only be successfully carried out 
when the greatest possible State support is accorded 
them both by the home — authorities as well as by 
the representatives of the Empire abroad. Further treat- 
ment of these questions would be gone into by the Board 
of the War Committee of German Industry without 
delay, and, if necessary, by means of Commissions to be 
specially formed. 








Fort Economy and SMOKE ABATEMENT.—The British 
Association Committee on Fuel Economy and Smoke 
Prevention, which we mentioned on page 403 of our 
issue of October 15, as about to be appointed, consists, 
as now constituted, of Professor W. A. Bone (Imperial 
College of Science), chairman; Messrs. E. D. Simon 
Manchester); P. P. Bedson (Newcastle-on-Tyne) ; J. W. 

bb and J. B. Cohen (Leeds); H. B. Dixon (Man- 
chester); Thomas Gray (Glasgow); H. S. Hele-Shaw 
(London) ; L. T. O’Shea and W. P. Wynne (Sheffield) ; 
R. Threlfall (Birmingham) ; together with G. T. Beilby 
(G w); Ernest Bury and J. E. Stead (Middles- 
brough). The committee has power to add to its number ; 
so far the professional element seems to predominate. 





More Street Comprnations.—New combination deve- 
lopments are taking place among American steel com- 
panies, and the United States Steel Corporation is 
threatened with more fully o ised competition. The 
Midvale Steel and Ordnance Company, with an autho- 
rised capital of 100,000,000 dols., has obtained a control- 
ling interest in the Midvale Steel Company, of Phila- 
deiphia. The new organisation takes over a controlling 
interest in the original Midvale Company, and it also 
obtains the control of the Coatesville (Pennsylvania) 
Rolling-Mill Company and the Remington Arms Com- 
peev. _ The latter Company, which has leased properties 

longing to the Baldwin Locomotive Worksat Eddystown, 
Pennsylvania, is executing a large contract for rifles. It 
isa distinct organisation from the Remington Arms and 
Ammunition Company ; but some of the officials of the 
latter company are included in the directorate of the 
Midvale Steel and Ordnance Company. The Bethlehem 
}teel Corporation is taking steps to increase its produc- 
tive capacity by absorbing other plants of importance. 





NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market. — Considerable strength 
o— in the Pigiron market last Thursday morning, 
when tons of Cleveland warrants changed hands at 
66s. = ton one month, while closing sellers were quoted 
66s. 3d. cash and 66s. 7d. one month, an advance of 5d. 
per ton from the previous day. In the afternoon this 
advance was well maintained, the transactions amounting 
to 3000 tons, which realised up to 66s. 7d. one month. 
On Friday forenoon no dealings in Cleveland warrants 
took place, but prices remained firm, with closing 
sellers nominally 2d. per ton up at 66s. 44d. cash 
and 66s. 9d. one month. The afternoon session was 
dull, and prices eased off. A moderate business of 
1000 tons was dealt in av 66s. 3d. per ton cash, and 
66s. 7d. one month, at the close cash sellers being over at 
the first-mentioned figure. On Monday morning a strong 
tone was developed, and prices advanced sharply, cash 
warrants realising 66s. 6d. per ton. The dealings amounted 
to 2000 tons, while the closing sellers’ prices were 66s. 7d. 
cash and 66s. 1ld. one month. Further progress was 
made with this upward tendency in the afternoon, and 
business was done up to 67s. 14d. ten days and 67s. 44d. 
one month, 2000 tons being dealt in av these figures. 
At the close the quotation for one month’s iron was 
67s. 6d. per ton. After an advance of about 10d. per ton 
on the day’s transactions, it was rather remarkable 
that further strength was attained yesterday morning 
when another 5d. per ton was added to the already 
enhanced values. Cleveland warrants were quoted 67s. 64d. 
per ton cash, one month's iron being dealt in up to 
67s. 10d., the transactions amounting to 3000 tons. Abt 
the close cash sellers were quoted 67s. 64d. per ton, other 
prices being 67s. 74d. ten days, 67s. 9d. vwwenty-one days, 
and 67s. 104d. one month. Ab the afternoon session 500 
tons of Cleveland warrants changed hands at 68s. one 
month, the closing quotations showing an advance of 74d. 
per ton on the day—67s. 9d. being reported for cash 
sellers and 68s. 1d. one month. This (Wednesday) morn- 
ing prices fluctuated between 66s. 2d. and 68s. per ton 
one month, closing with sellers at this latter figure, a 
decline of 1d. per ton from yesterday’s level. Cash iron 
was done at 67s. 8d., also with ecellers over. In all, 7000 
tons were dealt in. 


Scotch Steel Trade.— Although nearly all the local steel 
works are now under Government control, it is almost 
impossible for the makers to guarantee delivery with 
anything tike the desired promptitude, notwithstanding 
the present abnormal output, and more especially is this 
the case with light plates and all sectional material. It 
is still possible, however, to obtain a reasonable quantity 
of thin plates. With the extraordinary number of Govern- 
ment contracts at presentin hand, and the consequent 
scarcity of ordinary mercantile orders—mainly, of course, 
through shortage of available labour—little change takes 
place from week to week, although there is a gradual 
stiffening of prices. While the unlimited demands of 
Government ure in great measure responsible for this, 
the increasing cost ot hematite Las compelled makers to 
raise their prices. Ship-plates now run from about 
102. 5s. to 112. psr ton ; boiler-plates, 11/. 5s. to 117. 15s.; 
and angles, 11/ to11/. 53. ana upwards, all, of course, less 
the usual 24 per cent. discount tor prompt home delivery, 
Clyde or equal. 


Malleable-Iron Trade.—There are no immediate signs 
of any slacking off in the malleable-iron trade, the 
Government demands still being so extensive as almost 
entirely to monopolise all the mills presently in 
operation. For some time past, too, the shortage of 
American steel billets and bars has very seriously 
hindered work in many directions, so much so that some 
establishments have obliged to withdraw quota- 
tions, the orders on hand using up all the available 
material, and preventing them quoting for fresh busi- 
ness. Another difficulty is the scarcity of good pud- 
dlers, who cannot meantime be obtained. ‘* Crown” bars 
are increasing in price, and are quoted this week 
112. 12s. 6d. to 11/. 15s., less 5 per cent. for prompt Glas- 
gow delivery, and 11/. to11/. 5s. net for export. 


Scotch Pig-Iron Trade.—A considerable improvement 
has taken place in the local pig-iron trade during the past 
week, and prices have been exceptionally good. Hema- 
tite is particularly strong, and is in excellent demand ; 
and this is having a marked effect, especially upon 
finished material. ere is every appearance that much 
higher rates will be in evidence before very long. There 
were seventy-one blast-furnaces in operation in Scotland 
last week—one less than the previous week, and the 
same number as at the corresponding period last year. 
For makers’ (No. 1) iron the following are the current 
market quotations :—Clyde, 843. 6d. per ton; Calder, 
Gartsherrie, Summerlee, and Langloan, 85s. (all shippea 
at Glasgow); Eglinton, 80s., and Giengarnock, 85s. th 
at Ardrossan) ; Te. 81s. (at Ayr); Shotts, 85s., 
and Carron, 863. (both at Leith). 


ow Trade-Unionists’ Visit to France.—At the end 
of the week a small party of seven representatives of 
trade unions in the Glasgow district, acting under 
authority of the Ministry of Munitions, left the = en 
route for the trenches in France. The object of their 
visit to the fighting area is to obtain at first hand an 
adequate idea of the conditions under which our soldiers 
are fighting. Among the trades represented are s- 
finishers, steel-smelters, blacksmiths, and joiners, and it 
is hoped that the same good results will accrue from the 


visit as has been the case in different parts of England 
and Wales, where the local effect upon munitions and 
Government work generally has been most marked. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—The outlook in the 


house-coal trade continues to be satisfacto Orders are 
plentiful, and supplies are coming for more freely, 
railway arrangements working with greater ease. Col- 


lieries are still somewhat bebindhand with orders. They 
have a hard task to keep pace with contract commit- 
ments, and only a small tonnage is available in the open 
market. Gas companies are pues for full deliveries. 
In regard to hard coal the outlook is good. All the pits 
are fully occupied, the difficulty being to get a sufficient 
tonnage to meet the orders on hand. Home manufac- 
turers and railway companies are making large demands, 
and a lively export trade is being conducted. Nuts 
and cobbles are going away freely. Pits have disposed 
of practically the whole of their stocks. Fortunately, 
from the standpoint of the harassed producer, London 
requirements are for the moment on a reduced scale. 
Slacks have once more become a strong market. Very 
little, if any, evidence is shown of recent weakness. 
Steam coke 1s firm at top values, and coke is strong, 
but trade in furnace coke still exhibits weak patches. 
Quotations: — Best branch hand-picked, 20s. 6d. to 
2is. 6d.; Barnsley best Silkstone, 18s. to 19s.; Derby- 
shire best brights, 17s. 6d. te 186. 6d.; Derbyshire 
house, 16s. to 17s. ; best Ja: nuts, 15s. to 16s.; small 
nuts, 14s. 3d. to 15s. 3d.; Yorkshire hards, 16s. 6d. to 
17a. 6d. ; Derbyshire hards, 16s. to 17s.; best slacks, 11s. 
to 12s. ; seconds, 9s. 6d. to 10s. 6d.; smalls, 8s. to 9s. 


Iron and Steel.—The greatly increased call for all 
classes of steel-making irons, and especially for special 
qualities for the most important classes of war work, 
is the outstanding feature of the raw-material market. 
Kast Coast makers have had little difficulty in maintain- 
ing higher prices for mixed numbers. The is of 
current sales is 110s. Some makers are asking 2s. or 
2s. 6d. more. Buyers have urgent work on hand and 
have little choice in the matter of paying the higher 
prices. There is an exceptionally heavy run on West 
Coast special brands, now quoted up to 140s. Common 
iron does not show much change, and prices pany ae 
weak, Sales of foundry at an advance of ls. 6d. have 
been reported, but that improvement is by no means 
general. Lincolnshire foundry is quoted at 71s. de- 
livered, Lincolnshire fo at 69s., Derbyshire aa 
at 68s. 6d., and Derbyshire forge at 67s. to 67s. 6d. 
Steel-makers are buying big tonnages of scrap, and 
prices are again on the upgrade. A distinct prefer- 
ence is shown for steel scrap of guaran quality. 
Finished iron is a steady market. The demand for bars, 
though not really large, appears to be in excess of produc- 
tion, which is kept in check in consequence of the in- 
creased attention paid to war material. In the finished 
branches there is a heavy call for electrical machinery, 
for lathes, boring-machbines, and machines for drilling and 
turning, and for constructional steel. High-speed steel, 
twist-drills, and machine-tools cannot be turned out fast 
enough. Orders for tramway steel are by no means 
plentiful, but, having regard to the extent to which the 
heavy trades are employed on special work, the output of 
railway steel, tyres, axles, &c., is fairly satisfactory. 
Makers of Ss implements and machinery parts 
have secu a number of new customers. Saw and 
file-makers have a greater volume of work on hand. 
Sunday working at some of the file - shops is to be 
continued indefinitely. Special attention is being paid 
to the production of machinery for gold-mines. The 
Sheffield Munitions Tribunal has declined to release men 
for such work, on the ground that it is not essential to 
the welfare of the country. The great demand for steel 
is severely testing the capacity for production. Prices 
of billets have advanced 75 per cent. within the last six 
months, and are still rising. The current quotations 
are:—Siemens acid, 14/7. 10s.; high-carbon Siemens, 
17/. 10s.; Bessemer acid, 137. 10s.; basic hard, 11/.; and 
basic soft, 102. Some users are in the fortunate position 
of receiving deliveries under contracts made in spring at 
3. 10s. below to-day’s market price. 





Tue MANCHESTER Suir Canat Company.—Owing to 
further largely-increased working expenditure, the com- 
pany state that they have found it necessary to announce 
that advanced charges will operate as from November 1 
next in a of ship-canal tolls, chip dues, and labour 
services. Increased war allowances have just been 
granted to the workmen at the Manchester and 
also throughout the ship-canal undertaking from Hastham 
to Manchester, and puty enhanced prices are being 
paid for all classes of consumable stores and materials. 
Cowl is also much dearer. 





Natural Gas mv THE Unrrep States in 1914.—The 
uulisation of natural gasin the United States exceeded in 
I ‘4 that of any previous year, the total of 591,866,733,000 
cub. ft., valued at 94,115,524 dols., being 2 cent. 
'srger than that of 1913, The increase was particularly large 
‘2 California, which produced 7000 million oub. ft. more 
gas than in the previous year ; there were also increases 
m New York, Ohio, Oklahoma, Texas, Louisiana, 
\labama, and Iowa, whilst the production of Pennsy)- 
‘ = ee prone by «a — cub. ft. The 
stat ere com y J. D. Northrop from the 
U nited States Geological Survey. The ones tase in 
California was y due to the domestic demand for 
gas; elsewhere developments of new sources and new 
industries and stimulated drilling account for the rise. 
— one-third of the total gas produced in the year was 
uti ised in houses, the average price paid by domestic 
consumers being 28.04 cents per 1000 cub. ft.; the average 
Charge for industrial gas was 9.58 cents. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig- 
iron has been brisk, and in the early part of the week 
higher rates have been realised than for over three months 
past. The rise was not surprising, as for long Cleveland 

ig-iron prices have been very low in comparison with 

ematite quotations, so much so that several makers have 
contemplated changing their furnaces on to the more 
—- le hematite. Considerable sales of No. 3 g.m.b. 

leveland have occurred at 683. 3d., but the ruling 

uality is now obtainable from second hands at 68s. 

0. 1, which is still very scarce, is put at 72s.; but that is 
more than | consumers will pay, and many of them 
continue to use No. 3 in place of the superior kinds, with 
the result that little No. 1 is being sold. No. 4 foundry 
is steady at 67s. 6d.; No. 4 forge stands at 67s. ; and 
mottled and white iron are each quoted at 66s. 6d. All the 
foregoing quotations are for early delivery. 


Hematite Iron.—Very satisfactory and encouraging 
accounts continue to be given of the it Coast hematite 
branch of the staple industry. Supply is hardly equal to 
demand, and some producers report their output for this 
year fully sold. ome customers ard our Allies quickly 
snatch up any parcels that come on the market. Italian 
buyers are sending steamers to load iron that has been 
purchased f.o.b. Middlesbrough. This step has been 
taken owing to exporters here still experiencing difficulty 
in securing adequate tonnage. minimum quotation 
= 1, 2, and 3 is 110s., and many sellers hold out for 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are low, and practically nil, with the exception of 131,132 
tons of No. 3 Cleveland in the public warrant stores. 
This quantity is 7868 tons less than the stock at the 
beginning of the month. Shipments, wader all the cir- 
cumstances, may be regarded as satisfactory. Despatches 
to date (October 27) this month average 1635 tons per 


——s dey, the total clearances amounting to 37,612 
tons. To the same date last month the loadi were 
returned at 27,143 tons, or a daily av e of 1180 tons, 


and for the corresponding part of October last year the 
shipments reached 42,498 tons, or an average of 1 tons. 


Foreign Ore.—Though there is rather less pressure to 
buy, consumers being less ap ensive as regards 
shortage of supply, values of foreign ore are well main- 
tained on the tone of 33s. ex-ship Tees for Rubio of 
50 per cent. quality. Freights Bilbao-Middlesbrough 
are easier. A fixture has been made at 16s. 9d., and 
round about 17s. is attracting ton Supplies of ore 
are coming to hand well. ith three days yet to go 
imports to the port of Middlesbrough this month amount 
to 110,527 tons. 


Coke.—Inquiries for coke for local consumption, for 
other districts at home, and for export are good, and 
values are moving upward. Durbam blast-furnace coke 
of average quality now commands 26s. 6d. delivered at 
Tees-side works, and some sellers are asking up to 27s. 6d. 
Good foundry kinds for shipment are put at 35s. f.o.b. 
Gas-house coke is in the neighbourhood of 30s. 


Cleveland Ironstone Miners’ Wages.—At a meeting of 
the Oleveland mine-owners and the ironstone miners’ 
representatives held at Middlesbrough this week, it was 
— that 6? per cent. be regarded as the amount of 

vance which would have accrued to the miners under 
the last ascertainment if the “ae advance of 15 per 
cent. had not been conceded in May last. 


Manufactured Iron and Steel.—In the finished-iron 
and steel industries manufacturers are increasingly busy 
on Government work, and, in fact, are so fully occupied 
that they cannot entertain ordinary commercial business, 
for which considerable premiums are offered. Prices 
all round are very strong, and further advances are 
anticipated. The following are among the market quota- 
tions :—Common iron bars are 12/.; best bars, 12/. 7s. 6d.; 
double best bars, 12/. 15s. ; treble best bars, 13/. 2s. 6d.; 
packing-iron (parallel), 8/. 10s.; packing-iron (tapered), 
91. 15s.; iron and steel ship-plates, each 10/.; iron ship- 
angles, 12/.; iron ship-rivets, 137. 10s.; steel ship-angles, 
91. 15s.; steel strip, 101. 15s.; steel hoops, 11/.; steel joists, 
102. ; cast-iron way chairs, 4/. 10s.; heavy sections of 
steel rails, 9/.; and steel railway 102. 10s.—rail- 
way material net, and all other descriptions less the cus- 
tomary 24 per cent. discount. 





A Tuermat Motor or BismutaH.—Some years ago 
Corbino observed that a*diec of bismuth, which was 
heated either at the centre or near the circumference, 
tended to assume an equilibrium position in a magnetic 
field. Following these experiments up, L. Tieri recently 
described a th motor in the Rend Conti Accademia 
dei Lincei, Rome, vol. xxiv., I, 594, 1915. It 
consists of a thin-walled cylinder of bismuth, 3 cm. long, 
5 cm. in diameter, eo suspended in a strong magnetic field 
of 5000 gauss that it can rotate about its longitudinal 
axis and that an equatorial ring cuts the magnetic lines 
of force at an angle of 45 deg. The middle portion of 
the cylinder is heated. A couple is then set up which 
rotates the cylinder. The cylinder must be thin-walled, 
because otherwise the phenomenon would be disturbed by 
eddy currents. The direction of the rotation is indepen- 


dent of the direction of the lines of force; but the sense | has 


of the rotation (which depends upon the Nernst-Etting- 
hausen currents) is reversed when the cylinder ends are 
heated instead of the central portion. A similar effect, 
but only of 1/939 of its intensity, was observed with cy- 
— of graphite ; silver and copper did not show t 
effect. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has continued quiet, and 
the —— recent] owe has even — me more 
apparent. ports of colliery sto in consequence 
of heavy stocks of coal outstandi y reason of dearth of 
tonnage, are more numerous, and sellers of all descrip- 
tions, except drys, are willing to make substantial reduc- 
tions to eedinte buyers. The best Admiralty large 
steam coal has been, to some extent, nominal ; secondary 
descriptions have ranged from 18s. 6d. to 19s.; best 
bunker smalls, from 11s. to 12s. ; and cargo smalls, from 
8s. to 9s. per ton. The best household coal has been 
quoted at 23s. to 24s. ; good households have made 21s. 
to 22s.; No. 2 Rhondda has brought 15s. to 16s. ; 
and No. 2 smalls have realised 10s. 6d. to 11s. per von. 
The latest quotation for patent fuel has been 28s. to 30s. 

. Special foundry coke has made 40s. to 42s. ; 
good foundry coke, 34s. to 38s.; and furnace coke, 286. 
to 32s. ademas As regards iron ore, Rubio has realised 
30s. to 31s. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 


Bristol Docks.—The Bristol Chamber of Commerce has 
had under consideration statistics showing that the local 
traffic pesition, og oe with regard to the movement 
of food-stuffs, has become grave, in consequence of a 
shortage of trucks. A communication received from the 
general manager of the Bristol Docks urged that traders 
should make use of water and the motor road vehicles for 
forwarding traffic whenever possible, so as to benefit 
themselves by getting goods more promptly, and also to 
facilitate the transport of traffic which must be carried 
over railways. The Docks Committee of the Bristol City 
Council has authorised the engineer to lay a gas main 
from a point near the gas works along the timber wharf 
at Portishead Dock, 


Suspending Contracts.—The Water Works Committee of 
the Oardiff City Council has finally approved draft 
terms under which the Council will be Y ay mes agree 
to a suspension of the contract for construction of 
the Llwynon Reservoir until the end of the war. The 
pro} agreement will now be submitted to the con- 
tractor (Mr. L. P. Nott) for his approval. It was stated 
during discussion that it was a common experi 
throughout the country that heavy contracts had had to 
be suspended. 

Welsh Trade Matters.—At a meeting of the colliery 
owners and miners of the Radstock coal district it was 
decided to give the winter advance of 24 cent. in 
wages as from October 21. The directors of the Mold 
and a Junction Railway Company recommend the 
payment of interest at the rate of 15s. per cent. 
annum for the half-year upon the company’s “ B” 
debenture stock. The corresponding pryment last 
autumn was at the rate of 2/. 10/. per cent. per annum. 
With the exception of one stop: of short duration at 
the Samlet Colliery, all the bituminous and anthracite 

its of the Swansea Valley have been working full time. 

e directors of Baldwins, Limited, after appropri ting 
50,0002. to reserve, recommend a final balance divid 
of 74 per cent., free of income-tax (making 10 cent. for 
the year) upon the ordinary shares, leaving 86,733/. to be 
carried to thecredit of 1915-16. The directors had previously 
allowed 14,532/. for alterations, improvements, and develop- 
ments, and 45,000/. for d iation. In consequence 
of the taking over of the Port Talbot Steel Company, 
Limited, Mr. R. Vassar-Smith, Mr. L. E. Evan-Thomas, 
and Viscount Quenington have been appointed directors. 
The dividend of 10 per cent. now proposed upon the 
ordinary compares with 10 per cent. per annum 
distributed for 1914, 1913 and 1912, and 7} per cent. per 
annum paid for 1911. There has been an extraordinary 
boom in freight rates at Cardiff since the commencement 
of August. Abt that date, the rate from Cardiff to Hon- 
fleur was at a ton ; it is now 15s. per ton. In the 
case of Gibraltar an advance is noted from 13s. 3d. per 
ton to 28s. per ton; in the case of Genoa, from 16s. ber 
pag eo in the case of Port Said, from 22s. 6d. 

r ton to 3d. per ton ; and in the case of Alexandria, 
rom 20s. per ton to 45s. per ton. 





AWARDs BY THE INsTITUTION OF CrviL ENGINEERS.—In 
addition to the awards announced in April for papers read 
at the meetings, the Council of the Institution of Civil 
Engineers have made the following awards for rs 
published in the ings, without discussion, during 
the session 1914-15 :—A Telford Gold Medal to Mr. James 
Forgie (New York) ; Telford Premiums to Messrs. J. B. 
Mason a N.Z,). Harold pemraioe (Aden), C. R. 
White ( ), C. 8. Churchill (Roanoke, Va.); and the 
Trevithick Premium to Mr. A. Poulsen (Lemvig, Den- 
mark). The Indian Premium for 1915 has been awarded 
to Mr. O. W. Anderson (Midnapore,. India). 





Coa. In ARGENTINA.—Oneof the pressing questions with 
which the management of the Central = ey Railway 
has to deal is the supply of locomotive fu Itis a matter 
which for constant and careful consideration, 
not only in consequence of the high cost of coal, but also 
on account of ious nature of the deliveries 
due tothe war. Difficulties have been, to some extent, 
alleviated by the introduction of wood f uel, which is 
obtainable in sufficient quantities and at prices which 
rendered its use more economical at 
points situated near the source of supply. As the cost of 
coal and freights advances, so the utilisation of wood is 
extended to more distant parts of the system. In this 
way the depletion of the com ’s coal stocks has been 
avoided, and the fuel arcount maintained at the 
lowest possible figure. 
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THE CANADIAN RAILWAY-TRAIN FERRY -STEAMER “SCOTIA II.” 
CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, WALKER-ON-TYNE. 
(For Description, see Page 439.) 
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NOTICES OF MEETINGS. 





Nortu-East Coast Institution oF ENGINRERS AND SHIPBUILDERS. 
—Friday, October 29, at 7.30 p.m., in the Lecture Theatre of the 
Literary and Philosophical Society, Westgate-road, Newcastle-on- 

ne. Inaugural Address by the President and Presentation of 
— old Medals for Papers read during Session 31 (1914- 
1915). 


i ASSOCIATION OF Minine ELECTRICAL ENGINEERS : NoTTs AND 
DersysHire Brancu.—Saturday, October 30, at 3.30 p.m., at the 
University College, Nottingham. Discussion on paper :—‘‘The 
Use and Abuse of Oils on Mining Plant,” by Mr. T. C. Thompson, 
B.Sc. (Member of West of Scotland Branch). 

Tus Roéntesn Society.—Tuesday, November 2, at 8.15 p.m., at 
the Institution of Electrical Engineers, Victoria Embankment, 
W.c. ential Address and Exhibition of New Apparatus. 

Tue InstirvTs or Marine Encineers.—Tuesday, November 2, 
at 7 p.m. Paper on “ Development in Mechanical Ventilation 
Hygienically, Aboveground, Underground, and Underdeck,” by 
Mr. James Keith (Member). Illustrated by diagrams, lantern- 
slides, and working models. 

Tue Institution or Civit Enoineers.—Tuesday, November 2, at 
8 p.m., when Mr. Alexander Ross, President, will deliver an 
address, and will present awards made by the Council for papers 
— and discussed or otherwise dealt with during the past 
session. 

Tux INSTITUTION OF AUTOMOBILE ENGINEERS : GRADUATES’ SECTION, 
Lonpon Brancu.—Thursday, November 4, at 8 p.m., at 28, Victoria- 
street, Westminster, S.W., when Mr. T. D. Carpenter will open up 
a discussion on the subject of ‘‘ The Production of War Munitions 
by Motor-Car Manufacturers.” An invitation is extended to 
poung automobile engineers who are interested in the subject to 

present at the above meeting. 
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WAR AND INDUSTRIAL ECONOMICS 
PRESENT AND POTENTIAL. 


Tue military phases of the war, which at the 
moment are of intense significance, cannot appro- 
priately be discussed in a technical journal, but 
the critical position at present, and the sugges- 
tion it conveys of a prolonged cunflict, invests 
with renewed importance the economics of the 
situation. In the process of attrition financial 
resource must be a dominant factor. Expenditure 
is growing, debt is mounting up, and it is incum- 
bent upon all concerned with that production, 
which means the accumulation of money, to face 
their responsibilities. Thus no excuse need be 
made by us for insisting time and again upon the 
necessity for thought and action in the maintenance 
of our national income. The strategic skill and re- 
source of our generals and their staff, the valour 
and self-denying courage of our troops, and the con- 
tinuous and untiring effort of munition-producere, all 
combined, may not serve to achieve a victory without 
lasting disadvantage from the Imperial standpoint. 
More is necessary. We must keep our exchequer 
fully supplied now and in the future. We have at 
present the co-operation of the industrial resources 
of neutral nations in helping to augment war sup- 
plies. It is necessary that we should now export 
productions rather than gold to pay for such pur- 
chases. Consequently the maintenance, if not the 
increase, of the output of disposable manufactures 
now is a vital duty. To increase them in the future 
is equally important, in order that the war shall 
not involve a permanent injury to our financial and 
commercial stability. 

The advance in the price of commodities, involv- 
ing war bonuses, as it has rightly or otherwise done, 
is economically unsound. The cost of production has 
asa result been augmented, because, in the great 
majority of cases, the increase in e is not 
counterbalanced by greater output. oods for 
home and foreign use are made dearer. Thus 
the cost of living tends to rise still more, while 
at the same timeit becomes more and more difficult 
to add to the volume of our export trade. 
Only by this latter means can our financial con- 
dition made satisfactory. We do not pro- 

to enter here into the somewhat abstruse 
question of the influence of paper currency on the 


3} value of gold, or into the effect on foreign ex- 


changes of the accumulation of gold in neutral 
countries, due to payments by belligerent coun- 
tries for war supplies. It will be recognised 
however, that, in effect, adverse rates of foreign 
exchange must influence adversely the cost of food 
supplies brought to this country. This is another 
reason why the aim must be, as far as possible, to 
pay for our raw material and food supplies—and, in 
as great a measure as is feasible, also for our war 


_ the Northern Counties .. 445 Colonial and Fore - 

We am ee » Boath- West 445 _ neering Poejesta ae material—by exporting manufactures. This can only 
nomics, Present and mag et SE 456 | be done by a f recognition on the part of the em- 
POR, co iicc ices ccas 447 (Mlustrated) ............ 7 | ployer and worker of their national duty to ensure 

With a Two-Page Plate of the CANADIAN RAILWAY | economic equilibrium between the exports and im- 


FERRY AND ICE-BREAKING STEAMER “ SCOTIA II.” 





ports. The latter may be decreased by stringent 





economy in po with J: further pe a 
tage that savings ma inves ‘or person i 
and national weal. The exports may batnenensedt ter 
greater and more efficient manufacture. The diffi- 
culty in achieving the latter is intensified by the 
great number of workers withdrawn from their 
ordinary avocations for military service either in 
the trenches or in munition factories. It is difticult 
to compute the number of these, but Professor 
W. R. Scott, the occupant of the Chair of Political 
Economy in Glasgow University, in the inaugural 
lecture of the session, compu that the number 
for Europe was 25 millions. We do not think that 
this is by any means an excessive estimate ; it is 
probable that in this country alone there are 10 
million workers who have ceased to contribute by 
labour towards national income. We have seen 
it stated, and many hold the view, that, as the 
money paid for war work is put into circulation, 
the expenditure is not lost. There can be no greater 
fallacy. As the production resulting from the 
expenditure of this money is non-reproductive, it 
does not add permanently to the nation’s wealth. 
The money spent in producing a time-fuse, which 
is fired away with a shell in the European war, 
cannot, by any trick of the imagination, be regarded 
as comparable with the money given to the same 
workers for producing a sewing-machine or similar 
iece of mechanism, capable of augmenting wealth. 

hile we cannot avoid the task thrust upon us of 
wasting money on shot and shell to be fired away 
in the four corners of the Continent, we must, at 
the same time, try to counterbalance the account 
by maintaining, as far as possible, our output of 
wealth-producing manufactures for home as well 
as, and particularly, for export. 

There are but two ways of increasing the produc- 
tion of marketable goods at the present juncture : 
by the fullest possible utilisation of all mechanical 
appliances available, and by the utilisation of all 

ysical effort that the nation can mobilise. Lord 
Bates scheme of recruiting must in its result 
reduce the number of young men who might be 
more effectively employed industrially than at 

resent. It will, as a consequence, be necessary to 
w into the net for the output of manufactures a 
still larger volume of female labour. Indeed, the 
question must soon arise as to whether some Govern- 
ment department, either existent or to be created, 
should not tackle the problem of maintaining our 
export trade in order to rectify the economic diffi- 
culty which threatens us. We are glad to note that 
the Home Office has this week appointed a Com- 
mittee in connection with female labour on commer- 
cial work. We need one also for utilising the remain- 
ing female labour for augmenting manufactures to 
adjust the economic situation. is phase of the 
conflict is apt to be lost sight of, because industrial 
economics is not sufficiently considered in our 
commercial life. As a science it is ignored. This 
is not the time to enforce the advantage, for 
all employers as well as workers, of becoming 
familiar with economic principles and their appli- 
cation; but we hope that one of the changes 
which will come as a consequence of the in- 
tensity of life resulting from the war will be a 
fuller recognition of the need for a study of in- 
dustrial economics. Professor Scott, in his lec- 
ture, not only established a strong case for such 
ition, but illustrated the advantages by his 
admirably informing survey of the influence of econo- 
mics, not only on modern warfare, but on post-bellum 
conditions. He defined economic science as ‘‘ the 
explanation of the phenomena of the economic life 
of a country,” and this surely involves the whole 
industrial fabric of a nation. The phenomena 
have become much more ow er owing to the 
war, and the ravages already disclosing themselves, 
so that it is well that we should at once tackle the 
roblems which must arise sooner rather than 
ater. 

The post bellum conditions will raise new pro- 
blems. There will be the question of the re-dis- 
tribution of labour at home. Uncertainties prevail 
regarding the markets for our exportable produc- 
tions. As Professor Scott pointed out, certain 
goods and certain kinds of skilled labour bear at 
the present timea ‘‘ scarcity value,” and there have 
been indications that the sellers, both of goods and 
labour, have endeavoured to obtain a “‘ scarcit; 
price ’”’—in some cases even a monopoly price. tt 
the scarcity ceases, prices alike for material and 
labour will fall, and there will come a co nd- 
ing readjustment of real wages, which will to 
the advantage of the unskilled worker. But to 
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what extent this will operate is uncertain. What 
must be aimed at, not only now, but in the future, 
is economy in life in consumption of all classes of 
goods which can be exported, associated with the 
highest productive efficiency in labour. This does 
not necessarily mean the cheapening of labour, but 
rather the ensurance of the highest d of pro- 
ductivity for a given expenditure, both of labour 
and the mechanical appliances utilised by labour. 
The war, too, has involved immense govern- 
mental interference with the conditions accepted, 
and more or less serviceable, in time. The 
emergency measures taken Rane hewn conp exten- 
sive. As Professor Scott pointed out, the State 
controls the internal transit trade of the country ; 
State insurance schemes have far-reaching effect 
upon sea-borne commerce ; a very considerable 
number of armament and engineering works are 
also controlled — the number now exceeds 1000 ; 
the accepting houses and banks and the Stock 
Exchange have been supported by the public 
credit; and foreign trade is regulated to an extent 
that reminds one of the measures of the mercanti- 
lists. The Government, too, have purchased com- 
modities, such as sugar, for re-sale, and have taken 
steps to regulate prices in the coal market. The 
Government have been careful in all their agree- 
ments to stipulate that the observations and restric- 
tions imposed, owing to abnormal conditions, will 
not be continued after the war. Everyone realises 
that the nation is living in what Professor Scott 
terms ‘‘an interim industrial life.” And yet 
there is uncertainty as to when and to what 
extent we shall return to normal conditions. 
Although State regulation of industry may suc- 
ceed under the abnormalities of war time, it 
does not follow that it will confer corresponding 
advantage when the unexpected conditions due to 
war cease to prevail. From the economic point 
of view, as he pointed out, war is a colossal waste, 
and a part of that waste, which may be necessary 
for military reasons, is the limitation and restric- 
tion of individual initiative. The war is being 
fought in the interests of national freedom and for 
the maintenance of free institutions. Our whole 
history establishes these to be consistent with, 
and a source of strength to, our national life. Yet 
the same spirit which commends representative 
democratic government is manifested in the growth 
of individualism in commerce, which is most con- 
ducive to the stimulation of the power of initiative 
in industry. Thus, while the war may lead us into 
new avenues of progress, there is every probability 
that the changes made may not be so much in 
basal principles as in a fuller realisation of the fact 
that the economic soundness of a nation at peace 
as well as at war can only be founded on prudent 
economy, in order to limit the outflow of gold to 
foreign countries, and on the subordination of all 
effort to the utilisation to the fullest extent of our 
mental, physical, and mechanical resources. 





THE MINERAL WEALTH OF BRAZIL. 


Tue factors that determine the direction of 
development of an unexploited district are always 
an interesting study, and are generally conditioned 
by the dominant physical co teristics of the 
country. The existence of an auriferous area can, 
however, exercise a v disconcerting effect, for 
the attractiveness of — is apt to upset both 
common experience and the teachings of history. 
The prospect of immediate wealth diverts human 
energies into unexpected channels and disturbs 
the natural, orderly development. The frozen 
streams of Klondyke, or the waterless plains of 
West Australia, cannot restrain man’s impatience. 
With equal eagerness he will laboriously dredge 
the river sands to recover a few ins, or at a 
depth of thousands of feet below the surface, in a 
temperature that saps his energy, hack out rock 
masses, counting himself lucky if in 10 lb. of ore 
body he can find a single grain of the precious 
metal. But Brazil for some reason has proved 
comparatively indifferent to this seductive lure. She 
has some of the most valuable mines in the world, 
she is known to possess alluvial gold in abundance, 
yet new discoveries are bruited abroad and men 
pass by unheeding. From the borders of Guiana 
to Uruguay, from the Andes to the Atlantic, 
gold has been found, and some districts, as Minas 
Geraes, are particularly rich. Yet in no other 
country have so many unexhausted mines been 
abandoned, and in none, with such poten- 
tialities, is the output so poor and disappoint- 


ing. The average annual production from her 
immense territories for the last fifteen years has 
been under 500,000/., and one mine on the pro- 
perty of the S. John del Rey Company supplies 
the ter part of this moderate total. This re- 
pellaiie mine has yielded over 11 millions ster- 
ling, and is by no means exhausted. The lode 
cannot be said to have increased or diminished as 
the mine has been deepened, and probably only 
physical difficulties in the way of getting the gold 
will lead to its abandonment. The mine is already 
4400 ft. below the surface, and the rock tempera- 
ture is not far from 100 deg. Fahr. The cost of 
ventilation, of spraying, and the ordinary expenses 
of working may exceed the value of the gold con- 
tent, at present estimated at 46s. per ton, while 
the cost of extraction averages 3ls. But such a 
reward on a comparatively small capital outlay has 
led to very little intelligent, systematic prospecting 
in the neighbourhood, and future possibilities are 
unknown. The latent resources of a most promising 
district remain a sealed book, and the reason for 
this careless attitude is difficult to fathom. Mr. A. F. 
Calvert, who has had some experience in the Cool- 
rdie mines, but apparently is not a trained metal- 
urgist, has recently made some effort to solve the 
riddle, and at the same time to attract attention to 
the value of the mineral asset that the Brazilians 
persistently neglect.* Doubtless the causes he 
assigns have operated adversely, but we cannot say 
that we find the explanation adequate. The libera- 
tion of the slave-workers, bad legislation, exorbitant 
taxation, political unrest, and financial instability 
have all exercised a deterrent influence, just as 
lack of railway communication and incompetent 
management have proved inconvenient obstacles. 
Discouraging drawbacks on a similar scale have 
prevailed in other countries, but have given way 
to intelligent enterprise and unconquerable deter- 
mination urged forward by the hope of gain. 

The true explanation probably lies in the fact 
that the country is essentially agricultural, and 
that the national bent and characteristics have 
been moulded on lines that have made the people 
intolerant of the severe toil of mining. e 
rapidly-expanding agricultural industries, for which 
so many outlets have been provided, have proved 
that ease and competency are to be enjoyed on 
less onerous terms than mining offers. Foreign 
capital can make little headway against ingrained 
lethargy; labour may be cheap, but it is unpro- 
curable, and though some thirty-five companies, 
mostly English, possess important concessions, 
“*the majority are still in the preparatory stage, 
contenting themselves with economic working, or 
are waiting on events.” Notwithstanding the 
foreign assistance and encouragement, the minin 
industry remains stagnant, the value of the —— 
— ing only about 2 per cent. of that of the 
other commodities sent abroad. 

Whatever may be the value of the gold, experts 
are convinced that Brazil possesses a still greater 
as:et in her unworked iron mines. When coal was 
scarce and transport expensive, great difficulty 
was experienced in working the inines on a profit- 
able basis, but electrical energy is rapidly removing 
that difficulty. Abundant power can be obtained 
from rivers and natural waterfalls, with the pro- 
mise of a new era to many derelict districts. 
According to Mr. Calvert, the St. John del Rey 
Company, to whose successful exploitation we have 
referred, contemplate converting their property 
into an iron ‘‘ proposition,” and the Parral Mining 
Corporation, owning mining rights over some 
25 square miles of territory adjacent to the Central 
of Brazil Railway, pro to give to iron-mining 
the prominent place in their vast undertaking, 
regarding the gold-winning operations as of quite 
secondary importance. In these two instances the 
districts have been studied with care, and the 
expectations entertained of a definite and proved 
contribution to the world’s resources of iron ore 
justified ; but it must be remembered that the 
many reports of the existence of enormous quanti- 
ties—‘‘ whole mountains of most excellent ore ”— 
rest on the unsatisfactory evidence of chance 
travellers, and should be received with caution. 
In Minas Geraes, however, the famous itabirite 
is no myth. This peculiar iron-bearing quartz is a 
great economical and industrial fact. It presents 
every possible gradation from a nearly pure quartz, 








* “Mineral Resources of Minas Geraes Cac By 
Albert F. Calvert, F.C.S. London: E. and F. N. Spon, 
Limited. [Price 6s. net. ] 


with a few scattered flakes of hematite, to a massive 
hematite free from quartz. The beds are of great 
but variable thickness. The massive portions form 
prominent elevated peaks, whose sides are covered 
with rubble ore, due to weathering of the mass ; 
while in the valleys, sluicing action has broken 
down the rubble into asand. Of the quantity of 
available ore no doubt exists. Some k of 
thousands of millions of tons, and others of tens of 
thousands. That is the only difference ; but of the 
quality there is greater uncertainty. The analyses 
refer to hand specimens, and these may prove 
misleading samples; but all who have examined 
the outcrops agree that on immense rock faces 
no differentiation of richer or poorer portions 
are perceptible to the eye. The analyses of the 
8 ens submitted to test are wanting in accuracy. 

he phosphorus content is placed at 0.0024 per 
cent., or as ‘‘traces.” No mention is made of 
titanium, as_a rule; but in a few cases where 
special tests have been made, this element was not 
found, and it seems safe to assume, says Dr. Derby, 
that, as a clases, these ores are free from it. ‘*The 
evidence, if incomplete, demonstrates the existence 
of immense quantities of quarry ores of high and, 
within certain limits, uniform quality.” 

Though other districts have been examined even 
more casually than those of Minas Geraes, immense 
deposits of more or less hydrated hematites 
are known to exist in other parts, as in Matto 
Grosso, in the San Francisco region of the State of 
Bahia, and the central part of the State of Goyaz. 
With the present means of transportation the 
greater portion of these must be regarded as inacces- 
sible. On the other hand, magnetite is found near 
the seaboard in San Paulo and in Santo Caternia, 
easy of access ; but some of this ore has been found 
to be too highly titaniferous for industrial purposes. 
Specimens of a manganiferous type that promise 
better results have, however, been brought from 
the coastal regions, and may readily compete with 
the hematite ores. 

Geologically it is interesting to compare the 
Brazilian ores with those of Lake Superior, where 
somewhat similar conditions obtain. Subject to 
more thorough examination of the Brazilian deposits, 
which should demonstrate more clearly the part 
played by secondary concentration in enriching the 
jacutinga ore, it appears that the principal classes 
of the Brazilian iron ores have their counterpart 
in the Lake Superior region, and that the same 

rocesses of ore-concentration have been active in 
both districts, but that the relative effectiveness 
of these processes and their results have differed in 
the two localities. In the opinion of Messrs. Leith 
and Harder, in an article on ‘‘ Hematite Ores of 
Brazil” (1912), ‘‘the primary sedimentation in the 
Lake Superior district was not sufficient to produce 
iron ore. Important secondary concentration was 
the essential and controlling factor. In the Brazil 
region, primary sedimentation produced abundant 
and rich ores ; secondary concentration was a minor 
contributor, only locally important in developing 
ores.” On the manner in which the original depo- 
sition has been effected depends the depth to which 
the ores may be expected to extend. If the ores 
are the result of surface-weathering agencies, they 
are likely to prove superficial. If, on the other 
hand, they result from original deposition, then 
they might continue to an indefinite depth. For 
the present, however, this point is of little prac- 
tical importance. Though authorities may differ 
on points of detail, all are impressed by the 
immense deposits of iron ore in sight. ‘‘ I have 
examined,” writes Mr. Kilburn Scott, ‘‘the Lake 
Superior deposits, as well as extensive beds of ore 
in other places, and I am decidedly of opinion that 
the Brazilian deposits exceed, in a very appreciable 
d , any I know, both as regards the quantity 
aan quality of the ores, as well as the facility of 
mining. ‘They, in fact, constitute, very probably, 
the most important known iron deposits in the 
world.” The ore may be easily worked, but at 
present there is a great lack of the necessary 
mineral fuel. Fortunately, hydraulic power is 
readily available, and in the near future this will be 
utilised for electric plant. 

Like the gold-mines, the diamond. fields of Brazil 
appear to have been worked in a haphazard, per- 
functory fashion. Up to 1870 Brazil held the 
world’s record in the production of diamonds, and 
it is to be hoped that the recent discoveries in the 
State of Goyaz will revivify the industry. The 
State of Bahia, that has long enjoyed an enviable 





reputation for its stores of diamonds, used for both 
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decorative and industrial purposes, has certainly 
shown increased vigour. In 1906 the output 
amounted to 154,000 carats, two years later the 
production had increased to nearly 300,000 carats, 
and the improvement has since been maintained. 
Two causes have operated adversely to the develop- 
ment of the industry: the desultory and casual 
manner of working the fields, and the want of just 
mining laws, adequately enforced. The areas that 
have been worked are the river banks, and, when 
the water is sufficiently low, the river bottoms. 
As a rule, ground-sluicing is practised, the riffles 
being formed on the bed-rock, and the resulting 
concentrates are panned and repanned until the 
diggers are satisfied that they have exhausted the 
stones. But the number and value of the stones 
won in this imperfect manner can represent only a 
small portion of those that must exist, and are 
overlooked. Some improvement has been effected 
of late by the promulgation of new laws, based upon 
the best features of those in force elsewhere. Their 
enforcement should encourage systematic exploita- 
tion. All diamond-mines are the property of the 
Government. No licence is required for prospect- 
ing with movable plant, and concessions avai ble 
over a considerable area can be readily obtained. 
A licence for placer work is inexpensive. The taxes 
payable vary from $ to 10 per cent., the higher tax 
being levied on monazitic sands ; but even here 
the sum is not unduly oppressive. 

Another deposit that exists on a vast scale, to 
be numbered by millions of tons of ore, is man- 
ganese. It is found generally in close proximity 
to gold deposits, or has been discovered in such 
situations by reason of the greater activity in 
mining and exploring displayed in such regions. 
Miguel Burnier is the centre of the industry, but 
the beds stretch for some five miles towards Ouro 
Preto, where gold was first worked. The ore is 
found either in a hard condition, indicating bed- 
ding, with a tendency to lay in lenticular blocks, 
or in a soft form, charged with hygroscopic water, 
interstratified between the harder blocks. The 
metallic ore is stated to be exceptionally pure, 
with a very small percentage of siliceous matter 
and a satisfactory freedom from phosphorus and 
sulphur. 

Palladium and platinum are metals that are not 
expected to be found in large quantities, but Brazil 
has its share of these elements. The former is 
reported to have been found in its native state in 
the itabirite, in the form of an alloy with gold. 
The percentage of palladium in this alloy varies 
from 5 to 8. For the last 100 years, native platinum 
has been found in some of the gold placers of 
Brazil, but possibly palladium-gold has been mis- 
taken for platinum. Platinum has, however, been 
found in the auriferous quartz veins which tra- 
verse the crystalline schists of the Rio Bruscus 
in Pernambuco, and in some other localities, as the 
left-bank tributaries of the Abate River. Some 
of the platinum contains iron, and is strongly 
magnetic, while another kind, rich in palladium, 
is non-magnetic. It is conjectured with some 
plausibility that the magnetic platinum has been 
derived from peridotites, but in other districts, 
where platinum occurs in association with diamonds 
derived from conglomerate quartzite, the singular 
shapes assumed suggest that the platinum must 
have been redeposited from solution, the out- 
come, says Mr. Calvert, whose account we have 
followed very closely, probably of the decomposi- 
tion of platiniferous pyrites, such as are known to 
occur in the United States and Norway. 








ELECTRIC SUPPLY. 

_ THE most important item in the works cost of an 
electric supply is coal, representing nearly one-half 
of the total. This is true even to-day, although the 
amount of coal burnt per unit has vastly decreased 
Curing the last few years, due to the much larger 
output, the more regular demand, and the increased 
ctticiency of prime movers. It is only fifteen years 
ago that in Glasgow the electric-light station 
burned 9 Ib. of coal per unit. This was certainly 
excessive, if the published records of other stations 
are to be relied upon, 6 Ib. or 7 Ib. being a more 
general figure, but possibly with more expensive 
coal. The consumption in Glasgow fell to 6 Ib. in 
1902, to 5 Ib. in 1907, to 4 Ib. in 1910, to 3} Ib. in 
1911, and since then it has fluctuated between 
: 4 lb. and 3g 1b. For the last four years there has 
een nO improvement. During that period the 
Feciprocating engines have been gradually replaced 





by steam-turbines of larger and larger size, and of 
increasing efficiency. The steam consumption of 
the engines may be put at 18 lb. per kilowatt-hour, 
while that of the turbines is given as 141lb. The 
steam consumption fell 22 r cent., but the 
coal consumption in one particular instance only 
fell 84 per cent., quite a disappointing result. The 
reason was explained by Mr. W. W. Lackie, the 
electrical engineer to the city of Glasgow, in a 
most interesting presidential address he delivered 
on the 26th inst. before the Institution of 
Engineers and Shipbuilders in Scotland. He 
pointed out that the steam supplied to the turbines 
wasmoreexpensive to raise than that for the engines, 
as it had 100 deg. Fahr. of superheat, while the 
vacuum was 29 in., against 23 in. In more recent 
turbines in Glasgow the pressure has been raised 
30 Ib. to 190 lb., and the superheat to 550 deg. Fahr. 
(150 deg. Fahr. superheat). It is clear, however, 
that there is still room for a further reduction in 
coal consumption, since it does not require 3 lb. of 
coal to provide 14 lb. of steam even at a high 
superheat. The saving is to be looked for mainly 
in a better load factor, due to a greater demand 
for power, and to a better diversity factor, so that 
the demand may be more evenly distributed over the 
twenty-four hours. Mr. Lackie looks for a 50 per 
cent. load factor in Glasgow, in place of the pre- 
sent 25 to 30 per cent., and then the coal bill 
will no longer represent 63 per cent. of the working 
cost. 

Boilers increase in size, but there is little or no 
improvement in their efficiency, and there is very 
little to be hoped for. Already this stands at 
75 to 80 per cent., and most of the remaining 
25 to 20 per cent. is represented by irreducible 
losses. Unfortunately, in an electric supply- 
station, the boilers only work at 75 per cent. 
efficiency for a portion of their time. Many of 
them have to be banked, except at the peak load, 
and stand-by losses go on hour after hour. Added 
to this, peak loads are not entirely governed by 
the calendar or by commercial demands. In 
Glasgow, at any rate, sudden fogs send up the 
demand for artificial light with ing rapidity, 
and to meet these uirements it has been neces- 
sary to keep extra boilers continually under steam. 
To avoid this, Mr. Lackie has installed at the 
Dundas Works an American stoker of great elas- 
ticity of output, which will respond to a sudden 
demand, as the rate of combustion can be raised 
to 56 lb. per sq. ft. of grate surface by the use of 
forced and tole draught. This corresponds 
with torpedo-boat practice, and, of course, the 
efficiency will fall off with the increased output, 
but the saving ensuing from the reduced number 
of banked fires will, no doubt, far outweigh the 
increased expenditure for a short period. 

Any further reduction in the cost of electric 
supply must come in the main from reduced 
capital charges due to a diminution of the cost 
of plant and a better load factor. At Glas- 
gow, sinking fund, interest, and depreciation 
require 481. 2s. out of every 1001. of revenue, 
while fuel, stores, wages, and repairs take 
321. 10s. If the load factor were doubled, the 
capital charges per unit sold would be nearly halved, 
while the works charge would not be nearly doubled. 
In a new station the capital outlay would also be 
greatly reduced per kilowatt. In the Waterloo- 
Street Station, Chaps, a square foot of land and 
buildings was required for each 0.4 horse-power 
installed. In the new Dalmarnock Works each 
square foot will provide for 24 horse-power, or six 
times as much. The cost of a turbo-generator is 
about 4/. per kilowatt, against 8/. 10s. for a recipro- 
cating engine and alternator. On the other hand, the 
condensing plant is somewhat more expensive for 
the turbine than it is for the reciprocating engine, 
seeing that the vacuum must be higher. These 
points were, however, gone into in our leading 
article last week, in which we referred to the paper 
presented by Mr. H. F. Parshall to the Engineer- 
ing Congress at San Francisco on ‘‘ The Economics 
of Electric Power-Station Design.” The future of 
electric distribution lies in the reduction of the 
capital cost and in the increase of the load factor. 
The latter will follow from the former, since it 
only needs a moderate reduction in the price of 
electricity for it to replace steam-engines in hun- 
dreds of works in all our greattowns. Already the 

wer load has attained t importance in most 
large towns, and there is every prespect that it 
will shortly take precedence of the lighting if 
the authorities have the necessary courage to 





scrap old plant and make a fresh start on a 
more economical basis. Mr. Lackie says that 
from the point of view of size of stations, there is 
no reason whatever why the whole of Scotland 
should not be supplied from two or, at most, three 
central power-stations. The lowlands south of the 
Tay would represent two areas, and the whole of 
the land north of the Tay the third area. At 
present the demand in the western area is 80,000kw., 
in the eastern area 25,000 kw., and in the northern 
area 15,000 kw. Such stations would provide a 
very cheap supply, and would add to the great 
prosperity enjoyed by the manufacturing districts 
of Scotland. We fear, however, such schemes will 
not fructify under present conditions, and that the 
inhabitants of Glasgow and the neighbourhood 
must rest content for a considerable time with the 
very reasonable charges that are now made. 





THE LATESIR ANDREW NOBLE, BART. 

Tue death on Friday last, the 22nd inst., of 
Sir Andrew Noble, Bart., in his eighty-fifth year, 
at his Highland residence, Ardkinglas, Argyll- 
shire, terminated a career which, alike by its 
untiring energy and scientific resulte, is practically 
unsurpassed in the annals of British industry. 
First, by an innate faculty for experimental 
research, he succeeded in reducing to clear defi- 
nition phenomena in regard to the action of 
explosives in ordnance, and thereby enormously 
improved the ballistics cf guns. As a result of 
great organising ability and personal energy, as 
well as by discriminating judgment in the choice 
of men, he succeeded in building up the Armstrong 
gr yy to a position of the highest reputation. 
In the earlier years, it is true, he had the advan- 
tage of brilliant personal example in the inventive 
ingenuity and sound mechanical genius of Lord 
Armstrong, but the achievements of the first de- 
cade of the present century alone show that Sir 
Andrew’s organising talents were equal to his 
experimental faculty. 

ir Andrew Noble was born in Greenock on 
September 13, 1831, his father having been an 
officer in the Royal Navy. He was educated at 
the Edinburgh Academy and the Royal Military 
College, Woolwich. In the year 1849 he received 
a commission in the Royal Artillery, and for some 
time served abroad. Among the work done was that 
in connection with the magnetic survey at the Cape 
under Sir Edward Sabine. The year 1857 was a 
memorable one in his cateer, for he was at that 
time appointed Secretary to the Royal Artillery 
Institute, while in the following year he became 
Secretary to the Special Comuinittee on Rifled 
Cannon, and some months later Secretary to the 
Jommittee on Plates and Guns. In 1859, too, he 
became Assistant Inspector of Artillery, and a year 
later was appointed a member of the O nce 
Select Committee and a member of the Committee 
on Explosives, with which he was to be identified 
continuously for forty years. 

These official posts gave the young artillery 
officer opportunity for making his special gifts 
known in the departments, but, what was of greater 
importance, they brought him into close contact 
with the test designer and maker of guns of 
his age. ose who had the privilege of knowing 
both the late Lord Armstrong and Sir Andrew 
Noble will readily understand that when they met, 
natural attraction induced them to work together. 
No man ever had aclearer eye for reading char- 
acter than Lord Armstrong. That was one of the 
chief elements of his success ; combined, as it was, 
with a wise determination to pay true value un- 

dgingly for services. In Captain Noble he 
oon a@ young man ambitious, energetic, and full 
of enthusiasm for scientific study and research. 
At that time, 1860, Sir William Armstrong was 
concentrating all his efforts to ensure the introduc- 
tion of his rifled gun, a task that needed more than 
all his attention ; and the securing of the co-opera- 
tion of one who was a scientific investigator of a 
high order was an advantage not to be neglected. 
All the world knows how successful has been the 
partnership entered into in 1860, not only in 
the development of guns and explosives, but in 
the advancement of the Elswick works, first com- 
menced on a small scale in 1846, mainly to under- 
take hydraulic and kindred civil engineering con- 
tracts. Everyone, however, does not know how 
much of the success was due to Captain Noble’s 
labours. 

The true history of Sir Andrew Noble’s life 
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would be a record of the great Elswick firm since 
1860 ; and that we do not propose to write here. 
Although there were, and are, departments in the 
business—each important enough to constitute a 
large works in iteelf—that were outside Sir Andrew 
Noble’s immediate province, yet the gun factory has 
always been the leading feature and chief centre of 
the firm’s activity, from which great extensions have 
radiated in many directions. Our aim here, how- 
ever, is to deal with his important personal work. 

It was in 1868 that 
Noble commenced, in 
conjunction with the 
late F. A. Abel, after- 
wards Sir Frederick 
Abel, a series of ex- 
periments on the 
results of firing gun- 
powder. Thisinves- 
tigation was carried 
on collaterally with 
experiments made 
for a Committee, 
appointed by the 
Secretary of State for 
War, with a view to 
determine the most 
suitable powder for 
use in heavy ord- 
nance. Although the 
production of explo- 
sives has made enor- 
mous strides since 
the date when Cap- 
tain Noble and Mr. 
Abel made their re- 
sults public, in a 
monograph read be- 
fore the Royal So- 
ciety,* the account 
they gave is full of 
interest, and contains 
much matter still 
valuable as bearing 
on present practice. 
Up to that time the 
absence of experi- 
mental data _per- 
mitted many erron- 
eous views as to what 
happened when gun- 
powder was exploded 
to be put forward 
without the chance of 
their being refuted. 
In regard to pressure 
alone there were the 
widest differences of 
opinion. One text- 
book received as au- 
thoritative held that 
& pressure of 2200 
atmospheres would 
ba set up, whilst 
another gave the 
figure as 29,000. This 
discrepancy, how- 
ever, was not so 
startling as that be- 
tween two other in- 
quirers ; for Robins, 
who read a per 
before the oyal 
Society, put the pres- 
sure developed at 
1000 atmospheres, 
and Count Rumford 
at just 100 times as 
much, or 100,000 
atmospheres. Rum- 
ford’s experiments, 
communicated to the 
Royal Society in 
1797, although ex- 
tremely interesting, need not be dealt with here 
beyond saying that the Count estimated the gaseous 
pressure by exploding the powder in a vessel, one 
end of which was closed by a weight placed over 
the other end. If the weight were lifted, others 
heavier were substituted until there was just sufti- 
cient to confine the products of explosion. 

On other points besides pressure diverse opinions 
were held, and it was to bring more exact data 


* Royal Socisty Philosophical Transactions, vol. clxv., 
prge 49. 


to the solution of the problems that Noble 
and Abel’s long series of experiments were made. 
The apparatus used consisted chiefly of a cylinder 
of mild steel carefully tempered, the walls being, 
naturally, of great thickness to stand the enormous 
pressures set up by explosion. The crusher-gauge 


was introduced for registering pressures set up, 
and the greatest caution had to be exercised to 
avoid a serious catastrophe with experiments of so 
dangerous a nature. 


If the screws used for closing 





openings were not tight, gas would escape between 
the threads and the metal would have the appear- 


would put pressure on a screw-plug used for allow- 
ing the gases to escape, and in one case Captain 
Noble had to run molten iron round the cylinder 
before the plug could be loosened. 

To determine the heat of explosion was not a 
very difficult matter when proper precautions were 
taken. The closed cylinder was placed, imme- 
diately after explosion, in a calorimeter consisting 
of a vessel filled with water, the temperature of 
which was taken before and after the immersion of 
the vessel. Owing 
to the dangerous 
nature of the expe- 
riments it was not 
possible to collect the 
gases until from 5 to 
15 minutes after 
explosion. A small 
pipe was screwed into 
the escape- ge of 
the cylinder, and the 
gases were led 
through this to a 
mercurial _ trough. 
The collection of the 
solid products of ex- 
plosion was a much 
more difficult task, 
but the examination 
of these products was 
one of the most in- 
teresting and sug- 
gestive results of 
the experiments. 
On opening the cy- 
linder the whole of 
the deposits were 
generally found at 
the bottom, but upon 
the firing-plug there 
was usually a button 
deposit which differed 
considerably both in 
appearance and che- 


mical composition 
from the rest, it be- 
ing a _ crystalline 


structure, and some 
of the crystals being 
largeand transparent. 
The surface of the 
main deposit was 
somewhat greasy, 
but the main body 
could only be re- 
moved with great 
difficulty, as it formed 
an exceedingly hard 
and compact mass, 
which had to be 
cut out with steel 
chisels. This deposit 
smelt powerfully of 
sulphuretted hydro- 
gen, and frequently 
of ammonia. It was 
exceedingly deliques- 
cent ; it was trans- 
ferred to warm and 
dried bottles, and 
sealed up as rapidly 
as possible. In most 
cases, during the 
very short time that 
elapsed while the 
transference W4S5 
being made, no appa- 
rent change took 
place, but in some 
a great tendency to 
development of heat 
was apparent; in one 
case the rise of tem- 
perature was so great 


|that paper on which the piece was placed became 
| charred, 


and the deposit itself changed colour with 


ance of being washed away as if it had been in a/| great rapidity to a bright orange yellow. 


state of fusion—a phenomenon with which Sir | 


Andrew Noble was to have further experience at a 
jlater period. Again, the great heat set up by ex- 
losion would cause an expansio1 of the inner sur- 
face of the cylinder, so t 
| fluid would be forced between the screws, and when 
the mass cooled down threads would be cemented 
together. A further difficulty was that the cooling 


‘results obtained by analysis 


t small portions of the 


It would clearly be beyond the scope of this 
notice to follow these experiments by giving the 
of the gaseous and 
and enough has been 


solid products of combustion, c a jf 
way in which Sir 


said to show the complete 


Andrew Noble carried out any work he undertook ; 
|in this case in collaboration with another eminent 


scientific worker. The whole research is extremely 
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suggestive in its results, and will always afford 
much matter for speculation, both by the chemist 
and the physicist. By an ingenious device, con- 
sisting of tilting the cylinder at varying time after 
the explosion, it was shown that the solid products 
were in a fluid state. In one experiment the non- 
gaseous products had commenced to congeal one 
minute after explosion, and 45 seconds later they 
were solid. The facts recorded, and the deduc- 
tions regarding dissociation and tension of gases 
and other questions of a like nature, are also still 
of great value. ’ 

In 1871 Captain Noble gave a lecture on ‘The 
Tension of Fired Gunpowder,” before the Royal 
Institution, in which he gave the results of other 
investigations. The conclusion arrived at was that 
the maximum pressure of fired re un- 
relieved by expansion, was not much above 40 tons 
to the square inch. He showed that oscillations in 
pressure endangered the endurance of the gun, and 
detracted from useful effect; that with large 
charges quick-burning powder increased the strain 
on the gun without augmenting the velocity of the 
shot ; that the position of the firing point exer- 
cised an important influence upon the intensity of 
the wave action ; and that it was desirable that the 
charges should be as short as possible, and the 
cartridge so lighted as to reduce the run of the gas 
to the shortest limit. How important has been the 
result of these matters on the design of modern 
artillery is a fact that does not need emphasising in 
our columns. 

In the year 1884 Captain Noble delivered one of 
the Institution of Civil Engineers special lectures 
on ‘‘Heat in its Mechanical Applications,” the 
division of the subject he selected being the 
‘Heat Action of Explosives.” This lecture was of 
a more general nature than the Royal Society 
memoir, but it attracted a good deai of attention 
at the time. It was in this lecture that the author 
considered the earth as an enormous projectile, 
and said it would need a charge of gunpower 150 
times greater weight than the earth, or 900 times 
greater than the volume, to communicate to her the 
motion in her orbit, supposing the whole energy 
stored up in the gunpowder could be utilised. 

Captain Noble was made a Companion of the 
Bath in 1881 and a Knight Commander in 1893, 
while in 1902 he was created a baronet. His work 
on ordnance also brought him many distinguished 
foreign orders, including the First Class of the 
Sacred Treasure of Japan, Grand Cordon of Orders 
of Mesoudieh and Medjidie, the Rose of Brazil, 
the Grand Cross of the Crown of Italy, the Dragon 
of China, the Commander Jesus Christ of Portugal, 
and Knight of the Order of Charles III. of Spain. 
Many of the scientific institutions did him honour. 
As long ago as 1870 he became a Fellow of the 
Royal Society, and he received the Gold Medal of 
that Institution ten years afterwards. He became 
a member of the Institution of Civil Engineers in 
1881, and for several years served on the Council. 
In 1908 he received the rare distinction of being 
elected an honorary member. Both Oxford and 
Cambridge Universities conferred upon him the 
degree of Doctor of Science, while the College of 
Science in Newcastle eighteen years ago made him 
a D.C.L. In 1908 he received the Gold Medal 
of the Society of Chemical Industry, and the follow- 
ing year the Albert Medal from the Royal Society 
of Arts. In 1910 the Freedom of the City of 
Newcastle was conferred upon him, and last 
year he was President of the North-East Coast 
Institution of Engineers and Shipbuilders. For 
many years he had been a Justice of the Peace and 
Deputy-Lieutenant of Northumberland, and in 1896 
served as High Sheriff. In politics he was a Con- 
servative and a consistent advocate of Tariff 
Reform ; he was member of the Tariff Commission 
organised in 1904. He had also acted as President 
of the Federated Engineering Employers of the 
United Kingdom. 

From first to last, however, his interest was 
centred in Elswick Works, and very largely in the 
ordnance department of those works, although he 
took a comprehensive interest in all that affected 
the advancement of the Armstrong Company. In 
‘ater years advancing age made it necessary for 
him to relinquish much of the important work. 
Indeed, —- he retained his long connection 
with the b of directors, it may be said that 
since 1911 the active control had passed into other 
hands. He ever had a strong inclination for the 
country of his birth, and while retaining ownership 
of Ardmore, Dumbartonshire, where he had spent 





his childhood, he purchased, nine years ago, a 
Highland estate, Ardkinglas, in Argyllshire, from 
the representatives of the ancient lairds, the 
Campbells. The old house had been destroyed 
by fire as long ago as 1832, and Sir Andrew built 
a@ new mansion, which he had occupied since the 
spring of 1908, dispensing hospitality and enjoying 
yachting on the adjoining Loch Fyne. For some 
time Sir Andrew had been in poor health, and, as 
we have said, died at Ardkinglas on Friday of last 
week. He is survived by his widow, ‘jorie, 
daughter of the late Mr. Archibald Campbell, of 
Quebec, to whom he was married in 1854. There 
survive also four sons and two daughters. The 
eldest son, who succeeds to the title, is Major 
George John William Noble, late of the 13th 
Hussars ; he was born in 1859. 





TEXTILE INSTITUTE CONGRESS. 

Untit the Textile Institute was formed some 
five or six years ago, no representative association 
of the character of the Institutions of Mechanical 
or Electrical Engineers was in existence to help 
the textile trades. This position was not only 
remarkable, but it was also absurd. Here was an 
industry employing some 1,000,000 persons in its 
mills, and with a great number of correlated indus- 
tries increasing this number considerably ; with an 
export trade of the value of 170,000,0001., which 
represents one-third of this country’s total exports, 
entirely lacking a central association of a scientific 
character. The needs of the trade had hitherto 
been supplied by small societies located in textile 
centres, and having a parochial outlook. As Sir 
William Mather, the President of the Textile Insti- 
tute, said in his address to the members at Hudders- 
field, if the Institute had been in existence fifty years 
ago the aniline dye trade would not have been lost 
to this country. Even in the short time that the 
Institute has been in existence it has done some ex- 
tremely useful work in spite of the fact that funds 
have not been plentiful. Investigations in relation 
to sizing materials for cotton yarns resulted in 
many thousands of pounds being saved in Lanca- 
shire ; the competing systems of mill-driving, both 
power generation and transmission, have been fully 
discussed ; a standard for indigo-dyed goods has 
been definitely fixed and would be an esta- 
blished fact to-day if the war had not inter- 
vened. When it is understood that goods are 
being sold to-day as indigo-dyed that have not 
a” — of indigo dye in their composition, the 
value of this protective standard will be recog- 
nised. Other research work which it is suggested 
the Institute should undertake is concerned with 
the question of the sizing of fine worsted warps, the 
chemistry of wool-scouring, and electricity in wool. 
The latter subject is one of very considerable 
importance to wool-spinners, the presence of static 
electricity in the fibrous material resulting in 
difficult manipulation and bad and uneven work. 
This defect is not only confined to wool, it being 
also found in relation to cotton and silk. Various 
methods have been adopted to discharge the elec- 
tricity, one of the most novel being the employ- 
ment of radioactive salts, arranged on an earthed 
= below the fibres. The salts ionise the air 

tween the plate and the fibres, and allow the 
electricity to pass through the air and to earth. 
This method, although not very far out of the 
experimental stage, has already proved fairly suc- 
cessful. 

At the recent Congress the discussions were excel- 
lent, and the meetings were better attended than 
any previously held. The prevalent note was 
undoubtedly the necessity for a greater use and 
application of science in the industry. This ques- 
tion was dealt with by many of the speakers, and 
especially in connection with the paper on ‘‘ Tech- 
nical Education,” by Mr. D. R. H. Williams. 

Dr. M. O. Forster read a very able paper on 
‘“*The Need of Organic Chemistry in the Textile 
Industry,” and showed clearly how dependent the 
textile industry was on scien¢e.. If this fact had 
been appreciated some years ago the money ex- 
pended to foster the science would have been 
repaid over and over again. A brief survey of the 
history of organic chemistry, as it applies and relates 
to the textile industry, was given, and this resolved 
itself into a comparison between German and British 
methods. The value and dominance of classical 
education were dealt with both in this paper and 
in the one on technical education referred to. 
Mr. M. E. Sadier, Vice-Chancellor of Leeds 





University, made a very strong plea for the 
continuance of classical education, and stated 
that languages, especially those of exact and 
logical construction—as Greek and Latin—were 
— instruments for the training of the 
mind. The range of our mental vision would have 
to be enlarged, and nothing better to effect this 
could be found than the study of great prose and 

tic writin The finest result of education is 
judgment. He went on to say that any drastic 
change in our methods of education would be detri- 
mental, and any fundamental changes must come 
slowly. 

Professor Dower, M.A., of Leeds University, gave 
a very excellent ae on the economic effects of 
the war, and divided his subject into three sections ; 
the second and third were of the most importance 
—namely, the cost of the war and the after effects. 
Professor Dower advanced the argument that three 
ways existed for raising the deficit that will have to 
be met at the end of the war. First, to realise our 
foreign investments, which stand at 4,000,000,0001. 
If this were done, he pointed out that we might 
become a debtor instead of a creditor nation. ‘he 
second method was to borrow from foreign nations, 
and the third to raise the money out of income. 
The latter method was stated to be the best. For 
example, at the beginning of the war there was 
1,000,000,000/. on deposit in the banks of this 
country, now there was 1,500,000,0001. This 
should be drawn on. Our national income was 
2,400,000,0001. a year, out of which we save 
400,000,000/. This should be doubled. Speakin 
of the after effects of the war, Mr. Dower sta’ 
that in his opinion there would be a period of stagna- 
tion, followed by a period in which businesses were 
being reconstructed, and then would come a period of 
boom. Prices would fall and capital would be scarce 
and dear. It would be a time of considerable 
friction, and a great deal of forbearance and 
omen a between employer and employed would 

ve to be exercised. 

Professor Barker, head of the Textile Depart- 
ment of Leeds University, read a paper on the 
weaving of single warps, which had a very direct 
interest for Bradford. It was really an argument 
as to the relative values of centre shedding and 
open shedding. Shedding is the division of the 
warp-threads ; by centre shedding is known the 
bringing of the warp-threads back into a horizontal 
line after each pick of weft has been inserted. 
Tappets for doing the work were shown and 
described. 





NOTES. 
Tae Hypraviic Jump in Open CHANNEL. 
WHEN a rush of water takes place over a weir, 
the water frequently flows along the down-stream 
channel as a thin sheet moving at a high velocity, 
and then quite suddenly the thickness of the sheet 
increases and the flow continues at a lower velo- 
city. A note on the theory of this ‘‘ hydraulic 
jump” has been contributed to the Proceedings of 
the American Society of Civil Engineers by Mr. 
K. R. Kennison. Taking a channel of the uniform 
width of 1 ft. and free from friction, the velocity 
of flow at any point is given by the relation :— 
v 
ag H-d . ° ° » (1) 
where H denotes the level of the water in the 
supply reservoir, and d the depth of the water in 
the channel. But if Q be the quantity of water 


passing in cubic feet per second, v = 2. Substi- 
tuting this value in (1) gives :— 
Piss oF 
d -Hd + ag » (2) 


This equation has three roots, so that, from the 
purely mathematical standpoint, the same quantity 
of water will be delivered at three different depths 
of flow in the channel. Of the three roots, one 
is negative, and impossible accordingly. The other 
two roots are positive, so that we may have a given 
quantity delivered either with a large depth of 
water in the channel and a low velocity of flow, 
or with a small depth of water and a high 
velocity of flow. Mr. Kennison attributes the 
formation of an hydraulic jump to the sudden 
passage from one condition of flow to the other. In 
a numerical example, he takes H as 10 ft. and Q 
as 50 cub. ft. per second. The three roots of 
equation (2) are then 9.58, 2.24, and — 1.82 re- 
spectively. In this case, in passing from one con- 
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dition of flow to the other, the water level in the 
discharge channel would suddenly rise 7.34 ft. 
Friction will somewhat modify these results, but 
without affecting the general conclusion. 


ELECTRONS FROM THE WEHNELT CATHODE. 


In view of the recent discussion* on the part 
played by gases in the thermionic currents, the 
emission of electrons from hot bodies, it is in- 
teresting to note that the latest careful experi- 
ments of W. Germershausen, made in the Univer- 
sity of Leipzig (Physikalische Zeitschrift, 1915, page 
104), cat © confirm in general the views of 
Richardson and of Langmuir, and to disprove 
the suggestion of a chemical or electrochemical 
emission of electrons. It had been — 
that the calcium oxide forming the Wehnelt 
cathode was decomposed by the heat or by the cur- 
rent, or by both, and that the oxygen liberated 
was the chief carrier of the electric charge, while 
in experiments with heated metals the occluded 
gases were the carriers. Germershausen finds that 
the residual gases are not the carriers of the charge, 
and that in fact their presence diminishes the libera- 
tion of electrons. is Wehnelt cathode consisted 
of a strip of platinum, 10 mm. long, 2 mm. broad, 
8 sq. mm. of which were covered with calcium oxide. 
The metallic parts of his apparatus were all plati- 
num or platinum-iridium. The action of the residual 
gases is, according to Germershausen, that they 
form a film on the cathode, and that this film is 
influenced by the temperature and the voltage. 
When the cathode had been kept at 450 deg. Cent. 
for hours, while all the liberated gas was being 
removed, the emission of electrons became con- 
stant, and was indeed stronger than it should 
be according to Richardson’s formula, the constants 
of which Germershausen is redetermining. He 
also states that the limiting value of the ‘‘space 
charge” of Langmuir and Schottky can be demon- 
strated by these experiments. 


Tue New Monitors: THEIR DESIGNERS AND 
Buipers. 


There has been lifted by the official correspon- 
dent in the Mediterranean Expeditionary Force a 
corner of the veil which has very properly shrouded 
in secrecy the features of the design of our new 
warships. It may therefore not be inappropriate 
to refer, so far as such revelation renders possible, 
to the magnificent work done, firstly, 9 those 
responsible for design at the Admiralty, from the 
Director of Naval Construction downwards, and, 
secondly, by the shipbuilders and engineers who 
have so expeditiously carried out the construction 
work. In this latter category we, of course, 
include all workers who have, perhaps with some 
regrettable exceptions, shown a devotion to duty 
and displayed a degree of patriotism which are 
highly to be commended. The particulars given 
apply to the new monitors designed at the 
Admiralty. In numbers, in size, in import- 
ance, and in the originality of the design of the 
fighting qualities, they are only representative 
of a vast amount of work done for the increase 
of the invulnerable strength of the British Navy. 
The publication of the particulars by Mr. KE. 
Ashmead Bartlett enables the monitors at the Dar- 
danelles to be taken as examples of the work done 
by those responsible for the Admiralty design and 
for construction. Withoutaccepting as technically 
accurate the somewhat picturesque details pub- 
lished, it may be assumed that the Admiralt; 
designers have succeeded in producing vessels wit 
the heaviest of guns which are practically immune 
to torpedo attack. Some mount twin 14-in. guns 
in a central turret, others have one 9.2-in. loa 
and one 6-in. stern guns, and others, again, two 
6-in. guns. The 14-in. guns fire projectiles of } ton 
weight and the range is 15 miles. Our 6-in. gun, 
it is also stated, ‘‘ throws 100 lb. of high explosive 
12 miles without overreaching itself.” The vessels 
are not of great speed—munitors for amphibious 
warfare need not be. The particulars given estab- 
lish the efficiency of the design, and vest with grati- 
fying interest the fact that only six months elapsed 
from the time that the demand for their design 
was made until they fired their first shot. The 
advent of German submarines in the A{zean Seas, 
and the possible dangers to our modern ships of 
the line, with their long-range guns, suggested the 
need for craft with corresponding -power, but 
involving less risk of personal ant wchatal loss. 


* See British Association, page 304 ante. 








It is a great credit to all concerned, notably to the 
workmen in the shipyards, that this need was so 
promptly met. Gull odaivclelinetes is the more 
justified as the achievement is typical of much 
that has been done in connection with new con- 
struction since the outbreak of the war, and re- 
garding which nothing can yet be written. 


ELECTROPLATING WITH COBALT. 


A few years ago the Canadian Department of 
Mines charged the School of Mining of Queen’s 
University, at Kingston, Ontario, with an investi- 
gation of cobalt and its alloys, with the particular 
object of developing the utilisation and commercial 
importance of this metal, the ores of which are 
plentiful in Canada. We commented in our issue 
of February 12, 1915, on the first reports which 
Dr. H. T. Kalmus had submitted on behalf of this 
committee. A further noteworthy communication, 
on ‘‘ Electroplating with Cobalt,” was presented by 
H. T. Kalmus, C. H. Harper, and W. L. Savell to 
the American Electrochemical Society at its April 
meeting in Philadelphia. Cobalt-plating had often 
been recommended, but had not received anything 
like the study which has been bestowed on nickel- 
—_— From this communication it would appear, 

owever, that the substitution of cobalt for nickel 
in electrolytic baths offers very substantial advan- 
tages, and the interesting point is that the 
excellent results obtained in the laboratory were 
amply confirmed by W. 8. Barrows, the experienced 
electroplater of the Russell Motor-Car Company, 
of Toronto, on the strength of operations extending 
over several months. Cobalt gave perfect deposits 
on brass, iron, steel, copper, tin, German silver, 
lead, Britannia metal, &c., on articles of various 
shapes and descriptions, art objects as well as 
a castings, hub-caps, and other parts of 
motors, knives, skates, &c. The deposits were 
harder than nickel coatings and adhered very well ; 
the articles could be bent to and fro, hammered, 
and burnished ; thick coatings did not split or 
strip. To plate a skate required one minute, 
instead of an hour or more in the nickel bath, 
and the cobalt-plated skates looked in excellent 
condition after one winter’s use. The operations 
are simple, the baths do not require any agita- 
tion, and do not deteriorate, a trouble that is 
always feared, especially in the case of nickel 
and cobalt. Current densities of 150 amperes 
per square foot (cathode surface) were used, 
whilst the practice in nickel baths hardly goes 
beyond 20 amperes ; Barrows, in fact, found that 
244 amperes per square foot gave very good cobalt 
deposits. The deposited cobalt looked white and 
assumed a bluish lustre and polish when buffed. 
The throwing power of the bath was much better 
than that of the nickel bath—that is to say, the 
deep and raised parts of objects were equally 
covered. Steel and iron did not need any pre- 
paratory coating of copper, and pitting and burning 
were not observed. These advantages much im- 
ressed the meeting, and especially Mr. O. P. 
atts, who had tried (or mentioned) some fifty 
cobalt baths when contributing a memoir on electro- 
plating to the same society in 1913. Dr. Kalmus 
tried sixteen types of solutions ; his two best baths 
had not been used by Watts. The superior solu- 
tions of Dr. Kalmus are designated I B and XIII B. 
The former consists of 200: grammes of CoSQ, 
(NH,), SO,. 6 H,0O per litre of water, density 1.053 
at 15 deg. Cent., without additions; the second 
solution consists of 312 grammes of CoSQ, and 
19.6 grammes of Na Cl per litre of water, to which 
boric acid is added to saturation, final density 1.25. 
Thus the first bath makes use of a nearly saturated 
solution of the double sulphate of cobalt and 
ammonium which chemists use for analytical work ; 
whilst, however, many analysts insist that the bath 
must contain an excess of free ammonia, Kalmus 
found alkaline baths unreliable. The question 
whether or not the alkalinity is responsible for the 
trouble that analytical chemists sometimes experi- 
ence with theircobalt baths was not discussed. In the 
second bath the addition of sodium chloride and of 
boric acid is no doubt essential, though the part they 
pemondurs complete report to the Canadian 
partment of Mines may bring further informa- 
tion. The current densities, we stated, are re- 
ferred to the cathode ; the anode area was mostly 
about twice as large as the cathode area. The 
anodes (98.5 per cent. of Co) consisted of cast and 
of rolled plates ; the cast anodes dissolved more 
rapidly than the others, and the two kinds were 
hence taken in various proportions to suit the con- 





ditions. The salts used were Merck’s pure 
chemicals. The bath tank should be amply wide 
and deep, twice the dimensions of the electrodes, 
according to Kalmus, in order to ensure smooth 
working and to keep the voltage down. 


Tue ALLGEMEINE ELextricitAts GrsELLscHa?r. 

The purchase by the City of Berlin of the power- 
stations in that city, formerly owned by the Berlin 
Electricity Works, seems likely to give rise to some 
important developments in connection with the 
Allgemeine Elektricitaits Gesellschaft, with which, 
it may be mentioned, the former concern has 
always been closely related. By this transaction 
a sum of 6,400,000/. becomes due to the Berlin 
Electricity Works Company ; and, although a con- 
siderable part of the amount will probably be 
used in connection with the war, a large sum will 
still be available for new enterprises in which 
the A.E.G. may be interested. There are, for 
instance, the Bitterfeld lignite deposits, with the 
Golpa-Jessenitz undertakings owned by the Berlin 
Electricity Works Company. A _ large power- 
station is to be built there to utilise the lignite 
as fuel for the production of 1,000,000,000 kilowatt- 
hours of electricai energy per annum. Half 
this energy, we understand, has already been con- 
tracted for by the Bavarian nitrogen works for use 
in connection with the manufacture of nitrogen 
products from the atmosphere. According to an 
official announcement, a new arrangement calcu- 
lated to bring about a still closer connection 
between the two concerns is about to be made. As 
an offset to the reduction of its foreign business, the 
A.E.G. has been forced to seek further outlets for 
its activities at home, and in this connection power 
production for industrial purposes takes the first 
place. The mining property of the Berlin Elec- 
tricity Works Company in the Bitterfeld district 
is a suitable field for such undertakings, especially 
as considerable extensions have recently been 
made. The Bitterfeld power-station was originally 
intended to supply Berlin and the surrounding 
districts with electric energy, but as the supply 
will now be furnished by the city itself, the scheme 
has had to be abandoned. The Berlin Electricity 
Works Company has therefore been transformed 
from an ordinary supply company, dependent for 
its growth upon the expansion of a large city, to a 
specialised industrial undertaking, which may be 
greatly affected by the commercial changes in cer- 
tain products. To reduce the risks arising from 
such causes the company’s shareholders will there- 
fore be given an opportunity of exchanging their 
shares for shares in the A.K.G. at the rate of four 
of the former for three of the latter, it being con- 
sidered that the numerous interests and large 
reserves of the A.E.G. offer the shareholder a 
higher degree of security than could be expected 
from new independent ventures. For the purpose 
of adjusting the balance which may arise from this 
transaction, the A E.G. is issuing new shares for 
146,2501., which have been taken up by a bank. 
When the A.E.G. is again able to pay its peace 
dividend of 14 per cent., the shareholders of the 
Berlin Electricity Works Company will receive, at 
the above-mentioned rate of exchange, over 10 per 
cent. on their orginal holdings. This will probably 
be regarded as satisfactory, although they have 
been paid 12 per cent. for the last four years. As 
reg capital, the A.E.G. now takes fifth place 
among German limited companies, its capital of 
9,550,000/. being only exceeded by three banks and 
the Krupp Company. Doubiless the new capital, 
in the hands of a management as capable as that of 
the company has shown itself to be in the past, 
will lead to a considerable increase in the power of 
the concern. It is equally certain that this power 
will make itself felt in foreign markets. 





‘* SygEN AND SHIPPING, ILLUSTRATED.” —We offer con- 
ratulations to our contemporary, ‘* Syren and Shipping, 
fitustrated,” on attaining its one-thousandth number, an 
event celebrated by a special issue .o~y volume, and 
with contents of high merit. Mr. Lloyd George leads 
off with a brief but characteristically forceful recognition 
of the services of the mercantile marine, and after the 
usual notes, “‘On Watch,” by the editor, Mr. Joseph L. 
Carozzi, there is a series of articles, all by well-known 
writers, dealing with the different phases of the marine 
industry. The whole field of mercantile shipping 15 
practically compassed by these articles, all of them of a 
armen f informing and interesting character. We note, 
ver, that there is no article specially dealing with 

1 bustion engines, an exception which may, 
perhaps, be taken as suggestive of the inclusive character 
of the list of contributions, 


we 
ok 
inter 
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THE LATE MR. WILLIAM HENRY 
WHEELER. 


WE regret to have to announce the death, which 
occurred on Wednesday, the 20th inst., at his 
residence. 4, Hope Park, Bromley, Kent, of Mr. 
William Henry Wheeler, at the age of eighty-three. 
The deceased gentleman was the son of the late Mr. 
W. O. Wheeler, of Sydenham, and was born in 
Hammersmith in 1832. He was educated at King’s 
College, London, and was articled to Messrs. Chambers 
and Parden, engineers, also of London. 

Mr. Wheeler commenced his practice as a civil 
engineer in 1861, when he was appointed surveyor to 
the Boston (Lincolnshire) Corporation. Two years 
later he was appoin harbour engineer whilst 
retaining his position as surveyor. He established at 
the same time a consulting engineering practice on his 
own account at Boston, and was for a number of years 
surveyor to the County Justices for main roads, and 
surveyor to the old — = m Turnpike Trust. He 
designed the Boston Dock, which proved a highly 
successful engineering scheme; it was largely upon 
his recommendation that the outfall of the River 
Witham into the Wash was cut through a bed of 
boulder clay, and the channel of the river shortened 
by many miles, the scheme proving of equal advantage 
to navigation and to agriculture. Throughout his 
whole life Mr. Wheeler’s business activity was almost 
exclusively devoted to works relating to the regulation 
of tidal rivers, harbour construction, the reclamation 
and drainage of land, sewerage. and road-making. He 
invented an eroder-dredger, which was found to be a 

reat improvement on the older type of dredgers for 
S opening the beds of tidal rivers. He retired from 
his official position at Boston in February, 1905, owing 
to ill-health. 

Mr. Wheeler had advised Parliamentary Com- 
mittees for many years upon practically every pro- 
posal which had come forward dealing with the civil 
engineering subjects of which he had made a life study. 
He acted for the Manchester Ship Canal Company 
when the company’s scheme was before Parliament. 
He acted also for the Ribble Navigation Commis- 
sioners ; for the Sheffield and South Yorkshire Canal ; 
the Aire and Calder Navigation, and the Humber 
Conservancy, among other navigation and drainage 
schemes. 

He was elected a member of the Institution of 
Civil Engineers on December 3, 1867; he was a life 
member of the British Association ; a life member of 
the Royal Agricultural Society ; and a member of Com- 
mittee of the International Congress on Navigation. 
He was theauthor of several works dealing with his 
favourite subjects, and among their titles we may men- 
tion ‘‘ History of the Fens of Lincolnshire,” ‘‘ Tidal 
Rivers,” ‘*The Drainage of Fens and Low Lands by 
Gravitation and Steam Power,” ‘* Manual of Tides 
and Waves,” ‘*Sea-Coast Destructiveness and Pro- 
tection.” He also contributed to scientific societies 
a number of papers dealing with canals, internal 
navigation and allied subjects, one being on ‘‘ Fascine 
Work and the Outfall of Fen Rivers and Reclama- 
tion of the Foreshore,” which was read before the 
Institution of Civil Engineers, as also was one on 
‘‘Bars at the Mouth of Tidal Estuaries.” He also 
read several papers before the British Association. 

At the St. tee Exhibition Mr. Wheeler received a 
bronze medal for his eroder-dredger and for his civil 
engineering papers. He was awarded the Telford 
Medal in the gift of the Institution of Civil Engi- 
neers. Mr. Wheeler was one of the first Rifle Volun- 
teers enrolled in Boston. He retired as a quarter- 
master sergeant after twenty-five years’ service. 








THE LATE MR. P. E. HUBER, OF THE 
OERLIKON COMPANY. 

Our readers will be so: to hear of the sudden 
death of Mr. P. E. Huber-Werdmiiller, founder and 
president of the Maschinenfabrik Oerlikon, near 
Ziirich, a name intimately connected with the history 
of electro-technical development. Though his eyes had 
severely troubled him for years, he was, though nearly 
eighty years old, as active as ever, and he presided 
over the meetings of the Swiss Institution of Engi- 
neers and Architects last August. Heart failure 
carried him away. 

Mr. Huber was born in 1836, at Ziirich, a son of 
the silk manufacturer, J. R. Huber. He was educated 
in Ziirich, and when the Technical High School (the 
former Ziirich Polytechnic) celebrated its fiftieth 
anniversary in 1905, he was one of the few remaining 
original students, being then in his hundredth semester 

-Continental students, when amongst themselves, 
continue to count the number of semesters since their 
matriculation, even after leaving college. Having 
taken his diploma as engineer, he worked for two 
years, 1859-61, in the Winterthur engineering works of 
Messrs, Sulzer; he then went to France, England, 
and Belgium, and started, in 1863, a — and 
rolling-mill at Oerlikon, which existed until 1868 





For some years afterwards he was mainly active 
in the muopicipal service of Ziirich, until he 
founded, in 1876, the firm of the Tool and Engine 
Works, Oerlikon, which became known all over the 
world under the later name of Maschinenfabrik 
Oerlikon. From the very beginning up till 1911 
Huber was chairman of this company, and till 1894 
also managing director. He interested himself chiefly 
in machine-tools and certain electrical machinery ; after 
1911 he remained on the board of the firm. The original 
long - distance electric power transmission of 1891 
helped to _—_ the fame of the Oerlikon Company. 
The idea of sending 100 horse-power of the Neckar 
River irom Lauffen to Frankfort-on-the-Main, where 
an eiectric exhibition and an electric congress were 
being held, originated with the Munich engineer Oskar 
von Miller, and the work was carried out by Huber 
and by the late Emil Rathenau, of the Allgemeine 
Elektrizitits Gesellschaft; the occasion also marked the 
triumph of the Drehstrom motor (three-phase motor) 
of Dolivo-Dobrowolsky. Already before that year, 
in 1888, Huber had had a main share in establishing 
the Aluminium - Industrie - Gesellschaft Neuhausen, 
near Schaffhausen, Switzerland, and he was still chair- 
man of this concern when he died. The third founda- 
tion to which Huber devoted himeelf till his end was 
the Verein Schweizerischer Maschinen Industrieller, 
which srose out of the Swiss Exhibition of 1883. 
Huber was the first and pao president of this 
body, and he was personally responsible for the solu- 
tion of many problems concerning tariffs, transport, 
and social features. As in his youth, he always in- 
terested himself in municipal affairs, and he had much 
to do with the introduction and electrification of tram- 
ways in the town and district of Ziirich. 








THE LATE PROFESSOR VIVIAN 
BYAM LEWES. 

WE regret to have to record the death, which 
occurred at Mold, in Flintshire, on Saturday night, the 
23rd inst., of Professor Vivian Byam Lewes. Professor 
Lewes was born in 1852, and was educated at Univer- 
sity College, London, and privately. At the age of 
sixteen he was appointed assistant to Dr. F. 8S. Barff, 
and two years later to Professor A. W. Williamson, at 
University College. Then he worked under Dr. C. 
Graham at the Birkbeck Institute, and in 1879 was 
appointed assistant at the Royal Naval College, Green- 
wich, at which College he, in 1888, succeeded Dr. H. 
Debus as Professor of Chemistry. He retained his Pro- 
fessorship of Chemistry at the Royal Naval College 
until last year, when he resigned. - Professor Lewes 
was appointed Chief Superintending Gas Examiner 
to the Corporation of the City of London in 1892, 
At the time of his decease he was Chairman of 
the Chemical Section of the Munitions Inventions 

nel. He was also a Fellow of the Institute of 

hemistry and of the Chemical Society, and an 
honorary Vice-President of the Institution of Naval 
Architects. Professor Lewes was the author of several 
works, among which we may mention ‘‘ Service 
Chemistry,” ** Acetylene,” and ‘‘ Liquid and Gaseous 
Fuel.” He read before the Institution of Naval 
Architects, at the Spring Meeting of 1897, a paper on 
** Acetylene Gas and Its Probable Future Afloat.” 
Former papers of his before the same Institution dealt 
with ‘‘The Formation of Marine Boiler Incrustations,” 
‘* The Corrosion and Fouling of Steel and Iron Ships,” 
‘* The Spontaneous Ignition of Coal Cargoes,” ‘‘ Boiler 
Deposits,” &c. 

Professor Lewes was a most entertaining lecturer. 
Our readers will recall to mind the series of three 
lectures which he delivered last eummer before the 
Royal Society of Arts, dealing with modern muni- 
tions of war, mines, shells and high explosives, 
poison gases and incendiary bombs, which we re- 

rted in three of our former issues (see pages 45, 
65, and 89 ante). He had gone to Wales to lecture 
on these same subjects under the auspices of the 
Gilchrist Educational Trust, when he was taken 
suddenly ill. He was conveyed to the residence of 
Mr. William Buckley, chairman of the North Wales 
Munitions Board, where, in spite of every attention, he 
died on the 23rd inst., as above stated. 








SHELLS ; MORE SHELLS. 
To THe Epitor oF ENGINEERING. 

Si1r,—In the American Machinist of the 23rd inst. there 
is a page illustration showing the actual making of cast- 
iron shell casings in a Germin plant all of which is 
well worth the study of our Government shell experts in 
this country. Several reasons have been given why the 
British Government have not followed first the Germans 
and latterly the French in the use of cast-iron shell casings 
for high-explosive work at Front. 

First it was denied that the Germans did use cast- 
iron shells; but when it was found to be an open secret 
that not only pieces of spent cast-iron German shells had 
found their way to private individuals in this country, 
but that there were many fragments of the same lying 
at Woolwich Arsenal broughs straight from the hattle 
line, this attitude had to be givenup. Then came the 


. | official excuse that the great objection to using cast iron 





for the parpase nemed was its tendency to break up into 
powder by concussion at the moment of explosion, which 
was again nullified by the existence of pieces now at Wool- 
wich. Even granting, however, for the sake of argument, 
that this latest excuse be correct, the question arises, Is the 
eo tendency of the cast iron to break up into powder 
ab moment of explosion—that is, at the objective 
end—a weakness or a 8 ? 

One of the highest authorities in metallurgy writes me 
as follows:—“I have never heard that cast-iron shells, 
when burst by high explosive, broke into dust. To tell 
the truth, I absolutely refuse to believe it. In my 
opinion, & given amount of T.N.T. will be more effective 
in ¢ ying parapets, &c., if it is carried in a case 
which has relatively low tenacity, for it is obvious that 
more Ree 22 is absorbed and lost when exploding a high- 
ye } ell than — low tenacity, and for the pur- 
pose estroying fortifications per unit of T.N.T., cast- 
iron shells should be more effective than shells of high- 
tenacity steel.” It will require more than a mered ic 
assertion to upset this dictum of one of the greatest living 
authorities on the subject. 

There is no reason, however, why cast iron in the form 
of shell-casings should not be reinforced if to 
withstand almost any strain ; it was my privilege latel 
to see a drawing of an inventor’s conception of a shell- 
casing formed of cast iron having embedded or cast 
inside the walls a flat steel spiral spring which would 
undoubtedly give the iron possibly more than the pro- 
portionate strength of thinner steel walls, and which 
suggestion, in my opinion, is eminently practicable. 

The whole point in the discussion which I originally 
raised in the columns of ENGINEERING was that Mr. 
Lloyd George, having stumped the country calling upon 
every engineer to come to the assistance of the Govern- 
ment in the manufacture of millions of shells for the 
purpose of the demolition of the enemy, and stating 
that this was an engineers’ war, and could be won 
for the Allies, provided only that every engi in 
the country did his part and enlisted every lathe and 
recruited every machine he had to help in the 
work, &c., no opportunity had as yet been afforded the 
said engineer to be allowed todo anything of the sort. I 
poin out, and have continued to do so, that there 
were only a comparatively small number of firms in the 
whole country which could from first to last make forged- 
steel shells, but that there were hundreds and thousands 
of engineering concerns which could make cast iron 
shells—what the Germans were using to fill up the gap; 
and that what was [ony enough for the Germans to 
enable them to demolish our forces and trenches, &c., 
was, or ought to be, good enough for the Allies to do the 
same ae the Germans. 

Up to date, however, unfortunately cast-iron shell- 
casings have been in this country by the Govern- 
ment experts, although some of our largest engineering 
firms in this country are already making cast-iron shells 
by the thousand for the French Government, which has 
at long last taken a leaf out of the Gernians’ book, but 
these samc British ineering firms are not asked or 
even allowed to help the British Government in the same 
way, and this is where the sting of the whole thing comes 
in, and shows how predominantly the flag of red tape 
still flies. Doubtless the Allies have now plenty of 
shells, but then, at the present rate of progress, plent 
is scarcely enough ; and how much more could be had, 
and that too at avery much cheaper rate, by the addition 
of cast-iron shells, specially adapted for high-explosive 
work, by the practical commandeering of all the engi- 
neering and foundry establishments in Great Britain in 
the making of such shells, and in the service of the British 
Government ? 

The publication of the German cast-iron shell-making 
plant, as shown in the said American journal, at the 
sent juncture may do good in more ways than one; it 
at least been the cause of my once more penning this letter 
to you on this very important subject in the highest 
interests of the country. 

Yours truly, 
James Kern, 
Assoc. M. Inst. C.E., M.I. Mech. E. 

Dunottar, Brondesbury, London, October 27, 1915. 





HISTORICAL STEAM-ENGINES. 
To Tae Epitor oF ENGINEERING. 

Siz,—Mr. Savery claims for his ancestor the invention 
of the Newcomen engine, but upon what grounds he 
does not say. Savery, in his pump, appears to be the 
ey J. make use ticably of the — of steam 
or the purpose of raising water. In this his apparatus 
differed from that of Worcester, who distinotly stated 
that he used steam pressure only. Savery’s apparatus 
had no moving parts but cocks and valves. 

Newcomen invented and put to work the first working 
steam-engine. Many of the parts and movements he 
ee working in engines to-day. He did this 
with little or nothing more to guide him than the village 
pump. Directly his engine began to be used Savery’s 
pump disappeared. 

The object of Newcomen’s connection with Savery is 
obvious. Patents in those days were held to cover a deal 
of = which = = = eate o— Inter- 
pre on these lines, the designer o 
could claim to be the inventor of the Corliss valve-gear. 

I am open to conviction in favour of Thomas Savery— 
or Humphry Potter—on evidence. If Mr. Savery can pro- 
duce this evidence he will throw a light hitherto unavail- 
able upon one chapter of a most f ing history. 

Yours faithfully, 
. Agrnur Trrey. 

Curzon Chambers, Paradise-Street, Birmingham, 

October 27, 1915. 
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PROGRESS IN SHIPBUILDING AND 
ENGINEERING. 


THe annual re of Lloyd’s Register of Shippi 
usually affords indication of progress in shipbuilding 
marine engineering, not so much, perhaps, regarding new 
developments, but rather as to the extent to which such 
developments are applied. This year’s report is no excep- 
tion, and we note, in reference to geared turbines, that this 
system continues to make progress, six of the largest ships 
registered by Lloyd’s having been fitted with Parsons 
geared turbines. Three of these have been illustrated in 
Enoetneerinc—the Anchor liner Transylvania and the 
South American steamers Ciudad de Buenos Aires and 
Ciadad de Monte Video. The others were two Japanese 
liners and a steamer for the Brocklebank Line. It is 
noted that two vessels have been built in the United 
States in which Curtis steam-turbines are to be installed, 
and the feature seems here to be the very considerable 
reduction in speed ratio of 40:1. In referring to this 
system Lloyd’s report states :— 

“In these engines, the admission of the high-pressure 
steam does not take place around the whole of the cir- 
cumference, as it does in the ordinary type, and the area 
of the opening can be varied between certain limits to 
regulate the steam supply. There is, moreover, another 
special feature in which these turbines differ from the 
older form. In order to obtain reasonable efficiency in a 
steam-turbine, the peripheral velocity of the blades must 
bear a certain proportion to the velocity of the steam 
past them. This velocity is determined by the difference 
of pressure on the two sides of the various rowsof blades. 
The fall of pressure at each row of blades where many 
rows are arranged is less than where fewer rows are 
= Consequently the velocity of the steam is also 
less where many rows of blades are used, and thus lower 
speeds of ine are admissible. In the Curtis turbine 
few rows of blades are used. The drop of pressure past 
each row is large, and consequently the velocity of the 
steam past the blades is _ This necessitates a very 
high speed of rotation. In the engines referred to the 
turbine speed at full power will upwards of 3500 
revolutions per minute. This high speed will be re- 
duced to a speed of screw-shaft of about 90 revolutions 
per minute by means of a double set of gearing. The 
turbine - shaft is coupled to a pinion with helical 
teeth, which gears into two wheels each on separate 
shafts, which thus are rotated at about 700 revolutions 
per minute, each of theee shafts transmitting one-half of 
the power. Pinions on these shafts gear into a double 
steel wheel on the main shaft. The arrangement pro- 
vides for a certain amount of flexibility and elasticity, by 
means of spherical-seated bearings for the gear-shafts. 
The extremely high speed of rotation of the turbine, and 
the small number of rows of blades, permit of this part 
of the machinery being much lighter than the corre- 
sponding parts in an ordinary steam-turbine of the same 

wer.” 

Considerable attention is devoted to the subject of 
internal-combustion engines for ship propulsion. It is 
pointed out that during the year ended June last several 
additional vessels with such engines have been classified 
with Lloyd’s, bringing the total on the register up to 38, 
of which the Kast Asiatic Company of Copenhagen own 
10, the Netherland-India yy 8, and the Rederi 
Compeny of Norway 6. Of the 38, Burmeister and Wain 
have built and engined 13, and the Werkspoor, of Amster- 
dam, 11. Several small vessels fitted with oil-engines 
other than those of the Diesel type have been constructed 
during the year, and there are now registered 40 such 
vessels. As was the case with the Diesel engine, experience 
with such small engines has led the way to higher powers, 
some of these smaller engines having 320 e horse- 
power per shaft. Reference is made to the experimental 
engine built by Messrs. Doxford, of Sunderland, at the 
trials of which the Society’s surveyors checked the data, 
but no mention is made of developments since the trials 
took place. A well-deserved compliment is paid by the 
Committee to the services which have been rendered in 
connection with the development of the Diesel engine by 
Mr. James T. Milton, the Society’s Chief Engineer Sur- 
veyor. 

Re ing. ship development, it is pointed out that 26 
vessels, of 171,681 tons, built on the Isherwood system 
of longitudinal framing, were classified by the society 
during the year, bringing the total up to over 300 vessels, 
of 1,675,000 tons. The vessels tocarry petroleum in bulk 
classified during the zoe number 22, of 120,324 tons, 
making the total on the register 290, of 1,300,000 tons 
gross register. The war demands have proved that the 
number afloat is quite inadequate to the requirements, 
and thus many ordinary cargo vessels have been and are 
being converted into tank steamers or have been fitted 
with circular tanks in their holds for the accommodation 
of liquid fuel. The number of vessels with refrigerating 
machinery is now 170, and a large number have been com- 
pleted during the year ; but, again, owing to the war, there 
is an insufficiency of tonnage available. In the Society’s 
register-book there are now 2939' vessels fitted with wire- 
less telegraphic installations and 947 fitted with sub- 
marine si ling a tus. 

Regarding shipbuilding operations, the conditions have 
been abnormal. The new vessels classified during the 
year only add 1,295,623 tons, as compared with over 
2,020,000 tons in the previous year avd 1,664,667 tons in 
1912-13. In belligerent countries ponerally there has been 
a decrease, notably in the case of the United Kingdom ; 
but, on the other hand, there has been a greatly in- 
creased activity in shipbuilding in the United States 
of America, in Japan, in the inavian countries, 
in Holland. The increase is most marked in America, 
where there is at present under construction and on 
order, for classification with Ll»yd’s Register, the largest 





amount of tonnage u record for that country. It thus 
occurs that the actual volume of which is in hand 
throughout the world is not materially different from what 
it was twelve months ago ; but it is differently distributed 
amongst the several shipbuilding countries. During the 
Se ae t, plans were passed by the 

mmittee of 733 vessels, representing 1,715,500 tons of 
shipping to be built under the inspection of the Society’s 
surveyors with a view to classification in Lloyd’s Register 
of Shipping, as compared with plans of 749 vessels, of 
1,650,000 tons, for the previous twelve months. Of the571 
vessels, of 1.295,623 tons, actually completed and classed 
in Lloyd’s Register during the year ended June last, 
864,247 tons, or about 67 per cent., were built for the 
British Empire, and 431,376 tons, or about 33 per cent., 
for other countries. This brings the total tonnage 


registerad by Lloyd’s to 24,174,877 tons. the measure- 
ment of 10, vessels. Of this total, 13} million tons 
are British-owned and 10.87 million tons foreign-owned. 


In addition to the large number of ocean-going vessels 
dealt with during the year, plans have been approved for 
vessels of many other types, including freight steamers 
for the Great Lakes of America, and a variety of vessels 
for channel and river a. = exceptional er nape 
upon existing tonnage, and the delay in the production o 
new ships, in spite of the large number of orders placed 
in neutral countries, have resulted in the submission to 


the Society of 3als for the employment in oversea 
service of vessels built for, and hitherto engaged in, less 
trying trade. In several instances these proposals have 


approved subject to conditions necessary for safety. 
It may be mentioned that the demand for new tonnage 
for carrying purposes has led to the entry into this 
class of shipbuilding of some establishments in other 
countries which have not hitherto undertaken the con- 
struction of vessels of this character. 





THE GERMAN IRON INDUSTRY. 
OwING to recent regulations in the prices of some of 
the combines within the German iron industry, iron 
quotations have undergone some change, and further 
rises are expected to be fixed at the various meetings to 
be held in the course of November. 

Ore.—Of iron ores, Siegerland Rohspat stands at 15.60 
marks; roasted, 24.50 marks; Nassau red iron ore, 20.21 
marks ; brown, 16 to 17 marks; Minette, 3.30 to 3.50 marks, 
per ton. 

Pig-Iron.—German foundry 
94 marks, and No. 3 at 89 mar 

gz, 74.70 marks; hematite, 115 marks; steel 


No. 1 is quoted at 
; Luxemburg foundry 
iron 


fRhenish. Westphalian or Siegerland brands), 88.50 marks | Lond 


—all per ton in the selling district. The sales of quality 
iron on the part of the union are for the current month, 
for the other sorts to the end of the year. 

Haltf.Finished Goods.—Billets, 102.50 marks; bundles 
(Kniippel), 115 marks; platines, 177.50 marks—all in 
Thomas steel ; for Siemens-Martin quality additional 15 
to 20 marks are demanded. 

Section Iron.—The Steel Union sells this for the last 

uarter at the unaltered price of 130 marks, free at 

iedenhafen. 

Bar Iron.—Ordinary Thomas iron stands at 140 marks 

ton, net cash, free at Oberhausen or Neukirchen- 

r. Quality iron is sold at 150 to 155 marks, on the same 
conditions ; screw iron, 175 marks ; rivetiron, 195 marks; 
weldable steel, ordinary commercial quality, 163 marks ; 
of special quality, up to 225 marks per ton, for delivery 
to the end of the year. 

Plates.—Heavy plate in ordinary Thomas material, 
155 marks; construction plate, 157.50 marks; boiler-plates, 
165 marks, with 14 per cent. discount, free at Siegen, 
Esen, or Dillingen. For want of agreements there is 
no minimum price for thin plates, but sales are effected 
at 185 to 190 marks at the works, partly for delivery in the 
first quarter of 1916; special brands fetch somewhat 
higher prices. 

Wire.—Rolled wire is 140 marks per ton, net cash, free 
at the place of consumption, within a moderate area; 
bright commercial wire, 180 marks ; wire for nails, 177.50 
marks ; wire nails, 190 marks ; screw and rivet wire, 207.50 
marks; galvanised wire, 225 marks per ton, free at 
Hamn, in Westphalia. 

Tubes.—Tubes }-in. to g-in., 66 per cent.; 4-in., 69 per 
cent.; l-in. to 2-in., 71 per cent.; 2}-in. to 4-in., 74 per 
cent.; seamless: }-in. to §in.,47 per cent.; }-in., 54 per 
cent.; g-in., 59 per cent.; 1-in., 68 per cent.; 1}-in. to 
2-in., 694 per cent.; 2}-in. to 4-in., 72 per cent. discount 
on the list prices, and this refers to gas-pipes. 

Hoop Iron. —Rhenish-Westpbalian material for delivery 
up to December 31 of current year, 170 marks per ton, 
free at Oberhausen, Rhineland. 

In the a ge iron industry endeavours 
are being continued for a closer combine as regards 
several finished products on account of the low offers 
which have been coming forward, especially from second- 
hand sellers, and which, on account of the deterrent effect 
they had upon the buyers, threatened to demoralise not 
only the bar-iron market, but also the other ‘‘ B” products. 
In order to meet this movement in a more effective 
manner, the Bar-Iron Convention has been on a 
firmer basis; not that the matter has been definitely 
settled, but unless something unforeseen happens the 
agreement will, no doubt, be signed at the November 
meeting, and the principle of minimum prices maintained. 
Without actually binding agreements these arrangements 
have proved worthless, as shown by recent and previous 
experience. It is under consideration to levy a fine of 
100 marks per ton for each case where offers are made 
below the minimum price of the Convention, and the 
agreement is likely to be applied to ordinary com- 
mercial products. In quality goods the works are not 
to be interfered with, either as regards quantity or 





price. As to the solution of the problem of a bar-iron 
union, a definite arrangement may yet be some way off, 
and present agreements may only be looked upon 
as a provisional arrangement for the duration of the 
war, which is made sufficiently manifest by the “ 
ment only being in force until March 31, 1916. ese 
efforts are said already to show their effect upon their 
market, inasmuch as buyers are more eager to come for- 
ward and close for larger lines at present prices. Other- 
wise the market does not vary much from that of the 
previous months, and most works are still well supplied 
with orders for the first two or three months, army con- 
tracts for u » delivery paging o pane part. 

Owing to the activity at the 0-furnaces there is a 
very active demand for iron ore, special attention being 
paid to inland ores on account of the difficulties attached 
to the obtainment of foreign ore. Scrap iron shows a 
drooping tendency, and prices have receded some 2 to 
3 marks per ton, following upon a somewhat senseless 
booming of scrap iron, for certain kinds of which as 
much as 80 marks were asked in the spring, a price 
which approached the pig-iron price at the time. The 
output of the pig-iron industry stands at about 60 per 
cent. of the normal quantity. As regards half-finished 
products, the last monthly report of the Steel Union 
shows a slight increase as compared with the preceding 
month. The demand for railway material continues brisk, 
and additional orders from the Prussian-Hessian State 
Railways are looked for. Some good foreign orders for 
heavy rails have been booked recently. 





RADIOGRAPHY OF MetTats.—Experime nts made at the 
laboratories of the General Electric Company of Schenec- 
tady show that it is possible to detect blow-holes in steel 
castings ;"; in thick, by means of radiographs taken with 
a Coolidge tube. The exposure required decreases as the 
voltage is increased. Experimenting with air wedges 
between two plates, it was found that an air inclusion of a 
thickness of 0.021 in. should be detectable in 1} in. of steel. 
The radiographs also afford a good way of judging the 
soundness of welds. The General Electric Review of 
August, 1915, describes the technics of the radiographic 
tests ; the method is in itself not new, of course. 





Roya Eneinger Commissions.—The University of 
London Officers’ Training Corps, under the command 
of Lieut.-Colonel Capper, commences its eighth year of 
training this month. Thecontingent consists of artillery, 
engineer, infantry, and medical units. The training is 
mainly of a continuous character, carried out in or near 
The number of commissions obtained up to 
August, 1915, is just short of 2000. The engineer unit 
of the above contingent should appeal strongly to engi- 
neers who are desirous of obtaining commissions in the 
Royal Engineers. Arrangements are made whereby 
training can carried on continuously, or for part time 
only for those men who cannot leave their civil posts 
until actually gazetted. Candidates for enrolment in the 
engineer unit should apply personally to the Officer 
Commanding Engineer Unit at the University of London, 
South Kensington, on Tuesday or Thursday, between 
5.30 and 7.30. p.m. 


naon. 





Russian MeratturcicaL InpusTRY AND FOREIGN 
CariTat.—An official Russian statement maintains that 
the reported complete dependence of the heavy Russian 
industries on foreign capital is entirely incorrect. It is 
admitted that the foundation and development of the 
more important metallurgical undertakings in the south 
of Russia, and partly also the metal industry of the 
Ural district, may be traced to the financial initiative of 
foreign capitalists; but the foreign influence on the 
industries in question has at present almost entirely 
disa, ‘The Russian commercial banks have made 
it their business to obtain a decisive influence in the 
metallurgical works. The Russian banks are now large 
shareholders in the. concerns in question, and they have 
brought about a return to Russia, a a foreign 
speculation into a Russian investment. Of all the most 
important Russian metallurgical undertakings, 27 com- 
panies, with a share capital of 281,760,000 roubles, are 
controlled by the Petrograd commercial banks. It is 
therefore out of the question that what little foreign capital 
that may remain invested in such concerns can exercise 
any influence whatever upon their working. 





Tue tate Prorgssor Tuomas B. Stittman.—We 
regret to record the death of Thomas Bliss Stillman, late 
Professor of Engineering Chemistry at the Stevens 
Institute of Technology, New York. and best known, 
perhaps, as author of his excellent “‘ Engineering Chemis- 
try: a Manual of Quantitative Chemical Analysis for 
Students, Chemists, and Engineers,” the first edition of 
which appeared in 1897, and was welcomed as a real assist- 
ance by engineers and chemists. He was born at Plainfield, 
New Jersey, in 1852, and was educated at the school and 
the colleges of his native town and State. Appointed 
assistant to Professor A. R. Leeds, of the Stevens Insti- 
tute, in 1874, he graduated as Master of Science, and 
studied later for some time under Remigius Fresenius, 
the great analytical chemist, of Wiesbaden. In,1902 he 
succeeded Leeds as professor of engineering chemistry, 
having since 1882 been professor of analytical chemistry 
atthe Stevens Institute. Retiring in 1911, he. worked as 
chemical expert in New York City, and was later ap- 
pointed city chemist of Jersey City and Bayonne. This 
office he held when he died. He was a very active and 
most kindly and popular man, but though a member of the 
chief chemical and technical societies of America and 
Europe, he was rarely seen at meetings, and was hence 
not widely known. 
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|The material used in the following experiments con- 

THE INFLUENCE OF OXYGEN ON SOME | tained 0.24 per cent. of oxygen, and no analysis of alloys 
PROPERTIES OF PURE IRON.* | Prepared by this method showed & grea eater qoatent oa 

| oxygen than 0.288 per cent. e melting-point of the 

By Wxsuey Austin, M.Sc. (Wednesbury). ; | alloy was compared with that of electrolytic iron, and 

Tue present research was undertaken to ascertain, | with the apparatus available no difference could be 
quantitatively if possible, the effect of oxygen on some | detected. Alternate melts of electrolytic iron and the 
of the properties of pure iron. Highly oxygenated alloys | alloy were made in a carbon tube furnace, in an atmo- 


ere prepared by melting iron and iron oxide in a small | sphere of nitrogen, and the melting-point determined by 
Girod fernace, the movable electrode being a bundle of | a thermo-couple and millivoltmeter. Some seventy 
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iron and mild steel for purposes of com 
be noted that the pearlite point is entire 
Typical photomicrogra Nos. I. and II., are given. 
The oxide inclusions can be reduced in a stream of hydro- 
gen at 700 deg. Cent.; by marking cross-lines with a fine 
needle a given area can be photographed before and after 
treatment, Nos. V. and VI. The oxide disappears, and the 
hydrogen strongly etches the ferrite. A segregated inclu- 
sion is also si.own in which two constituents are clear] 
visible, the whole having a eutectié appearance, Nos. ITT. 


Fig.1. OIFFERENTIAL COOLING CURVES. 














Ni ce 
[ 








(4535.A) 


Fig.2. 


CHARPY APPARATUS. 


IMPACT TESTS AT DIFFERENT TEMPERATURES, 









No. I. Maeniriep 200 Diameters. EtcHep No. If. Maaewyirtep 200 Diameters. Ercuep 
in Picric Acip. In Picric Acrp. 
TypicaL PHOTOMICROGRAPHS. 
0 wt 
(4535.B.) Temperature: Degrees Cent. ? 
y, 
¥ tie 
\# bi 
NS its ® tench She 
Sd cys see (ay 
a 
No. Ifl. Maonrrrep 200 Diameters. No. IV. Macontirrep 400 Diameters. 


PHOTOMICROGRAPHS SHOWING LARGE INCLUSIONS. 


No. V. Maenirieo 200 Diameters. No. VI. Maenresep 200 Diameters. 
PauToMICROGRAPHS SHOWING THE Same AREA Berore awp Arrer Heatina 1In Hyprooen 
at 700 Dea. Cent. 





No. VII. 


MICROGRAPH SHOWING EpGE OF QUENCHED 
GLosuLe, Marrensite, IncLusions, Ferrite. 


Macentriep 500 Diameters. PxHoro- 











the iron rods to be melted ; the furnace was lined with | determinations were made. and IV. The appearance of a quenched globule, Nos. VII 
magnesite. The iron was thus oxidised by the air whilst Examples of Estimations. and VIIL., is also shown, martensite being plainly visible 
natee, <_< Se of ferric oxide, magnesia, and Material. , Oxygen. on Se aga exterior, and, strangely enough, ferrite in 
ime were made from time to time. The melt was quite Per Cent. juxtaposition. ; : 
fluid, and weighed 1 i ’ f 0.0876 Experiments were made to determine the relative 
— when oot Sekai teinick caisuion, ond as = a aoe speeds of —_—_- of the a ——, by an 
alves forged into i i ; ss media: oxygen alloy, wrought iron, pure mild 8' : 
into flat to 10 Hag tp =. pdb eyo Oxygen, alloy I. .. oan | red-short mild steel in air, sea-water, and dilute acid, as 
metal could be forged and rolled at high temperatares. 0.2506 shown ee It may yp Poe cig ade my A — 
© alloys we nal i i tream 0.288 very good results in air. — mpts were made eber- 
purified Spang ond pn FO poe CMT rh Oxygen, alloy II. (oz mine the electrical potential between the alloy and ferrous 
reduction was carried out at 1080 deg. Cent. ‘a iiinih sit soil pee 25 a — eae ay mo er 4 , Zl en 
———_-- —$_____— series of cooling-curves were taken in vacuo 6 | results. was foun I TOASeS 
.” Paper read before the Iron and Steel Institute on | Roberts-Austen differential method. They are shown | hardness increases with increasing oxygen. 
September 24, : pee in Fig. 1, together with curves taken from electrolytic! Determinations of the resistance to shock, as measured 
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by t'1e Charpy pendulum impact-tester, were carried out 
at temperatures up to 950 deg. Cent. test-bars were 
of standard dimensions, and in all 200 tests were made on 
the three materi he results are shown in Fig. 2. 
All the materials show both the “‘ blue-brittleness ” and 
the succeeding recovery. Ib will be noted that the alloy 
shows blue-brittleness at a comparatively high tem 

tare, say 700 deg. t.; it was also found difficult to 
roll the material in the neighbourhood of 900 deg. Cent. ; 
hence forging and rolling were carried out either above 
#00 deg. or between 750 deg. and 850 deg. Cent., and 
better results were abttai: by rolling above 900 deg. 


Cent. 
Relative Speeds of Corrosion. 
(t) Alr . as ee tests . (14 days. 
(2) Sea-water es six each; { ; : 


re “a \ 2 hours. 
(8) Dilute acid (3 per cent. HOI) f 4F8tion .- | 19 hours. 





Reagent. 


Material. | a ae 

Air. | Sea Water. Dilute Acid. 
Oxygen alloy 100.0 100.0 100.9 
Wrought iron 100.7 91.9 1127 0 
Mild steel ‘ 106.1 94.8 64.1 
Red-short steel + 184.7 92.8 479.7 





No. VIII. PHoromroroGrRaPH sHOWING EDGE oF 
Quencaep GLosuLe, Martensite, INCLUSIONS, 
Ferrite. 


In conclusion, it may be noted that alloys of iron and 


oxygen have been prepared, cast, forged, and rolled. The | h 


latter manipulations can carried out on ox ted 
material ahove 950 deg. and betiveen 750 deg. and’ 850 deg. 
Cent. Difficulty in working the material was experienced 
in the ne‘ghbour! of 900 deg. Cent. The author 
is unable to say whether this is due to the fact that in 
carbonless alloys the transition would occur during 
a very small range of temperature and simultaneously 
throughout the mass, the material thereby losing inter- 
“The -~ a pared resisted ph 
loys pre resisted atmospheric corrosion very 
well indeed ; but mild steel gave better results in dilute 
acids and ses-water, and wrought iron better results in 
sea-water. The oxide had no ——— influence on 
the —~- although the deg. Cent. point is 
lowered. ‘The photomicrographs ovens the conclusion 
that the oxide is present in mechanical admixture. It is 





conceivable that the oxide is soluble in molten iron, but is 
rejected on solidification. 

author believes that the resistance to a heric 
corrosion, and the possibility of working the alloy at 
definite temperatures, will have technical and commercial 
applications. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Fumher information on these jects 
can be obtained from the Commercial Intelli ranch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

Australia: The Imperial Trade Correspondent at 
Brisbane reports, under date July 22, that several pro- 
jects are engaging the attention of the Government of 
Qu , among which may be mentioned the erection 
of abattoirs, the extension of a number of “<4 ~~ 
the development of coal-mines and oil-wells. The State 
ownership of hospitals is also contemplated, and a Com- 
inission has been established to deal with the long out- 
standing question of the Mackay Harbour improvements. 

New Zealand: H.M. Trade Commissioner for New 
Zealand has forwarded extracts from the local Press, 
according to which the Napier Bo: h Council proposes 
to carry out the following works:—The ins tion of 
two ry yO gas-engines of the pressure-producer 
type at the Napier power-house. The construction of 
tramway-track and overhead works for electric tram- 
ways, extension of car-shed, e of five cars, and 
installation of one engine with equipment at power- 


house. For the carrying out of these works it is proposed | 4, 


oa a ~¥ of 37,5000. . The extensi = = the ~ 7 
ighting and power supply, provision of lamps, an e 
ieeetion of and additon to plant at the power-house, 
including an engine, with equipment, and building of 
same. @ cost of these items is estimated at 18,000/. 
The purchase of two motor fire-engines, with equipment 
and building for same, the estimated cost ig at 
4000/. A further extract from the local Press, forwarded 
by H.M. Trade missioner, states that the Napier 
Harbour Board contemplates the purchase of a suction- 
dredger to deepen the basin and reclaim certain areas of 


the port. ; 

Greece: H.M. Consul at Pireus reports that tenders 
are invited by the Greek Ministries of Interior, of 
Finances of Communications, for the construction, 
maintenance and working of the undertakings necessary 
for (1) the supply of water to Athens, Pirzus, and their 
suburbs, by using the springs at Stymphalia or Melas ; 
and (2) for the laying of a distributing system in Athens, 
Pirzeus and Neon Phalerum for water supply and sanita- 
tion. The estimated value of the contract is 56,000,000 
drachmae (about 2,240,000/.). The specifications, plans, 

» may be consulted at the Bureaux du Service Spécial 
pour l’Alimentation d’Eau et des uts, Athens, where 
also copies may be made, at the tenderer’s ex Seal 
venders will be received at the Ministry of Communica- 
tions, Athens, up to 11 a.m. on December 17/30. A 
certificate of the deposit of 500,000 drachmae (about 
20,0001.) with the Greek Treasury or the Greek National 

is required to qualify any tender. A copy of the 
Greek Government Gazette of September 11/24, con- 
taining the conditions of tender (in French), ma: 
consulted by United Kingdom contractors at the Com- 
mercial Intelligence Branch. With reference to the 
construction of the railway linking up the Pirzus-A thens- 
Larissa line with the Oriental Railway, H.M. Consul at 
Pireus has fo ied a copy of the Greek Government 
Gazette (No. 316) of September 14/27, containing the 
text of an agreement (in French) made between the 
Greek Governmentand the United States Steel Products 
Company, of New Jersey, U.S.A., concerning the supply 
of material for the above-mentioned railway, which is 
being constructed from ag to Topsin. This 
material includes rails, fish-plates, fish-bolts and washers 
for same, metal-sleepers and irs, bolts and washers 
for same. United Kingdom manufacturers of railway 
material may consult the above-mentioned Gazette at the 

m: ial Intelligence Branch. 





CoMPANIES ON THE British Recister, Coina.—We 
read in the London and China Telegraph, which repro- 
duces the paragraph from the North China Herald, that 
the registration of companies under the Hongkong ordi- 
nances has been a great convenience to firms in China, 
and from time to time the Colonial Government has been 
much exercised in the matter on account of the inter- 
national character of the constituents of some of the con- 
cerns. The war has brought out another knotty problem 
that calls for immediate legislation. The firm of Andrews, 
von Fischerz and George, Limited, —-. we believe, 
mainly carried on in the interests of German share- 
olders, registered under the Hongkong Ordinances in 
order to secure the advantages of British law. Subse- 
quent to the outbreak of war, the firm was fined for 
trading with the enemy. Now extraordinary general 
meetings of the company have passed resolutions to wind 
up hee see Ts an American liquidator, and 
authorising the liquidator to consent to the registration 
of a new company, under the same name, under the 
General Corporation Law of the State of Maine. This 
means that German shareholders will now be able to draw 
dividends, and, if the company so chooses, it may trade 
with the enemy. The British Government, apparently, 
is powerless to interfere, but it is quite possible for the 


Hongkong Government to pass an Emergency Ordinance 
refusing to permit the liquidation of companies in such 
circumstances, for this means nothing less than driving a 


coach and four through the King’s Regulations. 


ed | and from the fact 


CATALOGUES. 


Half-Watt Lamps.—Particulars of some new of 
half-watt lamps are given in a ary oon recently issued 
by the Edison and Swan United Electric Light Com- 

ny, Limited, of Ponder’s End, Middlesex. The new 
amps include a 60-watt lamp for 100 to 130-volt circuits, 
and 100-watt and 200-watt lamps for 200 to 255-volt 
circuits. For the latter voltage the lamps are now made 
in seven sizes, taking from 100 to 1500 watts, and giving 
about 200 to 3000 candle-power. Prices are stated for 
lamps of all sizes and voltages. 


Electrical Mine-Winding Plant.—Messrs. Robey and 
Co., Limited, of Globe Works, Lincoln, have sent us a 
catalogue illustrating some typical examples of electrical 
mine-winding plant they have supplied for use in this 
country or abroad. The examples include cylindrical- 
drum and conical-drum winders, either direct coupled or 
geared to electric motors operated by direct or three- 
phase currents; some main and tail haulage gears are 
also illustrated. Messrs. Robey only make the mecha- 
nical part of these gears, but they can supply complete 
installations or work in conjunction with any firm of 
electrical engineers. 


Locomotives for Plantations.—Record No. 80, from the 
Baldwin Locomotive Works, of Philadelphia, Pa., 
U.S.A., is devoted to locomotives for use on sugar 
plantations. Mechanical haulage, it is pointed out, is 
ame indispensable on large plantations, and steam 
ocomotives are usually found to be most serviceable for 
the pu Photographs of twenty-nine different de- 
signs of locomotives fof plantation work are reproduced, 
and general dimensions, hauling capacities, and other 
ta are given of each. The engines selected vary in 
type and capacity from light four-coupled engines for 
switching work and short hauls, to large engines of the 
“Consolidation ” (2-8-0) type, which are suitable for road 
service, and are frequently used where there is a haul of 
some length from the fields to the mill. All the engines 
illustrated are built to gauge and templet, so that repair 
= can be supplied at any time and fitted with very 
ittle trouble. 


Electro-Galvanising. — We have received from Mr. 
Sherard i ee ~ of land 2, Old roca, West- 
minster, S.W., a circular relating to his well-known 
electro-galvanising process, and pointing out its advan- 

es over the ordinary hot process. Among these 

vantages it is mentioned that the we gree 18 quite 
uniform, and can be made of any desired thickness, 20 
that the threads of bolts and nuts are not filled up. 
Other important points are that the tensile strength of 
steel and the temper of springs are unaffected, the zinc 
used is in the form of dust or scrap, there is no waste of 
zinc, and the cost of installing and working the electro- 
_— system is less than that of the hot process. Perhaps 
the most important claim is that better protection results 
from the purity and even distribution of the zinc coating, 
that the zinc and iron form an alloy on 
the surface of the latter metal. The circular illustrates 
the general arrangement of a small plant, and also shows 
some articles treated by the process; among them is a 
roller-chain of a size suitable for a bicycle. 


Motor-Lorries.—A catalogue of motor-lorries, built by 
the Locomobile Company of America, whose main 


be | address is Bridgeport, Conn., U.S.A., has reached us 


from that firm. e catalogue, which is a most attractive 
production, deals with the firm’s 3-ton and 4-ton chassis, 
giving a full, detailed description, with specifications 
and dimensioned a of each. Both chassis are 
fitted with a four-cylinder petrol - engine, of the 
long-stroke type, capable of developing a maximum 


of 42 brake horse-power. The rear axle is driven by 
worm-gearing, in which the worm is placed above the 
worm-wheel. Drawings, showing the chassis fitted with 


many different types of bodies, are reproduced in the 
catalogue, and a number of half-tone a. show- 
ing the class of work performed by the lorries, are also 
included. Some of these illustrations show the lorries 
fitted with dumping bodies, and others show them 
arranged for street-flushing, making dustless roads, and 
other municipal work, as well as for ordinary commercial 
transport purposes. 

Steam, Air, and Water-Flow Meters.—A descriptive 
pamphlet relating to their meters for measuring the flow 
of steam, air, water, and other fluids in pipes has been 
published by the British Thomson-Houston Company, 
Limited, of Rugby. Except in the case of small pipes, 
the meters ue a Pitot tube, which is screwed into 
the pipe and connec to a special form of mercury 
U-tube, the variations in level of the mercury being made 
to control the movements of a pointer. With small pipes 
the Venturi principle is used, the U-tube being con- 
nected to the inlet and throat of a Venturi tube instead 
of a Pitot tube. The instruments are constructed for 
indicating or recording, the readings being given on 4 
circular dial or a dise-shaped chart. They are also fitted 
with an integrating attachment, which is really a special 
form of planimeter connected to the pointer, the readings 
in thiscase being given on a series of small dials similar to 
those on a meter. A portable indicator, which can 
be adapted by the operator to measure the flow of steam, 
water, or air in pipes of any diameter and under any 
condition of ure or temperature within its range, is 
also dealt with. The different types of instruments are 
all illustrated and described in the pamphlet, and a 
planimeter specially designed for in ting the charts 
from recording meters so as to obtain the total flow over 
a given period is also dealt with. The pamphlet is a 
very interesting — which may be studied with 
advantage by works managers and power-station 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


‘ED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

; ies given in the Specifieation Drawings is stated 

Meee’ Taalaen b coded Oe agen aad 


illustrated. 
Where inventions are communicated from abroad, the Names, éc., 
of Oo Peneueativne are given in italics. a a 
Copies of Specificati dtained tent Office, Sal 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
per ap 6d. 
The date of ena ff Ge oxutine ¢ © Cae 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Aw genau ent, G8 Ges Sts SAE Sexo enone ee So dete of 
yyy + | of a Complete 
ive notice at the Patent Office of to the grant of a 
atent on any of the ment in the Act. 


ELECTRICAL APPARATUS. 
2093, 


5. Western Electric Company, Limited, 
a. (Western Electric Company, New iy ‘"-™ 
(1 Fig.) Feb- 


Electric-Wave Amplifying paratus. 

ruary 9, 1915.—This invention relates to electric-wave amplifying 
apparatus, and particularly to thermionic devices for amplifying 
in an output circuit electrical ene received in an input circuit, 
the invention specifically involving improvements in the subject- 
matter described and claimed in Application No. 275, of 1915. Its 
object is to improve the quality of transmission in amplifyi 
apparatus of the type claimed in the said patent application, 

to increase the efficiency thereoof. The invention is ly 
useful in telephone and telegraph service for the repeating and 
amplifying of alternating-current waves of small magnitude. 





According to this invention, the litying elements each include 
a cathode or source of ionisation an input electrode individual 
to the respective elements, and an output electrode common to the 
elements. Referring to the drawings, there is shown a combined 
structure of two amp! I its in d with the 
present invention, wherein the filaments or sources of ionisation 
13, 14 are —— from one end of a glass bulb or container 24. 
Two grids or input electrodes 17, 18 the plate or output elec- 
trode 15 are supported, for example, at the other end of the 
container, in their proper positions in any suitable manner. The 
input electrodes 17, 18 are ted to the leading-in wires 25, 25! 
respectively ; a leading-in wire 26 is provided for the output elec- 
trode 15, and a pair of leading-in wires 27, 28 are provided for 
each of the sources of ionisation 13,14. (Accepted August 5, 1915.) 

299/14. Siemens-Schuckertwerke G.m.b.H., Berlin, 
Germany. Al ting - Current Commutator 
Motors. (2 Figs.) January 4, 1913.—This invention relates 
to means by which a powerful braking effect can be exerted 
electrically on o— and pol commutator motors con- 
trolled by the displacement of the brushes and by which the 
brake energy is returned to the mains. It is known, however, 
that a powerful brake action can be obtained and the brake 









































(1xy 
of ce, returned usefully to the mains if the magnetic saturation 





of the machine or some other magnetic circuit connected thereto 
denutticiently high, so that self-excitation of the machine is hin- 


ves rise to a b action, a device 


iteelf or of a connected magnetic circuit. In Fig. 1, & is the com- 
mutator of the motor, d is the lever which serves for moving the 
brushes into the driving tion F, or into the braking tion 
Br. The brushes are displaced by a hand-lever A, wi is 
mechanically coupled with the lever d. Simultan ly with the 
displacement of the brushes, a lever s is also operated by the 
hand-lever hk. When the brushes are moved from the drivi 
into the braking position, a contact ¢ on the lever s is mov: 
from the con ent f to a contact-segment b, and at the 
same time the number of turns of the stator-windin, 
motor is automatically lessened, and consequently the 
saturation of the motor increased. The supply termi 
denoted by n. The number of windings of a transformer inserted 
between the rotor and stator might be altered instead of the 
windings of the stator. Fig. 2 represents a modified arrangement 
according to the invention. On the shaft w of the motor m there 
isa friction device r, by which the lever s is displaced as before, 
either on to a driving-contact or a braking-contact, according 
to the direction of rotation. The arrangement is applicable, for 
example, to crane-motors which return power to the mains when 
the load is being lowered. (Accepted July 21, 1915 ) 


1056/14. The British Thomson-Houston Com: ° 
ited, London. (Allgemeine Elektricitits G. 2 
Berlin, Germany.) Electric Lamps. (3 Figs.) January 14, 
1914.—This invention relates to an improved method of sealing 
metal wires into bodies or articles of glass; for example, the 
leading-in wires ot incandescent lamps, Réntgen tubes, mercury- 
vapour @ tus, &c. It has been to use as a substi- 
tute for inum, alloys whose coefficient of ex on is practi- 
cally equal to that of glass, for example, nickel-iron alloys. 
Since such leading-in wires adhere badly to the glass, wires have 
been made wh consisted of a core of metal or alloy and an 
external metal covering ; a metal being selected for the cover- 
ing which unites well with glass, but has a different coefficient of 
expansion from that of glass, while the coefficient of ex = 
suc! 


expansion practically equal te that of — a this 
invention, the wire is made intentionally in such manner t the 
ratio between core and 4 varies greatly in a short length, 
so that the section that is f with the glass is varied in such 
manner that the coefficient of expansion of the compound wire 
at one or more pointe lying within this range is greater than that 
of the glass, and at adjacent points is less than that of the glass. 
Between these — then, in consequence of the gradual tran- 
sitioa in the ratio of core to covering, there must lie points which 
have exactly the same coefficient of ex sion as the glass, or have 
the coefficient of expansion which is most favourable for the 
fusing-in operation. At this point the wire and the glass will 
adhere to each other in an air-tight manner, and the air- 
bubbles which may form at other places in the glaes are here 
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interrupted. The drawings show a compound wire with a com- 
pressed portion, in section and in elevation in two directions 
which are perpendicular to each other. At the change of cross- 
ection the individual particles of the wire are displaced during 
the mechanical action, in a longitudinal direction, those of the 
core and those of the casing being displaced to a different degree 
in consequence of their different nature. The core may with ad- 
van be made of tungsten or of iron-nickel alloy, and the 
covering may be made of copper, cobalt, or some other metal, the 
oxide of which is dissolved in the glass at a comparatively low 
temperature. The covering thereof is softer than the core, so 
that, in being compressed or hammered, it is mainly the casing 
that is displaced in a longitudinal direction and bi ened, while 
the core maintains its form ically unaltered. Consequently 
the cross-sectional area of the wire in the centre m of the place 
that is subjected to pressure will have the least amount of cover- 
ing material, while at the edges » of the pressed portion the 
covering will have even a somewhat greater cross-section than at 
the normal places in the wire which had not been subjected to 
manipulation. If the ratios have been suitably chosen, therefore, 
the coefficient of expansion of the compound wire in the centre m 
portion will be smaller, but at the edges n will 
be greater than that of the glass. Between these points there is a 
place where the wire possesses just the right coefficient of expan- 
sion, The desired change in the ratio from the core to the cover- 
ing can be obtained in other ways besides the one mentioned. For 
example, ry te oe might be cut in the wire inside the covering, 
the groove having slanting side surfa The tightness will 
especially satisfaetory if a ber of portions of the wire treated 
in the manner above mentioned are included in the fused-in por- 
tion, so that a number of neutral zones are included in the joint. 
Fig. 3 shows a lamp base fora metallic-filament ip whose 
moe wires are treated in this way. (Accepted July 21, 
1916. 
GUNS AND EXPLOSIVES. 


18,053/14. E. Schneider, Le Creusot, France. Field- 
Gun (5 Figs.) July 30, 1914.—This invention 
relates to field-gun carriages having divided trails of the type in 
which the trail-beams are freely mounted upon an axle-tree and 
interconnected so that the movement of one beam in a vertical 
plane causes the other beam to move through an equal and 
opposite angle, so as to permit the anchoring devices to 
themselves freely to any inequality of the ground. According 
the present invention, the connection between the trail members, 
the axle-tree, and the support for the pivot of the top of the 
car’ is effected by means of a tubular member or sleeve 








mounted upon the median portion of the axle-tree by means of 
grooves and feathers, and by means of in and 
external screw-threads of ite sense on to or into corre- 


8 ling screw-threads formed upon or in sockets passed on to 
the axle on either side of the median portion, and to which the 
trail members are pivoted, the su for the pivot of the top of 
the carriage being carried directly by the axle or by a sleeve 
guided by grooves and feathers Ry, the tubular connecting 
member. In the example illustrated, A designates the axle-tree 
of the gun-carriage. The median portion of the axle-tree, which 
is suitable enlarged, furms, by means of an extension B, a support 
for the pivot C of the topcarriage D. Upon the median ion of 
the axle-tree the tubular member Eis ; this member estab- 





Operated which increases the magnetic saturation of the moter 


lishes a connection between the axle-tree, the top carriage, 





and the trail members. This sleeve E is recessed to permit of the 

of the extension B. It is fitted by means of grooves and 
Soa ; for cnsonple, boy eneuns of Seathess 6 feemed © the 
axle-tree and en in corresponding grooves E! on the sleeve E. 
The len of the grooves E! is such as to enable the sleeve to slide 
to a limited extent upon the axle-tree. The con on between 
the sleeve E and the trail members is obtained in the following 
manner :— The trail members F, F! are pivoted by pivots 
J, f° respectively to sockets G, G! respectively. These sockets 
are passed on to the axle-tree on either side of the median por- 
tion upon which the sleeve E is guided. The socket G is re- 
tained upon the axle-tree between a collar H and the ° 
ing ex ity of the enlarged median portion of the axle-tree ; 
the socket G! is similarly retained between the collar H! and the 
other extremity of the enlarged median of the axle-tree. 
The socket G engages, by weans of external left-hand screw- 
threads g, with corresponding internal threads in the sleeve E. 





Fig.1. 
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The socket 
co ing in threads in the sleeve E. It will be 
apparent that the sleeve E which surrounds the axle-tree con- 
stitutes a connecting member arranged as closely as possible to 
the axis of the axle-tree, and which renders the axle-tree itself 
the su = B and the trail-members F, F’ all 
rigid, while nevertheless permitting of an ascending and descend- 
ing movement of the -members to adapt their rear extremity 
to i ities in the ¢ An d movement of the 
trail-member F, for example, would juce a move- 
ment of the same amplitude of the trail-member F!, so that the 
support of the top carriage remains stationary. When one of the 
supporting sockets G or G! is displaced, the sleeve E, which is 
prevented from rotating relatively to the axle-tree, becomes 
screwed on to one of the sockets while simultaneously omen. 
ing relatively to the other; the net result is a longitudi dis- 
placement of the sleeve upon the feathers a on the axle-tree. 
(Sealed October 14, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

19,709/14. Austin Motor (1914), Limited, 
and H. Aus Northfield. -Combustion 
es. (4 Figs.) September 32, 1914.—This invention 

relates to means of fixing cylindrical bodies and other bodies 
having circular ends to other parts, such, for instance, as fixing 
motor cylinders to crank-cases of engines. According to this 
invention, there is formed around the cylindrical body, or other 
body having a circular end, a collar which is screw-threaded to 
correspond with a screw-thread of the structure to which the 
cylindrical body or other body is to be fixed, and this collar is 
then cut away from the cylindrical body, or the cylindrical part 
of the other body around which it has been formed, thus con- 
verting it into a ring, by cutting away metal betwern the 
required inner surface of the ring and the ay body or 
cylindrical part of other body. is the y of the cylinder, 
having radiating gills a solid therewith. a! is a flange around the 
cylinder, a short distance from the lower end thereof. a*is a 
collar which projects around the body A, and is formed solid 
therewith. B is the upper of the crank-case, b a socket 
which stands out therefrom, and J! an annular internal flange 
which forms the bottom or inner end of the socket. The collar a® 
‘is turned up truly cylindrical, and a screw-thread a* is cut in the 
cylindrical surface thereof, and a co’ ing screw-thread b2 is 
cut in the interior of the socket b. the collar a? hae been 
screw-threaded it is cut away from the body A of the cylinder by 
removing, by means of a turning-tool, the metal the collar 
which lies between the curved broken line a‘ and the straight 


Fig.t. 


G! similarly engages by right-hand threads g! with 
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broken line a5, When this has been effected, the collar, and the 
outer surface of the portion of the body A immediately around 
which the collar has been formed, the tional shape 
shown at the right-hand side of 9 1, the collar a® teing then 
converted into a screwed ring a® which loosely surrounds the body 
A. To fix the cylinder A to the crank-case B, the inner end of 
the cylinder is passed into the socket b until the flange a! comes 
against the outer face of the flange b!. The locking-ring a® is 
then screwed into the socket tightens the flange a! of the 
cylinder against the flange b! ; that is to my: nst the inner 
end of the socket. Either the inner end of the cylinder is made 
= a sliding fit through the opening, which is surrounded by the 

ange bl of the crank-case, or the flange a! is just a sliding fit 
within the inner end of the socket b, whereby the cylinder is 
truly centred. The locking-ring is formed with a number of 
notches a7, and is conveniently turned to screw it up or unscrew 
it by means of a tool which is formed with a bowed portion to 
pass around about one-half of the cylinder, and with a nib at one 
end to enter one or other of the notches a’ of the locking-ring, 
and with a handle portion at its other end. The notches a’ are 
conveniently cut into the ring before it is from the 
cylinder. To vent the cylinder turning in relation to the 
crank-case, a dowel-pin d is passed through a dowel-hole a® of the 
flange a) into a dowel-hole of the flange b!. Conveniently the 
ep of the dowel-pin which fite wi 

of smaller diameter than the portion which fits within the hole 
the portion of a larger diameter of the pin thug coming against 
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458 
the flange b! and povenies the dowel-pin from slipping through 
such flange. (Sealed October 14, 1915.) 
4984/15. litan Gas-Meters, Limited, and 
J.D. F Gas-Meters. (4 Figs.) 


‘orster 
March 31, 1915. — This inven jon relates to means for giving ae 
meter visible ind ion of a a gas, 
ST otevies comprising a scale which is gradusted into divisions 
representing consumptions of a fraction of a cubic foot of , 
and is designed to be moved in front of a fixed pointer in a 
window provided in the neter-casing, ite movements being effected 
from the meter mechanism and being of such magnitude that 
an appreciably visible movement of the scale is indicated for 
even a slight leakage of gas. According to this invention, use 
is made of a scale graduated in ym Ben representing, say, 
0.002 cub. ft. of gas, the division lines being made of half 
the depth of the scale, and extending alternately from the top 
and bottom, the alternate lines being printed in different colours 
80 as to facilitate the reading of the movement of thescale. The 
scale is mounted upon an arm, which is carried on a fixed pivot 
forming the centre of the curvature of the scale, and the arm is 
designed to be oscillated upon the pivot directly from the tangent 
of the mechanism of the meter. a is the meter casing, and ) 
is the attic of the meter. c¢ is the leak-indicating scale which, 
in the construction iliustrated, is graduated by means of division 
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lines d and ¢, the former lines extending from the top to the 
centre of the depth of the scale, and the latter from the bottom 
also to the centre, and the lines d being in tice of a dif- 
ferent colour from the lines ¢ in order to facilitate the reading 
of the movement of the scale. The divisions may represent any 
convenient volume of gas, such, for example, as 0.002 cub. ft. 
J is the arm which carries the scale c at one end, the arm being 
pivotally mounted at g upon the fixed post or pillar A, rigidly 
secured in the attic ) of the meter, and at ite other being connected 
to one end of the link i, the other end of which is pivoted to the 
crank-pin j, to which are connected the two links j! of the meter 
mechanism, and which engages the tangent f2 in the usual way. 
The arm f may be made with the slot /! to accommodate adjust- 
ments of the tangent f2. kis the window in the meter-casing 
a behind which the scale c is designed to be reci , an 

is the fixed pointer which is fit vertically in the window. As 
will be understood, should there be a leakage in an installati 
provided with a meter, as above described, such leakage will 
cause a movement of the scale c in front of the inter l, the 
movement being of sufficient magnitude to be clearly visible even 
when the leakage is only slight. As the divisions represent a pre- 
determined quantity of gas, the extent of a leakage can be 
readily ascertained. (Sealed October 14, 1916.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


22,053/14. The Villiers Engineering Com y, 
Limited, and C. G. Garrard, Woiverhampton. Gem: 
Cut Machinery. (2 Figs.) November 5, 1914.—This 
invention relates to machinery for cutting gears, and has for ite 
object to provide means whereby properly-developed gear-teeth 
oan be cut by a hobbing process on an automatic screw-machine, 
if necessary, simultaneously with other o tions, such as turn- 
ing. Thus it is possible to bore, face, and do other ~~ | — 
tions on a blank mounted on the axis of the lathe, and simul- 
taneously to hob gear-teeth, splines, or the like. In this way a 
finished gear-wheel can be produced on the one machine, all the 
operations being performed simultaneously, or approximately so. 
For this purpose, there is provided an attachment carrying an 
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inclined opinae, on which is supported a hob. This hob has a 
number of starte and its axis is at a certain angle to the axis of 
the gear-wheel, and the angle of lead of the hob-teeth 

80 that correctly -devel teeth may be cut on the periphery of 
the gear blank whilst the latter is revolving at a speed which is 
suitable for effecting the other turning o ions. The feed is 
obtained by moving the spindle longitudinally along the axis of 
the pine. os by oxmneing Se Fe ane ees radially with 
regard to work. e axis oO the is represented the 
dotted line 1, 2, and it will be seen that the work A fo mounted 
upon this axis in the ordinary manner, being carried w 
chuck B. OC is the usual turret mounted upon a turret: 


a 
le C2, 
The tool in the holder 0 may be assumed to be the blank 


by a bracket D2 at the one end and resting on the headstock D3 
at the other end. This frame-member contains a shaft on which 
er mg dy al oe E, which is rotated through a train of gear- 
ing from the |} -spindle or main cam-shaft F,, so that it revolves 
in harmony with the work-spindle. The shaft inside the frame D 
carries a skew-gear, which meshes with another a 
mounted upon a spindle contained within the housing G. e 
axis of this spindle is re: mted by the dotted line 3,4. The 
lower end of this spindle carries the hob H. This hob has a 
number of starts and a certain angle of lead relative to the 4 
between the axes 1,2 arid 3,4. For instance, if the angle be- 
tween these axes is 45 deg. the angle of lead of the starts is also 
45 deg. Consequently, the hob can cut pe on the peri- 
phery of the blank A whilst the latter is travelling at a high 
8 of revolution, considerably greater is normally used 
for gear-cutting. This speed is such that the ordinary turning 
operations may be effected simultaneously. The housing G is 
attached to a sleeve portion G2, which slides on the frame D. To 
effect this movement, the housing is d by a link K with 
a rocking-lever L, actuated by a cam on the cam-shaft F. 
movement of the lever D, the hob is moved lel to the axis of 
the lathe, so as to bring it into operation, and this movement may 
also affect the feed. (Accepted August 12, 1915.) 


PRINTING AND ALLIED MACHINERY. 


16,750/14. J4potype and Machinery, Limited, 
London, and T. G. Parker and W. 
Broadheath. Prin -Presses. 





. E. Bennison, 
(2 Figs.) July 14, 1914. 
—This invention relates to the inking devices of printing-presses, 
and has for its particular object to provide means whereby the 
quantity of ink supplied by or through such devices can be more 
accurately controlled than has been possible with the means 
heretofore provided for the purpose. According to this inven- 
tion, a movable cam-track and a spring are adapted to act antago- 
nistically to each other on the locking-pawl for throwing the 
locking ratchet mechanism out of, and returning it to, locking 
position during the operation of the feed-ratchet mechanism. 
1 is a feed-pawl which en a ratchet-wheel 2, hereinafter 
termed a feed ratchet-wheel, operatively fast to an ink-fountain 
roller 3. Itis by this feed-pawl 1 and feed ratchet-wheel 2 that 
the ink-fountain roller 3 receives its intermittent angular motion. 
As ordinarily the feed pawl 1 is pivoted on a stud 5 carried by an 
arm 6 which is rocked upon the end of the shaft 7 of the ink- 
fountain roller 3 by means such asa longitudinally reciprocated 
link 8, and a spring is provided for holding the pawl 1 in engage- 
ment with the feed ratchet-wheel 2 during the feed stroke, and 
for allowing it to slip over the teeth of the feed ratchet-wheel 
during the return stroke. In addition to the feed-pawl 1, the 
rocking-arm 6 has pivoted to it by a stud 9 a second pawi 10, 
termed a locking-pawl, adapted to engage with a second ratchet- 
wheel 4, termed a locking ratchet-wheel, fast on the ink-fountain 
roller-shaft 7, and having its teeth directed oppositely to those 
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of the feed ratchet-wheel 2, the arrangement being such that 
the locking-paw!l 10 will prevent anv such rotation of the ink- 
fountain roller 3 as might be caused by the contact therewith of 
the quickly rotating doctor-roller. This locking-pawl 10 is acted 
upon bv a spring 11 which tends to constantly hold it in engage- 
ment with the locking ratchet-wheel 4, and it is provided with 
anarm or extension on which is pivotally mounted a roller 12 
which ie adapted to effect the disengagement of the locking- 
pawl] 10 from the locking ratchet-wheel 4. The roller 12 is adapted 
to travel along an arcual cam-track 13, which is capable of rock- 
ing abouta fixed pivot 14 secured to the adjacent side frame 15 
of the press, this cam-track being acted upon by a spring 16 
which normally holds it in position, in which the track surface 
thereof is eccentric to the axis of the ink-fountain roller 3. This 
is the position in which the cam-track is shown in full lines. An 
adjustable stop 17 on the adjacent frame 15 is provided for limit- 
ing the movement of the cam-track 13 under the action of the 
spring16. A second stop 18, also adjustable on or relatively to 
the adjacent frame 15, is provided for limiting the movement of 
the cam-track 13 in another direction to such an extent that 
when the cam-track is arrested by that stop, as indicated by dot- 
and-dash lines, its track surface is concentric with the axis of the 
ink-fountain roller3. The cam-track 13 is temporarily retained 
in the last-named position by catch or detent 19, pivoted on a 
stationary stud 20 and acted upon by a spring 21, which is 
adapted to engage under the action of that spring with the lower 
end of the cam-track 13 when it is in that position. This detent 
19 is provided with an ou ing lug 22 with which a set- 
screw 23, adjustable in the before-mentioned rocking-arm 6, is 
capable of engaging for effecting the disengagement of that 
detent from the cam-track. (Sealed September 30, 1915.) 


16,571/14. Lino ana Machinery. Limited, 
London. (Mergenth Setzmaschinen- Fabrik Gesellschaft 
mit beschrankter Haftung, Berlin, Germany.) Linotype 

s. (8 Figs.) July 11, 1914.—This invention relates to 
improvements in the distributing mechanism of typographical 
composing and casting-machines, such, for example, as those 
known commercially under the trade-mark ‘‘ Linotype,” employ- 
ing matrices which are stored in a magazine, released from the 
—— and assembled in order of com ition, presented in 

order to a casting-mould, and, after the casting operation, 
conveyed to a distributing mechanism, by means of which they 
are restored each to its respective channel of the magazine. 
During part of the distributing operation, just before the distri- 
buting-teeth on the matrices engage with the ribs on the distri- 
butor-rail, the matrices travel along a pair of guide-rails, on 
which they are suspended by their upper lugs, and, when so 
suspended, those matrices which have a setwise dimension appre- 
ciably greater than the thickness of the lugs have a tendency to 
swing into an oblique position, owing to the centre of oy 
not being in the same plane asthe supporting lugs. It is essential, 
however, for enabling the distributing-teeth of the to 
engage with the ribs of the distributor-rail, that they should be 
maintained in a vertical or substantially ve during 
the time that they ed on the guide-rails, and the 





4, The attachment consists of a horizontal frame » Supported 


are suspend 
object of the present invention is to provide improved means for 


of the usual known form. 





eft such maintenance of verticality. Referring now to the 
drawing, 8 and 8a are two guide-rails, the one 8 being situated 
behind and the other 8a in front of the known distributor-rail 19. 
10 is a thick matrix which has been delivered on to the guide-raiis 
8, 8a from the separator-box, and which is suspended those 
guide-rails by its upper lugs 11. While the matrix 10 is thus 
suspended from the guide-rails 8, 8a, it is moved towards the 
distributor-rail 12 by the engagement of its two upper lugs 11 
and one of its lower luge 13 with the three known distributor- 
screws (only one of which, viz., the lower one 14, is shown on the 
drawing) until its distributing-teeth 15 engage with the ribs on 
the distributing-rail 12. The rails 8, 8a terminate at a point just 
beyond that at which the last-mentioned engagement has been 
effected, beyond which point the matrices, of course, no longer 
rely for support upon their upper lugs, which thereafter are only 
engaged with the two upper distributor-screws. It is during 
the just-described part of the distribution operation, at which a 
thick matrix 10 is suspended on the guide-raile 8, 8a by its upper 


wr | 
AA 


Nee 


16571) ig 8 


lugs 11, that the mischievous swinging of the matrix takes place. 
According to this invention, the s — he is prevented by thicken- 
ing the thread of the lower distributor-screw 14 on the following 
side of that thread, as indicated at 16, over that portion of the 
screw which engages a lower matrix-lug 13, during the time at 
which the upper lugs at 11 are travelling along the guide-rails 8, 
8a, so that at that part the groove of the screw is only of 
sufficient width to receive the said lower lug without admitting 
of any appreciable movement thereof between the two adjacent 
convolutions of the thread. The matrix 10 is thus kept in a 
vertical position until its distributing-teeth 15 engage with the 
ribs of the distributor-rail 12, the thickened thread continuing 
along the screw 14 only so far as is necessary to ensure such 
engagement being effected, the thread beyond that point being 
It is obvious that this thickening 
of the thread does not affect the pitch of the screw (an altera- 
tion which has already been proposed for a different pu ), 
and quently the synch working of the three distri- 
butor-screwa is not thereby disturbed. (Sealed September 23, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 


18,633/14. J. Stone and Co., Limited, Deptford, and 
wk Parsons, Grove Park. Ash-Expellers. (3 Figs.) 
August 13, 1914.—This invention relates to apparatus for con- 
trolling the order of sequence of mechanical operations in appa- 
ratus for discharging matter from ships, particularly the opera- 
tions controlled by valvular devices employed in ships’ ash- 
expellers. This invention provides the combination with a 
manually or hanically-operated primary device which controls 
or performs one operation in the discharge apparatus, and a 
secondary device which controls or performs another operation, 
of a fluid-pressure transmission arrang t ted between 
the two devices in such manner that, upon adjusting the primary 
device to start the first operation, the movement of the primary 
device or its operating means brings about a release of fluid 
pressure or sets up or transmits fluid pressure, the change of 
pressure bringing about or permitting the adjusting of the 
secondary device for starting the second operation. The appa- 
ratus shown comprises a fluid-pressure piston a operative upon 
the flushing-valye ) and means for controlling the hs wang the said 
means being to be opera by a timed device working 
in conjunction with the gate or discharge-valve c. The valve c 
oy ! comprise a rotatable plug formed with a e d which can 
be brought into alignment with the ports e and / of the casing in 
order to open the valve. The valve-plug may be rotated by the 
shaft g operating a worm and worm-wheel gear. In the arrange- 
ment shown, the piston @ is connected with the flushing- 
valve }, and is fitted loosely in its cylinder A, so that the flushing- 
water, which is under pressure and arrives by the supply-pipe j, may 
get to the space at the back of the piston a, which space is 
normally closed, as will appear, and the pressure keeps the 
flushing-valve b down upon its seat. The s at the back of | 
the piston a is connected by a pipe k with a self-closing valve 1, 





























and the latter is connected by a pipe » with a space or device in 
which a lower pressure or suction may exist or be set up. The 
plug of the discharge-valve c is fitted with a cam or projection 1 
which is 80 disposed relatively with the end of a stem or rod n on 
the self-closing valve / that the latter is forced open by the eam 
or projection m pressing or striking against the end of ite stem 7 
at the desired moment during the opening of the discharge-valve 
corat, or about at, the pletion of such op g. The valve 
1 may be self-closing under the action of a spring 0. At the 
moment the self-closing valve J is opened pressure is relieved from 
the back of the piston a, and the pressure which is then effective 
on the front or lower surface of the said piston a moves the latter 
in the direction for opening the flushing-valve b. The last- 
named remains open as long as the self-closing valve / remains 

nm. When the discharge-valve c is closed the cam or projec- 
tion m during the initial portion of the closing movement releases 
the stem n of the self. ng valve J, and the latter is immediately 
closed, whereupon the re becomes effective again on the 
back of the flushing-valve piston a, which promptly closes the 
flushing-valve b. The pipe p leading from the self-closing valve is 
preferably connected with the space below the hopper of the 
ash-expeller, which space is contained within a c mber en- 
closing the ejector nozzles. In this case, when the valve / is 
opened, the pipes p, k and piston a will be subjected to suction. 
If desired, a screw-down arrangement g may be fitted to the flush- 
ing-valve b, sc that the latter may be screwed down on to its seat 
by hand when desired. Springs may be entirely dispensed with 
in the flushing-valve b, but the self-closing valve / in the relief- 
pipe k, p is preferably loaded by a spring as af: 5 Instead 
of the second valve } being a flush-valve, it may be a steam-valve 
or any other valve or a switch, which is only required to open 
when the first valve has been opened fully or to a certain extent, 








' (Accepted August 18, 1915.) 
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Thi istance, and Screw Pro; ion. By G.S. 
se foie : Constable and Oe Taanited.” (Prive 

12s. 6d. net. ] : P : 

Tue author of this book is the superintendent of 
the William Froude National Experiment Tank, and 
a considerable part of the work forms a record of a 
series of experiments made at the tank upon forms 
of mercantile ships. These experiments were under- 
taken with the view of ascertaining the effect upon 
resistance of various proportions of length of 
middle-body and various ratios of length of fore- 
body to after-body; also the effect of various angles 
of entrance and run, shape of midship section, 
curves of areas, &c. 

If the reader rises from the perusal of this part 
of the book impressed with the importance of 
small changes in form of hull and with the difti- 
culty of predicting for himself with certainty what 
the effect of any small change will be, or as to the 
desirability of —a existing design with a 
view to improvement, the object of the work will 
no doubt be achieved, as the author himself says in 
the preface that ‘‘such a book finds its real place 
in guiding the designer to what should be tank 
tested, rather than to help him to dispense with 
such tests.” In this respect the book resembles the 
medical works written for family use, which, after 
describing the symptoms of various ailments and 
the appropriate remedy, always advise that the 
doctor should be summoned immediately. In 
neither case can any just complaint be made, as the 
advice is undoubtedly sound. Mr. Baker’s book 
should be of great use to a designer in making 
preliminary estimates for power in the early stages 
of a design, particularly when new ty or large 
departures from practice are contemplated. The 
volume is not by any means confined to a discussion 
of the experimental work carried out at Teddington, 
but also deals largely with the work of others. All 
existing experimental data on models, obtained at 
the tanks at Haslar, at Washington, at Clydebank, 
and elsewhere, have been carefully examined and 
compared, and those which are considered by the 
author to be of the most importance are repro- 
duced. The book thus contains much which has 
been already published in the works of Froude, 
Taylor, and others, but the facts have been brought 
together in a convenient form for practical use. 

e book is divided into two parts, the first 
dealing with ‘‘Ship Form and Resistance,” and the 
secend with ‘* The Screw Propeller.” The former 
deals in the usual way with stream-line motion 
The interesting diagrams, published by Taylor, 
showing the direction of relative flow of the water 
in the vicinity of models of various forms are repro- 
duced. It will be remembered that these were 
obtained by coating the model surface with sesqui- 
chloride of iron mixed with glue, upon which 
surface pyrogallic acid, ejected through small holes 
in the bottom and miximg with the water as it 
passed aft, produced a smear of ink and thus traced 
the direction of the stream-lines. Examination 
of these lines will be of assistance in determining 
the best position for the bilgekeels, although 
direct model experiments on the line of least 
resistance for them will often repay the cost in the 
case of very high-speed vessels. A method of 
carrying out these experiments, with numerous 
short pivoted planes placed in the proposed line of 
bilge-keels and capable of taking up positions parallel 
to the stream-line flow, was described and illustrated 
as long ago as 1867, in a paper by Seccombe, read 
before the Institution of Naval Architects. 

Taylor's experiments show that at all moderate 
speeds of the ship the motion is seldom in a hori- 
zontal plane, and Mr. Baker lays stress on the fact 
that the chief wave-making is far more dependent 
in its characteristics upon the curve of areas than 
upon the shape of the water-lines. Experience 
seems to show that great liberties may be taken 
with the forms of the water-lines, provided the curve 
of — is well formed and suited to the required 
speed. 

This, however, does not altogether hold good in 
the case of very high-speed vessels, such as de- 
stroyers. In these Mr. Baker believes that the 
shape of the curve of areas is not of paramount 
importance, and may be varied within considerable 
limits, provided the fairness of the curve is main- 
tained, and the length of water-line entrance not 
unduly curtailed. © maximum ordinate of the 
curve of areas should be aft of amidships, and the 





curve should have only a slight amount of hollow 
in it forward, while none is necessary aft. Great 
stress is laid on the necessity of a good water-feed 
to the propeller, which can only be obtained with 
flat buttock lines; but these are consistent with a 
fairly full-ended curve of areas and quite a full 
water-line aft. 

There are chapters on skin resistance, eddy- 
making, and wave-making. In large vessels, of 
very low speed, skin resistance may approach to 
90 per cent. of the whole, and in ordinary vessels, 
of moderate speed, it is usually between 70 and 80 
per cent.; but in vessels of high speed in propor- 
tion to length, the wave resistance is the most 
important, amounting to as much as 60 per cent. 
of the total. The condition of the bottom of the 
ship is, therefore, contrary to the usual opinion of 
the uninstructed, more important at low non-wave- 
making speeds than at high speeds. 

The author shows that eddy-making is by no 
means confined to blunt-ended rudders, stern-posts, 
and shaft-brackets, but may be caused by too rapid 
a change in the shape of the body of the vessel ; 
such, for example, as where the bow and stern 
sections merge into a square midship section, espe- 
cially at the turn of the bilge. Experiments on 
balloon-shaped models showed that eddying com- 
menced when the tangent to the form was inclined 
at an angle of from 16 deg. to 18 deg. to the axis 
of the form. The theory of trochoidal waves re- 
ceives treatment which may be considered adequate 
in view of the scope of the , 

In a chapter on ‘‘ Ship-Model Experiments ” the 
dimensions of all the principal experiment tanks, 
thirteen in number, are given, and the general 
methods employed are described. 

Tn discussing the most desirable character of the 
lines of vessels of various classes, the great value 
of the cruiser stern for vessels of the Channel- 
steamer type having speeds above V = 1.2 ,/L 
is insisted on, a reduction in power amounting to 
10 to 15 per cent. being obtainable, as compared 
with a similar ship without such a stern. 

The author finds the best ratio of 


length of entrance 
length of run 


to be 1.1 to 1.2, according to the speed, the latter 
being best at high speed. Ships with a long pro- 
portion of middle-body require longer runs and 
shorter entrances, and should have very little 
hollow in their curve of areas at the stern. 

There is an interesting section on hydroplanes 
and floats for aeroplanes upon which experiments 
have been made at the National Tank, and also a 
section on the resistance of appendages, giving the 
results of the work of Froude, Luke, and Sadler. 

The chapter on restricted water channels deals 
with the effect of restricted width as well as depth, 
and the work of Rota, Taylor, Yarrow, and others 
is referred to, but no original work seems to have 
been carried out by the author at the National 
Tank. We note that on page 128 the critical speed 
at which a wave ‘‘ somewhat similar to a wave of 
translation” is formed in shallow water by a travel- 
ling point of pressure is given as V? = 11.5 x d, in 
which V is the speed in knots and d the depth in feet. 
On page 131 vessels are said to experience their 
maximum resistance in shallow water at a speed V 
given by V?=11 x d ‘‘as theory leads one to expect.” 
The usual formula for the speed of a canal wave 
is V = Vgh, where V = speed in feet per second, 
which gives V? = 11.3 x d when V is in knots, and 
this was the figure given by Mr. Marriner in his 
paper at the Institution of Naval Architects as the 
worst speed in shallow water, indicating that the 
resistance is a maximum when the solitary or non- 
repeating wave is produced. 

The second part of the book, on ‘*The Screw- 
Propeller,” commences with the usual chapter on 
definitions, followed by a description of the various 
theories of the screw’s action, which the author 
sums up by saying :— ‘‘The absence of any 
theory which will take complete account of working 
conditions forces the designer to depend upon his 
general experience, or to have recourse to experi- 
ments.” He shows that the law of similarity 
between model screws and full-sized ones holds 
very closely, and that the augment of resistance 
due to the screw obtained with the model holds 
for the ship. The only element in which there is 
a small want of similarity is in the speed of the 
frictional wake, which the author thinks is ex- 
aggerated in the model, but to so small an amount 
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as to be negligible. No original work seems to have 
nm carried out at the National Tank as yet on 


marine propellers ; at any rate, no account is here 
given of any. Froude’s original Haslar experi- 
ments are plotted in a fresh form, use being made 


of the constant 7 which was first proposed by 


Mr. ©. H. Wingfield. This correlates diameter 
and revolutions, and eliminates ‘‘trial and error” 
in fiximg the propeller dimensions for given revo- 
lutions, power, and speed, represented in the above 
expression by N, H, and V respectively. The work 
of Taylor is also usefully summarised. 

There is a chapter on ‘‘ Cavitation,” the defini- 
tion of which strikes us as being rather loosely 
given, and we do not think that the ‘‘ racing” due 
to air reaching the propeller from the surface has 
any connection with what is understood by ‘‘ cavi- 
tation.” The phenomenon hasalways been held to 
apply only to cases in which air does not penetrate 
from thesurface. Apart from this the author’s views 
of the causes of cavitation appear to agree with those 
of Barnaby, whose figure for the pressure limit per 
square inch of projected area with quadruple 
reciprocating engines he gives as = 10.85 + § x 
h lb. (where h=tip immersion in feet), and for four- 
cycle explosion-engines as 8 lb. to 9 lb. Mr. 
Baker thinks that with fast-running directly-driven 
turbine screws a pressure of 13 lb. can be allowed, 

rovided there is a clearance of at least 12 in. 

tween the hull and the propeller-tips, and that 
the latter are immersed at least 2 ft. or 3 ft. 
With a clearance of 24 in., and good immersion, 
he thinks 13.5 lb. may be allowed. 

As to whether the pressure limit can be looked 
upon as the only criterion to be considered, some 
uncertainty has been expressed. The circumferen- 
tial velocity of the blade-tips may cause a certain 
amount of cavitation in a spiral path depending 
on the shape of the section of the blades and their 
speed of rotation, apart altogether from the rupture 
of the column due to excessive thrust per square 
inch, which alone is guarded against by keeping 
below a pressure limit. But there are no means we 
know of for fixing the limit of peripheral velocity. 
The vessel which now holds the record for speed, 
apart from hydroplanes, which hardly come in the 
category of vessels, has propellers running at a 
peripheral speed of 16,700 ft. per minute, and 
very high speeds have been obtained with a velo- 
city of propeller-tip exceeding 17,000 ft. per 
minute. It is possible that these spiral cavities 
are forming at this peripheral speed, but the result 
is not so serious as when rupture of the column 
occurs through excessive thrust. Mr. Baker 
makes no attempt to set a limit to peripheral 
velocity of blade, as, indeed, it would seem difficult 
to do. He points out that ‘if the back of the 
blade is very full near the leading edge it tends to 
produce at all small slips a negative pressure or 
suction on the driving face near the leading edge, 
and such a feature should be avoided.” Taylor has 
shown that a propeller with narrow, thick blades 
having a pitch ratio of 0.3 will give a negative 
thrust at so low a peripheral velocity as from 
5000 ft. to 6000 ft. per minute. 

The value of the present book leads us to hope 
that when there has been time to carry out original 
experiments on screw - propellers, on depth of 
water, on wake values, &c., at the Froude National 
Tank, Mr. Baker may be induced to write another. 
Original work dealing with these matters, and 
carried out as skilfully as that of Mr. Baker and 
his assistants on the forms of merchant ships 
and on hydroplane floats, will be even more useful 
than the collated work of others, which forms so 
large a part of the volume we have reviewed. 
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CORRECTION FOR BAROMETER READ- 
ING FOR THE SIGHTING GEAR OF 
HEAVY ORDNANCE. 


Tue factors which affect the range of the shell 
at any given elevation of the gun, and which act 
before the shell leaves the gun-muzzle, are the 
variations in the temperature of the cordite and 
the wearing of the gun-barrel, with consequent 
leakage of pressure past the sides of the shell. 
Some simple mechanical means for correcting 
errors due to these causes have been illustrated 
in a previous article.* 

There are several conditions liable to variations 
during the time of flight of the shell which must 
be taken into account, for the resistance which the 
shell meets with depends upon the atmospheric 


density at the time of firing, the shape of the shell 
nose, the altitude which the shell reaches with 
consequent decrease of air density, and the force 
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of range due to alterations of weight and shape of 
shell can be predetermined and corrected for before 
the shell is issued for firing, but variations in baro- 
meter reading and wind must be corrected for at 
the time of firing. 

For a shell of standard shape and weight, fired 
under standard conditions, the range given in 
the range-elevation scale is correct, and the co- 
efficient C to be applied for the correction of 
range is unity. For any other conditions 


wel Normal air density (@) 
Air density at time of firing (d') 


,. Weight of shell (w) 
n (dia. of shell)” 
where n depends upon the shape of the nose of 
the shell. If the conditions change so much that 
the value of C is increased by x per cent., ‘* To make 
a range-table to suit the new conditions, diminish 
each elevation and ra x per cent.; the eleva- 
tions thus found are correct for the ranges thus 
found under the changed conditions” (Professor 
G. Forbes, in a paper read before the Royal 
Society, January 26, 1905). We are considering 
the case in which no alteration has been made to 
the weight or shape of shell, so that » per cent. 
increase of C is caused solely by an «x per cent. in- 
crease of air density, and the range-table to suit the 
altered barometer reading can be found from the 
standard range-elevation scale by the above rule. 
Ia Table I. part of a standard range-elevation scale 
is given in columns 1 and 2, ‘aed, Toned upon this. 
the new range-elevation scale for 10 per cent. 
decrease in the barometer reading is given in 
columns 3 and 4. Picking out elevations which 
are the same in both scales, the increase in the 
corresponding ranges is found and tabulated in 
columns 5 and 6. The values of these increases of 
range, in terms of the elevation, have been found 
by interpolation from the standard range-elevation 








scale, and shown in column 7. Fig. 1 shows graphic- 
ally the errors in range for several changes of air 
density at all ranges for a gun of larger calibre. 
From these curves it will be seen that with a 
target 9 miles distant, and a range-dial graduated 
to suit a barometer reading of 30 in., the shot 
will fall short by 618 yards should the value of C 
decrease 15 per cent., owing to increase of atmo- 
spheric density and to the use of a flatter-nosed 
shell, which would together be equivalent to a 
barometer reading of in. 

To correct for this, find by interpolation from 
the range-elevation scale the value, in terms of 
elevation, of 618 yards at this point of the trajec- 
tory, and elevate the gun a corresponding amount. 
It is required to find some method by which the 
necessary loss or gain of elevation is allowed for in 
the mechanism of the sight, by the setting of an 
indicator to the barometer reading for the day. 

The graduations upon the range-dial are merely 





the elevations of the range-elevation scale multi- 
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plied, for accuracy of setting, by 
a gearing ratio. In Fig. 2 the 
elevations given in Table I. are 
multiplied by a gear ratio of 60, 
and arranged upon a true spiral 
line. The range-reader is con- 
strained to move inwards by 
means of the spiral cam shown around the dial, 
and the pitch of the spiral being known, each 
elevation will have its corresponding lateral move- 
ment of reader. 








Taste I. ° 
Barometer | Barometer Reading | 
Reading 30 In. | - 27 In. Fa 
2 OL oa; * Zz «oc 
464, gk 258 |2 (8 §88 
",: @g (© 3 |698 aie lias 
oe & on ey a of r ) - a5 68 
> ima > 
io obi Hu is b. nat 
s) 35 gs g<is> 
lL. 2. 38. | 4. 5. 6. 7. 
yards deg. min yards deg. min . ™. d. min, 
2,744 “¢ 8 3,018 1 16 -_ : — — 
3,000 1 3,300 1 2 115 18 0.54 
3,659 1 35 4,025 1 45 a _— -—— 
4,000 1 45 4,400 1 55 1 45 25 0.75 
4,588 2 6 5,047 2 18 — — _ 
5,000 2 18 5,500 2 32 218 47 1.88 
6,533 2 38 6,087 2 64 = = _- 
6,000 2 54 6,600 $3 1 2 64 87 3.48 
6,490 8 14 7,140 3 34 = — — 
7,000 3 34 7,700 3 55 % 34 140 5.60 
7,445 8 54 8,190 4 17 _ _ _ 
8,000 417 8,800 4 2 417 190 8.55 
8,400 4 36 9,240 5 4 _ = 
9,000 5 4 9,900 5 34 5 4 240 12.00 
9,359 5 21 10,296 5 54 _ _ 
10,000 5 54 11,000 6 2 5 54 295 15.75 
10,324 6 13 11,357 6 51 _ _ - 
11,000 6 51 12,100 7 $32 651 357 21.42 
11,295 7 9 12,425 7 52 _ _ — 
12,000 7 52 13,200 8 4 7 52 425 27.75 
12,265 8 10 13,490 8 59 _ _ _ 
13,000 8 59 14,300 9 58 8 59 490 34.30 
13,224 9 14,547 10 9 os _— _ 
14,000 10 9 15,400 11 10) 10 9 | 547 41.29 
14,182; 10 23 15,600 ll 26 _- _ bape 
16,000; 11 26 16,500 12 34 11 26 | 600 50.00 





* See ENGINEERING, August 7, 1914, page 194. 





If the reader, at the same time as it moves 
laterally inwards, is constrained to move clockwise, 
it will register any particular range before the full 
amount of elevation has been given to the dial ; 
or, vice versd, if the reader is moved anti-clockwise, 
more elevation will be given to the dial before any 
particular range is registered. 

To take a particular case: from Table I. it is 
found that at range 14,000 yards an angular cor- 
rection of 41.29 minutes is required for 10 per cent. 
decrease in the barometer reading. 41.29 minutes 
on the gun means 41 deg. 17.4 min. on the dial ; 
therefore, to make this correction, the reader must 
go clockwise towards the approaching 14,000-yard 
graduation mark, and register this range 41 deg. 
17.4 minutes before it otherwise would have done. 
The lateral movement of the reader is calculated 
from the pitch of the spiral, so the true position of 
the reader is found, and Fig. 3 shows the reader 
in the position it would occupy for range 14,000 
yards and barometer 27 in. 


In the same way the correct position of the 
reader at every range can be found, and a cam 
formed which will give the necessary clockwise 
movement to the reader as it moves laterally 
inwards for increasing range. Generally, suffi- 
ciéntly accurate results are obtained by using a 
straight cam lying evenly over the plotted points, 
and such a cam, formed by the slotted extension 
of the barometric indicator past its fulcrum, is 
shown in Fig. 3, where it is set in the position 
for giving the corrections tabulated in Table I., 


} | column 7, and guides the range-reader by means of 


the pin which goes right through the spiral groove. 
e same series of calculations is to be gone 
through for 5 per cent. and 15 per cent. increase 
of air density, and for 5 per cent., 10 per cent., and 
15 per cent. decrease, in every case finding the 
position of the cam which will most. accurately give 
the necessary rotary movement to the range-reader. 
Intermediate points are equallyspaced off between 
these six calculated positions and a scale engraved 
giving the position of the cam to suit every change 
of air density. Itis of more general use to engrave 
the scale for percentage increase or decrease of the 
factor C rather than for barometer readings, as 
this allows the same apparatus to be used when a 
change in the shape or weight of shell is made. 





Rica.—The Sontepenenh of Russian railways has con- 
siderably increased the importance of Riga, which was 
enabled in 1913 to return the value of its combined 
exports and imports at 410,000,000 roubles. This im- 








posing aggregate represented 17 per cent. of the total 
trade of Russia. a of Riga amounted at the 
| close of 1913 to 523,000. Riga was originally a Swedish 
port, but it capitulated in 1710 to Peter the , 
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MULTIPLE FILTERS AND RAW-WATER RESERVOIR AT ACCRA, | 
GOLD COAST COLONY. 


(For Description, see Page 461.) 
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MULTIPLE FILTRATION PLANT AT 
ACCRA, GOLD COAST COLONY. 


Tue climate of the Gold Coast Colony has long 
been notoriously malarious and unhealthy, but 
medical science and sanitation have in recent years 
effected such an improvement in the prevailing con- 
ditions that Europeans can now reside in the 
colony for long periods in reasonable comfort and 
with little risk to health. Modern drainage and 
abundant water supply are now ised as 
essential in towns, and a filtered water supply has 
recently been completed for Accra, the capital of 
the Colony, a town with rather over 20,000 inhabi- 
tants. Messrs. Hunter, Duff and Middleton, of 
Westminster, were consulting engineers for the 
scheme, which comprises extensive works for 
impounding and storing the water, pumping- 
station, and gravitation and distributing - mains. 
In moist, tropical countries, where abundant vege- 
tation prevails, it is found that most of the fresh 





water available is heavily charged with organic 
matter in solution due to decaying vegetation, and 
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degrossisseurs andjpre-filters are all provided with 
means for automatically cleaning the filtering 
medium with air at a low pressure equivalent to 
2 ft. head of water, the air inducing an upward flow 
through the beds. For this purpose, raw water is 
used in the case of the first degrossisseur and water 
from the previous stage of treatment for the rest 
of the plant. After pre-filtration, the — 
through slow sand filters. These are cov ’ with 
a roof, carried on columns, the outer rows of which 
are filled in with panels, so as to exclude the light 
and prevent the growth of alge. The delivery from 
the final filters is carefully controlled by automatic 
regulators. These, and the usual wash-out and 
control-valves, are placed in suitable control- 
chambers, which are constructed in pairs, as will 
be seen from the plan. The site chosen for the 
filters is on the summit of a hill, 300 ft. above 
sea-level, and in order to avoid pumping at night, 
and to provide against occasional interruption, it 
was decided to construct a raw-water reservoir on 
the roof of the final filters. This is in two com- 
partments, each holding 500,000 gallons. The 
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the waters of the Gold Coast Colony are no excep- 
tion to this rule. For the supply to Accra the 
water is drawn from the small river Densu, at 
Weshiang, about 11 miles from the capital. At 
times this is much contaminated with swamp 
water, and its character may be judged from the 
following figures, calculated from a_ series of 
analyses by Mr. Bertram Blount, which represent 
the average maximum pollution of the raw water :— 
Parts per 100,000. 
Albuminoid ammonia... an 2 0.05 
oe absorbed (4 hours at 80 deg. 
In order to bring these figures within safe limits 
multiple filtration on the well-known Puech system 
has been adopted, and by this means it is hoped 
to reduce the organic matters in solution by nitri- 
fication, thus avoiding the cost of chemical treat- 
ment. 

The general arrangement of the multiple filters 
is shown by the plan, Fig. 1, on this page. The 
water is first through four series of degrossis- 
seurs, or strainers, in each of which the filtering 
medium is crushed rock, graded from 1 in. diameter 
in the first strainer to } in. in the fourth. After 
each straining, the water is passed over a double- 
fall cascade, arranged so as to give the maximum 
amount of aeration, having regard to the tempera- 
ture of the water and the quantity under treatment. 
After straining and aeration, the water flows by 
a distributing channel on to five pre-filters, in whic 
the filtering material consists of a layer of coarse 
sand, 1 ft. 6 in. deep, on 8 in. of fine gravel. The 
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photograph, Fig. 13, on Plate XXVI., shows the 
site of the final filters, with the degrossisseurs and 
pre-filters under construction. 

The entire installation, including the raw-water 
reservoir, is constructed of reinforced concrete. 
The adoption of this method of construction neces- 
sitated the employment in an unhealthy climate of 
a considerable number of skilled European fore- 
men to control the very inefficient native labour 
available, but durability of the structure and 
rapidity of construction were considerations too 
important to be overlooked in selecting the material 
tote ened. It will be seen from the photographs 
and drawings reproduced on Plates XXV. and 
XXVI. that the design is of a by no means simple 
character, yet the whole work was completed in 
twelve months, so that the somewhat hazardous 
experiment of constructing works of this nature 
in a tropical climate appears to be fully justified 
by the results. The hill chosen for the site of 
the works is rocky, and the area occupied by 
the filters was first cleared and levelled by filling 
any inequalities with rough concrete. Upon this 
a foundation of fine 5 to 1 concrete was constructed 
to give the exact fall to the floors of the filter- 
basins, wash-outs, effluent, drains, &c. The actual 
floor of the filters is of reinforced concrete 2 in. in 
thickness, and mild-steel rods ,', in. and ,4, in. in 
diameter were used throughout for reinforcing both 
floors and walls. Figs. 9to11, on Plate XXV., 
and Fig. 12, annexed, clearly illustrate the disposi- 
tion of the reinforcement. At every point where 


annealed-iron wire were employed to keep the 
reinforcement in place. The concrete for reinforced 
work was carefully mixed to a French formula, the 
equivalent of which is as follows :—21.6 cub. ft. of 
finely-crushed rock, 10.8 cub. ft. of washed sand, 
and 537 lb. of Portland cement to each cubic yard 
of aggregate. The whole of the work was rendered 
with a mortar, in making which 60 lb. of Portland 
cement were used to each cubic foot of sand. 

Fig. 2, on Plate XX V., shows a cross-section of a 
degroasisseur with the cascades and aerating troughs 
between the successive series. After falling over 
the cascades the water passes from the collecting- 
channel marked ‘‘ A” through a small controlling- 
sluice at the end of the basin farthest from the final 
filters. After passing through the filtering materials 
the water leaves the basin by an opening in the 
lower part of the wall at the opposite end, and 
thence rises through a controlling-chamber into the 
collecting-channel marked “B” to the second cascade, 
and so on through each successive stage of treatment. 
It will be noted that the filtering materials rest on 
a false bottom. This is constructed of perforated 
reinforced-concrete plates carried on pipes of the 
same material, used for distributing the air when 
cleaning. The arrangement will be further under- 
stood by a reference to Fig. 3, which is a longitu- 
dinal section of a degrossisseur. The false bottom 
and the air-pipes already referred to are supported 
on transverse concrete girders reinforced with steel 
rods. This part of the work was carefully levelled 
in order to secure a perfect distribution of the air 
when cleaning the filtering materials. The actual 
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floor of the basin was constructed with a steep fall, 
so that it may be flushed easily. The inlet sluice 
for untreated water is shown on the right of the 
section (Fig. 3). At both ends of the basin a 
small channel is provided ; that at the inlet end 
is fitted with mushroom valves worked by hand for 
flushing the floor, while that at the outlet end 
is used for collecting the mud removed during 
cleaning, and is connected with the main drain by 
a wash-out valve. The whole of the basins forming 
the degrossisseurs and pre-filters are divided into 
sections by longitudinal walls carried up a few 
inches above the surface of the filtering materials. 
These walls are shown in the cross-section, Fig. 2; 
they are entirely submerged when the filters are in 
use. Holes are cut in these walls near the outlet 
end to allow the treated water to pass from one 
section to the other and to the outlet. The dwarf 
walls separating the filtering materials from the 
flushing-channels are fitted with small hand-sluices 
at both ends of each section. These walls are 
shown in the longitudinal section, Fig. 3, and it 
will be noted that those at the inlet end of the 
ane are somewhat higher than those at the outlet 
end. 

The degrossisseurs and pre-filters may be rapidly 
cleaned when necessary by the following pi ure, 
which will be understood by referring to the sec- 
tions, Figs. 2 and 3:—The basin to be cleaned 
is first isolated by closing the inlet sluice. The 
water is then lowered to the level of the longitu- 
dinal walls dividing the filtering surface into sec- 
tions. The small hand-sluice at the outlet end of 
one of the sections is then removed and air is ad- 
mitted to the concrete pipes below the false bottom 
on which the filtering materials rest. The air is 


supplied from a specially constructed blower 
delivering a large volume at a low pressure. It is 
distributed to the concrete pipes through a special 


chamber designed to equalise the re over 








the rods cross, and at all junctions, ligatures of 


as large a surface as possible, so that the air may 
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pass upwards in equal volume through every part 
of the filtering surface of the section which is being 
cleaned. The air displaces the water above the 
false bottom, and the water passes through the 
sluice into the collecting - channel and thence 
to the main drain. In order that the water dis- 
placed by the air may be replaced so as to cause an 
upward current for flushing the bed, the main inlet 
sluice to the basin is opened slightly. It will be 
noticed that this sluice is so placed that the water 
passing through it will fall into the cross-channel 
at the inlet end of the basin. The mushroom valves 
in the floor of this channel are opened sufficiently 
to allow the water to to the underside of the 
false bottom, whence it is induced by the upward 
current of air to flow through the filtering ma- 
terials, carrying with it the suspended matters 
separated from the water in the process of 
filtration. When the filtering materials are 
sufficiently clean, which may be judged by the 
condition of the water flowing to the wash-out, the 
air is shut off and the mushroom valves closed. The 
small hand-sluice at the inlet end of the section 
is then opened and water is allowed to flow over 
the surface of the filtering materials from end to 
end so as to completely remove any remaining silt 
which has been brought to the surface by the flush 
of air and water when cleaning. It is found in 
practice that about 7 minutes is sufficient for clean- 
ing each section by this process. When all the 
sections have been cleaned, any deposit of mud 
which may have collected on the sloping floor of 
the filter may be removed by first emptying the 
basin through a second wash-out placed at the 
lowest level of the floor. This having been done, 
the small cross-channel on a level with the filtering 
materials is filled from the main inlet sluice. The 
mushroom valves are then opened to flush the 
floor, an operation which, owing to the steep fall 
provided, may be carried out with a very small 
quantity of water. The air-cleaning apparatus is 
applied to the whole of the filtering area of the 
degrossisseurs and pre-filters, and the air can be 
applied not only when cleaning the sections as 
described, but also when the beds are in use. This 
is a great advantage in tropical climates where algal 
growths accumulate rapidly on the preliminary 
filters and frequently occur in patches owing to 
variations in light and other influences. By apply- 
ing air for a few moments the beds are aerated, 
and the patches of vegetable growth removed, so 
that an even flow of the water throughout the 
whole area of the filtering materials may be main- 
tained at all times. In the pre-filters the perforated 
air-pipes are carried on longitudinal ribs of concrete 
formed on the sloping floor of the basins, instead 
of on croas-girders as in the degrossisseurs. The 
general arrangement of the false bottom carrying 
the filtering materials in the pre-filters will be 
understood from the sectional plan, Fig. 4, and 
the cross-section, Fig. 5, on Plate XXV. 

The pre-filtration plant already described is in- 
tended to effect complete clarification of the water, 
but the comparatively high speed adopted would 
not, of course, provide a potable water. Final 

urification is obtained by means of slow sand 
filtration, and special care has been taken to 
secure the best possible results by providing effi- 
cient regulating apparatus for each filter, and a 
system of under-drains designed to secure an even 
flow through the sand-bed over the whole area of 
the filter. Fig. 6 shows a portion of the floor and 
the regulating chambers of two of the final filters, 
which are arran to be worked in pairs. The 
whole area of the floor of each filter is covered 
with special drainage blocks, through which the 
water passes, small holes being placed at a pitch 
of 1 in. in either direction. ese blocks are 
usually made of terra-cotta or other suitable mate- 
rial, which can be obtained locally to avoid cost 
of transport. At Accra they were made in cement 
and sea-sand, in the proportion of 2 to 1, the blocks 
being turned out rapidly from ee ; @ light 
steel reinforcement was ‘ised. e arrangement 
of the control and wash-out valves will be seen from 
the plan above referred to, and also in the sections, 
Figs. 7 and 8. The main regulators are of the 
Glenfield-Jones type. In this apparatus a circular 
weir forms the upper end of a sliding pipe connected 
to the outlet. The regulator is carried on copper 
floats, and means are provided by which the sub- 
mergence of the weir can be adjusted to any re- 
quired depth so as to give a constant delivery 
irrespective of the loss of head. The whole appa- 
ratus is placed in a specially constructed cham 
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closed when it becomes necessary to isolate a filter 
for cleaning; it may also be used for refilling a 
filter from below with filtered water from the 
adjoining filter. 
are constructed 
2 ft. 6 in. 
stop-valve and is continued beyond this into a col- 
lecting channel common to all th 

to the clear-water reservoir. 
terminates in a bell-mouth above the maximum 
level of the water in the collecting channel, so that 
it is im 
channel to the filters. 

























into which the filtered water flows through an 


18 in. wide from a large collecting drain, 
ich all the underdrains of the filter are led. 


In Fig. 6 it will be seen that a valve is provided 


in the wall between the regulator-chambers of 


adjoining filters. This valve is opened when both 


filters are in use, so that the filters may be worked 
ual conditions as far as possible, but is 


The regulators and the chambers 
for a maximum loss of head of 
Each outlet pipe is provided with a 


e filters and leading 
Each outlet-pipe 


possible for water to flow back from this 
In addition to the wash-out 
valves for completely emptying the basins, surface 


wash-out valves are provided for removing the 


water above the sand when necessary during clean- 
ing, &c. The whole of the regulating apparatus is 


placed within the covered space formed by the 


construction of the raw-water reservoirs over the 
filters. These reservoirs are fitted with floating 
delivery-arms, from which the water is led to a 
specially constructed chamber carrying a Kent's 
constant-flow regulator, which controls the flow of 
the water to the degrossisseurs. 

The progress of the work is well illustrated in 
the series of photographs reproduced in Figs. 13 
to 20, on Plate XX VI. The complete installation 
of multiple filters and raw-water reservoirs was de- 
signed by Monsieur H. Chabal, E.C.P., of Paris, 
and was constructed under the personal super- 
vision of Mr. W. F. H. Creber, M. Inst. C.E., 
aoa, a the engineering staff of the Derwent 
Valley Water Board, assisted by European foremen 
experienced in similar works. 








SCIENTIFIC RESEARCH IN THE 
UNITED STATES. 

We have received from the Carnegie Institution 
two brochures* that we gratefully acknowledge, but 
to whose suggestive contents it is impossible to do 
justice. For within this modest compass it is 
sought to explain how acute and scientifically- 
trained intellects have been occupied in carrying 
out the objects of one of the most munificent and 
far-reaching schemes that has ever been pat into 
successful operation. The articles of incorpora- 
tion declare that the purpose of the founder was 
**to encourage in the broadest and most liberal 
manner, investigation, research, and discovery, 
and the application of knowledge to the improve- 
ment of mankind.” The founder clearly had in 
view a twofold purpose— namely, to increase 
and to disseminate knowledge, and though it 
is easy to indicate the character and working 
of the machinery devised by the trustees, it is 
not so easy to conjure up an adequate picture 
of the scientific activity that this Institution has 
initiated or encouraged. Its influence in various 
spheres of thought, its broadening and stimulating 
effect on national life, must be imagined rather 
than described. Within a limited space it is not 
possible to give even a bare catalogue of the new 
facts that the agencies set up by the trustees 
have brought to light, still less to show what may 
be hoped from the simultaneous extension of the 
borders of scientific knowledge in so many direc- 
tions. The catholicity of its aims is its distin- 
guishing feature. No field of research is excluded 
from its possible operations. Whatever investi- 
gation seems hopeful, or desirable, receives careful 
consideration at the hands of the capable adminis- 
tration. Where necessary, entire departments of 
research with lavish equipment have been created 
and endowed as permanent institutions. In this 
way the studies of biology and embryology have 
been quickened and fostered, and the departments 
of physics and astronomy have received large 
support. Less elaborate machinery has been neces- 
sary to encourage historical research, or to direct 
attention to the recondite problems of economy 
and sociology, but in these directions assistance 





* “The Carnegie Institution of Washingto pe 
and isation,” Fourth Issue, 1915. ‘Ten Years’ 
Work of a Mountain Observatory,” by Grorce E.uEery 


Hats, published by the Instivuti f Wash- 
ington, 1916. y Carnegie wution of Was 


sustained labours of the late G. W. Hill. 
national law has benefited by the united work of 


graphy. 








has been given on the same liberal scale. Where a 
definite end could be reached by still simpler means, 
effective arrangements have been made to 
specially-adapted apparatus, or to aid individual 


rovide 


effort by pecuniary grants. By this generous aid 


a band of experts, peculiarly well qualified by per- 


sonal tastes and training, has attacked nearly all 
the well-recognised fields of research, ranging 


alphabetically from astronomy to zoology. Their 


work has been limited neither by time nor distance. 
Archeological investigations have been carried on 
with equal ardour in the North American conti- 


nent and on the shores of the Mediterranean. 


Celestial mechanics have been enriched by the 
Inter- 


students in England, France, Belgium, Holland, 


and Germany. Professor Bjerknes could claim the 


assistance of the Institution for the publication of 
his treatise on dynamic meteorology and hydro- 
Among other enterprises, either com- 
lete or in progress, may be mentioned Dr. Edwin 
mith’s exhaustive studies of bacteria in relation 
to plant diseases ; the chemico-physical studies of 
Professors Osborne and Mendel in animal nutri- 
tion ; the stereochemical studies in relation to 
genera, species, &., of Dr. Reichert; the re- 
searches of Dr. Castle in heredity ; and the inves- 
gations of Professor Chamberlin and his colleagues 
in geology and cosmogony. 

A juster view of the comprehensiveness of the 
scheme is obtained by considering the several 
departments created and entirely supported by the 
Institution. These practically cover the whole 
range of natural science. At Cold Spring Harbour, 
Long Island, N.Y., a laboratory constructed for 
the study of experimental evolution has been in 
operation for some years. This station, originally 
conceived on ample lines for experimental work, 
has been extended till it has absorbed a whole 
island in Long Island Sound, peculiarly convenient 
in marine collecting and similar work, but also 
available for conducting investigations on plants 
and animals in a state of isolation. On the main- 
land a considerable estate has been acquired, to be 

as an experimental garden for poultry experi- 
ments. An efficient staff is pursuing studies into 
the debated theories of heredity in animals, in 
sects, and plants, at the same time promoting 
under the most favourable conditions inquiries into 
such topics as dominance, factorial composition of 
characters, the effect of selection, the relation 
between somatic structure and chromosomes, c. 
In addition to this well-equipped establishment, the 
Institution also maintains laboratories solely 
devoted to marine biology at Tortugas, Florida, 
to permit of intensive study upon problems con- 
nected with tropical ocean life, paying especial 
attention to those that lie on the borderland 
between biology and pathology. The Tortugas 
laboratory is the best-furnished tropical marine 
station in the world, and willingly shares its 
instrumental equipment and facilities with qualified 
students of all nations. Besides possessing an 
aquarium, dock, pumping-station, and machine- 
shop, it owns a 70-ft. yacht and smaller vessels. 
From time to time, as opportunity offers, temporary 
laboratories have been erected at Nassau, in Jamaica, 
the Bahamas, and in Torres Straits. 

Pure botanical research is eagerly prosecuted at 
Tucson, Arizona, a district peculiarly fitted for the 
study of characteristic desert vegetation, and at 
Carmel, on the Pacific Coast, where the conditions 
are favourable for investigating the reactions on 
organisms to environmental agencies. The same 
generous equipment and provision of facilities mark 
these stations as at Long Island, and by reserva- 
tions for plantations in the mountains of Arizona 
future extensions are possible. These reservations 
have great variety of c'imate, since they reach to 
8000 ft. above sea-level and drop to that of the 
Salton Lake, in California—a puzzling formation 
below sea-level that has caused so much surprise 
and expense to irrigation work. Many and varied 
investigations are undertaken by the department, 
not the least important referring to climatic factors 
and meteorological subjects of special interest in 
plant geography. ‘ 

The de ent of embryology is of recent 
creation, and assumes control of the Anatomical 
Laboratory of the Johns Hopkins University, 
where Dr. Mall has worked so long and so success- 
fully. The embryological collection of this eminent 
authority, unique in magnitude and reputation, 
has been acquired by the Institution, and the 
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Trustees are taking the necessary steps to ensure 
its preservation and inc usefulness. The 
Nutrition Laboratory finds its home in a well- 
appointed building in Boston. The staff has had 
to discover their own wants and to design their 
own instruments—a sure sign of the forefront of 
progress. The equipment now consists of a wide 
variety of apparatus intended for observations on 
metabolism and related investigations. It in- 
cludes respiration calorimeters of various kinds, 
and respiration-chambers for the study of patho- 
logical cases, infants, and small animals. Among 
other apparatus we read of two treadmills for 
studying muscular work! A psychological labora- 
tory has been fitted up for observations in physio- 
logical psychology, particularly with regard to the 
influence of various foods and drugs. Diabetes and 
the analysis of diabetic foods have sqqevey been 
among the special objects of research. é 

Leaving on one side the foundation and main- 
tenance of the Mount Wilson Observatory, to be 
treated presently, the furtherance of physical 
science has been mainly directed to researches in 
terrestrial etism, geophysics, and meridian 
astrometry. Under the auspices of the Institution, 
Dr. Bauer has been able to design and construct 
the non-magnetic yacht, the Carnegie, of 538 tons 
displacement. Being built entirely of wood and 
non-magnetic metals, magnetic observations can be 
made at sea with nearly the same precision and 
trustworthiness ason land. The magnetic elements 
of dip, declination, and intensity have been deter- 
mined over the Atlantic, Pacific, and Indian Oceans 
during cruises aggregating about 171,000 miles, and 
on land at 3000 stations, distributed over 107 diffe- 
rent countries and island grou At the beginning 
of this year about three-fourths of a general mag- 
netic survey of the entire globe had been com- 
pleted. The permanent home department is in 
Washington, where investigations on atmospheric 
electricity and allied subjects are diligently pursued. 
The Geophysical Laboratory, originally formed to 
determine the mode of formation and the physical 
properties of rocks of the earth’s crust, is also accom- 
modated in Washington. It is especially well provided 
with apparatus for undertaking chemical, physical, 
and optical work in mineralogy, by tracing the 
effects of high temperatures and pressures on the 
formation of rocks and minerals in the earth’s 
crust. The activity of the department is sufficiently 
attested by the fact that the staff has issued more 
than 200 publications since the inau tion. 
Astronomers are particularly grateful for the assist- 
ance given to the late Dr. Lewis Boss, who has 
been able to accomplish so much work in stand- 
ardising star catalogues, and in giving accuracy to 
minute stellar proper motions, a work that has 
proved the foundation of, or the avenue to, so 
many new inquiries connected with the stellar 
cosmos. Tosecure uniformity in the observations 
over the whole sky, it was necessary to transfer 
the transit circle of the Dudley Observatory to a 
station in the southern hemisphere. The execution 
of the entire programme was successfully carried 
out under the auspices of the Institution. The 
Royal Astronomical Society expressed its apprecia- 
tion of the arduous character of the work by 
awarding Dr. L. Boss the Gold Medal. 

This is a very bald and inadequate account of the 
manifold schemes into which the trustees have en- 
tered with equal energy and success. They have a 
large income to administer—the interest on 22 mil- 
lion dollars, which the generosity of Mr. Carnegie 
has placed at their command—but the calls on it 
must be heavy, and careful husbanding must be 
practised. The return, however, must be enormous, 
the indirect benefits far outweighing the direct 
outcome. The true meaning and value of science 
im progress and enterprise are being brought home 
to a nation who, having long enjoyed the bountiful 
gifts of Nature, scattered broadcast with lavish 
hand over vast areas of virgin soil, is now learning, 
under the — of a rapidly-increasing popula- 
tion and the stress of competition between them- 
selves and in the markets of the world, the neces- 
sity of acquiriag habits of efficiency and economy, 
and of heeding the lessons to be drawn from 
highly-organised research. 

{n the second brochure referred to at the com- 
mencement of this article we are privileged to trace 
the genesis of a finely-equip observatory, the 
outcome of the operation of a great, if obvious, 
truth on a mind singularly acute and receptive. We 
can survey the fruition of a career that, dawning at 
Kenwood, achieved a great success at Yerkes and 








culminated at Mount Wilson. The significant prin- 
= that determined Professor George E. 
scheme of research, rendered possible only by an 
unswerving unity of purpose and directness of 
aim, centres in the fact that the sun is the only 
one of all the stars which lies near enough to the 
earth to be studied in detail. All give a ready 
enough assent to the truism, but very few have 
steadfastly endeavoured to seek information from 
the sun, and to turn the gleanings to use in solving 
the problems of the Universe. 

In the memoir now under notice Professor Hale 
tells us that he set out deliberately to determine 
the nature of the sun, its relationship to other 
stars, and the part it plays in the stellar cosmos. 
If the processes of creation and evolution are still 
at work, we should expect to find existing examples 
in the various stages through which our own solar 
system has passed, and be able to predict its course 
in a distant future. Many similar questions, which 
excite our curiosity, arise, and should prove a 
tempting bait, but astronomers for the most part 
have been content to follow the paths familiar by 
frequent repetition, rather than break new and 
untried ground. Undoubtedly, to attempt to 
unravel such problems is an ambitious project, and 
Professor Hale has rendered a supreme service to 
astronomy by showing that it is possible to make 
progress in such a philosophical programme. He 
devised and pursued a scheme that tied together 
many diverse investigations, multiplying the in- 
trinsic importance of each by tracing its bearing on 
all the others. 

The pioneer in new fields of research must 
invent his own machinery, must be his own instru- 
ment-designer, and command the means of construc- 
tion. Hence the machine-shop at Pasadena has 
grown pari passu with the Observatory at Mount 
Wilson, the one not less important than the other. 
By its aid achievement has rapidly followed con- 
ception, and every experiment and every inquiry 
have been supplied with the necessary apparatus 
for due examination. The spectroscope was the first 
instrument to undergo a momentous transforma- 
tion. For long years the attachment to a telescope 
as an auxiliary piece of apparatus, like a micro- 
meter, had crippled its usefulness and prevented 
advancement. It becomes evident that for efficient 
use in photography the spectroscope must be 
lengthened, and be detached from the moving tele- 
scope. The ideal form, and from which arose the 
spectral heliograph, Professor Hale proved should 
include the possibility of moving the instrument as 
a whole, while the image of the sun and the photo- 
graphic plate remained stationary. Such an arrange- 
ment postulates a fixed telescope with some form of 
heliostat. The Snow telescope suggested the model 
of much that was to follow. In this instrument, by 
means of two plane mirrors in combination with a 
concave mirror of 60 ft. focal length, an image 
of the sun, 64 in. in diameter, is kept stationary on 
the slit of a spectrograph. With this mounting 
photographs in advance of anything previously 
obtained were possible, but the sun’s direct rays 
warped the telescope mirrors ; and though patience 
and ingenuity overcame the most patent defects, 
the details of the image were blurred. To 
obviate or reduce these defects, the vertical, or 
tower, telescope was devised, in which the two- 

lane mirrors are placed 60 ft. above the ground. 

he results showed a decided improvement, 
and led the way to the 150-ft. tower tele- 
scope, whose greater height and massiveness 
required effective provision against wind. The 
plan adopted was to enclose each member of the 
tower that carried the mirrors and instrument in a 
similar external member, but without contact, so 
that the interior structure was completely shielded 
from the wind. Experience had also shown the 
desirability of maintaining the trograph in a 
constant temperature, so that while on the one 
hand the mirrors, by their increased elevation, 
escaped much of the disturbing effect of heat 
radiation from the ground, the spectrograph in- 
creased to a focal length of 75 ft., worked under 
improved conditions, by being placed in a chamber 
75 ft. below the base of the tower. With this 
powerful instrument in which the diameter of the 
sun’s image is 16in., Professor Hale states that 
the D lines of sodium are separated by about 
1.2 in. in the third order spectrum. Those of us 
who have worked with the toy spectroscopes of 
forty years ago can appreciate this significant state- 
ment. 

Another notable addition to the Observatory 


ale’s | th 





equipment is the 60-in. reflector, a huge structure, 
@ carriage of whose massive parts up the moun- 
tain road, 9 miles long, that se the Obser- 
vatory from the workshop, taxed the local resources 
of engineering science to the utmost. And here 
we would like to emphasise the weighty words with 
which Professor Hale introduces us to those 
mammoth instruments with which his name is 
indissolubly connected. He insists on the import- 
ance of combining perfection of optical and mecha- 
nical construction with increase of optical power. 
** Mere size is of no moment unless supported by 
corresponding precision of parts. Lord Rosse’s 
6-ft. reflector, built before the development of 
modern machine-tools, was less efficient than the 
12-in. telescope of the present day.” 

This demand for mechanical perfection, that has 
characterised all that the director has projected 
in instrumental construction, is well illustrated in 
the history of the 100-ft. reflector, the gift of 
Mr. J. D. Hooker, of Los Angeles, the construction 
and mounting of which has occupied the attention 
of the staff, more or less continuously, for some 
ten years. Enormous difficulties have been en- 
countered and overcome, especially in obtaining a 
suitable disc of glass of the necessary thickness and 
optical qualities. Such a disc weighs 44 tons, and 
every failure entails a long period of waiting while 
a new disc is under preparation. It was therefore 
a matter of very sincere congratulation when it 
was reported that a disc had been submitted and 
had responded satisfactorily to the most exacting 
tests that skill and experience could suggest. It 
is now being figured in the optical shop, and con- 
fident expectations are entertained that next year 
it will be mounted on its selected site. 

Simultaneously with the increase of observing 
means, the necessary laboratory experiments have 
been made to assist and verify the interpretation 
of the records. It has been n to construct 
apparatus for submitting various metallic vapours 
to pressures and temperatures comparable to those 
existing in the sun, for only by actual comparison 
between the spectra so obtained and those directly 
furnished by the sun was it possible to learn what 
was the mechanism of a sun-spot. Similarly, when 
discussing the effect of a magnetic field on the 
behaviour of the spectral lines, special devices have 
to be adapted to the new conditions. Micrometers 
of great delicacy for measuring the minute shift of 
the lines of the spectrum, due either to the motion 
of the light source or to variations of the pressure, 
_ to be ome to —o special needs, 
and optical gratings of particular type for special 
work Thad to be ruled. Again, tinal for 
facilitating calculations had to be schemed or new 
forms of galvanometers devised. The require- 
ments of a modern observatory far outstrip the 
mere astronomical equipment of telescopes and 
clocks. There is no fixed line between physics and 
astronomy. The fundamental problems of physics, 
or taegpens | those connected with radiation, are 

ing continually tested, verified and applied by 
the astronomer. 

The question will be asked, how have these 
engines of research rewarded the unstinted zeal of 
the observer? To answer that question would be 
to write the history of astronomy for the last ten 
years ; to compress the facts into a few brief sen- 
tences is impossible. Let us say that much has 
been done to bridge the s between the sun 
and the stars; to show that in the brilliant com- 
pany of heaven our sun is not an isolated 
creation, that other stars, though we can raise 
no discs, have been shown to present similar 
phenomena, and made it more than probable that 
the meteorology of the sun, into which we have 
made such great advances, is repeated on the orbs 
that fill distant space. On the sun iteelf, plausible 
generalisations have been reduced to individual 
certainties, and we can separate the known from 
the sus Quantitative measures with some 
approach to exactness have been substituted for 
loose speculation or specious hypothesis, and the 
directions in which further inquiry is hopeful have 
been made more precise. e problem of the 
evolution of stars has been attacked with such 
vigour that it is not impossible but that the life- 
ay | of stars will berevealed from their birth to 
their decay. The manner of the scattering of light 
in space, the determination of the absolute magni- 
tude of stars, and, consequently, their distances, 
may not seem heroic work ; but the prospects 
opened up by such advances are very wide. More 
important than all is the stimulus given to further 
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inquiry, the: consciousness that the study of astro- 
nomy is not exhausted, that there are still oppor- 
tunities for pushing investigation, new facts to be 
discovered, new hypotheses to be tested. 

in science is not uniform, there are peri of 
stagnation when advance is stayed, and other 
equally well-marked epochs when fresh avenues 
become accessible and —— problems yield 
to appropriate attack. It is Professor Hale’s 
service and fortune to have inaugurated one of these 
brilliant epochs, and to convince the despondent, 
who think that further progress is barred, that no 
true science culminates, but that every forward 
step discloses wider fields of research to the deter- 
mined explorer. : 








GRIN DING-MACHINES.—No. XIV. 
By Josern Horner. 

Tue combination of hole-grinding with face- 
grinding is effected in machines by the Bryant 
Chucking Grinder Company, of Springfield, Ver- 
mont, U.S.A. These are like no other machines. 
One was illustrated in Enoingrrine, vol. xcv., 
page 88. A later pattern, modified in some respects 
and with additional details, is shown by the accom- 
panying illustrations, on the present e and 
page 465. Fig. 208 is a reproduction of a photo- 
graph of the hole-grinder simply ; the drawings, 
Figs. 209 to 215, include the provisions for face- 
grinding. Features in which this grinder differs 
from others are the method of travelling the wheel 
for ulating the diameters of bores, the combina- 
page the face-wheel, and the details of the 
automatic chuck. 

The wheel-slide A, Fig. 209, is of tubular section, 
located at the upper part of the machine, the body- 
casting of which is extended to form bored heads, 
which receive bushes, coned on the outside, that 
form the bearings within which the tube B, form- 
ing a portion of the wheel-slide, is traversed over 
&@ maximum length of 74 in. The surfaces of the 
cylindrical tube B, which are hardened and ground, 
are protected by a telescopic arrangement of tubes, 
the disposition of which is seen in Fig. 209. Two 
are screwed into the bearings, facing each other ; 
two are screwed to the tube, adjacent to the wheel- 
head, and slide over the first-named, while the 
joints are encircled by other tubes, pinned to the 
tubes next the bearings. The extreme ends are 
protected by flanged and blank-ended cylinders 
screwed to the body-casting. 

The traverse is by hand or my (neither of 
which details are illustrated in the drawings), but 
each drives to the pinion C and annular-rack D, cut 
around the circular spindle. The cross-handle for 
hand-feed, seen in the photograph, Fig. 208, fits 
on the pinion-shaft. The power-feed comes through 
a cord from the overhead driving-pulley, Fig. 208, 
on a worm-shaft, the worm on which drives a 
worm-wheel on the shaft of the pinion and cross- 
handle. The travel is at the rate of 25 in., 55 in., 
and 75 in. per minute, giving nine different tra- 
verse speeds to the wheel, ranging from ,; in. to 
+ in. of travel for each revolution of the work, 
which runs at 150, 225, and 300 revolutions per 
minute. 

These machines are built for internal grinding 
only (Fig. 208), or, as in the subsequent illustra- 
tions, combined with a second spindle for face- 
grinding. The two spindles are carried in the 
head casting A, Fig 209, each being driven by its 
separate pulley from the countershaft, and either 
can be brought into alignment with the work and 
cross-feed by hand or automatically. The wheel- 
spindles rock around the axis of the traversin 
spindle B. Their relations are seen in the sectiona 
view, Fig. 211, and the two spindles in their heads 
in longitudinal section in Figs. 210 and 212. The 
head casting A, mounted on the traversing spindle 
B, includes both heads. While the hole-grinding 
spindle is fed radially by a hand-wheel E and screw 
F (Figs. 211 and 212), or by an automatic ratchet 
feed in these figures, the face-wheel is moved across 
the work by ahand-lever attached to the casting A, 
which carries the heads and spindles. 

The feeding mechanism for the hole-grinder, 
seen in Figs. 211 and 212, gives arange up to 
10 in. bore. To the hinder end of the head cast- 
ing, a bracket G is attached which, curving around 
and under the portion of the base adjacent, ter- 
minates in a stop-block H, with which a disc a on 
the end of the cross-feed screw makes contact. 
The screw does not rotate, but its nut J does, and 
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the screw is merely moved longitudinally. The 
hand-wheel E is keyed to the nut with a Woodruff 
key, and the ratchet feed disc K is in one piece 
with the hand-wheel, so providing either kind of 
feed through the screw-nut. The hand-wheel and 
ratchet disc are also seen in the general view, 
Fig. 208. The pressure against the disc a, which is 
in the direction of the feed, is taken by a coiled 
spring. The pawl L, Fig. 212, of the ratchet- 
feed disc is operated automatically from the shaft 
of the pinion C, Fig. 209, by an eccentric move- 
ment acting on the ratchet pawl, seen also in the 
view, Fig. 208. An automatic knock-off on the 
disc throws the ratchet off at a point determined 
by the setting of the knock-off lever. The latter is 
attached to a counter-weighted swinging arm, the 
position of which is determined by the location of 
the ratchet notch into which the spring plunger is 
entered. 

The construction of the internal spindle is seen 
at the right-hand side of Fig. 210. Five sizes are pro- 
vided to suit ranges of holes of various diameters. 
There are quill fittings screwed into the bearing 
end of the spindle, which, with the driving-pulley, 
remain permanent fittings in the head. The per- 
manent portion of the spindle runs in two ball- 
bearings of the radial-thrust type ; end thrust is 
taken against a collar in the quill. The spindle 
runs in parallel bushings, the front one having a 
conical exterior thrust inwards with a nut. The 
split in the bush is occupied with felt. 

The wheel-head, fitted for surfacing, is shown 
by Fig. 213, carried in the same casting A as the 
spindle for internal grinding. The pulley in this 
case occupies a central position on the spindle. 
The front bearing is coned and provided with an 
adjusting-nut. Enod thrust is taken by a washer 
and nut at the rear. The wheel is mounted on a 
cone, and clamped with a ring-nut. 

The three-jaw automatic chuck, Fig. 210, is a 
special feature. Its jaws are opened and closed by 

e hand-wheel M at the rear of the head. This is 
keyed to a quill N that, passing through the head, 
im endlong movement, by a screw at its front 
end, to a toggle-plate O, which opens and closes 
the jaws through the grooves in the stem P, to 
which the jaws are bolted. The toggle-plate cannot 
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turn, being keyed on the stem and also fixed by a 
pin opposite the key. The endlong movement is 
slight, but this is compensated for by the numerous 
steps of the chuck. If these are not enough, the 
stem can be drawn out and the radial positions of 
the jaws be readjusted by the central bolt in each. 
The spindle runs in parallel bearings, coned on the 
outside, with adjusting nuts that cover the ends. 
Oilers are fitted and felt pads. The belt-pulley 
occupies a nearly central position. The entire head 
swivels around two coned pins Q, Q, just behind 
the chuck, to an included angle of 30 deg., the 
setting being done at the rear of the head. The 
work is lubricated through a tube that passes 
through the spindle from a centrifugal pump R, 
Fig. 209, driven from a belt-pulley at the left of the 
machine. The water can be shut off by a lever at 
the front. A diamond is set up at the front of the 
machine at S, Fig. 211, for truing the wheel. The 
bracket T which carries it is clamped on the fram- 
ing, and the holder is manipulated with a lever. 

A collet-chuck, Figs. 214 and 215, for use on 
these lathes is designed for holding gears, rings, and 
collars, the bores of which have to be ground. It 
is of the springy collet type, the split collet-ring U 
being screwed to the nose of the draw-in tube V, 
and enclosed within the body W of the chuck that 
is screwed to the spindle nose. The withdrawal of 
the draw-in tube by the hand-wheel pulls the 
collets in under the coercion of the conical bore 
of the chuck. The gear-wheel, shown in the illus- 
tration, is centred in the most approved fashion 
by the roots of the teeth, a subject which was 
illustrated in Enoingrrine of October 11, 1912. 
Plate LV. In this example the centring fingers X 
are made specially to suit the size of gear. They 
are secured to the collet-jaws by simple clamps Y. 
The gear is supported on a spider Z with six arms 
which fit into a seating in the chuck body. 





Tue Powsavus.—Rules for the laying out of new towns 
in recently irrigated areas of the Punjaub have been 
considered by a committee ided over by Mr. H. J. 
Maynard. @ recommendations made by the com- 
mittee are extensive. The committee proposes inter alia 
the immediate appointment of a public works depart- 
ment officer to assist the colonisation officer. 
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COMBINED HOLE AND FACE-GRINDING MACHINE. 
CONSTRUCTED BY THE BRYANT CHUCKING GRINDER COMPANY, ENGINEERS, SPRINGFIELD, VERMONT, U.S.A. 
(For Description, see opposite Page.) 


Fig. 209 : = 
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SECTION A-B. 


PROTECTION AGAINST LIGHTNING IN THE UNITED Stars. | districts. Lightning-rods seem to reduce the fire hazards | terminals should be provided for all chimneys, gables, and 
—From a compilation, made by O. S. Peters on behalf by 80 or 90 2 aah the case of houses, and by 99 per | other projections ; several widely - —_- paths to 
of the Bureau of Standards, we see that the damage | cent. in the case of barns. Good mechanical construction | earth are preferable to one path. xtended metallic 
done by lightning in the United States is estimated at|and ability to resist corrosion are the chief requirements | masses should be joined to the conductor, unless, pevteos, 
*,000,000 dols. per year, chiefly in rural districts. Some | for rods; the material is otherwise not very important ; | they are nowhere near the roof or conductor. No place 
1500 persons are struck, and one-third of these are killed, | good earth is. of course, essential; a resistance of 15 ohms | is absolutely safe, except a metallic cage ; an unprotected 
bine-tenths of the accidents again occurring in country | would Le excessive. In addition to lightning-rods, aerial | house is considered safer than open country. 
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**TORSION STRESSES IN FRAMED 
STRUCTURES.” 
To THe Eprror or ENGINEERING. 

Sir,—In your issue of October 15 there appeared an 
article on the above subject by Professor Cyril Batho, 
M Sc., B.Eng., which was read before Section G of the 
British Association at Manchester on September 11. 

The stress distribution in a system subjected to torsion 
is not so simple as it would at first sight appear, and the 
conclusions arrived at in the above paper are not only 
misleading, but, in the case of solid or hollow prisms, are 
quite erroneous. 

When a beam of circular section, either solid or hollow, 
is subjected to a twisting moment, p sections at right 
angles to the axis of twist remain plane under torsion ; 
the stress induced is one of pure shear, and the surface 
shear stress is uniform throughout. Immediately the 
elementary circular section is departed from, however, 
the conditions are entirely alte Sections initially 
plane do not remain plane under the action of a twisting 
moment, but me warped. The net result of this is 
that the surface shear stress is no longer uniform through 
the contour of the section ; this want of uniformity being 
more marked as we depart more and more from the 
elementary circular section. 

It has been shown, both by St. Venant* and by Bach,+ 
that the maximum transverse shear stress in any non- 
circular section under torque occurs at that point on the 
surface nearest to the axis of twist, that the stress is 
great in the neighbourhood of re-entrant angles, and zero 
in the neighbourhood of projecting points or corners. 

Expressions for the maximum shear stress in the case 
of a few of the simpler sections, such as the ellipse and 
rectangle, have been deduced by St. Venant, and are 
given in Table I., where they are compared with similar 
expressions dedu by Autenrieth,} who assumed that 
the stress at any point P on the boundary of a solid or 
hollow section bounded by a continuous curve, convex 
outwards, is given by 

oe ae 

° ° ‘ ° . & 
where T is the torque, A the area of the section, and r 
is the length of the perpendicular drawn from the cen- 
troid of the section to cut the tangent to the curve at the 
point considered (Fig, 1). The maximum shear stress 
will thus occur where ris a minimum—i.e., at the end 
of the minor axis of the section, and the minimum sur- 
face shear at the end of the major axis. 

On the same assumptions, the surface shear stress in a 
hollow section having a continuous boundary, in which the 
ratio of inner to outer radius is sensibly constant and 
equal to ¥ for all radii, is given by 

2T 
6 2 
fi Alit+y]r (2) 

Example i.—Hollow elliptical section, having semi- 
major and semi-minor axes a and b respectively. 

In the case it may be shown that the surface shear 
stress at any p%int is given by 

fo = 2T Vy? (2-0) + — 
wu? LL-Yy 

In this case of a colid elliptical section y = 0, and (3) 
becomes : 7 

— aT Jy (a8) ‘F.  .« 
7 a? 6 
The maximum and minimum surface shear stress may 
be found by substituting for y in (3) and (4), ) and a 


respectively. 
When a = b = r equation (3) reduces to the form 
f= —2Tr ou. 
r([rt—ry'j 


the expression for the shear at the periphery of a hollow 
circular section, where r and r, are the outer and inner 
radii respectively. : ; 

While the assumptions made in deducing the foregoing 
formule give results in close agreement with experiment 
if the boundary is a continuous curved line, they fail to 
do so if the section has a discontinuous boundary. In 
the latter case the researches of Bach indicate a state of 
zero stress at projecting points or corners, and in an 
extreme case would postulate zero stress at the corners 
of a polygonal section, no matter how closely this ap- 
proximates to a circle. To overcome this difficulty, 
Autenrieth assumes vhat the stress at such a corner 
depends upon the included angle, and is zero for a right 
angle. 

This assumption leads to the following formula, which 
is applicable to both solid and hollow polygonal sec- 


tions : } % 
ga 8 [1 . (° sin *Y sine | . 6) 
ar e 


where /, is the surface shew stress at P (Fig. 2), 2 a con- 
stant, T' the applied torque, A the area of the section, 
and r the radius of the inscibed circle. 
For a solid polygonal section 2 has the value 
18 
9-Zsna 

while for a hollow polygonal section 2 is given by 

18 

9(1 + y)-2sina[l + 7? + ¥'] 


ee History of Elasticity,” by Todhunter and Pearson. 


+ Elastizitat und Festizkeit. 


} Zeitschrift des Vereines Deutscher Ingenieure, 1901. 


page 1099. 


In each case the maximum surface shear stress occurs 
where ¢ = 0, in which csse 
‘max. = aT . . . (7) 
Ar 


ii: — In a solid lar section whose 
longer side is 2c and shorter side is 2 6, r for the shorter 
is c and for the longer side b. Also sin a = 1, so that for 
the longer side equation (6) becomes 


f. = BT [2 - (ex *)'] rT 
c 
and for the shorter side 


BEL (ey). 


Thus the maximum stress in the longer side [at its mid- 
point, where ¢ = 0] is given by 
7 
fax = && oa . . . 10 
. = 2.57 as (10) 
and the maximum stress in the shorter side by 
motes... 


ac 
At the corners in each case 


i=0 . : ° - (12) 


Example iii.—Ia the case of a hollow rectangular or box 
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Fie. 3.—Diagram showing variation in surface shear stress in 
a solid rectangular section, subjected to a twisting moment. 
.. depth 
= 1.5. 
Ratio bieadin . 


Area of section = 2.4. 


section, in which 7 is sensibly constant, equation (6) also 
applies. The shear at any point in the longer side is 
given by 


18 T { pain o\2 ‘oa 
i,= ,l1- 1 
“ AbI7(L + ¥) — a7] b ( ¢ y} ” 


from which 


Smax. = 18 T . (14) 


Ab(7(L + ¥) - 274) 
while for the shorter side 


fu 18 T f 


f, _ (psin go? 
~ Aec(7(L + y) - 27} ‘ ( 6 yo) 


and 
= Bt _ a 

Acli(t + ¥*)-27'] 

From equations (8) and (13) it ap; 
of _— distribution in a rectangu 

ic. 

Figs. 3 and 4 sbow such curves drawn respectively for 
a solid and a hollow rectangular section having the same 
ratio, 1.5, of depth to breadth, and the same cross-sec- 
tional area and weight per footrun. In the hollow section 
the ratio of pede: to inside dimensions or ¥ is 0.975. 


+ 
mAx. 


that the curves 
section are para- 








From these curves it appears that the value of /, T 


in the box section is about 19 per cent. of that in the 
solid section. 

In the ordinary box sections used in practice the value 
of + will not in general be the same for the top and 
bottom flanges as for the webs, nor can it be the same 
for different points on web or ie since these are of 
uniform thickness. From Table II. (next page), which 
shows calculated values of 22 in the formula, 

QT 


ar 

for a hollow section 4 ft. square and with different thick. 
nesses of metal; it appears, however, that a given per. 
centage variation in y only produces about one-half the 
same percentage variation in (2. In practice the mean of 
the values of measured at the mid-points of the two 
sides will give results within a few per cent. of the truth. 
The foregoing investigations of Autenrieth are based 
upon a consideration of the stresses involved during 


- (17) 


torsion. St. Venant, considering the strains produced, 
obtained the expression 
Imax. = ot (18) 
: Ab 


for the maximum shear stress in a rectangular section of 
sides 2c and 26. In this formula 


Q=uis+es®. . . as) 
c 


Table III. shows how 0 varies with the ratio of depth 





Fic, 4.—Diagram showing variation in surface shear stress in 
a rectangular box-section, subjected to a twisting moment. 


, depth _ 
Ratio oo = tg 1.5. 
Area of section = 2.4. 

y = 0.975. 


to breadth. According to Autenrieth, 2 is independent 
of the ratio of c + >, and has a constant value 2.57, so 
that stresses calculated from Autenrieth’s formula are 
greater than those obtained by St. Venant, the difference 
becoming more pronounced as this ratio is increased. 

Bach’s experiments on the whole appear to show that 
———_ en | ny in closer — —_ the —_ 
of experiment, a‘ or purposes of design these may } 
chested ¢ with some confidence. The cal stresses, 
if they err at all, will do so on the side of safety. 

In regard to the stresses induced in I, channel, and 
other sections subjected to torsion, little definite is 
known, except that in the case of I sections the stress is 
®& maximum at the mid-point of the web, and is zero at 
the extremities of the flanges. Since the stress is always 
jams. in the neighbourhood of a re-entrant angle, it is 
probable that it will be at the junction of web and 
flange, particularly where the radius of the fillet at this 
point is small. As to this point, however, no definite 
information is available. 

From experiments made of I sections of lead, Bach 
found that rupture always occurred at that point on the 
web nearest to the centroid of the section, and deduced 
the expression ; 

fmax. = 4.5 At 20) 
where A is the total area of the section and ¢ is the thick- 
ness of the web. 
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Experiments carried out on rolled-steel sections by the 
writer* gave 


T 
max. = 4.2 Aé . . . (21) 


which is in fair ment with the above. 

Whatever be the magnitude of the transverse shear 
stress, due to torsion, at a point in a vertical section of a 
horizontal beam, this shear will be accompanied by an 
equal shear stress on the horizontal plane passing through 
the same point. In a beam of box-section, in which t 
depth exceeds the breadth, or in a beam of I section, the 
magnitude of this shear on horizontal layers is a maxi- 
mum at the neutral axis. 


Taste I. 


Maximum Surface Shear Stress. 





Type of Section. | 
7 | St. Venant. | Autenrieth. 
Solid circular 2 t 2 Li 
radius r xr Labe 
Hollow circular |__ 27% _ Poi 
radii r, and re ® (r)4 — 794) w [14 - rg4] 
Solid —- | 2T 2T 
Major axis=2c | ys ——— 
Minoraxie=2b | *°% web 
Hollow elliptical 2Tb 
formed by 5 r 
[2c 2b}, [2cp 209] m leds — cg bg") 
Solid rectangular 15e +90 T 
Long side 2¢ i. [ wala 0.643 aa 


Shortside2b | 
Hollow rectan- 
gular 18 a T 
y= const. | 7(1+y2]-2y' | Ab 
Short side = 20 
Any polygonal | 
section 
Radiusofin- | 
scribed circle = 7 | 
Included angle =a} 
I-section 4.5 A 


ae = 
9(1+y7]-Zemall+y+y4] Ar 





Web thickness = t| At 
Taste II. 
Thickness | } 
of Metal. } In. 4 In. } In. 1 In, 1} In. | 1h In. 
y 0.989 0.978 0968 | 0.958 0.947 0.937 
A 47.75 95.0 141.7 188.0 233.7 279.0 
Q 1.510 1.617 | 1.532 1.538 1.542 1.548 
Taste III. 
: | | 
Ratio * 1/2) 8 4 5. | 6. 7. 8. | 9 | 10, 
, 


Q (St. Venant) ..|2.40,1.9£] 1.80] 1.72 1.68 1.65) 1.63) 1.62 1.60) 1.59 





From what has been said it will be realised that 
problems arising from the torsion of such structures as 
are used in practice are extremely difficult of solution. 
In the case of simple sections, such as the hollow-box 
section, the formule above quoted may be adopted with 
some degree of confidence ; but when the structure is built 
up of framework, the strict mathematical solution of the 
problem would seem to be impossible. When the struc- 
ture is such that the dimensions of the members are very 
small compared with the distance between these and the 
axis of twist, the method suggested by Professor Batho 
should give fairly accurate results. If this condition is 
not satisfied, however, the adoption of this method would 
lead to errors of large magnitude, and when applied to 
the torsion of prisms of non-circular section woll lead to 
conclusions which are certainly erroneous. 

Yours faithfully, 
—_— ; Ernest G. RItcHig. 

Engineering Department, University College, 

Dundee, October 27, 1915. 





DEVELOPMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 
To tHe Eprror or ENGINgEKING. 

Srr,—The proposal to establish a permanent State- 
aided organisation for the promotion of scientific research, 
with a view to its 7 to trade and industry, is a 
most hopeful sign of the times, and will be welcomed in 
principle by scientific workers generally. But, inasmuch 
as any such scheme necessarily implies a certain amount 
of State control and direction of scientific research, and, 
ultimately also, of the large body of scientific workers 
who will be brought within its ambit, there are certain 
important matters to be considered and settled in prin- 
ciple at the outset if the scheme is to be as fruitful and 
successful as it ought to be. I venture, therefore, in the 
—s ‘ friendly critic and well-wisher to the scheme, 
© submit to your readers the following paragra em- 
bodying some of the points which seem to teat 
very careful consideration in order that the freedom and 
interests of individual scientific workers shall be suffi- 
ciently safeguarded and conserved. 

, |. In my opinion what is most needful in this country 
or the development of scientific research in relation to 
industry is a central fund for the subsidising of a Limited 
number of important lines of investigation, initiated and 
carried out by scientific workers and technologists of 





_* “A Study of the Olrcalan -Girder.” 
Gibson and Ritchie. © ClenteeAse Bow-Gisten.” By 








repute, who are, or have been, sufficiently in touch with 

tical affairs as to have acquired at first hand a real 
Routed of industrial conditions, and of the economic 
factors which will necessarily come into play in connection 
with any new development. Such proposals might be 
initiated either by individuals so qualified, or by any 
group or association of such individuals, and such persons 
should have a strong (if not a majority) representation 
upon any advisory council or committee appointed either 
to select or recommend suitable subjects for investigation, 
or to advise in connection with the prosecution of any 
investigation so selected. 

2. The selection of a particular line of research should 
be governed by three considerations mainly :— 

(a) Its importance and ticability, as directly bear- 
ing either upon the development or revival of national 
industries, and particularly of those which, although 
producing essential commodities (¢.g., synthetic dyes or 
optical glass), have, through past neglect, become local- 
ised ab: , or which conceivably may be threatened in 
the near future; or upon questions pertaining to the 
future better utilisation of national resources of raw 
materials (¢.g., coal and its by-products). ' 

(b) The probability of there — a successful issue of 
the investigation within a reasonable time. 

(c) The fact that its inauguration and continuous 
successful prosecution would involve expenditure beyond 
the financial resources either of an individual investi- 
gator (even though he may be aided by grants from the 
existing research funds of scientific and technical societies) 
or of the Institution in, or in connection witb, which he 
may be working. 

3. Broadly speaking, there are three distinct classes of 
investigation which would come within the above cate- 
gory—namely :— 

(a) Investigations whose object it is to establish new 
or more accurate scientific data, or methods, involved in 
the design of industrial appliances or plant, or in the 
daily scientific control and supervision of important 
manufacturing processes. 

(b) Investigations whose object it is to effect some 
modification in the details of an existing process, where- 
by it shall become technically and commercially more 
efficient. 

(c) Investigations whose object it is to convert a 
scientific discovery (or results which may be icated 
from research in pure science) into a useful scientific 
invention. 

4. Whilst all of the above three classes of research are, 
or should be, essential features in any organised scheme 
for the benefit of trade and industry, the third class is un- 
doubtedly not only the most important of all, but also 
the one which presents the greatest executive difficulties 
in procedure, and unless at the outset these difficulties 
are both clearly recognised and equitably met, the com- 
plete success of the scheme will be seriously jeopardised. 

5. It ought to be recognised in principle that an indi- 
vidual scientific investigator who may seek or obtain 
assistance from the central national research fund should 
be accorded the fullest credit and protection for the 
ideas which he may disclose, as also direct personal access 
(without having to invoke the aid or interest of some 
intermediary person or association) to the advisory council 
or committee (or persons representing them) administering 
the fund. Furthermore, if the ideas or discoveries dis- 
closed by him are deemed important and worthy of su 
port, as likely to result ip a useful invention, not only 
should the further investigation of the matter be entrusted 
to his unhampered direction, but also, in the event of 
such further investigation under his direction ultimately 
resulting in a useful invention, his rights and interests 
in the commercial results of such invention should be 
—* provided for and ensured. To the objection 
which may be made that the acceptance by a scientific 
worker of assistance from a public fund for the develop- 
ment of his ideas or discoveries implies forfeiture 
on his part of any pecuniary advantage which would 
otherwise accrue to him, it ~_ A replied that a 
scientific worker ought not to put into a worse 
position in regard to the development of his dis- 
coveries, a because he is financially assisted by 
the State, than he would have been had he been financed 
privately. It is a just and necessary principle in 
the development of inventions, no matter whether such 
development is financed by the State or by some private 
person or syndicate, that the inventor gud inventor is as 
much entitled in wid to a reasonable interest in the 
commercial results of his ideas as is the financial power that 
he may invoke; and unless such principle is conceded at 
the outset in connection with the Government echeme, it 
will never attract, or be invoked by, the scientific in- 
ventor for the development of his ideas. In short, inven- 
tion and discovery, being ——— ** individualistic ” 
products, cannot flourish or be fully developed on a 
** Socialistic” basis; and in every State-aided scheme 
there lurks the Socialistic danger. 

6. If the above principle be conceded, there are doubt- 
less formidable difficulties in carrying it out. Thus, for 
instance, it will be necessary to provide that the communi- 
cation of an idea or discovery of an individual, or up 
of individual scientific workers, to an advisory rd 
must not merely be confidential, but shall also confer the 
same sort of provisional protection which the lodging of 
@ provisional specification at the Patent Office now con- 
fers. In the second place, should the further State-aided 
investigation of the matter result in a useful invention, 
not only ought the resources of the British Patent Office 
to be freely placed at the disposal of the inventor for the 
adequate — of his invention, but also steps would 
have to taken to ensure the same protection in 
all im t foreign countries. For, unless this were 
done, foreign manufacturers and countries would reap the 
reward of British scientific invention financed by the 











British taxpayer, without having to pay so much as a 
cage mn by way of sapaliien to the British 

Great Britain id for ever sacrifice a most fraitf 
source of “invisible exports” in the shape of “‘ British 
inventions.” ‘ 

Moreover, it might easily happen that an idea or in- 
vention originating in Britain, under a Government 
scheme without due safeguards, might be freely imported 
into Germany, and through German sources be patented 
in other countries for the benefit of Germany ; such 
things have bagpeees in the under the existing 
patent laws, will negeen 1 the more in future if 
the new scheme does not fully protect British scientific 
—— — thus lurks in the new _—_ the 
serious danger of its proving an instrument and organisa- 
tion ae brains and capital will be exploited 
largely for the benefit of the foreigner, and whilst such 
danger may perhaps be minimised by wise foresight, it 
is inherent in the scheme, and it is difficult to see how it 
can be entirely eliminated. 

7. The foregoing considerations do not, of course, apply 
to the first of the three classes of investigations cited in 
section 3 hereof, and unless they are frankly recognised 
and fully met at the outset, the utility of the scheme in 
=> a the important third class of investigation will be 
nullified. 

The above suggestions are offered as an individual ex- 
pression of opinion which is the outcome of the writer’s 
experience in connection with the development of his 
own inventions, in the hope that the final scheme will be 
so framed and safeguarded, in the common interests both 
of scientific invention and the British public, that it 
may be of the utmost benefit to all concerned. 

Yours faithfully, 
WitutasM A. Bong, F R.S., 
Professor of Chemical Technology at the Imperial 
College of Science and Technology, London. 
November 2, 1915. 





RUTHENIUM DICARBONYL. 
To THe Epiror or ENGINEERING. 
Srr,—In the abstract you gave in Encingerine of 
15 (page 404) of my communication to the 
British Association at Manchester on ‘‘ Ruthenium 
Dicarbonyl,” permit me to make two small corrections. 
I bave not yet been honoured by the academic distinction 
of ** Dr.,” and, in contradistinction to all the other cer- 
bonyls, ruthenium dicarbonyl is soluble in alcohol and 
is insoluble in benzol, while all the others are soluble. 
Yours faithfully, 
BERT Monp. 
Combe Bank, near Sevenoaks, October 30, 1915. 





Surrpty oF Water FoR Domestic PurPosrs.—The 
Metropolitan Water Board, — Buildings, Strand, 
W.C., have issued a Digest of Statutory Definitions 
relating to the supply of water for domestic purposes. 
This was prepared. by Mr. A. B. Pilling. clerk to the 
Board, and was communicated by him to the fourth 
annual meeting of the Municipal Water Works Associa- 
tion. The price is 5s. 





Tue wate Sir ArtHur W. Riicker.—Sir Arthur 
Rticker, M.A., D.Sc., F.R.S., who, we are sorry to note, 
died on November 1, was born in 1848, in Clapham, as 
eldest son of Mr. D. H. Riicker. a City merchant, and 
was educated at the Clapham Grammar School. The 
head-master of this school was the Rev. Charles Pritchard, 
afterwards Savilian Professor of Astronomy at Oxford. 
Riicker himself went to Brasenose College, Oxford, which 
subsequently elected him a Fellow, and after being 
assistant to Professor Clifton, in the Clarendon Labora- 
tory, was, in 1874, appointed Professor of Mathematics 
and Physics at the Yorkshire College, Leeds, where he 
had at that time only two professorial colleagues—the 
chemist Sir Edward Thorpe, with whom, later on, 
Riicker collaborated, and the geologist Green ; the Chair- 
man of the Council of the Col Dr. J. D. Heaton, 
became Riicker’s father-in-law. Professor Riicker’s wife 
did not live long; later he married the daughter of 
Mr. N. Story-Maskelyne. In conjunction with Professor 
A. W. Reinold be began at Leeds, in 1880, a long research 
on the properties of thin films of liquids (soap films, &c.). 
While at Leeds Riicker twice stood unsuccessfully as 
Parliamentary candidate, first as a Gladstonian Liberal, 
and then as a Liberal Unionist. On the death of Gutbrie, 
Riicker was called as Professor of Physics to the Royal 
College of Science at South Kensington. Dr. Thorpe 
followed him to London, and together they carried out 
the first magnetic survey of the United Kingdom, which 
occupied them for fourteen years. Having been elected a 
Fellow of the Royal Society in 1889, and been one of its 
secretaries in the years 1896 to 1901, he was in 1901 
nominated Principal of the University of London, which 
had been reconstituted in 1900 and been converted from 
an examining body into a real teaching university. 
Riicker took a leading share in the development of the 
University, and he was particularly active in incorporat- 
ing University College and King’s Co! in the new 
body. His genial ways, his ability as a teacher, his 
broad knowledge, and his administrative capacity well 
fitted him for this task. Science Abstracts is indebted 
to him for the active interest he took in its foundation. 
In 1901 he was also President of the British Aseociation 

his connection with the Association was of 
long standing, avd he had been general treasurer and 
trustee. His knighthood came in 1902. When he retired 
from the position as head of the University of London in 


1908, in his sixtieth year, he went to Newbury, Berkshire, 
where he died. 
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We illustrate herewith the new motor-ship Kangaroo, 
which is interesting not only from the fact that she is a 
motor-ship driven by Diesel engines, but that she has 
been acquired by the Western Australian Government 
in order to carry produce from Western Australia to 
this country. In taking the course of buying a Diesel 
motor-ship the West Australian Government have 
shown @ shrewd business appreciation of the advan- 
tages which the future holds for this type of engine. 
The distance from Australia to this country, through 
the Suez Canal and back round the Cape, is over 20,000 
miles, and if all the necessary fuel can be carried in 
the double bottom of a cargo-ship, leaving the com- 
partments outside the machinery space completely 
available for cargo, she must be a great cargo-carrier 
for her size. The space ocoupied by machinery can be 
seen by the drawings, and the low consumption per 
indicated horse-power in this type of vessel indicates 
how profitable such a type may be. The Agent- 
General, Lieut.-Colonel the Hon. Sir James Newton 
Moore, and the Government that he represents, are to 
be congratulated = getting such a vessel at this 
exceptional time. The vessel, which was partly com- 
pleted when purchased, has been seen coongh her 
tinishing stages by Sir J. H. Biles and Co. 

The Rangers has been built by Messrs. Harland 
and Wolff, Limited, and is in every respect up-to- 
date, having Diesel engines (by the Burmeister and 
Wain (Diesel System) Oil-Engine Company, oe 
Glasgow) and electrically-operated steerin 
deck machinery. The vessel, which has Seer bet built 
for the highest class at Lloyd’s, is of the following 
dimensions :— 





Length between eeemammens 365 ft. 
Length over all . ne 381 ,, 
Breadth moulded | me 50 ,, 
Depth moulded to upper deck aid 29 ., 
Gross — vis a 4348 
Net ton 2777 
Loaded a. 23 fo. 44 in. 
Displacement ne om 6640 tons 
Cub. Ft. Cub. Ft. 
Cargo Capacities -— Grain. Bales. 
Hold No. 1 41,640 39, 430 
Hold No. 2 107,530 102,650 
Hold No. 3 \ 38,830 
Hold No. 4 24,520 22,840 
Main ’tween decks 112 949 97,810 
Total ae ae 327,460 301,560 


The Kangaroo has six water-tight bulkheads, divid- 
ing the vessel into seven water-tight com ents, 
and is constructed with a double bottom extendirg 
from the fore-peak bulkhead to the after-peak bulk- 
head, the double bottom being adapted for carrying 
oil- fuel, except a small agers under the engine-room, 
in which on the port side is carried the lubricating oil, 
and on the starboard side the fresh water for piston- 
cooling purposes. The fore peak is used for water- 
ballast, and the after peak for fresh water or water- 
ballast. The capacities of the respective tanks are 
given in the table on the next 

The main and upper decks are plated all fore and 
aft, except in way of hatches. The poop, bridge and 
forecastle decks are plated all fore an ‘aft, except 





Fie, 1, 


M.S HANGAROO™ 
Fig.2.mi0sn1P SECTION. 


Dimensions - 8650 "= 500% 29°9' (Lowest Point) 
Lloyds 100 A7 Class. 
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bridge deck, on the starboard side, consisting of day 
cabin, with bedroom adjacent. The first and second 
officers’ acoommodation is in the bridge deck-house, on 
the upper deck ; the third officer is berthed in the 
poop aft ; and the engineers on the upper deck. 

The vessel is provided with wireless apparatus, and 
with refrigerating stores on the main deck forward of 
the motor-casing. An oil-fired donkey-boiler is pro- 
vided in the engine-room to supply steam for steam- 
heating in all the living-rooms in the ship, also in 
the saloon, smoke-room, mess-rooms, wi room, 
and chart-room, and to supply steam for the fresh- 
water condenser. 

There is a very complete electrical installation which 
consiste of two 100-kw. dynamos driven by the Diesel 
oil-engines, which also drive the compressors in con- 
nection with the main motors. Each of these dynamos 

enerates current at 220 volts for the electrically- 
riven machinery throughout the vessel. The lighting 
is done at 110 volte, and for this pu one motor- 
generator is installed. For use when the shi y ying 
up in port or for emergency purposes, a small 13-kw. 
ahédae set is installed. shia 

All the machinery, including the auxiliaries from 
the motor-room, are electrically driven, and one of 
the many items of interest is the steering-gear of the 
electro-hydraulic type controlled by a 12-brake-horse- 
power motor. Amongst the other electrical items 
may be mentioned the electrically-driven windlass, 
five 5-ton and six 3-ton winches, and a complete 
electrically-driven refrigerating plant. The electri- 
cally-driven auxiliaries consist of two bilge-pumps, 
one sanitary-pump, two circulating-pumps, one oil- 
fuel pump, and one ballast-pump, also two turning- 
gear motors. 

The electrical installation is carried out on the 
double-wired ex system throughout, and, in addi- 
tion to the ordinary lighting, there are a number of 
arc-lamps, as alsoa projector, to meet the requirements 
of the Suez Canal Authorities. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 20. 

INTENSE activities continue in nearly all lines of 
iron and steel, crude and finished io are harden- 
ing. Fewer bookings have prevailed for a few days in 
munition orders for the good reason that an immense 
business has been placed and manufacturers show a 
disinclination to book business far ahead. Exporta- 
tion of iron and steel products, which in August were 
401,000 tons, is now probably in excess of 500,000 tons. 
Demand for corrugated sheets for export for housing 
and protective purposes has enormously increased, 
pe gg, See France, much of it being for civil housing 
needs. Practically all bar tonnage is taken up for the 
year. Contracts for 150,000 tons steel bara for pro- 
jectiles will be placed this week for promptest possible 
delivery in 1916. Steel-bar capacity for next year is 
being rapidly contracted for. An order for 60,000 
tons billets he export goes through this week. Wire 
will advance 2 dols. soon. Large exports for struc- 
tural steel are being made to Canada. 

All conditions are rapidly shaping for a maximum 
output for 1916. Large contracts are being made 
for pig-iron for next year’s delivery. Foundry is 
moving up. Coke production will soon be at maximum, 
and prices are moving up. The momentum of deliveries 
is increasing. Greater preparations are in progress 
for an assured volume of ore during the winter. In 
a short time capacity of all kinds will be strained to 
the limit, as it already is in some directions. A 
million tons a month of all descriptions of material 
and appliances and war inciden is a reasonable 
export wpa for next year. Incoming capacity 
is included in this wide estimate. Domestic require- 
ments are growing, especially in railway material. 
Large orders are comingin. Light rails are in greater 
demand, running from 30 do oe Home 
requirements are not appearing on the surface ej 
owing to the impossibility of getting orders accepted. 
One machinery order for 250, dols. was refused at 
Pittsburg. e@ pressure for supplies is extendin 
downward to the smaller industries. The outflow o 
reservists involves stringent labour conditions in the 
near future in some directions. The formation of a 
steel trust on the Bethlehem foundation is progressing. 
The addition of plant of the Pennsylvania Steel 
Company, ousting nearly 5),090,000 dols., hxs been 
completed. Cambria up to date remains independent. 
The ultimate purposes are unknown. serious car 
shortage is threatened, and railroad heads are now 
figaring out how the situation can be best handled. 





Ministry oF Munitions.—We are informed that Mr. 
John Hunter, managing director of Sir William Arrol 
and Oo., Limited, Glasgow, has resigned his seat on the 
board of directors of that company, and has accepted the 
invitation of the Minister of Munitions to become Di 
of Factory Construction in connection with the national 
projectile factories now being erected in various parts of 
the country. 





STEEL, IRON, AND COAL IN GERMANY. 


ome the Ppa of ae the Gueeie Sees 
nion despatc' very nearly same quantity 

ducts as during September, 1914, the tes = 
respectively, 246,840 tons and 245,194 tons, percent- 
age of the allotments being, respectively, 45.86 per cent. 
and 44.2 per cent. The goods despatched during Sept- 
ember, this year, comprised 67,220 tons of half-finished 
materials, or 59.06 per cent. of the allotment, 117,426 tons 
of railway material, or 54.80 per cent. of the allotment, and 
62,194 tons of shaped iron, or 29.59 per cent. Com 

with the same month Jast year there is a substantial de- 
crease in the quantity of railway material and an increase 
in half-finished products. Compared with August, this 
year, there is a decline in the amount of goods despatched 
during September. Also in pig-iron the production showed 
a slight decrease from August, being 1,033,078 tons in 
September, as nst 1,950,610 tons, but then there were 
thirty working days in September, against thirty-one in 
August ; and the daily output in September was a little 
larger, 34,436 tons, — 33,890 tons in August. The 
production comprised :— 


Found Mar 
oundry pig 188,121 
Bessemer ,, 17,699 
Thomas ,, ne ve Soa ii 63,431 
Sveel i on ena a a 170,602 
Puddle _,, ie : 18,225 


As regards the different districts, there were no matenal 
chai The preduction for September, 1915, approaches 
double the figure for September last year, when the out- 

—— only 580,087 tons, the lowest figure since the war 

6 out. 

The sales of the Rhenish-Westphalian Coal Syndicate 
during September amounted to 5,055,403 tons, against 
5,035,035 tons for August, and 4,121,149 tons for Sept- 
ember, 1914. The September production amounted to 
66.20 per cent. of the allotment, — 65.92 per cent. 
for August and 54 per cent. for September, 1914. The 
quantities despatched were, of coal, including works own 
consumption, &c., 3,572.726 tons; of coke, 1,630,525 
tons ; and of briquettes, 335 905 tons. The coal market 
has undergone no special change during the month of 
September ; the demand continues lively, and the pro- 
duction has been about the same as during the p ing 
month. During the latter part of the month the shortage 
of available rolling-stock impeded despatch and produc- 
tion, as far as eeveral mines were concerned. The traffic 
on the Ruhr-Rhineland harbours showed no material 
cha By the Rhine-Herne Canal there were de- 

vtched, in the direction of Ruhr, 116,112 tons, and to 

inden 16,134 tons. 

A report dealing with the Ruhr coal position states 
that whilst the iron market for some time has shown a 
partial falling-off in the demand, the coal and coke 
market continues to maintain a decidedly firm tone. In 
August the demand was simply excessive, so as to obtain 
large quantities at the old prices; but the higher prices 
coming into force on September 11 both for coal, coke, 
and briquettes, have apparently wrought no change. 
The Syndicate is still unable fully to carry out 
orders, and no falling-off in the demand is looked for, 
as stocks at the mines are extremely limited, if not 
entirely exhausted, and the large stocks of coke, which 
at one time caused some uneasiness, have almost entirel 
vanished. Whilst the supply of the iron works with 
blast-furnace coke has so far been provided without much 
difficulty, and any shortage of foundry coke no longer 
seems to exist, the active demand for electric stations 
and domestic purposes cannot ba satisfied in full. The 
quantities of fuel sent to Holland and Belgium continue 
to be very limited. On the other hand, the supply of 
Belgian coal, by water, to Rhine and Ruhr tours 
has increased of late ; most of this Belgian coal is sent 
by rail to the northern sea ports. 

As rds the auxiliary products from the coke in- 
dustry, the market remains firm, especially for such things 
as are wanted for war pur such as sulphate of 
ammonia, benzol, and the products obtained therefrom— 
toluol and solvent naphtha. The requirements of agri- 
culture, sulphate of ammonia products, will hardly be 
fully satisfied this autumn either. The demand for pro- 
ducts used in briquette manufacture continues brisk, 
the production of this latter commodity constantly 
increasing. 





Tue LATE Mr. ALEXANDRE TROPENAS.—We regret to 
have to record the death, which occurred on July 14 
last, of Mr. Alexandre Tropenas, the French metallurgist, 
who introduced the Tropenas process for the manufacture 
of steel castings. The Tropenas converter is of the 
side-blown type ; its lower end, for comparatively small 
charges, is conical, and for larger ones cylindrical. The low- 
pressure air-blast impinges upon the surface of the charge. 
Among its advantages we may mention the facility with 
which manufacture can be stopped and resumed a! . 
and the possibility, owing to the varying incline which 
can be given to the converter, of treating ch: which 
vary in weight within large limits. The steel obtained 
is hot and fluid, the gases escape from it readily, and the 
metal casts perfectly quietly. We believe that the first 
converter of this type, having a capacity of about 800 lb., 
was put down at Messrs. Edgar Allen and Co.’s works 
towards the end of 1891; it proved so satisfactory that 
Messrs. Edgar Allen put down shortly afterwards three 
other converters of a larger capacity. The process was 
also adopted by Woolwich Arsenal. It was introduced 
into the United States in 1901. Mr. Tropenas at the 
time of his death was fifty-five years of age. He was a 
member of the Société des Ingénieures Civils de Fran 

iv) = —eg_eme in 1894, a member of the Iron and S 

nstitute. 





NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Wednesday afternoon 
business in the pig-iron market was at a complete stand- 
still ; but although there were no dealings in Cleveland 
warrants, a further drop in prices was recorded. -Cash 
sellers were quoted at the close at 67s. 64d. per ton and 
67s. 11d. one month—a decrease of 34d. cash and 2d. one 
month over the day’s business. A sharp reaction took 
place the following morning, when cash iron dropped to 
67s. 04d. per ton—5d. per ton below the closing quota- 
tion of the previous day. At this figure only one war- 
rant was dealt in, and at the close sellers were quoted 
67s. 1d. cash and 67s. 54d. one month. In the after- 
noon this weakness continued in most pronounced 
form, and a further decline of about 8d. per ton was 
recorded. As in the morning, the turnover was again 
limited to one warrant, which changed hands at 663. 7d. 
eighteen days. The sellers’ closing quotations were 
663. 6d. per ton cash, 663. 7d. eighteen days, and 66s. 10d. 
one month. Friday’s market reacted as sharply in an 
upward direction as it had dropped the two preceding 
days, and over the day practically the whole of the 
loss was regai . Abt the close sellers were 

uoted 67s. 54d. per ton, and one month 67s. 74d. 

usiness was done at the afternoon session up to 


67s. 44d. cash and 67s. 9d. one month, while the closing 
sellers’ prices were 67s. 6d. cash and 67s. 104d. one 
month. This firmness was well maintained on Monday 


forenoon, when a limited business of 1500 tons was 
transacted at 67s. 7d. per ton cash and 68s. 3d. one 
month, sellers of three months’ iron being quoted at 
69s., or 8d. over the last price. An advance of 44d. per 
ton was shown on closing sellers’ prices—67s. 104d. cash, 
67s. 6d. four days, 68s. 3d. one month, and 69s. three 
months. A further improvement took place in the after- 
noon, 68s. cash and 68s. 44d. one month being realised fora 
moderate turnover of 2500 tons. Some little slacking-off 
was noticeable at the close. when sellers realised 68s. cash 
and 68s. 4d. one month. Yesterday (Tuesay) morning a 
slightly easier tendency prevailed, and at 67s. 11d. cash, 
and down to 68s. 2d. one month, 2500 tons of Cleveland 
warrants weredealt in. Sellers’ prices were a trifle down 
at the close, being 67s. 10d. cash, 67s. 11d. thirteen days, 
and 68s. 24d. one month. At the afternoon market this 
easiness was continued, when a business consisting of 
2000 tons was done at 67s. 74d. per ton cash, 68s. 1d. one 
month, and 68s. 8d. three months. C: sellers were 
quoted at the close 67s. 9d , with one month’s iron 68s. 2d. 
per ton. Business was distinctly dull this forenoon, and 
cash iron was — easier at 67s. 8d. per ton, closing 
at this figure, with sellers of one month’s iron at 68s. and 
three months 68s. 8d. 


Sulphate of Ammonia.—The only movement of note in 
regard to the local trade in sulphate of ammonia is its 
steady increase in price. This week the rate has ad- 
vanced to 15/. 5s. per ton for prompt delivery Glasgow, 
and 15/. 7s. 6d. to 15/. 103. for prompt delivery Leith. 


Scotch Steel Trade.—The demands of the British and 
the Allied Governments for all classes of material requi- 
site for the successful prosecution of the war continue and 
increase to such an extent that day by day the local steel 
manufacturers find it more and more difficult even to con- 
sider ordipary mercantile requirements. During the past 
few days a number of additional contracts have been 
placed, and these, tacked on to the almost inexhaustible 
orders already in hand, have put other work further in the 
background thanever. Naturally, efforts are being made 
to increase the output, although, as it is, every available 
mill is being run on Government work alone. While there 
is a good demand for steel for export purposes, the ordi- 
nary home trade shows little business or activity. The 
most trying problem from the manufacturers’ point of view 
is, of course, the daily increasing shortageof labour, the new 
recruiting boom telling severely on the already much 
depleted ranks both of skilled and unskilled workmen. 
Government control has transferred the services of man 
men from one branch of work to another ; but even wit 
this it is impossible to get a sufficient number to meet all 
the demands. How this will affect the Clydebridge works 
at Motherwell, which are shortly to be reopened under 
the controlling power of Messrs. David Colville and Sons, 
Limited, is at the moment not easy to say. The current 
rates for boiler-plates run from 11/. 5s. to 12/. 10s., or 
thereabouts; ship-plates from 10/. 15s. to 112. or 11/. 5s.; 
and angles, both for home or export, from 11/ 5s. to 
11/. 10s., all less 24 per cent. dizcount for prompt delivery. 


Malleable-Iron Trade.—Were it possible for them to 
undertake fresh orders, malleable-iron makers could 
greatly increase their output, but as it is every available 
effort is weing ut forth to keep pace with the exorbitant 
and unaba emands of the Government, for munitions 
come first, and must come first. Consequently there is 
no abatement of the extraordinary activity which has 
prevailed now for many months. Prices are steadily 
rising, the difficulty of obtaining the raw material, 
through high freights and insufficient transport, account- 
ing for much of this. Many establishments had large 
stocks in hand, otherwise they would be quite unable 
to execute their contracts. ‘* Crown” bars are much the 
same as last week—1l1/. to 11/. 5s. or thereabouts for 
export, and 11/. 15s. to 12/., less 5 per cent., prompt 
Glasgow delivery. 

Scotch Pig-Iron Trade.—An increasing demand for pig- 
iron has been noticeable within the past few days, and 
that at fairly stiff prices, hematite in particular being 
specially etrong. hile the price has already advanced, 
there is every prospect of a further increase in the imme- 
diate future. Orders, both for home and export, are 


being well booked, and this latter aspect has helped to 
firm up the prices. The increased cost in the production 
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t apeneee Se » the heightened 
reight charges. venty-one t-furnaces were in 
pone nF in Scotland during the past week. the same 
number as the previous week, and five more than at the 
corresponding period a year ago. The current quota- 
tions for makers’ (No. 1) iron are as followe :—Clyde, 
84s. 6d. per ton ; Calder, Summerlee, and Langloan, 85s. ; 
Gartsherrie, 86s. (all shipped at Glasgow); Eglinton, 80s., 
Glengarnock, 85s. (both at Ardrossan); Dalmellington, 
Sis. (at Ayr); Shotts, 83s., and Carron, 863. (both at 
Leith). 

Scotch Imports of Iron and Steel.—The following are 
the registered imports of certain kinds of iron and steel 
manufactures during the month of September, 1915, into 
the ports of Glasgow, Greenock, Grangemouth, Leith, 
Dundee, and Aberdeen :— 


of hematite is in 








Ex U.S.A. and Canada. Ex Continent. 
Tons. Value. Tons. Value. 
£ £ 
Iron bars, angles, &c. e4 6 50 — =~ 
Steel bars, angles, &c. .. 1954 17,258 20 275 
Iron and steel hoops and 
strips Sh i ee 3,571 2 ez 
Iron and steel strip, bridge, 
boiler, and other plates 
under } in. .. ws -- 1115 17,454 29 510 
Totals. . -- 3892 38,333 51 807 


Scotch Shipbuilding.—Despite the great concentration 
on Government work in the various shipyards, there is 
still a fair amount of mercantile work being carried on. 
Naturally, in a time like this, it is only of a secon 
nature, and the figures given below do not give any 
adequate idea of the great activity in shipbuilding centres. 
For the month of October the output from the Scotch 
yards was :— 





Vessels. Tons. 

The Clyde .. rm me “a nb 9 18,721 
TheForth .. os _ os os 1 220 
The Tay aig oe se oo = 2 544 
The Dee... 4 i as me 6 910 
Total 18 20,395 


The Clyde total is less than half of that for the corre- 
sponding month of last year, but during that month 
there were many mercantile contracts, placed long before 
the outbreak of war, being completed to make way for 
Admiralty orders; aud while last month’s output was 
only about a fourth of the total for October, 1913, the 
latter included Government work also. In peace times 
the output figures made public cover all classes of work, 
but in a time of war the only totals available are those 
of purely mercantile work. In consequence of this the 
Clyde figures for the year to date—71 vessels, 204,607 
tons—seem low as compared with past years; but were 
the Government work totals added, the total output 
would be swelled to a considerable extent. Reports of 
new contracts are very few of late, and the only one of 
any importance is the order recently secured by Messrs. 
A. Stephen and Sons, Linthouse, for two Anchor-Cunard 
liners, each of which is to be 520 ft. in length. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Hard steams have de- 
veloped into a very strong market. Contracts have been 
entered into for some time ahead both for home con- 
sumption and shipment, and collieries have very 
little to put on the open market. The small ton- 
nage offered is easily competed for at advancing prices. 
Consumption at local engineering works — 
anything previously experienced. Similar conditions 
obtain in regard to slacks. Since the recovery of 
the demand from the Lancashire cotton trade the 
market has quickly gained in strength. Output does 
not exceed requirements. Prices are firm, with an 
upward tendency. A brisk business is passing in house 
coal. Collieries are working under pressure to brin 
deliveries up to date. Merchants have booked a g 
many new orders, and have managed to wipe off some of 
the arrears which accumulated before the winter ad- 
vance. Smalls are a steady market at un prices. 
Best gas-coke is in good demand, but furnace sorts 
show some weakness. Quotations :—Best branch hand- 
picked, 20s. 6d. to 2ls. 6d. ; Barnsley best Silkstone, 
18s. to 19s.; Derbyshire best brights, 17s. 6d. to 186. 6d.; 
Derbyshire house, 16s. to 17s. ; best large nuts, 15s. to 
16s.; small nuts, 14s. 3d. to 15s. 3d.; Yorkshire hards, 
16s. 6d. to 17s. 6d.; Derbyshire bards, 16s. to 17s.; best 
aa lls. to 12s. ; seconds, 9s. 6d. to 10s. 6d.; smalls, 8s. 

Ss. 


_Tron and Steel.—The decision of the Sheffield Educa- 
tion Committee to release from school, where necessary, 
boys of over thirteen years of age has created a ver: 
favourable impression in the | trades. The dear 
of boy labour has for months been one of the chief 
impediments to further ex ion. It will now be 
possible to release cambehiiiel ate from low-grade work 
and attach them to departments where their services will 
result in a decided jump in output. The labour position 
is also changing in other respects. Considerable numbers 
of single men have been released from the steel works 
during the past fortnight, and mechanics from Belgium, 
Holland, and Canada are being more widely 
A firmer tone characterises the metal markets. Common 
irons are attracting rather more attention, and prices are 
steadier, but at their present level are not very remunera- 
tive. Lincolnshire foundry is quoted at 70s.; Lincoln- 
shire forge, 69s. ; Dethzehive foundry, 68s. 6d.; and Derby- 
shire forge, 67s. 6d. e real strength of the market is 
shown in hematites. Kast Coast makers are quoting up 
to 120s. for mixed numbers, and 138s. for gy ee 
iron, delivered. For the latter quality, West Coast 
makers are asking 145s., and are booking sales at that 





figure. Still higher prices are forecasted, unless the 
prospect of obtaining ore — improves. Wrought- 
iron scrap is not selling so freely as a week ago, but the 
demand for steel scrap of guaranteed quality is fully 
maintained. Very satisfactory headway is being made at 
the munition and armament works. A large volume of 


} is on — for er ne pene ym J cen including 
of heavy cas' an D ur 
of Bn § wots Cae be whew in the enadiar of 


special orders for steel and machinery. Railway steel is 
in moderate demand, and though British ons are 
ordering rather more sparingly, the output of tramway 
points. crossings, and track-work com favourably 
with that of six monthsago. The Sheffield Corporation is 
in the market for coal-handling plantat an estimated cost 
of 6000/., and has ordered 10,000 tons of cast-iron piping 
from the Staveley Coal and Iron Company. A 
inquiry is reported for mining machinery for abroad, for 
crashing, grinding, and drilling purposes. tool 
works are engaged night and day trying to keep 14> with 
the increasing demands of home engineers. healthy 
inquiry also obtains on overseas account for saws, files, 
twist-drills, sheep-shears, &c. In consequence there is a 
heavy run on tool-steel. Steel billets are scarce at the 
following rates :—Siemens special, 17/. 10s.; Siemens 
acid, 147. 10s.; Bessemer acid, 13/7. 10s.; basic hard, 
11/. ; and basic soft, 102. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLesBRroucH, Wednesday. 
The Cleveland Iron Trade.—Cleveland pig-iron quota- 
tions have been somewhat irregular, but business has 
been on a satisfactory scale. No. 3 g.m.b. has this week 
touched a higher figure than since the early part of July 
last. On Monday the ruling quality realised 68s. 6d., 
but business at that figure appears to have been on only 
a limited scale. Since, however, considerable sales have 
been made at 68s. 3d. and 68s., and the latter is now 
the general market quotation. No. 1 continues 


and makers hold out for 72s., but the figure is too high | Trad 


for general consumers, most of whom are still buying 
No. 3 to use for purposes to which No. 1 is generally put, 
with the result that little of the superior quality is being 
sold. A fair amount of business is passing in the common 
kinds of Cleveland pig. No. 4 foundry is now 67s. 6d. ; 
_ d forge, 67s. ; and mottled and white iron, each 


Stocks of Cleveland Pig.—Stocks of pig at makers’ yards 
are not ascertainable, but they are said to be low. The 
quantity in the public warrant stores here now stands at 
103,088 tons, of which is No. 3 quality. Official 
returns show thatat the end of October there were 129,420 
tons of No. 3 in the public warrant stores, 9580 tons 
having been withdrawn during the month, and that there 
were warrants in circulation for 123,800 tons. 

_ Hematite Iron.— East Coast hematite pig-iron quota- 
tions have advanced to an extent that is checking buying. 
Merchants have next to no hematite to dispose of. Nos. 
1, 2, and 3 are fully 115s. Probably contracts could be 
—— & that figure for delivery over the first quarter 
o b 


Foreign Ore.—Some buyers of foreign ore are less keen 
than they have been, due to the good supplies coming 
to hand and the probability of their continuance. The 
freight market is more settled, and the ruling rates are 
drawing ton’ so that consumers of ore feel more 
comfortable as to winter delivery. Market quotations are 
based on 32s. 6d. me 7 Tees for Rubio of 50 per cent. 
quality. Freights Bilbao- Middlesbrough are in the 
neighbourhood of 17s. Imports of foreign ore to the Tees 
for the first three days of this month amount to 27,650 
tons. 


Coke.—Coke is scarce, and there is some di r of 
difficulty in meeting local needs in the near future. 
Values are moving upward. Average blast - furnace 
Durham coke is quite 28s. delivered at Tees-side works, 
and some sellers ask more. 


Manufactured Iron and Steel.—Nothing new of moment 
is ascertainable concerning manufactured iron and steel. 
Producers keep very busy on Government work, and 
prices all round are strong. The following are among the 
oo market quotations :—Common iron bars are 12/.; 

t bars, 12/.7s 6d.; best best bars, 12/. 15s.; packing- 
iron (parallel), 8/. 10s.; packing-iron (taj ), 92. 15s.; 
iron and steel ship-plates, each 10/.; iron ship-angles, 12. ; 
steel ship-angles, 9/. 15s.; steel strip, 10/. 15s.; steel hoops, 
111. ; steel joiste, 10/.; heavy sections of steel rails, 9/.; and 
steel railway sleepers, 10/. 10s.—rails and sleepers net, 
and all other descriptions less the customary 24 per cent. 


Shipments of Iron and Steel.—October shipments of 
iron and steel from the port of Middlesbrough were —— 
up to expectations. hose of pig-iron amoun to 
61,815 tons, as compared with 39.736 tons for the pre- 
vious month, and 54,406 tons for October last year. Of 
the clearances last month, 56,686 tons went to foreign 
ports, and 5129 tons to coastwise customers. France was 
— the largest receiver of pig-iron, taki 
whilst Italy was a customer to the extent of 11,095 tons ; 


. | Sweden took 11,056 tons; Japan, 4109 tons ; and Nor-. 


way, 3295 tons. Of the 9488 tons of manufactured iron 
despatched last month, 4480 tons went abroad and 5008 
tons coastwise, India being the largest buyer with an 
import of 2411 tons, and the A tine recond with 1900 
tons. Steel loaded during October totalled 38,072 tons, 
35,446 tons going foreign and 2626 tons coastwise. Once 
more France was by far the largest purchaser, receiving 
20,756 tons. Other principal importers of steel were :— 
India, 5077 tons; re 3591 tons; Natal, 1753 tons; 
China, 1021 tons ; the Straits, 1010 tons. 


23,097 tons, | cerned 





NOTES FROM THE SOUTH-WEST. 
Cardiff.— Business has continued quiet in the steam-coal 
trade, there being little disposition on the part of eitber 
buyers or sellers to enter into transactions for forward 
delivery, future conditions being too uncertain. Colliery 
owners, who are contending that present prices mean a 
loss, are also not disposed to sell or a nag upon 
considerably higher terms, now unobtai ie. OColhery 
owners also consider that shipments will improve, while, 
on the other hand, they think it is probable thes the heavy 
recruiting now going on in South Wales will cause a 
further reduction in output. The best Admiralty large 
steam coal has been, to some extent, nominal ; secondary 
qualities have brought 18s. to 19s. ; best bunker smalls, 
lls. to 11s. 6d. ; and cargo smalls, 8s. to 9s. per ton. The 
best household coal has been quoted at 23s, to 24s. ; good 
households have brought 21s. to 22s.; No. 2 Rhondda 
e have made 14s. to 15s. ; and No. 2 smalls have 
10s. 6d. per von. latest quotation for 
to . Special foundry 


50 per cent. of i 
freight, insurance, &c., to Cardiff or Newport. 


Wages in Wales.—On Saturday a meeting of the execu- 
tive council of the South Wales Miners’ Federation was 
held at Cardiff, with Mr. J. Winstone in the chair. One 
of the subjects discussed was that of miners’ wages. An 
application was received from Mr. W. G. Dalziel, secre- 
tary of the Welsh Coalowners’ Association, asking, on 
behalf of the owners, that the general =. rate should 
be varied by a reduction of 5 per cent. The application 
is to be further consid at a meeting of cilia- 
tion Board oz November 10. Sir J. Sankey has been 
unable to accept the appointment of independent chair- 
man at an inquiry iato the rate of wages for anthracite 
collieries. A jo’at sub-committee appointed by the Con- 
ciliation Board veing uvable to agree upon a chairman, it 
has been decide! to ask the President of the Board of 
le to nomins.te s gentleman as independent chairman. 


Western Trade Aatters.—The Oardiff Channel Dry 
Docks and Ponton mpany, Limited, announces 
the payment of the usual half-yearly dividend upon 
its 5 per cent. preference shares. he workpeople 
of the new Bryncethin Collieries, near Bridgend, have 
received notices terminating their agreements. The 
owners (the Coppée Company, ium) propose, it is 
understood, to close the workings. © directors of the 
Wetherall Steamship Company, Limited, recommend a 
dividend for 1914-15 at the rate of 16 per cent. per annum, 
after making reserve and depreciation allocations to the 
amount of 10,000/.; a final balance of 468/. is carried to 
the credit of 1915-16. Mr. W. J. Tatem, a well-known 
Cardiff ehip-owner, has been elected a director of the 
Cardiff Railway Company. All the women who have 
been trained in the Merchant Venturers’ Technical Col- 
lege by the Faculty of Engineering of the University of 
Bristol to act as gaugers in munition factories have 
now been offered posts in a factory, and most of them 
have accepted employment. A new set of classes will be 
started on Monday. 





Tue tate Mr. A. B. M‘Donatp, Orry ENGineer, 
Gtascow.—We regret to learn of the death of Mr, 
Alexander Beith M‘Donald, the late City Engineer of 
Glasgow, which took place on Sunday last at his residence 
in Holyhead, Glasgow, due to hemorrhage consequent 
upon a fall when stepping on to a tramway-car in Glasgow, 
when he injured his head. The late Mr. M‘Donald was 
born in Stirling sixty-eight years ago, and had served the 
Corporation of Glasgow forty-five years, during twenty- 
five of which he was the City Engineer. After his educa- 
tion at the Stirling High School he served an apprentice- 
ship with rs. Smith and Wharrie. civil engineers, in 
Glasgow, ultimately becoming senior assistant to the firm. 
Doring his apprenticeship he attended Glasgow Univer- 
sity, anden’ the service of the City Corporation in 1870, 
since when he has done much useful work in an unobtru- 
sive way for the improvement of the multifarious schemes 
of one of the most progressive of municipalities. He had 
to do with the removal of insanitary property, the making 
of new streets, the improvemant of existing thorongh- 
fares, and, ly, the betterment of the inhabitants. 
Mr. John ick, who was his predecessor, died in 
1890, and Mr. M‘Donald succeeded to the position ; 
but from this time forward the offices of City Archi- 
tect and Master of Works, held by Mr. Carrick, were 
separated, the definition of the latter office being 
changed to ‘‘Oity Engineer.” Perhaps the most 
important undertaking carried out by Mr. M‘Donald 
was the i rearr: ent of the drai 
scheme of the city, of which scheme we gave a full de- 
scription some years ago, his scheme involved the 
collection and treatment of the sewage, nob only of the 
city, but of adjacent local authorities, fur 15 miles alon 
the River Olyde, the sewage and rainfall dealt wit 
being 250 million gallons per day. He was also con- 
with the construction of wharves for the reception 
of foreign cattle and of extensive abattoirs in various 
parts of the city, and the improvement of the bazaars 
or market . Various other structures, principally 
for the accommodstion of the police authorities and fire 
brigades, were also designed — carried wus by 
him. His most notable ilding was, perbaps, the 
People’s Recreation Palace, in the east-end of the city. 
Mr. M‘Donald only A ge retired. He became a 
member of the Institution of Civil ineers in 1891. 
He is survived by his widow, a son a daughter, his 
5 wes at present a lieutenant in the Highland Light 
nfantry. 
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THE ENGINEERS RESPONSIBILITY 
TO POSTERITY. 


Tue public pay very little regard to the claims of 
posterity. Even in matters of money they exhibit 
slight scruple in bequeathing them a heavy load of 
debt. At the close of the Napoleonic wars the 
National Debt of this country stood at 840 millions 
sterling, and at the commencement of the present 
war it was 661 millions, so that in nearly 100 years 
we had not paid off 200 millions. In the meantime 
we had waged several wars—notably, those in the 
Crimea, in Egypt and the Soudan, and in South 
Africa—so that the best which can be said for us is 
that the last and the present generation have 
paid their way, but have liquidated very little of 
their inherited liabilities. What the debt will 


_|be at the close of the present war no one can 


say, but the load of interest and of pensions 
will be all that the present generation can shoulder 
in addition to their usual responsibilities, and the 
capital sum will have to be attacked by our de- 
scendants Fortunately, they will in many ways 
be better equipped for doing so than the present 
generation found itself in its early days. They 
will inherit a vast knowledge of the laws of Nature 
which they may turn to account in the utilisation 
of substances hitherto of little value, and they will 
find ready to hand labour-saving appliances which 
will enable them to double or treble the output of 
the working population. On the whole, they 
will not have much to complain of provided they 
do not raise their standard of living and enjoy- 
ment at a disproportionate rate. Had the présent 
generation been content to live the simple lives of 
its fathers it could easily have wiped out the legacy 
of the Napoleonic wars. 

Unfortunately, there are departments of industry 
in which science affords little aid, and this is 
particularly true in relation to raw materials, such 
as minerals. As far as we can see we shall never 
be able to find substitutes for many of these, and 
yet we use them as if the supply were inexhaustible. 
Particularly is this true of coal, which we are using 


| ata far greater rate than any other of the irreplace- 


able elements of the universe. Although we have 
immense quantities within a moderate range of 
depth, the price shows a steady advance, and he 
would be a venturesome man who prophesied what 
the cost will bea hundred yearshence. It is, how- 


2| ever, fairly safe to say that posterity will then feel 
473 | that we paid very little regard to them when we 


used our mineral wealth in the extravagant fashion 
which now prevails. It is not that they will be 
left without coal. The Royal Commission on Coal 
Supplies reported in 1905 that the contents of the 
proved coal-fields of the United Kingdom were 
100,000 million tons, and of the still unproved 
coal-fields 40,000 million tons. Taking the latter 
at 25,000 million tons, then. at the present rate of 
consumption, we have still five hundred years’ 
supply. 

hive hundred years is certainly a long time to 
look forward to, and if we can aseure posterity an 
ample coal supply for that period, they will not 
have much to reproach us with. But the calcula- 
tion turns entirely on the assumption that our 
present rate of consumption will not be increased. 
Forty years ago our coal production was 132 million 
tons, of which 144 million tons were exported. In 


1903 it was 230 million tons, and in 1911 it was 272! 





million tons, or more than twice what it was in 1875. 
If this rate of increase is maintained, the estimate 
of 500 years will dwindle to two figures before the 
present century has expired. There is, however, 
a great deal of coal in the world outside of these 
islands, and already there is known to be in exist- 
ence 7,397,553 million tons, equal to the world’s 
requirements for 5400 years at the present rate of 
consumption. This estimate should go far to 
reassure us that our descendants will not need to 
sit over cold hearths, for although we find it re- 
pugnant to picture our country dependent on im- 
ported coal, yet the idea is no more impossible than 
our living on imported wheat or meat. Sixty 
years ago it was counted impossible that the Western 
prairies of America could compete with our own 
wheat-fields, but we have all lived to see it. 

It is, however, most desirable to defer as long as 
possible the time when we must import coal, for 
then we should lose the advantage we now possess 
of a cheaper and better, supply than many of our 
competitors. As long as our prosperity continues 
there can be no diminution in our demand for 
power, and the only way in which we can reduce 
our expenditure of coal is by using it more economi- 
cally. This is a matter for the scientific engineer, 
and was considered in great detail in the Thomas 
Hawksley lecture delivered by Mr. Dugald Clerk, 
D.8c., F.R.S., last Friday evening fore the 
Institution of Mechanical Engineers. At the first 
sight the subject does not seem germane to the 
memory of Thomas Hawksley, who was known 
principally as a water-works engineer. But 
although he is best remembered as providing 
potable water for many of our chief towns, his 
activities covered a much wider field. Heregarded 
himself as an hydraulic engineer, and he defined 
this branch of engineering as embracing ‘the 
practical application of the physical sciences which 
relate to the properties, conduct, and treatment of 
fluids, whether inelastic or gaseous.” Such a defini- 
tion would cover a very great deal of engineering, 
particularly in relation to motive power, and hence 
it was quite appropriate that a lecturer who has 
won such a distinguished reputation as has Dr. Clerk 
in connection with internal - combustion engines 
should give his fellow engineers the benefit of his 
experience as to the most likely methods of econo- 
mising our coal supply, and passing as much as 
possible of it on to posterity. 

Dr. Clerk explained that the first census of 
production in 1907 gave the total power of indus- 
trial engines in use in Great Britain and Ireland 
as 10,578,475 horse-power. Of this power, 680,177 
horse-power was produced by internal-combustion 
engines and 177,907 horse-power by water-power. 
The possible savings on the consumption of 168 
million tons of coal in this country in 1903 by 
means of improved appliances and methods, such 
as electric traction on railways and gas-generators 
and engines in works, has been put by Dr. 
Beilby at 60 million tons a year, and Dr. Clerk 
seems inclined to adopt this figure. But, he added, 
under pressure of necessity it would be possible 
to make other economies. Large central stations, 
equipped with gas-generators and high-efficiency 
gas-engines, would give all the motive power 
required for factories on 15 million tons, instead 
of 45 millions as at present. Even then the 
waste heat from water-jackets, exhaust gases, 
and gas - producers would equal that produced 
by burning 10 million tons of coal, and if dis- 
tributed through cities as steam at 30 lb. pressure, 
could supply heat to warm the rooms and perform 
cooking operations. At present, 36 million tons 
are used for domestic pur , and if this could 
be reduced 12 millions ~ e distribution of waste 
heat, then the total saving would be 86 million 
tons—that is, the life of our coal supplies would 
be lengthened to one thousand years on the con- 
sumption of 1903. 

There are, of course, other sources of energy 
than coal. Hydraulic power is becoming increas- 
ingly important in the world, as shown by the map 
of the Norwegian power-plants in our issue of 
October 8. In this country, however, it does not 
count for much, although the Aluminium Com- 
pany’s installation at Kinlochleven gives 30,000 
horse-power. Mr. Alex. Newlands, Chief Engineer 
of the Highland Railway, considers that the avail- 
able water-power in Scotland equals one million 
horse-power. In some parts of the world timber is 
used for steam-raising, but the utmost power which 
could be expected from the forests in this country 
would be 350,000 horse-power. Oil, of course, is 
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being used in increasing quantities, but the world’s 
total output of oil is only 5 per cent. by weight of 
that «f coal, and most of it is needed for illumina- 
tion or lubrication. Dr. Clerk sums up the situa- 
tion as follows :—‘“‘ In the absence of coal, then, it 
appears that all the energy available for power in 
the United Kingdom would not exceed four million 
horse-power, or 64 million horse-power less than is 
at present used in our factories.” If the demands of 
railways and shipping be added, we require 19 mil- 
lion horse-power, and without coal we can only 
obtain four millions. Making a rough estimate 
of the demands of the world, it is of the order 
of 100 million horee-power. This does not include 
hydraulic power. ‘* There is little doubt that the 
hydraulic supply of the world is capable of pro- 
ducing more than this, so that even when our 
world’s coal is exhausted all the power required 
will be forthcoming.” Unfortunately, potential 
water-power is often far distant from industrial 
areas, and even if new methods of transmission 
could be found, it is not likely that they could be 
made to apply to shipping. 

The only means in sight for prolonging our coal 
supply is greater economy, and this is a matter for 
engineers. Indeed, all the great movements in 
the world—as, for example, the present war— 
depend ultimately on the engineer, and whatever 
posterity may have to say about the present gene- 
ration, they will have to admit that engineers were 
always their friends. The economy of prime 
movers has been increasing for years, although 
several times it seemed as if it reached its 
maximum. The stages are well known ; first, the 
separate condenser, next increase of pressure, then, 
in succession, the compound and triple-expansion 
engines, and, finally, the steam-turbine. Concur- 
rently with these during later years the internal- 
combustion engine has made rapid progress, and at 
ove time it was freely pro ead that it would 
completely oust its rival. ut the internal-com- 
bustion engine, in spite of the vast field which it fills 
most admirably, is reaching its limit of size, while 
the steam-turbine is still growing in dimensions 
and efficiency. In the ordinary Otto-cycle engine 
22 in. to 24 in. is the limit of safe cylinder dia- 
meter with unwatered pistons, while 51 in. dia- 
meter is probably the largest cylinder yet attempted. 
From the law of similar structures it follows that 
for entirely similar engines of increasing cylinder 
dimensions, the weight per indicated horse-power 
increases directly with the cylinder diameter. The 
reciprocating steam-engine attained its limit of size 
about 1895. and it seems as if the internal-com- 
bustiop engine were approaching the same condi- 
tion. No doubt further improvements will be 
made, but it will need some novel adaptation of the 
internal-combustion principle, such as a gas-tur- 
bine, to enable any great further advance to be 
gained. The 25,000 or 35,000 horse-power turbine 
units in America cannot compete with the 
engine in thermal efficiency, but approach it, while 
their cheapness and their adaptability to electric 
generation turn the scale in their favour. 

The only other suggestion made by Dr. Clerk in 
the way of improved prime movers was the combi- 
nation of a Humphrey pump with a Pelton wheel. 
This, with a satisfactory gas-producer plant, would 
have a brake efficiency of 25 per cent. between fuel 
and Pelton wheel, and ibly even of 30 per 
cent. So far this is satisfactory; but when the 
public begin to get really alarmed about the coal 
supply—that is, when prices rise seriously—salva- 
tion will have to be sought in entirely different 
methods of heating and power supply. The 
present retail system will have to give place to 
wholesale methods by which power will be pro- 
duced at a reasonable cost and the heat of exhaust 
distributed to heat our dwellivgs and cook our 
food. Engine exhausts represent 60 to 90 per cent. 
of the heat contained in the fuel, and offer the 
most promising field for economy in the future, but 
a vast amount of experimental work will have to 
be done before large schemes of this kind can be 
carried out. This, however, is a matter for the 
future, for until the pressure of rising prices 
brings the matter home to the public the money 
will not be found for large operations to attain 
greater economy. 

We have only been able to touch on a small 

t of Dr. Clerk’s address. It covered the sub- 
ject very fully, and introduced many interesting 
facts showing how far the leading engineers of 
seventy years ago were handicapped by ignorance 
of physical science, and so raising our appreciation 





of their t achievements. After being repeated 
in ed ert last Monday, it will be delivered at 
Rankine Hall, Glasgow, on Monday, November 8, 
and at Cardiff on Thursday, November 11. 








PARIS INTER-URBAN TRAFFIC AND 
THE WAR. 

IMMEDIATELY war was declared, a very large pro- 
portion of the staff of the Paris Metropolitan Rail- 
way and of the Paris Omnibus Company was 
mobilised and had to join the Colours ; moreover, 
the whole of the motor-buses owned by the 
Omnibus Company were commandeered for mili- 
= pu . Both concerns, and more espe- 
cially the latter, were completely disorganised for a 
period. An idea of the importance of the rolling- 
stock belonging to the Omnibus Company so com- 
mandeered may be gathered from the fact that the 
company accepted for this rolling-stock the sum of 
22,338,000 francs (893,0001.), a sum which is below 
the price which the company paid for it, but which 
is based on the formula which the French War 
Office applies when it commandeers motor - cars 
and motor -lorries privately owned. The Paris 
motor-buses, we may add here, have rendered 
excellent service in the hands of the military 
authorities. As a rule, the drivers who worked 
them in the Paris streets are the same who drive 
them to and from the Front. 

The whole omnibus service throughout Paris 
suddenly came to a standstill on August 1, 1914, 
at 5 p.m., the Minister for War having requisi- 
tioned the rolling-stock from the first hours of 
mobilisation. A few vehicles were rapidly trans- 
formed for the conveyance of food to the Coe a 
The French War Office immediately mobilised also 
for military service over two-thirds of the 12,000 
clerks and men employed by the Omnibus Company. 
On July 31, 1914, the drivers numbered 948, of 
whom 817 were mobilised on the outbreak of 
hostilities. The tramway service was also greatly 
reduced by the removal of men of military age. 
Before the declaration of war there were 28 tram- 
way linesin regular working throughout the French 
Metropolis ; when hostilities commenced only half 
that number could be worked, and on a much 
smaller time-table. The number of car-kilometres 
was 87,000 per day during the last week of July, 
1914; it fell to 24,600 on August 2. But since that 
date matters have gradually improved, men having 
been trained to the service, and women having 
been employed wherever possible. 

The considerable decrease in traffic and receipts 
which the Paris Omnibus Company has suffered is 
the more to be regretted since for several years 
past this company had been incurring heavy 
expenditure in transforming and improving its 
rolling-stock. It had been replacing gradually 
for several years its horse-drawn vehicles by 


- | motor-buses, and was also replacing its horse- 


drawn, compressed -air, and superheated - steam 
tramways by electric tramways. The first cost 
charges for all this work amounted to close upon 
24,000,000 francs (960,0001.) in 1914, making a 
total of about 153,000,000 francs (6,000,0001.) since 
the work of transformation commenced. In the 
same year (1914) 13,000,000 francs (520,000/ ) were 
added to the sinking fund, making a total of 
66,000,000 francs (2,600,0001.) also since the work 
of transformation commenced. In 1900—the year 
of the Paris Exhibition—the Omnibus Company 
owned over 17.400 horses, 1367 horse-drawn omni- 
buses, and 258 mechanically-operated vehicles of 
various types. In 1913 the number of horses fell 
to 628, and they disappeared completely from the 
company’s service in 1914. 
e electrification of the Paris tramways was a 
costly undertaking, inasmuch as the Omnibus Com- 
y was compelled to lay down the conduit system 
in the central parts of the Metropolis. 

Both the company’s omnibus and tramway 
services were giving satisfactory results down to 
August 1, 1914. If we take the period from January1 
to August 1, 1914, we find for the motor-buses 
a to of 23,356,000 car-kilometres, a total of 
approximately 152,000,000 passengers carried, 
yielding 21,344,000 francs (853,000/.) in total 
receipts, equal to an average of 91.39 centimes per 
car-kilometre (1s. 2d. per car-mile). These fi 
compared with the corresponding figures for 1913, 
show an increase of 2.71 per cent. on the car- 
kilometres, of 3.68 per cent. on the number 
of passengers carried, of 2.97 per cent. on the 


total receipts, and of 0.23 centime in the average 





receipts per car-kilometre, equal to an increase 
of 0.25 percent. The average receipts per car- 
kilometre form the basis of the contract hetween 
the Omnibus Company and the Paris Municipality. 
The figures for the Paris tramways for- the same 
periods are the following:—From January 1 to 
August 1, 1914, 18,748,000 car-kilometres ; pas- 
sengers carried, 122,600,000 ; receipts, 15,129,000 
francs (605,0001.), corresponding to an average i 
car-kilometre of 80.70 centimes (1s. per car-mile). 
The figure for car-kilometres showed an increase of 
12.92 per cent. compared with that for the same 
period of 1913; this is a large increase, which was 
due to the development of electric traction. There 
was an increase of 18.87 per cent. in the number 
of passengers carried, and an increase of 11.37 
per cent. in the receipts, but a decrease of 1.12 
centimes in the average receipts per car-kilometre, 
corresponding to 1.37 per cent., which is explained 
by the fact that on electric tramway lines the time- 
table is a comparatively heavy one, and although 
the total receipts increase with the increase in the 
total number of passengers carried, the demand on 
every separate car is a less heavy one. 

If the whole of the year 1914 be considered, the 
decrease compared with the figures for 1913 is a 
very large one indeed, and bears almost entirely on 
the omnibus service. The receipts for both omni- 
buses and tramways amounted to a total of about 
43,000,000 francs (1,700,000/.), or a decrease of 
14,900,000 francs (595,000/.) on the total for 1913. 
The tramways, which ran the whole year, but were 
more or less disorganised immediately war was 
declared, contributed 21,700,000 francs (868,000/.) 
to the total receipts, equal to 86.31 centimes per 
car-kilometre (1s. 1d. per car-mile). The tram- 
ways carried approximately 175,000,000 passengers. 
The expenditure amounted to 36,750,000 francs 
(1,470.0001 ), or a decrease of 16,300,000 francs 
(652,0001.) on the corresponding figure for 1913. 
Electric traction replaced the former methods of 
traction and largely contributed to this decrease in 
expenditure. 

e outbreak of the war also influenced the 
service on the Paris Metropolitan Railway. A 
portion of the overhead traffic was transferred to 
the underground lines, but this did not allow the 
service on the latter lines to yield figures compar- 
able to those obtained in 1913. The underground 
railway system of the Paris Metropolitan has a total 
length of 78 km. (over 48 miles). The average length 
worked during the whole year was 73 km. (over 
44 miles), traffic having been suspended in some 
districts. The time-table was considerably dimi- 
nished, the last trains running at 7.30 p.m. instead 
of 12.30. On August 1, 1914, the staff fell to 
2200, from 5478, which was the number on July 31, 
1914, and it decreased still more as mobilisation 
proceeded during the first weeks of August. The 
men were gradually replaced by women where this 
was possible. The part played by the Paris Metro- 
politan Railway system in the mobilisation was em- 
phasised by the great efflux of passengers on August 1 
of last year, these being mostly men going home 
with a view to prepare for joining their units, or 
travelling to the main railway stations en route for 
headquarters. On that day, August 1, 1914, the 
receipts were 57 per cent. in excess of those for 
August 1, 1913. But from August 3, 1914, and 
notwithstanding the number of recruits still using 
the underground lines, a depression set in, owing 
to the reduction made in the time-table and the 
suspension of normal conditions in the French 
capital. This depression continued for a few 
weeks, but traffic improved from August 20, and 
a marked increase occurred in the commencement 
of September owing to a large part of the popula- 
tion leaving for the main termini of the Southern 
lines, through fear of a German invasion, when for 
a period traffic again decreased largely. After the 
victory of the Marne, many Parisians returned, and 
the service on the underground lines was gradually 
resumed. In August, the average daily receipts 
were half the average for 1913 ; in November, the 
daily average rose to 61 per cent., and in Decem- 
ber to 67 per cent., of the daily average for 1913. 

The number of car-kilometres run in 1914 was 
60,253,000 (37,000,000 car-miles), as against 
73,202.000 (45,000,000 car-miles) in 1913, In 
1914, 268,000,000 tickets were issued, as against 
312,000,000 in 1913 and 254,000,000 in 1909. 
Taking August, 1914, as a whole, the average daily 
number of car-kilometres was 69,000 (42,000 car- 
miles), as against 184,000 (114,000) in August, 
1913. For the month of December the figures 
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were tively 127.000 (78,000 car-miles) and 
216,000 (132,000). The receipts for passenger 
traffic were 46,376,000 francs (1,855,000/.) in 1914, 
as against 54,476,000 francs (2,179,000/.) in 1913. 
The receipts in July, 1914, were 4,091,000 francs 
(163,0001.), whilst in the following August the 
total was 1,988,000 francs (79,5001.). The 
average net-annual receipts per kilometre, based 
upon the average length worked during the year, 
was 198,000 francs (12,7001.) per mile in 1912, 
208,000 francs (13,3001.) in 1908, the same sum 
in 1909, and 132,000 francs (84901.) per mile in 
1914. The figure under this head has had a down- 
ward tendency of late; it was only 187,000 francs 
(12,6001.) per mile in 1913, due to the development 
of the system, also to the increasing use of transfer 
tickets, and to a decrease in the demand for first- 
class tickets. 

The average daily receipts of the Paris Metro- 
politan Railway are on the increase since the com- 
mencement of the present year, the disappearance 
of the motor omnibuses in the Paris streets no 
doubt contributing to the improved situation. 

The expenditure on the Paris Metropolitan Rail- 
way amounted to 19,766,000 francs (790,000I.); 
the coefficient of working was 43.36 per cent. 
instead of 42.79 per cent. in 1913. The net receipts, 
after deduction of the contribution to the Paris 
Municipality on the gross receipts, was 11,126,000 
francs (445,0001.) in 1914, as against 13,817,000 
francs (552,0001.) in 1913. The initial outlay on 
the system is a total of close upon 203,000,000 
francs (8,000,000/.); the share capital is 75,000,000 
francs (3,000,000/.), the bonds amounting to about 
125,000,000 francs (5,000,000/.). ‘The railway 
pays the Paris Municipality a sum of 14,295,000 
francs (571,000/.) annually in return for the very 
large expenditure in the shape of loans borne by 
the Municipality with a view to the construction of 
the lines. The Municipality is paid a further 
annual sum of 144,000 francs (57001.) in regard to 
the cost of construction of the electric power- 
stations. 

The same remarks as to the influence of the war 
apply generally to the electric underground line 
styled ‘‘ Nord-Sud.” This does not enjoy the 
strong financial position of the Paris Metropolitan 
Railway proper. It was built by a company out- 
side the jurisdiction of the Municipality, and the 
trattic on its system does not show the develop- 
ment which obtains on the Metropolitan Railway. 
The first cost of the Nord-Sud system amounted 
to 141,000,000 francs (5,600,0001.). The total 
receipts in 1914 were slightly over 9,000,000 francs 
(360,0001.), of which 8,865,000 francs (354,000I.) 
proceeded from passenger traffic. The dues paid 
the Paris Municipality amounted in 1914 to 863,000 
francs (34,5001.). The working expenses reached 
a total of 4,232,000 francs (169,0001.), and the 
interest on loans a total of 2,808,000 francs 
(112,000/.), leaving a gross amount of about 
1,000,000 francs (40,000/.) on the credit side. It 
should be noted that this system is still in the 
period of construction. 





PETROLEUM TREATMENT WITH 
ALUMINIUM CHLORIDE. 

Perroteum-cracking being somewhat unsatis- 
factory, attention has recently been paid again to 
the treatment of petroleum with aluminium chloride. 
The object of the treatment is to convert part of 
the relatively high-boiling oils (gas-oils, &c.) into 
low-boiling gasoline, which is more valuable than 
kerosene (lamp oil), while at the same time retain- 
ing or enriching the paraffins and lubricating oils 
of highest boiling points, which again have a high 
value. The many varied cracking processes seek to 
secure these aims practically by the action of heat 
and pressure ; the processes are difficult to control, 
and there is always a good deal of waste by the 
destructive decomposition of oil into a kind of coke. 
The treatment with aluminium chloride is more 
easily controlled, and noteworthy success seems to 
have been obtained by A. M. McAfee, of the Gulf 
Refining Company, Bayonne, New Jersey, who was 
able to communicate his results to the American 
Institute of Chemical Engineers at the San Fran- 
cisco meeting of last August. 

The idea of the use of aluminium chloride for petro- 
leum-refining is not novel. This chloride, Al Cl,, 
forms hexagonal crystals ; it is volatile, fumes in 
moist air, and the crystals can only be fused when 
rapidly heated under pressure, because they vola- 
tilise so readily. The vapour has the formula 








Al Cl, ; whether or not the solid and liquid salt has 
the double molecular weight Al,Cl, is doubtful. 
The anhydrous salt certainly has a great avidity to 
form double salts ; those with sodium chloride and 
sodium fluoride are important for the reduction of 
metallic aluminium. The Al Cl, also combines with 
organic bodies, hydrocarbons, &c., to unstable, 
dissociating compounds, and has hence been utilised 
as a condensing agent in synthetic processes. This 
is the essence of ite use for the purpose we are 
discussing. In all these reactions water should be 
absent, because the AlCl, eagerly takes up water 
in the first instance. When the anhydrous salt is 
ut into water, heat is evolved, a hissing noise is 
eard and crystals can be gained, which correspond 
to the formula Al1Cl,.6H,0, which cannot be 
split up into AlCl, and water by heating, however, 
because they yield hydrochloric acid, alumina, and 
water ; hence the fuming of the salt. Thus the 
presence of water would interfere with other actions 
of the anhydrous salt and would complicate its 
recovery ; thisis again an important feature for the 
new process, since the aluminium chloride is rather 
expensive, even when manufactured by the ton. 

As described, the process is the following. The 
oil is first heated to liberate any gasoline and 
kerosene present ; this is the ‘‘ primary distillate ” 
of McAfee. Crude oils from Texas and Mexico 
contuin little of these constituents, but they must 
also be heated to get rid of as much moisture as 
can be expelled by these means. The AICI, is 
then added to the ‘‘ primary residual ” oil in the 
still, which is kept at between 500 deg. and 550 
deg. Fahr. for a day or two. A vacuum or high- 

ressure or special apparatus are not required. 

he 1000-barrel still is, however, provided with 
two air-condensers, oval in section, 3 ft. by 6 ft. 
by 6 ft., a dome, 3 ft. high, and a final condenser. 
In the air-condensers the volatile products are 
separated and returned to the still ; the dome serves 
for the same purpose, and is particularly intended 
to send back any aluminium chloride vapours, alone 
or combined with heavy oils, which would clog the 
condenser. To prevent this, the thermometer in 
the vapour line (i.e., at the entrance to the final 
water-cooled condenser) must not exceed 350 deg. 
Fahr. The ‘‘ secondary distillate,” collecting in the 
condenser, consists of gasoline, solvent oil, and kero- 
sene, all colourless, sweet-smelling, and saturated, 
according to the statement; and the operations 
can be so conducted that a gasoline, fit for sale 
after washing with alkali, can directly be obtained ; 
otherwise the products are further separated by 
fractional distillation. 

The distillation from the still is interrupted when 
most of the gas-oil has been converted into gaso- 
line, &. What remains in the still is the 
‘*secondary residual oil.” It consists of products, 
which are worked into paraffin and lubricants, 
mixed with a coke in which the aluminium chloride 
is enmeshed in a condition unfit for further direct 
use. The granular coke, more or less freed from 
oil, is treated by one of two methods. It is ex- 
tracted with water or steam, the solution is heated 
to decompose it into alumina and hydrochloric 
acid, and the dry alumina is mixed with carbon 
and heated in an atmosphere of dry hydrochloric 
acid to yield Al Cl,, hydrogen, and carbon mon- 
oxide. The two operations of this first method are 
in reality combined by dividing the solution of the 
hydrated chloride into two portions, and submitting 
the one portion to the first, and the other to the 
second, operation. The second method is simpler 
and preferable. The coky residue is heated to a red 
glow in an atmosphere of chlorine gas, when Al Ci, 
distils over and is coliected. Under ordinary con- 
ditions the Al Cl, would already volatilise at 365 
deg. Fahr. and lower temperatures; the carbon 
would, however, retain the chloride, but the free 
chlorine unlocks it again. 

We have now to look at the results obtained. 
Various oils have been treated. Crude Texas oil, 
which, as mentioned, does not contain any gasoline 
to speak of, gave by the new treatment nearly 
18 per cent. of gasoline and 13 per cent. of solvent 
naphtha, formed que at the expense of the 
gas-oil and the asphaltic oil, which seemed to have 
broken down completely. The percentage of 
lubricants seemed to have remained unaffected, but 
the products were described as improved in quality. 
Caddo crude oil from Louisiana—which is of the 
Pennsylvanian paraflin-base type—gave 42 instead 
of 18 per cent. of gasoline when treated with AICl,, 
and the residual oil was much improved, and could 
partly be worked into vaseline. Oklahoma crude 





oil leaves, as a rule, a troublesome tarry residual 
oil, more asphaltic still than the Caddo oil; here 
again the treatment was successful, a good paraffin 
wax and lubricant and an increased yield of gaso- 
line being realised. These three oils are, in certain 
respects, typical, and the results are therefore 
generally encouraging. Though difficulties will, no 
doubt, crop up, the processes—which are patented, 
we should add—should admit of more y control 
and be less wasteful than working at high pressures 
and temperatures of 750 deg. Fahr. and above. 





THE FURKA RAILWAY AND 
FURKA TUNNEL. 

Tue Furka Railway, which is approaching com- 

letion, leads from Brig, in the valley of the Upper 

héne, via the tunnelled Furka Pass to Andermatt 
on the Upper Reuss, and to Disentis, in the valley 
of the Vorder Rhine. Running north-east, or east, 
the railway connects the upper valleys of the three 
rivers which rise near the St. Gothard, the Rhéne, 
flowing west, the Reuss, flowing north into the Lake 
of Lucerne, and the Vorder Rhein, which runs east 
before taking its northerly turn to the Lake of 
Constance. At Disentis the new line is joined to 
the Rhaetian railway ; the projected extension 
from Brig to Visp, lower down the Rhéne, and to 
the rack-railway Visp-Zermatt, will further connect 
the line with the grand alpine peaks and with the 
railway skirting the Upper Rhéne down to the Lake 
of Geneva ; at Andermatt connection will be estab- 
lished with the Gothard Railway. Thus a new 
railway link is being forged, metre gauge only, but 
97.3 km. (60 miles) in length. The Rhéne Valley 
rection, from Brig to Gletech, 46 km. in length, was 
opened in June, 1914; the outbreak of the war then 
delayed operations, though the railway is entirely 
on Swiss territory. 

As originally projected, the railway was to be 
built on the Hanscotte system, with third rail 
and friction wheels, for gradients between 40 and 
90 per mille. The Swiss Federal Railway Depart- 
ment objected, however, and recommended the 
old approved Abt rack system which admits of 
gradients of 110 per mille, and this system has 
been adopted on the ten steep-gradient sections, 
which make up almost exactly a third of the whole 
length of the line. The adoption of the Abt 
system has the further advantage that the rolling- 
stock of the Rhaetian railway will directly be able 
to pass over the new line and further on down the 
Rhone, which would not have been possible with 
the Hanscotte system, and it is rather astonishing 
that another decision had first been taken. In 
addition to steep gradients, tunnels and viaducts 
have caused difficulties, though not of a novel, excep- 
tional kind. At Brig the line commences at an 
altitude of 675 m. (2200 ft.) above sea-level; the 
Disentis terminus is 1133 m. (3390 ft.) above sea- 
level, and the Furka tunnel, the moat difficult part 
of the work, reaches a level of 2170 m. (7119 ft.). 
Brig lies on the southern side of the Rhéne, 
which is at once crossed by an iron bridge of 
50 metres span. Winding in the Rhéne Valley, 
but keeping on the north side of it so far as pos- 
sible, the line crosses the Rhéne three times more ; 
the Reuss has to be crossed three times, and there 
are a large number of bridges, viaducts, and covered 
galleries in other spots to cross valleys and to protect 
the line from avalanches. Apart from the Furka 
Tunnel, of which we shall presently speak, the two 
longest tunnels, of 592 m. (1943 ft.) and 548 m. 
(1800 ft.) in length, occur on the Brig-Gletech 
section ; in both these tunnels the line describes a 
helix. Three more spiral tunnels of this kind have 
been built between the stations at Andermatt and 
Oberalpsee. The steepest gradients, of 110 in 
1000, are on both sides of the Furka Tunnel, and on 
both sides of Oberalpsee. Gletsch Station is 
near the Rhéne Glacier, and is the last station 
before the Furka Tunnel. We take our particulars 
from recent numbers of the Schweizerische Bau- 
ceituny. 

The Furka Tunnel, 1853 m. (a little more than a 
mile) in length, might apparently have been pro- 
jected with more foresight. As originally planned, 
it was to run along the shortest route west-east 
under the Furka Pass, with the tunnel axis 
nearly parallel to the dip of the strata. The 
work had not proceeded far before almost in- 
surmountable difficulties cropped up. The geo- 
logical survey, about which the designers had 
not troubled before, then disclosed, in 1911, that 
the whole tunnel trace was lying in Trias slates 


476 


ENGINEERING. 





[Nov. 5, 1915 








and schists with gypsum enclosures, one of the 
most dreaded tunnelling grounds known. Reluc- 
tantly the responsible engineers resolved to shift 
the tunnel further south, the geologists havin 

promised firmer rock, phyllites further north, an 

gneiss further south. Fa se economy again seems 
to have prevailed to a certain extent, however, 
and the new operations were started in the sericitic 
gneiss schists, and not in the solid gneiss a little 
further south. The tunnel construction thus 
proved very difficult, the war further interfered, 
and the tunnel was only pierced in the last week 
of September, 1915. On the western side a start 
was made with a bottom heading, and matters went 
fairly well for the first 1000 metres. Then, how- 
ever, the pressure of the vertical thin layers of 
gneiss, which are separated by plastic sericitic 
schists, became so strong that even walls of 1.5m. 
(5 ft.) thickness and more were crushed in. 
The bottom heading was hence abandoned, and a 
top heading was driven on the Belgian system, 
the whole profile being bricked up with top.and 
bottom arches as the working face advanced. 
The lateral walls are vertical; the arches have 
a radius of 2.15 m. (7.ft.); the internal tunnel 
width is 4.3 m. (14 ft.); the height, 4.7 m. (154 ft.). 
On the eastern side matters were less difficult, and 
by May, 1914, 1210 metres had been driven from the 
west and 480 metres from the east, so that only 160 
metres remained to be pierced. The war and the 
severity of the climate at the highaltitude account for 
the further delay. The tunnel openings were in ex- 
posed positions ; once an avalanche claimed several 
victims. By autumn all stores and provisions had 
to be up in the barracks, for the Furka Pass is not 
open to wheel traffic before June 15. The small 
plant at the eastern opening was destroyed by fire 
in November, 1913, and working with explosives 
is particularly dangerous in extremely cold weather. 
The Schweizerische Bauzeitung remarks that the 
‘*all too large number of accidents through explo- 
sions of blasting agents is not to be wondered at,” 
without giving particulars. The tunnel begins at 
the 2124-metre level in the Gratschlucht of the 
Muttbach, proceeds underneath the Furka Pass 
about 200 metres south of ths Furka Hotel, and 
emerges in the valley of the Furka-Reuss at the 


level of 2170 metres ; the highest point of the rails" 


is near the eastern exit. 

The s on the Furka Railway is restricted to 
45 km. (28 miles) per hour on the adhesion sections, 
and to 18 km. (11.2 miles) per hour on the rack 
sections. Only part of the new line will be open 
all the year. The seat of the Furkabahn-Gesell- 
schaft is at Brig ; the contractors were the Société 
de Construction des Batignolles, of Paris, and Mr. 
G. Terroni. The locomotives for the combined 
adhesion and rack service have been built by the 
Swiss Locomotivfabrik at Winterthur; they are 
four-cylinder compound engines, weighing 42 tons, 
and able to pull 60 tons. Most of the rolling-stock 
has been supplied by the Swiss Industrie Gesell- 
schaft Neuhausen. The history of the construc- 
tion of the Furka Tunnel should be a warning to 
engineers not to lay down projects before duly 
consulting the geologists. 





NOTES. 
Tue Uriiisation oF our Resources. 


On another page we print the Presidential Ad- 
drees delivered by Mr. Alexander Ross last Tues- 
day evening before the Institution of Civil Engi- 
neers. Our readers will see that the President 
took for his theme the utilisation of our resources 
to render us less dependent on imported food and 
materials for engineering works. © comparison 
of our output in pig-iron and steel with those 
of other countries, particularly Germany and the 
United States, does not make pleasant reading for 
engineers. We are importing 15 millions worth 
of steel per year, a fact that seems to suggest that 
something is wrong in our economic conditions, 
for we have both ore and iron, and ought to be able 
to supply our own wants. Mr. Ross devoted his 
attention, however, more to the products of the 
soil. He called attention to our immense imports 
of timber, and advocated extensive afforestation. 
He recounted the efforts that had been made 
by the Government to increase our knowledge of 
forestry by the formation of schools and experi- 
mental grounds ; but, of course, he could hold out 
no hope of any immediate improvement. It requires 
the co-operation of three generations at least to pro- 





duce a supply of timber. The growth of food, both 
wheat and meat, offers a more immediate return 
for effort, and to this end Mr. Ross advocated 
further work in the training and banking of rivers, 
so that large areas now water-logged may be drained 
and devoted to agriculture. A more pressing neces- 
sity at the present time is to improve our methods 
of farming, for that would give an immediate return 
and would save us from the necessity of sending gold 
abroad. The subject is an old one, and cannot be 
dealt with merely by abuse of the farmers. The 
fact that some agriculturists get much larger 
crops than their neighbours, however, shows that 
our methods might be improved. It does not, 
of course, follow that the farmer who gets large 
crops makes much more profit than his less suc- 
cessful neighbour, but at any rate he confers a 
greater benefit onthe country. At the present time 
it is most important that we should limit our im- 
ports as far as possible, and Mr. Ross’s address 
was a very interesting and valuable contribution to 
a subject which is surrounded by much difficulty. 


Tue RoéntoEn Society. 


It may be news to some of our readers that the 
London Roéntgen Society, which opened its new 
session on Tuesday last, is nearly as old as the dis- 
covery of the Réntgen rays, which was announced 
in 1896. The importance of the new rays in 
surgery was immediately recognised over here, and 
Mr. J. H. Gardiner was certainly entitled to say in 
his presidential address that the Society had fully 
justified its existence. The Society has indeed 
formed the common debating ground for medical 
men and physicists, to their mutual benefit and 
to the benefit of mankind, especially in these days 
of horrible suffering. Mr. Gardiner, we may remark, 
became the assistant of Sir William Crookes in 
1881 and has worked with him ever since. The 
first radiographs, he stated, which Mr. A. A. Camp- 
bell Swinton exhibited in their Society, had re- 
quired exposures of four minutes; now a flash of 
a hundredth of a second sufficed. But Nature 
seemed to resent intrusion into her secrets; the 
harm that the rays did gave no warning ; some of 
their most active members had been the worst 
victims, and their figures were no longer familiar 
at their meetings. The gravest dangers could now 
be guarded against, and their Council was advising 
experimenters on these points ; but Mr. Gardiner was 
not prepared to endorse the frequently expressed 
opinion that ‘‘ the man who burned his patient was 
a criminal, and he who burned himself was a fool.” 
X rays had rendered invaluable service in surgery, 
in dentistry, in zoology (in demonstrating osteo- 
logical structures), in palseantology (for discover- 
ing fossils in rocks), in engineering (for detecting 
flaws and blow-holes), for distinguishing between 
real and artificial gems, and in numerous other ways. 
If the Society were to continue and to extend 
its utility, its vitality would further have to be 
crystallised in one word—research. Mr. Gardiner 
emphasised this dictum by dwelling, not upon the 
development of X-ray studies, more or less familiar 
to his audience, but upon the discovery of the rare 
gases by Rayleigh and Ramsay, the starting-point 
of which had simply been the most careful redeter- 
mination of the density of nitrogen in 1893. Rént- 
gen’s discovery itself had grown out of the studies 
of radiant matter by Crookes, and the investiga- 
tion of the phosphorescence produced by the X 
rays had immediately led to the discovery of 
radioactivity. Those researches had rendered 
the atom and its transmutation visible, and had 
again supplied the physiologist with powerful 
therapeutic agents. e moral of all this was 
that success did not come to the ‘looker-on.” 
Réntgen rays were now known to differ from the 
electro-magnetic waves of light, electricity, and heat 
only by the extreme shortness of their wave- 
lengths, which ranged from 0.5 to 2 ten-millionths 
of a millimetre. e visible spectrum ended in 
the blue with waves of 0.4 thousandth of a milli- 
metre, or 4000 Angstrém units ; Schumann and 
Lyman rays went down to 1000 and 600 of these 
units. Beyond that, and before the softest X rays 
were reached, a dark continent of the deepest in- 
terest to physicists was lying. There was another 
smaller gap at the other side of the vacuum-tube 
rays, between the hard rays and the X rays. Much 
work was being done in this field, and it looked 
possible to construct tubes that would give rays 
closely approaching, if not corresponding to, y rays. 
But Mr. iner doubted that it would be pos- 
sible, or even desirable, to provide the medical man 





with sets of tubes duly labelled for the production 
of any desired kind of rays. The many apparatus 
and instruments exhibited in the lecture theatre of 
the Institution of Electrical Engineers, where the 
meeting was held, well illustrated the wonderful 
progress made since the days of the early, delicate 
Crookes tube. Some of the bulbs, it was pointed 
out, were all-British work, the British. glass being 
now considered equal to Austrian and German glass. 


ExpLosions IN Arr-LIQUEFACTION PLants. 


The liquefaction of air, and the separation of the 
nitrogen and oxygen in the condensed air, do not 
appear to threaten explosion in the ordinary sense, 
apart from the bursting of high-pressure appa- 
ratus. Nitrogen does not form any explosive com- 
pounds with oxygen, though its compounds with 
chlorine and iodine are highly explosive, and 
the low temperatures maintained in liquefaction 
coils and columns seem to offer a safeguard 
against chemical activity. But several disastrous 
explosions have occurred, and though in some 
cases gross breaches of the regulations had un- 
doubtedly been committed, there is an uncomfort- 
able suspicion of mysterious sources of danger 
difficult to guard against. Operations in such 
plants certainly demand the greatest care, and the 
thawing of frozen apparatus should not be Jeft to 
inexperienced men, as it was in one instance 
where the whole separation apparatus disappeared 
and several people were killed. This thawing 
operation was the indirect cause of several other 
accidents, which Dr. W. Bramkamp discussed in 
the Zeitschrift fiir Komprimierte und Fliissige Gase 
of December, 1914. Though the air to be lique- 
fied is carefully dried, the water-vapour left in 
the gases is apt to freeze and to clog the appa- 
ratus, which is then thawed with the aid of 
warm water. In the one case this process was 
being carried out while a man was removing the 
cork lagging. Thiscork is exceedingly porous, and 
with columns several feet high and possibly 2 ft. 
in diameter, there would be large masses of insu- 
lating cork, which readily absorbs oxygen forming 
an almost explosive fuel. The man was seen to 
carry a lighted torch into the room, against the 
regulations, and an explosion was heard imme- 
diately afterwards. Whether the cork caught fire, 
or whether the explosion was possibly started by 
an escape of lighting-gas, is not certain. In another 
case, the engineer heated the large wrench for 
tightening the stuffing-box of the expansion-valve, 
and it is supposed that he set fire to the insulation. 
A bluish flame was first seen, then a dust cloud 
rose, and the detonation followed. Ina third case, 
a minor explosion in a part provided with a safety 
valve seems to have impregnated the insulating 
silk with liquid oxygen; the second explosion 
was, for want of a better explanation, ascribed 
to the presence of copper acetylide, which, 
if present at all, should hardly explode at 
very low temperatures. But, as stated, the 
possibility of chemical reactions, unknown or 
not well understood, cannot be excluded. Bram- 
kamp refers to argon in the first instance. It 
might act in two ways. Its liquefying point lies 
between those of oxygen and nitrogen, and argon 
snow might stop the passages. Though very inert, 
it might also polymerise like oxygen, forming a 
very unstable compound of the ozone type. Bram- 
kamp does not particularly refer to hydrogen, 
which is always present in air, in very small per- 
centages, of course, yet is not to be disregarded 
entirely. Hydrogen, together with methane, 
aldehyde, and other organic compounds, may also 
enter into the apparatus in another way, as Bram- 
kamp points out. Lubricants have to be used in 
the compressors, where they may be decomposed 
by the heat, liberating methane, hydrogen, Xe. ; 
some oil might even be carried over into the liquid 
air. Whether or not hydrogen and methane 
would accumulate in the condensed liquid, is a 
question not to be answered off hand. But they 
might prove dangerous in another respect. Harries 
found that ozone will yield explosive peroxides 
with hydrocarbons and their derivatives of various 
constitutions, with methane, formaldehyde, &c., as 
well as with benzene ; such compounds might be 
formed in liquefiers. Finally, we need not point 
out that low-temperature high-pressure research is 
always risky. A minor mishap may render dan- 
gerous an apparatus which is safe in itself. That 
the ammonia escaping from an ammonia - ice 


machine could explode would hardly have been 
suspected ; yet we have noticed such a case. 
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INDUSTRIAL NOTES. 


Tue account of a visit which was paid to the Front 
by the Edinburgh deputation of representative muni- 
tion workers states that: ‘‘ On arrival at the Front 
the members passed along miles of trenches; the 
officers and men were very bright and cheerful. The 
several classes of projectiles were shown to them with 
the greatest freedom, and the merits of each was dis- 
cussed by the makers of them on the one side and the 
users in the firing line on the other. Much useful and 
important information was gained by the deputation. 

** An artillery duel took place, lasting about 15 
minutes—with what object only the experts knew ; it 
was, however, to the visitors a sensation long to be 
remembered. In answer to their questions respecting 
munitions, officers and men entered into the matter 
very freely, giving their practical views respecting the 
make and quality they found the most useful and 
effectual, finishing by saying, ‘and let us have plenty 
of them.’” 

The members also took the opportunity offered them 
of inspecting one gun belonging to a field battery, 
and they were deeply impressed with the efficiency of 
this engine of destruction ; it had recently fired sbout 
twenty rounds into the enemy’s lines. Although our 
men were in possession of a fair supply of both classes 
of shells, the request was again repeated, ‘‘ Give us 
plenty of guns and more shells, and we can win this 
siege war.” 

The visitors conclude their report, of which the 
above is a brief abstract, by saying that they return 
home with the message from the Front asking every 
man to do his bit towards making victory doubly sure. 


The Northern Building Trades Conciliation Board 
met in Manchester early in the week with a view to 
consider an application for an advance in wages put 
forward by the bricklayers, the joiners, the stone- 
masons, the wood-cutting machinists, and the builders’ 
labourers. The Board decided to grant the labourers 
an advance of 1d. per hour, and the skilled men an 
advance of 4d. per hour, making the labourers’ wages 
74d. and 8d. (instead of 64d. and 7d.), and the skilled 
men’s wages lld. (instead of 10}d.). This is not a 
war bonus, but an advance in the rate of wages. It 
applies to Manchester, Salford, and the outskirts. 








Mr. C. B. Stanton, the miners’ leader, who was 
defeated in the miners’ ballot for a candidate to repre- 
sent the Merthyr Boroughs in Parliament, in succes- 
sion to the late Mr. Keir Hardie, has resigned his 
position as miners’ agent for the Aberdare district, and 
severed his connection with the Miners’ Federation. 





At a special meeting of the Northumberland Miners’ 
Association Council, held at Newcastle last Saturday, 
the best means of increasing the revenue of the 
Association was considered. A proposal was put 
forward that the contributions of full members be 
raised from 6d. to ls. per fortnight, and those of half 
members from 3d. to 6d. The pro was carried 
unanimously. It was also decided that 2d. out of 
each ls. contributed should be kept by the branches 
for local expenses, and that the ls. per full member 
and 6d. per half member now paid annually to the 
medical fund by levies be paid out of the general fund. 
These proposals are subject to a proxy vote of the 
branches, who have defeated several similar proposals 
during the last two or three years. 





At Newcastle, on Saturday last, the Northumber- 
land coalowners advanced the deputies, mechanics, 
and enginemen’s wages by 10d. per day, and the fire- 
men’s wages by 18 per cent. This follows upon the 
recent advance of 18 per cent. in the wages of the 
Northumberland miners. 





The wages earned in the German coal-mining in- 
dustry during the first two quarters of the present 
year were as follows :— 








| | Per Individual. 

Second | First | ———_ 

— Quarter. Quarter. (second | First 

\Quarter | Quarter 

P marks marks marks | marks 
Upper Silesia .. 80,867,048 20,118,001 | 282 
Nether Silesia .. --| 6,185,147 6,011,120 298 | 284 
Dortmund district ..| 121,679,244 | 121,567,258 445 437 
Saarbrucken .. 10,523,958 10,656, 1 844 343 
Aachen .. 3,450,425 | 8,534,394 382 380 


The above figures work out at the following averages 
per month :—4/. 16s., 4/. 178., 71. 7s., 5/, 15s. and 
61. 78. respectively. 








In a paper by General William Crozier, Chief of 
Ordnance, United States Army, referred to in the 
Jron Age, we find it stated that ‘‘an objection to the 
scientific management of factories, which has not been 
avowed by organised labour, is the hostility of 
organised labour to the increase of productivit of 
the individual. There is so much evidence of this,” 





said General Crozier, ‘‘that I need not take up your 
time with proofs ; but it is something for the world to 
refuse to tolerate, and to set its face against like a 
flint. It has threatened the industrial supremacy of a 
nation like England, and at the present time it is 
threatening its success in a desperate war. It would 
lessen the advantages of civilisation, all of which have 
been well said by Mr. Taylor to depend upon the 
increased productivity of the civilised man over that 
of the sav: It rests upon the fallacy that more 
work done by one man must involve less opportunity 
for the employment of another, and upon the ignorance 
of the fact that there is work for all of the people in 
the world as long as everybody does not have everythi 
he wants. Unemployment results from bad economi 
administration, and not from an excess of produc- 
tivity.” 


The annual report for 1914 of the Secretary for 
Mines for Victoria, Australia, shows that the gold- 
miners employed in the State numbered 32,095 in 
1898, 26,151 in 1902, 25,304 in 1906, 16,553 in 1910, 
and 10,398 in 1914. The mean number for the last 
twenty years was 23,525. The mean number of 
casualties for the same period was:—Number of 
accidents, 101.2; number of persons killed, 25.7 ; of 
persons injured, 83.3; average killed per thousand, 
1.09 ; and average injured per thousand, 3.54. In the 
coal-mines of the same State the number of persons 
killed and injured during the last twenty-six years 
was respectively 40 and 225. In both the gold and 
the coal mines, falls of earth, rock, &c., underground 
accounted for the largest number of casualties. 





The statement of coal-mine fatalities in the United | mad 


States for June last, issued by the Department of 
the Interior, Bureau of Mines, Washington, gives 
510,000,000 tons for the total coal output in the 
United States in 1914, as against 570,000,000 tons 
in 1913, 534,000,000 tons in 1912, and 496,000,000 tons 
in 1911. The total number of operatives was 742,868 
in 1914. The number of operatives killed was 2451 
—equal to 3.30 per 1000 employed, and 4.81 per 
million tons mined. The aude of men killed for 
the six months from January to June, 1915, was 1030 ; 
the corresponding figure for the first six months of 
1914 was 1295. The test number of casualties are 
due to falls of roof (coal, rock, &o.), then follow deaths 
caused by mine-cars and locomotives, then deaths from 
coal-dust explosions. Of the total of 1030 deaths 
above stated, 927 occurred underground, 26 in the 
shaft, and 77 on the surface. The greatest number 
of deaths occurred in the anthracite mines of Penn- 
sylvania, then followed West Virginia, the bituminous 
mines of Pennsylvania, the other States showing much 
smaller figures. 





The Minister of Munitions announces that he has 
made an Order, under Section 4 of the Munitions of 
War Act, 1915, declaring 348 additional establish- 
ments as controlled establishments under the Act as 
from the Ist inst. A total of 1349 establishments 
have now been declared as controlled under the Act 
from the date of the first Order, July 12, to the Ist 
inst. inclusive. 





Lord d’Abernon, Chairman of the Liquor Control 
Board, inaugurated a few evenings ago a large recrea- 
tion palace which has been erected at Vickerstown, 
Barrow-in-Furness, as part of an extensive scheme for 
the improvement of the means of relaxation for the 
armament workers of the district. 

Lord d’Abernon in his s h referred to the vital 
necessity for the highest degree of efficiency in the 
factories of the nation, not only in connection with the 
provision of war material, but in preparing for that 
strenuous struggle which must arise in the Satan, in 
order to increase our trade and restore cc cia 


]| profits of about 12,000,000 marks, less 


logical lines, the drink evil, in some cases to the 
extent of 40 to 50 per cent. He was satisfied that 
these canteens would have the effect of still further 
diminishing the trouble. 

Sir Vincent Caillard, Director of Vickers, Limited, 
who introduced Lord d’Abernon, said, that while his 
firm took no part in the management of the theatre, 
they welcomed such accessories for the enjoyment of 
the people, and the Vickers Company assisted towards 
the realisation of this part of the general scheme. 

The Mayor of Barrow also expréssed satisfaction 
with the project. 





GERMAN INDUSTRIES AND THE WAR. 

Tue report for the last financial year of the Laura Hiitte 
throws considerable light upon the effect of the war upon 
the mining and iron industry of Upper Silesia. 1 is 
claimed for this corapany, situated right against the 
eastern theatre of war, that production and sale have 
suffered no interruption, although they were reduced. 
The l -_ —~ fell off 33 per cent. during the first six 
mon During the third quarter the shortage in the pro- 
duction was reduced to 30 per cent., and during the fourth 
quarter toa little more than 20 per cent. The second half 
of the year made up for part of the shortage during the first 
half, although the aggregate output of the year, 2,620,000 
tons, was 1,080,000 tons short of the —— year, or 
about 30 per cent. The iron works have suffered less 
than the coal industry, because as soon as possible the 
applied themselves to the manufacture of war material. 
During the year 1914-15 the work on peace articles has 
been pushed more and more into the background, and at 
present war material accounts for about 80 per cent. of 
the aggregate production. The two Polish iron works 
of the company, instead of their former good profits, have 
© very serious losses, as com: with a profit in 
the previous year of 2,500,000 mar! The book value of 
the installations, however, has been written off as well 
as amount of outstanding accounts in Russia. 
The working profits for 1914-15 amount to 10,570,000 
marks, against 11,920,000 marks for the previous year ; 
the writings-off amount to 6,260,000 marks, against 
6,500,000 marks for 1913-14, and the net profits were 
2,680,000 marks, the dividend again being 4 per cent. _ 

The Harpener Mining Company has now published its 
full report for last year, from which it appears that the 

te production of coal during the year amounted to 
4b, 859 against 8,206,664 tons for the preceding 
year ; the uction of coke and briquettes amounted re- 
spectively to 1,170,422 tons and 443,989 tons; in both cases 
a little less than during the previous I we 

The Rolling-Mill Mannstaedt and Oo. pays no dividend 
for last year, owing to the fact, as has been stated, that 
the Aumetz-Friede Company does not pay any dividend 
for last year, the two concerns being closely connected, as 
they also are with the Diisseldorf Iron and Wire Com- 
pany. The Mannstaedt Company has written off con- 
siderable sums. 

The Gas-Motor Factory Deutz has suffered materially 
through the war, the surplus for the last financial yes 
poe bree @ marks, against 3,014,509 marks for 1913-14, 
the shortage being solely attributed to the war. The same 
dividend as last year—5 per cent.—was declared, the sum 
carried forward and sundry other figures being very 
materially reduced. Nothing can be said about the 
future ; orders in hand at the beginning of the new year 
were about 1,000,000 marks behind those of the previous 


year. 

On the other hand, the Zimmermann Works at Chem- 
nitz have more than doubled the gross profits of the 
preceding year, thanks to the great activity in their 
machine-tool department. A dividend of 5 per cent. has 
been declared, whereas no dividend was paid for 1913-14. 
Orders in hand exceed those of a yearago. The Saxony 
Machine-Tool concern has also done very well, the 
surplus for the year 1914-15 amounting to 497,312 marks, 

inst 176,663 marks for the preceding year ; a dividend 
of 15 per cent. has been declared, against 4 per cent. for 
1913-14, and the Heo ye heey continues satisfactory. 
Another concern which must have benefited by the war 
is the Rhenish Metal and Machine ren an which 
during the first nine months of the current year has made 





and financial equilibrium. It had been recognised 
that the worker now played a far greater part in 
military operations than in any previous epoch in 
history, because of the immense supply of muni- 
tions and mechanical contrivances needed for the 
prosecution of the war. Manufacturing efficiency 
required not only the greatest scientific ability and 
enterprise on the part ot the employer, but intelli nt 
and sustained effort on the part of the workers. Such 
efficiency could be beneficially affected by rational 
recreation and relaxation, and the war had, amongst 
other things, taught us the lesson that it was incum- 
bent upon all associated with industry to organise on a 
broad basis feeding and recreation resources as well as 
the manufacturing facilities. The theatre inaugurated 
was a proof that this view was accepted at w- 
in-Furness, and he ho that in other communi- 
ties similar action would be taken. He was glad 


to say that arrangements had been made now for sixty 
canteens to be erected within, or in close proximity 
to, large munition factories. Some of these were large 
institutions having wide ramifications, and all would 
be well equipped and managed. Already the control 
of the drink trade, and particularly the prohibition of 
‘*treating,” had had marked effect in reducing, on 








all expenses, but 

exclusive of writings-off, whereas the profits for the 

wore year only amounted to 5,200,988 marks, of which 
,676,549 marks were applied to writings-off. 





AUSTRALIA AND KngMY ADVERTISEMENTS.— According 
to information received from the High Commissioner for 
Australia, the Australian Attorney-General has stated 
that the Commonwealth Government has determined 
upon refusing to carry newspapers through the post con- 
taining advertisements of enemy firms. 





Tue Roya InstirvTion.—The Ninetieth Illustrated 
Christmas Course of Juvenile Lectu founded at the 
Royal Institution in 1826 by Michael Faraday, will be 
delivered this year by Professor H. H. Turner, D.Sc., 
D.C.L., F.R.S., his title being ‘* Wireless M from 
the Stars.” The subjects are as follow :—How the Mes- 
sages are Carried, ‘Tuesday, December 28; How the 
Messages are Received, Thursday, December 30. First 
M : “We are very far away,” Saturday, January 1 ; 
a oe ol ** Some of us are giants and some are 
dwarfs,” Tuesday, January 4; Third Message: ‘‘ But we 
all behave much as you do,” Thursday, January 6; 
Fourth Message: “‘ And, in fact, we are your blood 
relations,” Saturday, January 8, The lecture hour is 
three o’clock. 
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THE INDUSTRIAL SITUATION.* 
By Herpert B. Rowett, M. Inst. C.E. 
Proruxcy, even by the test authorities, can only be 
indulged in with safety when the prophet knows, or w 
those who hear him can never know; but I think little 
foresight or courage is needed to forecast a very serious 


industrial position at the conclusion of the war. The se 


ignorance in which the country has been kept, the 
courtier-like deference of the Government to labour, the 
high rates of wages, defiance by labour of supervision, 
demoralisation caused by unmoral methods of pa , 
excessive overtime, night and Sunday work with their 
accompanying abuses, have all combined to produce a 
condition of affairs which cannot possibly continue. 

Taking the most favourable assumption that victory 
comes to us and our Allies, the relative position of this 
country and her competitors after the conclusiun of peace 
will not necessarily be to our advantage. Weshall go into 
the commercial arena with labour costs much higher 
than at any time in our history, and probably at a great 
disadvantage from ‘the point of view of delivery and 
internal industrial troubles; while Belgium, Germany, 
and Austria, in throes of industrial starvation, and with 
favourable labour conditions from the point of view of 
competition, will set to work more methodically and 
resolutely than ever to recover their positions in the 
markets of the world. 

Lloyd’e report for the year ending June, 1915, shows 


that in spite of the great reduction in output of merchant | da 


shipbuilding in the belligerent countries, the tonnage 
classed by the Society during the past year is within 
4 per cent. of the average for the previous nine years, 
showing the extent to which Japan, Scandinavia, and 
Holland, and aw the United Svates, have in- 
creased their output. It seems perfectly clear, there- 
fore, that if the conditions in this country remain such 
as to render the cost of uction excessive, in a very 
few years the production of our shipbuilding-yards would 
not be required, as with the general dissemination of 
shipbuilding knowledge and skill, it is only commercial 
considerations which enable us to command the trade. 

Production: Internal Condstions.—Those who were in 
& position to appreciate it have seen a remarkable spec- 
tacle in the way in which the construction of war veseels 
of all classes has accelerated. This has mainly 
due to steps taken by the Admiralsy, which resulted in 
the diversion of labour from all merchant ships, except 
those of which the completion was considered necessary 
in the national interest, This concentration of labour 
has enabled feats to be pea in speed of construction 
which have hitherto regarded as impossible, but 
which might have been still further improved upon had 
the labour employed been more efficient. I do not pro- 
pose to deal with the squalid and humiliating subject of 
the limitation of production in detail ; nothing could be 
more illustrative of devoted patriotism than the way 
many men have thrown themselves heart and soul into 
munition work of every kind; but in so a & pro- 
duct as an equipped w ip, none can fail without 
serious effect on the whole. 

I have heard it stated by men of experience that if full 
time were kept and ae | overtime worked, the output 
would be increased in volume by at least 30 per cent. 
Personally I do not care to place a value on it, beyond 
saying that one-half of the time lost in the shipyards of 
our country since the war began re ts more than the 
pose va —~w SY build one hundred ay ge or — 
equivalent. e prim reason W © output o 
munitions has not Geen whet it should is that it took 
those in authority a considerable time to realise what was 
aceers possibly they do not fully realice it yet—cer- 
tainly the country does not, nor has it been put in a 
position todo so. This failure to appreciate the require- 
ments seems less remarkable and less blameworthy when 
we remember that even the schemes of Lord Roberts, 
regarded and treated as beyond reason by the country, 
became from the first months of the war obviously inade- 
quate to our necessities. 

A secondary cause is that fora number of years work- 
men have been encouraged to believe that, as regards 
production, their interest is divergent from that of their 
employers, and that the former can best be served by 
limiting the amount of work done in a given time. Since 
the war began loyal efforts have been male, especially by 
those of the men’s leaders who have visited the fighting 
line, to suspend the influence of this teaching, but the 
success attending these efforts has been far from com- 
plete. It has never yet, apparently, occurred to these 
men that the amount of money a man can receive in 
wages can only be a proportion of the value of the work 
he turns out, and that whether he gets a just share or 
not, it is not likely to be increased in the long run by 
limiting the output of the individual workman. 

With the value of the annual output per man in 
American works about two to three times that in this 
country, and the use of machinery per head showing a 
similar ratio, it seems that increase of output indicates 
the direction in which we must hook for the salvation of 
our industries and the in fare of our men. It 
is absolutely essential that the men should be brought to 
see that their first interest is the fostering of the industry 
by which they live, and that the limitation of output is a 
fallacy which has done more than foreign bounties and 
protection to foster shipbuilding abroad. Increase of 
output and economy of production act and re-act on each 
other, and the interest of employer and employee in both 
is inseparable. The consideration, however, that should 





* Excerpts from the Presidential Address of the North- 
East Coast Institation of Kagineers and Shipbuilders, 
delivered at Newcastle.on-Tyne, Ortober 29, 1915. 








conditions is not 
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ip supplied by 


have dominated all others under existi 
a com ial one. I is that every shell, 
fail to produce is in effect a shell, gun, or 
us to our enemies; every hour idled is in effect an 
worked for our enemies. : 

The secondary cause to which I have referred might 
have yielded to the influence of otism had the 
imary cause been removed, but the exceptional pres- 
sure of work gave an opportunity which could not be 
resisted, ial reference is made to it here because 
of its bearing on the future of our industry. 

We have seen what has m done by our men at the 
Front. Those who have remained in this country are of 
the same blood and bone, and under the same circum- 
stances they would, I believe, bear themselves equally 
well. If then, with the call for assistance of their country 
—of their kith and kin—ringing in their ears, they could 

ursue this course, we may judge what their policy would 
be under circumstances of equal pressure arising from 
economic conditions with these restraining influences 
absent. 4 

When the history of this war comes to be written, with 
all its story of extremes, its heights of noble sacrifice, 
depths of treachery, spontaneous patriotism, unimagi 
bravery, courage in the face of failure, and its merciless 
lust of destruction and slaughter, we shall find on the one 
side the inspiring spectacle of the men of our oversea 
dominions rushing in thousands to swell the marvellous 
army which sprang voluntarily into existence at our 
country’s call, and on the other side—in rivalry of degra- 
tion—the behaviour of Germany to Belgium, and that 
of certain sections of the British population to their own 
kin in the trenches. The relative degree of crime is for 
posterity to decide; but I believe it will place the de- 
stroyers of an enemy cathedral, even the breaker of a 
treaty, above those who limited production while their 
brothers bled. : 

Much has been said of the revivifying effect that this 
war will have on our national life, and that this will be 
great we fervently hope and believe; but if we are to rise 
up after it is all over with renewed vigour, greater 
seriousness of outlook, truer singleness of purpose, and 

rer and higher personal and national aims, it will only 
be after the full meaning and effect of the trial through 
which we are passing has been thoroughly realised by all 
classes of the community. 

Production: External Conditions.—However this war 
may end, it must have one outstanding result, and that is, 
a marked change in the attitude of all departments and 
sections of our Government towards the trade and manu- 
factures of the country, and with regard to education as 
bearing on these. The Press, with commendable zeal, 
and, to a great extent, with reason, has severely criticised 
the conservative methods and want of enterprise o 
British manufacturers in foreign trade; but little has 
been said regarding the disadvantages under which they 
work owing to the attitude of our country’s representa- 
tives ena : 

It is quite comprehensible that the political repre- 
sentative of this country may consider that he cannot 
properly assist a particular British subject to secure an 
order, but it is wrong that he should not realise that it is 
of first importance that the country he represents should 
secure the order. In my personal experience, after 
having secured an order, I have known the German Am- 
bassador go to the ruler of the country to get it cancelled. 
On the other hand, I have been told by a similar British 
representative that he could take no interest in the 
securing of orders, even for warships, by British subjects 
unless he could be satisfied that irregularities were 
occurring, and that while this was not the case he had no 
concern in the nationality of the successful firm. I think 
it is not too much to say that such an attitude, much less 
such an expression of opinion, would have been extremely 
likely to lose a German Minister his post. 

Most of our important Embassies have now commercial 
attachés, who, in many cases, are men of exceptional 
energy and ability, and who are doing excellent work. 
The extent to which they are supported personally, how- 
ever, by the diplomatic side of the Embassy is a matter 
which might be investigated with advantage to them and 
to the country they are endeavouring to serve. Interven- 
tion in affairs of iness by a diplomatic agent is not 
likely to commend itself to that body, and if exercised in 
favour of one British firm against others would be grossly 
unfair; but every order secured by this country is not 
only a commercial benefit to the country, but its execu- 
tion, by adding to the prestige of the country, is a diplo- 
matic gain. 

The work which is being done by the new Ministry of 
Manitions, aided as it is by business men, has served, 
apart from its own functions, to draw attention to the 
urgent need of the establishment of a Ministry of (om- 
me'ce, which would protect and encourage both home 
and foreign trade. The establishment of such a depart- 
ment would have some effect on the functions of the 
Board of Trade and the Foreign Office, but if the a 
sation were carried on by business men on business lines 
the advantage would be incalculable. 

Germany, who, by taking up arms, has jeopardised the 
sweeping comm victory she was gaining over us, 
will, at the conclusion of the war, make still greater 
efforts, and bring more meticulous attention to every 
detail which tends to the disement of herself and 
her people. It is absolutely essential that our country 
should not behind either in the individual effort of 
the unit, or combined influence of the whole. 

Education and Training. —There is a strong movement 
at peo on the part of our educational authorities to 
collect information, described by them as bearing ‘on 


**how far our educational system is effective in peeling 
men capable of “polying scientific knowledge to indus- 
trial processes.” 


hile we must nod ignore the advan- 





f | leading positions in works, 





tages some other countries have had over us, by reason 
ot their works being established from the first upon a 


scale and on modern lines, of Government support 
hour tee af at home and by diplomatic action abroad, still 


there is no doubt that their recognition of science as a 
commercial asset, and also their system of organisation, 
has been, with some notable exceptions, more complete 
than ours. ° 

Possibly our colleges and schools for technical educa- 
tion could be improved, although in some cases this 
would seem difficult ; and the extent to which their ad- 
van are sought by many whose own countries do not 
give them similar opportunities, seems strong evidence 
that what they claim to do they do well. Few are over- 
crowded, and no doubt all could, if necessary, be extended 
with ease. It seems, therefore, that we must turn else- 
where for the main defects in our system of training. 

Costs asa Educational Subject.—The complete absence 
of any consideration of the cost of production both in 
technical colleges and technical institutions, and its 
insufficient consideration in works except by the more 
highly-placed officials and a special staff, are circum- 
stances which require prompt rectification, in the interests 


ned | of our national industries. Looking back on our own 


pupilage, how often can we remember a drawing being 
criticised directly from this point of view? Of course, 
ease of manipulation, which is always considered, has a 
direct effect on cost ; but the importance of cost as cost 
is certainly not made an influence in the mind of the fore- 
man or draughtsman to the extent it should be, and it is 
ver doubtful whether its proper recording and analysis, 
with their su uent application, have reached the 
pitch of efficiency that they ought. 

The attitude of technical institutions should be specially 
considered in thisconnection. It is generally recognised, 
if not specifically laid down by them, that questions of 
cost are not permissible either as the subjects of papers, 
or in connection with discussions on them. This elimina- 
tion of the commercial side no doubt ap) to the 
scientific mind ; but it is well to pause periodically and 
weigh the broad principles by which we are being guided, 
and to consider whether, owing either to inherent defects 
or to changing conditions, they do not require modifica- 
tion. 

Speaking as one whose natural leanings and original 
training are pee | technical, and to whom the commer- 
cial side of manufacturing presents only a secondary 
attraction, I wish to emphasise the opinion that it is not 
sufficient that capable financial men should be in charge 
of the finances of a business, although that is, of course, 
essential ; what is also required is the complete permea- 
tion of the technical mind by an accurate appreciation of 
cost. This comes one 5 4 to most men who occupy 

ut it should be ensured at a 
much earlier stage in the career by education and early 
training in business, because it is only by the man of 
technical and scientific attainment that the most efficient 
use can be made of it. 

It might almost be said that with the exception of 
those engaged in estimating work, a young shipbuilder’s 
or engineer’s knowledge of costs is confined to the ad- 
ministration of his own income, whereas every stroke of 
his pencil and every order to an assistant should be 
guided in the first place by technical, and, only just 
second to that, by financial consideration. 

The ratio of energy to work done, that is, to output, is 
admittedly a first question of science; Why not the ratio of 
work done to cost, which represents energy, organisation, 
and time? The merging of the theoretical in the prac- 
tical man has going on for some forty years with 
such satisfactory results from the point of view of both 
that to-day the distinction is hardly made among men 
above the position of foremen. This is an illustration 
of how prejudice can be overcome, and with what advan- 
tage, when we are all co-operating in the great question 
of training the succeeding generation. 

Shall a student be taught for ever that excellence in 
work is the high ideal, and not that economy in work is 
the first essential? Is it right to leave him to learn by 
the experience of misfortune in after-life that the oppor- 
tunity of doing work at all will not continue unless it can 

done economically ? 

Speaking, therefore, as a technical man, and with a 
full appreciation of the high aims and achievements of 
technical men, I unhesitatingly advocate that not ve 
should our technical colleges deal in their curricula wit 
such questions as the relation of design to cost, and of 
cost to production, but that all technical institutions 
such as ours should, subject to proper control, open their 
doors to the reading of papers daaling with these subjects. 
Whether they should form the field of labour of a sepa- 
rate section of a technical institution or not is a matter 
of secondary importance. So far as colleges are cou- 
cerned, the road to the introduction of these subjects has 
been already prepared by the establishment of CHfairs of 
Commerce, which would make their inclusion less difficult 
than it might otherwise have been. 





American MgTaLLurGy.—American metallurgical in- 
dustry has become considerably more active, and the 
output of pig in the United States in September broke 
all previous records, amounting to 2,852,561 tons, or 
95,085 tons per day. The last best previous record was 
attained in February, 1913. when the production was 
92,369 tons per day. The daily productive capacity of 
the furnaces in blast at the commencement of October 
was 97,535 tons. The ouvput for the first nine months of 
this year bas moved on as fo'lows, month by month :— 
January, 1,601,421 tons; February, 1,674,771 tons ; 
March, 2,063,834 tons; April, 2,116,494 tons; a, 
2,263,470 tons; June, 2,380,827 tons; July, 2,563,420 
tons; August, 2,779,647 tons; and September, 2,852,561 
tons. 
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DEVELOPMENT OF MAIN- LINE 
SIGNALLING ON RAILWAYS.* 
By W. C. AcrrEtp. 

(Continued from page 443.) 

Points AND Factne-Points. 

Points, otherwise termed ‘‘ switches,” in lines of rail- 
ways, for turning trains from one line to another, are in 
manual systems worked with rods or tubes of 1}-in. dia- 
meter, supported on travelling rollers in order to reduce 
the friction in working, spaced from 6 ft. to 8 ft. apart, 
and carried on timber stools or cast-iron trestles sunk 
into the oo. Cast-iron trestles are, in the long run, 
very much more economical than timber, as they do nob 
perish in the ground, and when alterations to rods are 
required can used over and over again, which is not 
the case with timber. From practical experience the 
author has found the use of cast iron, both for trestles and 
crank-frames, a valuable method of reducing the cost of 
maintenance. 

Under the Board of Trade requirements trailing-points 
in passenger lines can be worked 300 yards, and faci 
points 250 yards in manual installations, and 300 yards in 
power installations from a signal-box. The distance for 
working facing points is restricted to 250 yards, with the 
proviso that the plunger should be detected. 

All facing points are uired to be detected by the 
signal connections for si applying for ng over 
such points, in order to ensure the points being properly 
set before the si ‘can be lowered for the required 
route. The interlocking of the levers in the si box 
sate § for the points being set before the signal is 
owered, 

Many forms of facing-point locks and bars, also wedges 


Fitg.10. MIDLAND RAILWAY. 


FACING-POINT LOCK. 


This arrangement affords much smoother running than 
in ordi tice, as the usual flange gap between 
running, and wing-rails is closed up, and thus pro- 
vides a continuous rail on which the wheels can run. 
The movable diamonds are treated in exactly the same 
manner as facing points, and are provided with bolt-lock 
and locking-bars, also the necessary detecting appliances. 
This arrangement, however, causes some complications in 
fixing the gear, on account of the confined space in the 
permanent way ; but in the long run it effects a consider- 
able saving in the wear and tear, and is particularly 
suitable to junctions laid out for fast running. 


INTERLOCKING, 
To describe briefly the requirements of a locking 
apparatus :— 
_(a) The interlocking must be so arranged that the 


signalman is unable to lower a signal for the approach of 
| @ train until after the points have been set in the proper 


| position for the train to ; 
possible for any two signals 
be 





(b) That it shall not ( 
that might lead to a collision between two trains to 


- | exhibited at the same moment. 


(c) That after the signals are lowered to allow a train 
to pass, it shall not be possible to move > 4 points con- 
nected with, or leading to, the line on which the train is 
moving. 

(d) Points also, if possible, must be so interlocked as 
to avoid the risk of a collision. 


Torat Workine Levers on RaAILWays. 


In order to give an idea of the large number of levers 
in use in manual systems in the United Kingdom alone, 
the author has endeavoured to ascertain the total number 
of working levers in use. There has been some difficulty 

















movements must be gone through to permit the workin 
of trains, no train being allowed on a single line unless 

Loam pa of a tablet or train staff. In 
some cases an additional ution is taken by making it 
compulsory for the dagueknen to take outa ta or staff 
before the starting si can be lowered, thus reducing 
the chance of a train starting away without the tablet or 
staff being taken out. " 

Automatic Tablet Systems.—These are also in use, and 
in such cases the services of an operator can be dispensed 
with, since a driver can, by drawing a slide, obtain a 
tablet, provided one is not y taken out at the next 
station, an indication being given on the instrument. 

Switching-Out Tablet Stations.—There are cases where 
it may be necessary to close certain block sections on 
single lines where trains are still required to run, and 
this has been one of the difficulties that had to be over- 
come. It is effected by es the instruments in 
the station on each side of the block section that is to be 
closed, and providing special switching apparatus in 
that section. In such cases it is only by the co-operation 
of each of the sections that this method of working can be 
adopted ; but to prevent the ibility of the tablets 

ing mixed up, tablets of different configurations 
are used in the special tablet instruments, and on account 
of their they cannot be inserted in the instruments 
of the cl section. 

Exchanging Tablet or Train Staff.—To prevent the 
necessity of trains slowing down, devices are in use to 
enable the tablet or staff to be delivered and another for 
a second section to be picked up, thus eliminating the 
risk to the driver or signalman which might occur in 
travelling at a high speed. One exchanging apparatus 
is fixed by the side of the railway and the other on the 
side of the engine, and at a given moment one is picked 
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for performing a similar purpose, have been designed and 
invented, but the bolt-and-bar type is most generally in 


use. 

With the object of reducing the number of levers and 
lever movements, so far as facing points are concerned, 
the Midland Railway Company uses what is known as a 
combined facing-point lock and point operator (Fig. 10). 
The points are operated by means of a motion-plate of 
**dog leg” pattern, provided with horns for holding the 
points in the normal or reversed position. The horns 
enter slots provided in the stretcher-rod, and prevent any 
movement when once locked. The motion-plate is con- 
nected to the locking-bar, Fig. 10a (the latter being of such 
a length as to cover the maximum distance between wheels 
of the rolling-stock) through a set of cranks and scale-baam 
levers in such a manner that the motion of the rod operated 
from the signal-box is conveyed through the locking-bar 
to the motion-plate, so that in the event of a fracture or 
disconnection of any of the rods, the facing-point lock 
cannot be operated. Detectors in the si connections 
are fixed outside the 4-ft. way, and lock-rods are connected 
to each switch of points, a rod to the motion-plate 
being operated by a “‘ toggle” movement, which ensures 
the points and motion-plate being in the correct position 
before signals can be lo for a train to pass. 

Where sidings are connected with main lines, and 
exceed the maximum distance of 300 yards, the points are 
worked from ground levers, either bolted by rod or elec- 
trically locked from the signal-box, the usual means 
nekag provided to prevent the signalman restori 
bolt-lever unless the siding-points are properly closed 
against the main lines. 

It can be taken that all points leading to or from 
running lines are worked either from a signal-box or 
ground lever interlocked with the signals, except in the 
case of runaway catch-points installed on qudieats o 
1 in 200 or steeper, these points being provided to arrest 
bar breaking away of vehicles in the event of coupling 

ailures. 


Movasie Diamond Crossines. 
In through junctions, the angles of crossings are some- 
times treated and worked as points from the signal-box. 
* Paper read before the Birmingham Local Section of 
the Institution of Electrical Engineers. 
























































in obtaining an actual return, but it may be put down 
approximately at 310,000 levers for working points, 
facing-point locks, and signals, the approximate number 
of signals being 171,000. 

The ane number of levers in power frames is 
5600, and the number of signals worked by power 4000. 
These figures are exclusive of automatic signals operated 
and controlled by the track. 


Swine AND OpEninG Bripcgs. 


Where iow are laid over such bridges, it is essential 
that the bridge be secured in its proper position, so as to 
make certain that the rails on the bridge are in proper 
alignment with those on the abutments. For this pur- 
pose signal-boxes are provided, either on the bridges or 
on each side of the bridges, from which the 

bolting arrangements are interlocked with the sign 
protecting the lines and the signals at the next section on 
each side of the bridge, so that the bridge-bolts cannot 
be withdrawn unless all si are in the “‘ danger” 
position, and the line is blocked. Mechanical and elec- 
trical devices are used, and bolte, resting-blocks, wedges, 
pawis, &c., are properly secured in position. Not only 
are railway opening bridges treated in this manner, but 
also important road bridges over rivers, such as the well- 
known Tower Bridge in London. 


Workine on Sincie Lings. 
The Electrical Tablet system allows signals to be dis- 


the | pensed with at intermediate stations that are not tablet- 


exchanging stations, and also enables siding connections 

od be controlled, thus avoiding the provision of signal- 
XeS, 

_ The electrical train staff is another system for single- 

line working, and these two appliances both give freedom, 


In both the tablet and staff Sage (Figs. 11 and 12) 
instruments are provided, in which are stored a 
number of tablets and staffs, which cannot be withdrawn 
without the consent of the next block section; and upon 
one being taken out of the instrument a second one cannot 
be obtained until the first one has either been inserted in 
the instrument, upon the arrival of the train, or replaced 
in the instrument from which it was taken, assuming its 
withdrawal was for mg Fi ye Tn each system 
an operator is necessary, 


f | expedition, and safety. 











off the engine and another delivered to the apparatus on 
the engine. 
System Without Tablet or Staff.—This system is so 
that the block instruments controlling the 
single-line sections also control the signals for entering 
the sections, the signals being actually worked electrically 
by the position of the block instruments—i.e., the signal 
cannot be taken to the off position unless the train is 
signalled on the block instruments and permission obtained 
from the section ahead. The. signals are of the large 
“moon” or ‘* banner” type the arm being enclosed in a 
circular cast-iron case with glass back and front, illumi- 
nated at night. 


REVERSIBLE WORKING. 


The difficulty of handling suburban-line traffic at 
terminal stations is one that is experienced by most 
railway companies, on account of the rush of traffic not 
being in the same direction during morning and evenii 
hours. Duplieate lines for each direction of traffic is, o 
course, the ideal system; but where the surroundings 
of railways do not allow of this without entailing an 
enormous expenditure of capital, some means is desirable 
to cope with the heavy incoming traffic in the mornings 
and the outgoing traffic in the awuines. 

In the case of the three lines approaching the London 
Bridge terminus of the London, Brighton, and South 
Coast Railway, for a distance of 1? miles two of the 
lines were originally devoted to up-train working, and 
one line to down-train working. At the time when the 
arrangement was laid out it was thought to meet the 
traffic requirements, but time has proved that this is not 
so, since from experience it is found just as essen to 
have the use of two lines for ‘‘down” evening trains as 
for two lines for ‘‘ up” morning trains. With the object 

fore of increasing the traffic-carryi a of 
the existing lines, a special method of worki been 
established whereby during the rush hours the middle 
one of the three lines is used for alternate working as an 
“up” ora ‘‘down” line, as the case warrants, to facili- 
tate the dispatch of trains to and from the terminus 
according to the traffic requirements. The middle line 
that is used for reversible working is provided with 
signals and lock and block instruments in each direction, 
which interlock the signals and point-levers in the usual 





the proper sequence of 


manner, but are so arranged that only one set of signals 
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and instruments can be in use at the same time through 

the particular length of line, an essential feature being 

that no train can be in any of the sections when the 

working on this road is reversed from one direction to the 

othe le working the signals interlocked with a 
vers ng are inte 

master-lever, whivh in its normal position releases the 


and 
“down” 


the master-lever having two Jocks on the front with 
latches that enter notches in the quadrant of the locking- 
frame. The keys for actuating the latches are labelled 
“up” and ‘‘down” respectively ; the master-lever there- 
fore controls the signals, and the keys control the master- 
lever. ae 
In each signal-box instruments are ong oy containing 
two key commutating switches, one for the up and one 
for the down-line working. Into these the controlling- 
keys are alternately placed, it being possible to remove 
one key only at a time from the master-lever, regulated 
by the locking. The key is inserted in the special instru- 
ment, the turning of which frees the corresponding block 
instrument ; the key for the opposite direction of working 
being Jocked in the master-lever in its reversed position. 
There are times in the case of morning ‘‘up” traffic 
when the terminus has all platform roads occupied, and 
in this condition the middle line then being used for ‘‘up 
traffic becomes no longer of any use, because the inflow of 


‘difficulty was experienced in producing an effective train- 
34, | stop or trip-valve to stand the impact caused by high 





traffic must of necessity be regulated by the outflow of 
traffic. It is on such occasions that the middle line can 


Fig.104..SPECIAL FISHPLATE & BOLTS. 
Scale 4 Full Size. 





Fig.J2. ELECTRIC TRAIN STAFF. 
C 


use and work fairly satisfactorily, but the wires connect- 
ing the same require careful adjustment, or trains are 
iable to to ‘‘ tripped” when the signal is in the ‘‘ clear” 


tion. 
ee series of experiments have been carried out on the 
Midland Railway with the object of ascertaining the 
merits of train-stops for express-train working, and no 


speeds, provided the difficulty due to wires working t 
train-stops could be overcome. 

A still more serious problem, however, was the most 
suitable position for such a device to be installed. If 
placed at distant signals, the train would be very fre- 
quently ‘*tripped,” and the re-setting of the trip-valve 
would cause serious delay to the traffic, as a considerable 
number of distant signals are unworkable, whilst some 
others rarely lowered. If placed at the home or starting 
signals, the distance run after py! the train-stop 
before the train would come to rest is a further difficulty ; 
and the device would be quite uselees where short block 
sections exist, as the distance run might be anythi 
from 900 to 1000 yards. Another difficulty arises in rega 
to freight trains in which the engines are only equipped 
with steam-brake power. There is also a danger of the 
trip-valve oy | operated by coal falling from wagons of 
passing trains, flying ballast, materials inadvertently left 
too near the rails during re-laying, and other engineering 
operations. It therefore points to the desirability of 
some appliance being installed at distant signals which 





Railwa 
each si 
bushes around the bolts, is of com 
siderable economy is effected b: 
dard-pattern fish- 
possible for any 
outany difficulty. 


parts that can get out of order, is easy of adjustment; and 
although pomed i ; . 2 
between, runni 
vibration 


in an case at the side of, or 
lines of railway, is not influenced by the 
d by passing trains. 
of insulated joint as used on the Midland 
Ae eye Fig. 13. The insulating material on 
side of the fish-plates, between the and in the 
fibre, and con- 
fact that the stan- 
tes and bolts are used, so that it is 
telayer to replace the insulation with- 


The type 


Two systems of track-circuiting are used—namely, 


with continuous and alternating currents. The former is 
used most generally on steam-worked lines and manual 
installations of signalling, and the latter on electrically- 
operated railwa 
have to be provided against. The difficulty of applying con- 
tinuous-current track-circuiting to meet all requirements 
has led to a successful investigation being made, with the 
result that alternating-current track-circuiting has made 
rapid progress of late years, and now appears likely to 
supplant the i 
as it possesses several advantages as compared with the 
latter system. The alternating-current track-circuiting 
can be rendered absolutely immune from the effects of 
stray currents, even from an alternate-current power 
supply, and in some cases is cheaper to ins 


as extraneous currents and leakages 


re 





rend system in this country, 


tal than 





current track-circuiting; moreover, it is said 


to be easier to maintain, especially on electrified railways. 


Fig. 13. MIDLAND RAILWAY, INSULATED JOINT. 
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will automatically give a warning to the driver 
of the position of the signal and apply the brake, 
but in such a manner only that the brake can 
released at the desire of the driver to prevent the 
train being brought to a dead stop. 

The author suggests that what is known as a 
cab-signalling device is the solution of the problem 
up to the present; but at the same time it is 
considered undesirable for any indieation beyond 
an audible signal to be given to the driver, as it 
is undesirable to provide anything that will dis- 
tract the driver’s attention from keeping a proper 
look-out as to the condition of the railway ‘ 
which is one of the many important instructions 
laid down. 





Track-CrecvlTina. 
ne ae | one of the most important appliances 
introduced into railway signalling in the past few 
years is the system of track-circuiting the linee of 
railways, the use of which has enabled innumer- 
able difficulties and problems to be solved, and 
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be at once changed over into working for ‘‘ down” trains, 
this being one of the chief advantages aimed at for 
handling the morning traffic in an increased quantity. 


Trarn-Srops. 


Train-stops for emergency purposes have been sug- 
gested by the Board of Trade as a means of arresting 
trains running past signals at “danger.” Ib is compara- 
tively easy to provide them on electrified railways where 
the speed does not exceed 40 miles per hour, but in the 
case of steam railways, or even electrified railways where 
the speed may be anything from 40 to 80 miles per hour, it 

mes increasingly difficult to — any appliance of 
this type that will stand the shock of impact and at the 
same time meet with requirements of express traffic 
working. Up to the present time it is generally con- 
sidered that no known automatic train-control apparatus 
of the mechanical type can be considered to be satisfac- 
tory. On the London electric railways train-stops and 
trip-valves are in use, and the brakes on the trains are 
thereby applied when the home or starting si is 
against the train. The train-stop is fixed outside the 
line 8 in. from the inside of the running rail, and projects 
3 in. above rail-level. In its vertical position it corre- 
sponds with the danger position of the signal and works 
in sympathy with the same, so that when the signal is 
moved to “‘clear” by power the train-stop is lowered 


below rail-level. The trip-valve hangs down from the | elec 


train, engages with the train stop in its vertical or danger 


tion, and u striking the train-stop operates the 
rake. Upon the train being brought to rest, the motor- 
man had to re-set the trip-lever before the train could 
proceed, but further improvements have been made 
wherevy the trainman can re-set the apparatus without 
leaving the vehicle. 

On the Tilbury and Southend section of the Midland 
Railway, where a portion of the line is electrified, train- 
stops working with the manually-operated signals are in 








gives very adequate protection to traffic-worki 
generally. It is not only in automatic an 
power signalling, but also with very great advan- 
in manual systems of interlocking, by which 
it is possible not only to utilise the running lines 


to orm the indication of the presence of trains 
and vehicles, but to safegu such trains by 
operating electric locking on signals, and also to 


: operate electrically signals in automatic and semi- 

automatic systems on such sections of railways over 
which track circuit extends. 

The essential feature is a section of track insulated at 
each end from adjoining sections of the track, each rail 
in the section — connected together by bond-wires for 
the purpose of making a continuous conductor from one 
end of the section to the other. At one end of the 
insulated track section a battery is provided, the positive 
terminal being connected to one rail and the negative 
terminal to the other. At the entering end of the section 
a relay is connected to the rails in a similar manner ; thus 
a path is given from the battery along the rails on one 
aie, through the relay, and back through the rails on the 
opposite side to the battery, and by such connection the 
relay is continuously energised so long as the track is 
unoccupied. The presence of a pair of wheels or a train 
in the section immediately short-circuits the battery, and 
the current is shunted out from the relay, causing the 
armature to drop. A broken rail will also the circuit 
and de-energise the relay ; and the fact that the track 
circuit operates on the cl -circuit principle renders 
it very reliable from a ym | point of view, as any 
failure is on the side of safety, and always acts in o 
positive manner to denote that the line is “clear” or 
“*occupied.” 

One of the most important parts of a track-circuit is the 
relay, which in its most ordinary form consists of an 

tromagnet and armature, which ts the effects of 
an electric current in a second circuit. 6 relay, although 
a delicately adjusted appliance, is so constructed that it is 





unaffected by the vibiation caused by the passing of 
trains. When ised its armature is attracted on the 

of the weak current (necessary only for its opera- | 
tion) of the track-circuit, which operates an indicator or | 
electric lock, or controls the motor for working a signal. | 
The armature carries a number of contacts which can be | 
made to close as many different local circuits as desired. | 
The relay as constructed to-day consists of very few 





On electrified railways the track circuits are sanctioned 
by the Board of Trade to supersede the locking-bars on 
facing points, and the track-circuit electrically locks the 
facing points in whichever position they are set for the 
trains to pass over, the signal-lever governing route 
being electrically back-locked until train has passed 
the overlap of the section, so that as long as the track- 
circuit is occupied the points cannot be moved until the 
train has cleared the track. 

The adoption to any large extent of track-circuiting on 
steam-worked or electrified railways has necessitated 
greater co-operation between the permanent way and 
signalling — ~ maintenance work. I soon me 
apparent that re-laying or repairs to the permanent wa 
could not with any degree of safety be carried out in the 
manner hitherto customary, such as breaking the road and 
fherely placing flagmen in accordance with the original 
rules and regulations, because by the insulating of sections 
of the line the actual running rails become a signal-control 
apparatus. Thus the action of changing crossing and 
ordinary rails becomes equivalent to ao duceanestian of 
signalling arrangements, and the rules for permanent-way 
operations and disconnection, although practically dis- 
tinct from one another in the past, now become so closely 
allied that one depends on the other if safety is to be 
maintained. In ordinary rule-book there is no men- 
tion of such > as track circuits or electrical 
locking, and it has been found essential that new rules 
must be laid down governing such contingencies, as the 
act of changing running-rails necessitates the breaking 
of rail-bonds, which at once throws out of gear the pro- 
tection given by such an appliance. 

Before a tragk-circuit.is installed it is very 
that the permanent-way engineer should be informed, in 
order that the platelayers may know upon what section 
track-circuits exist. Stringent regulations are therefore 
necessary to prevent any new track-circuit being brought 
into use, or any alteration made in the length or use of 
any existing track-circuit, without the authority of the 
general manager or the om superintendent. Even in 
the lifting or sluing of the line, or performing any opera- 
tion on a section of ‘line that is track-circuited, the 
greatest possible care must be taken to avoid damage to 
wire bonds between the rails, insulated points, under- 
ground cables, or the boxes containing the electrical 


—— - 

latelayers’ lorries require special attention where a 
track-circuit existe, and vefore they are upon or 
run over any ry of a line that is track-cirouited the 
permission of the signalman to whose signal-box the 
track-circuit is connected must be obtained, owing to 
the fact that lorries cannot be relied upon, partiontealy if 
unloaded, to short-circuit the track so that si are set 
at “danger,” or to operate the electric locking on the 
signals. A series of rules are therefore essential in order 
to provide against all contingencies that may arise, and 
special printed forms should be issued, suitable for all 
cases, for installing, relaying, and alterations, which forms 
should be signed in the names of the responsible persons 
of the department affected. 


(To be continued.) 





OCanapDIAN Nortruern Rattway.—The Canadian Nor- 
thern Railway Company, having at length carried its 
system to the Pacific t, the directors now propose to 
run three trains per week across the North American 
continent, commencing this month, 





482 


ENGINEERING. 





[Nov. 5, 1915. 








THE INSTITUTION OF CIVIL ENGINEERS. 
Address of ALEXANDER Ross, President.* 


GenTLemeNn,—In taking this chair for the first time 
as your President I have to thank all here, and the 
members of: the Institution generally, for the great 
honour they have conf on me. 

I follow a long line of distinguished i 
accepting the position of your President 
without some misgiving. My immediate r 
has had onerous demands made on his time and judgment, 
and be has met these in such a way as to reflect the 


and in 
cannot do so 


greatest credit on this Institution, and at the same time | needs, 


to make it all the more difficult to succeed him worthbily. 
Still, 1 promise = my best, and I trust to your indul- 
gence. Come what may, the — over which this 
session will extend must be an historic one, and all we 
can do for the present is to look forward with confidence 
to the result. 

Although our business here to-night is to inaugurate 
another session of the work of our Institution, [ feel 
bound in the first place to make some reference to the 
gigantic struggle in which we, with our Allies, have since 
August 4, 1914, been » ex ing now over a 
period of 1 year and 91 days. a? 3 : 

Lovers of peace as we are as & nation, it is satisfactory 
for us to know that no sooner was war declared than it 
was universally recognised that our rulers had no other 
course open to them ; that the war had been forced upon 
us, and in so far as we and our Allies are conce’ , we 
were satisfied it was a defensive and righteous war. 

The British Empire stood out in bold relief as a united 
whole, with the one earnest desire to act in unison in the 
interest of the welfare of the Empire. the defence of our 
treaty obligations, and the support of the weaker coun- 
tries. His Majesty the King, in proroguing Parliament, 
said :—‘‘ From every part of my Empire there has been a 
spontaneous and enthusiastic rally to our common flag.” 
Never did hostile Power commit a greater political 
blunder than to assume that British unity was unreal, 
and would fall to pieces when the critical time arrived. 

The last memorable occasion on which British troops 
were engaged in battle on the Continent of Europe was 
at Waterloo, fought on Belgian soil just over one hundred 
years ago, when Napoleon’s career of ion was 
overthrown. Great as was that battle, and far-reaching 
in its results, it cannot be compared in intensity or mag- 
nitude with the almost everyday battles of this stupen- 
dous war. 

covnpesing the weapons and munitions of war in 1815 
with those of 1915 is literally yf the advances 
made by industrial science during the last hundred years. 
In 1815 the knowledge of the latent energy of steam 
and ite application for producing mechanical work was in 
its infancy. There were no railways, and little was 
known of electricity. Telegraphs, telep' wireless 
telegraphy, and electric cables did not exist. There were 
no internal-combustion engines, motor-cars, and cycles ; 
no aircraft, su ines, -wire, or ine-guns, 
and no high-explosive shells. The muskets in use at 
Waterloo were smooth-bore, muzzle-loaded, and witlf 
flint-locks. The heaviest cannon—also smooth-bore— 
could only throw a spherical ball of iron 8 lb. to 9 Ib. in 
weight a distance of a few hundred yards, as against the 
heavy artillery of the t day, capable of throwing a 
shell of nearly a ton in weight an effective distance of 
more than 15 miles. 

Seeing thé perfection to which fighting appliances have 
been brought, it might reasonably be expected that war 
would become impossible. e fear we may take it for 

nted that war will recur so long as nations have to 
ollow the leader in the matter of amassing armaments of 
destruction. It is earnestly to be hoped that the highly- 
organised methods of warfare now in use may demon- 
strate once for all the insane folly of sacrificing human 
lives, and the necessity of finding out a better way of 
settling international disputes. 

It may well be asked, What has this got to do with 
engineers? My reply is, That while it concerns the 
nation at large, it appeals in a special manner to the 
engineer. This war has been rightly styled the engineers’ 
war. Our efforts as engineers have been made use of to 
the full extent in the war. None the less, we 
should be still more willing that our training and experi- 
ence might be utilised in furthering the arts of peace. 

The voluntary eet of es = the = of this Institu- 
tion to take & personal pert iri the military operations is 
indicated by the fact that already some 1500 of our young 
men have joined His Majesty’s forces, for the most part 
in the commissioned ranks. Uf these, naturally, a number 
have become attached to the engineering branches of the 
Navy and Army, and, in respect to the Army, the Pre- 
sident of the Institution has since August last year, at 
the instance of the War Office, made recommendations 
from time to time as required by that de; . 

In addition we must not f t the still larger number 
of those belonging to this Institution who, many of them 
in voluntary and unpaid capeci are engaged in the 
manufacture of munitions of war of all kinds and in mili- 
tary transport. — 

In this commodious building, since last autumn, we 
have afforded accommodation to the staff of an impor- 
tant War Office department. During the earlier part 
of this year we gave all accommodation in connection 
with the esta ment of the extensive organisation 
known as the “‘ Metropolitan Munitions Committee,” of 
which my immediate is irman, and more 
recently we have undertaken to accommodate a con- 
siderable branch of the explosive department. 

Whilst each one of us, according to his ability and 


——— 


* Delivered November 2, 1915. 





opportunity, is endeavouring to do his best for the 
national cause, and for the success of the British arms, 
we cannot ignore the fact that the circumstances have 
involved great sacrifices among professional engineers, 
and I fear we must look for a certain amount of distress 
to follow. Professional engineering work has been ad- 
y affected to an extraordinary degree by the need, 
which is realised by all, of husbanding the national re- 
sources and arresting the prosecution of a large number 
of those undertakings which in the usual course employ 
professional engineering skill. 
Whilst sharing the view that much expenditure and 
application of labour, which is not directed to ne | 
should be suspended for the present, we may well 
doubt whether it is a truly economical course to postpone, 
even under the t circumstances, the contemplation 
and ‘essi consideration of engineering works, for 
which the call may be expected to be acute when the war is 
over. It appears to me that many engineers whose age 
and circumstances prevent them from taking an active 
in connection with the war might well be devoting their 
skill to the deliberate preparation of such projects as I 
have to. The cost necessarily involved would be 
very small, and there can be little doubt that the country 
would be in a better position to resume n activities 
in the future if effort which cannot be made use of other- 
wise were applied to the preparation of designs for work 
which is certain to be undertaken under some pressure 
when the time comes. 

Another matter which must exercise our minds in con- 
nection with the future of many of the young men who 
have volunteered to serve the country is, what will be the 
position of those of them who have embarked upon or 
contemplated an engineering career, which has been 
completely broken off? It is impossible to create a com- 
petent engineer without due training and experience, 
and we shall no doubt have to consider somewhat 
specially, at a later date, the position of those young 
men whose preparation for the engineering profession 
must be, owing to the war, ied as imperfect, 
according to the existing rules of the Institution. 

A feature of great interest brought home to us by the 
present situation is the practical effect of the war upon 
the distinction hitherto existing between civil and mili- 
tary engineers. It is difficult to see how this ition 
can reasonably maintained in the future, at least on 
the definite lines observed in the past, as the roll of the 
Institution already includes a considerable number of 
those who are serving as officers of the Royal Engineers, 
engaged in military operations. 

The conveyance of the various units of the Expe- 
ditionary Force to the eo of embarkation, and the 
movements of troops and supplies generally, has been 
most efficiently carried out by an executive committee of 
railway general managers and experts. 

The railways of this country are the wonderful creation 
of private enterprise, but it must be admitted they were 
located and designed with a total disregard to strategic 
advantages, and a of a possible invasion. While 
we may firmly believe that this country will never be 
invaded, it is only prudent to be prepared for the worst, 
and immediate steps should be taken to remedy our 
defects in this — by connecting up existing lines and 
by extensions. ere the a invaded, the attack 
might be made on any of our weakest points to be found 
among the most remote spots on the coast, and to meet 
such a contingency provision should be made to protect 
these and to conneet them by means of either motor 
roads or railways, or both. Such roads and railways 
would serve the double purpose of meeting the necessities 
of defence and the requirements of civil life by openi 
up the country, especially the outlying portions, an 
bringing land areas, forests, quarries, and products of 
every description within the marketable zone. While we 
commend the efficiency with which troops have been 
moved inland, we can find no adequate language to de- 
scribe the splendid efficiency with which the oversea 
transport service has been effected. 

Many instances can be imagined where the civil re- 
quirements and the military necessitities would each 
gain by combining and working together. Unfortunately, 
in this country we are liable to work in compartments. 
While we have every confidence in our united Army and 
Navy, the civilian must not be left out of the calculation. 
To ensure the best results of our public undertakings, the 
best-known experts, whether they be financiers, engi- 
neers, business men, chemists or scientists, should 
available and utilised. 

This war ts as an outstanding feature the enor- 
mous extent to which the trench has been used. On the 
Western front it has extended for a length of about 450 
miles, and the armies have stood facing each other for 
months; and on the Eastern front it is much the same, 
but to a larger extent, being anything from 700 to 1000 
miles in length— as it were, of living men. 

In the third century the Romans raised a rampart 
of earth across this country frem the Solway Firth to the 
mouth of the Tyne, and in the fifth century China built 
its Great Wall as a defence against invaders. In our own 
country we walled in our cities, built fortified castles 
with ramparts, moats, drawbridges and ullises, and 
ey we have constructed masked forts and other 
strongholds mounted with guns. 

None of even the most recent, are proof against 
the guns, oe, and explosives of the present day, 
and of the protective devices practised from 
earliest times down to the present, the trench survives as 
rn. lpn a ag eee afford to con- 
struct such expensive protection, does it not suggest 
itself to us that we should, at selected places, provide 
permanent, well-constructed residential trenches ’ 


As an example of how the civil and military require- 
ments may co-operate, we frequently hear it said to be 





necessary that London should be provided with yet 
another outer-circle railway. Clearly such a line of rail. 
way, by oe a with the railway systems all 
round, might be of great strategic value, and if in addi- 
tion permanent trenches such as I have referred to were 
constructed outside and parallel with it, they would 
be available at all times, and troop-trains could be quietly 
run in at a moment’s notice. If such an idea is good for 
London, it would be equally good for other places. 

Let us now pass on to consider whether we are, as a 
nation, making the most of our national resources from 
an economic point of view, especially as regards some 
matters that particularly interest the engineer. 


TRON AND STKE. 


Take, for instance, the industries of iron and steel and 
that of their constituents. 
In 1894 the United Kingdom stood highest in the pro- 
duction of iron ore. The following tables, which have 
compiled from Parliamentary returns,* give the 
contrast in the production of iron ore by the principal 
countries between the years 1894 and 1912 :— 


1894. 1912. 

United Kingdom pro- Tons. Tons. 
duced ie ... 12,367,000 13,790,000 
Germany produced ..._ 12,193,000 32,190,000 
France a sie 3,711,000 18,744,000 
Belgium ee a 306,000 65,000 
United States ,, 11,880,000 55, 150,000 


In 1896 the United Kingdom led the world in the pro- 
duction of pig-iron, and the ay tog table gives the 
contrast in production of pig-iron by the principal 
countries between the years 1596 and 1912 :— 


1896. 1912. 
United Kingdom pro- Tons. Tons. 
duced “s a 660,000 8.751,000 
Germany produced... 6,270,000 17,582,000 
France aan 1,000 4,870,000 
Belgium os 944,000 
United States ,, 8,623,000 29,727,000 


It is satisfactory to observe that as regards iron ore and 
pig-iron we have not lost ground, notwithstanding that 
ona advance in comparison with other nations is very 
small. 

Although the Bessemer process was discovered in 1856, 
its use for the production of steel did not assume com- 
mercial importance until the late ’sixties, and it was not 
until 1868 that Siemens open-hearth steel was first manu- 
factured, when iron ore was made use of to oxidise the 
carbon and silicon in pig-iron. Shortly afterwards the 
use of iron and steel scrap for this purpose, introduced by 
Pierre Martin, produced the Siemens- tin process, and 
both methods became effective in the early eighties. 

At first both the Bessemer and the open-hearth pro- 
cesses wese ‘‘acid,” requiring the use of ncn-phosphoric 
ore in the manufacture of the pig-iron, but’in 1877 Messrs. 
Thomas and Gilchnst took out their first — for the 
basic process ; and the great development of steel-making 
on the Continent dates from the adoption of this inven- 
tion, which has in particular given value to the large 
deposits of easily-worked Minette ores of Luxemburg and 
French and German Lorraine. 

The development of the basic process, particularly the 
open-hearth ic, has been much slower in this country 
for various reasons; but in view of the large deposits of 
— ore in the Cleveland district, there seems to 

no reason why greater progress should not be made. 

A more striking view of the position is obtained by 
examining the ——~ annual production of steel per 

n 











head of population in hundredweights. 
1899. | | 
_ | 1889-98. 1894-98. | 1904-08. 1911/1912 
1908. | | 
United Kingdom ..| 1.8 2.0 2.4 2.7 2.9 | 3.0 
Dominion of Canadale  — 0.1 0.3 1.5 2.2 | 2.3 
Russian Empire ..| 0.1 0.2 0.3 0.3 | 0.5) 6.5 
Sweden pe 0.7 0.9 1.1 1.4 1.7/1.8 
Germany _ — _ 3.4 4.5 | 5,1 
Belgium 0.8 1.7 22 | 36 | 67/65 
France mi o 0.4 06 | as | 12 1,9 | 2.2 
Austria-Hungary . 0.2 04 | O4 | O7 [09/11 
United States 1.3 1.8 | 3.3 4.4 5.1 | 6.6 








Summarising our positions, we have not made the same 
rapid advance shown by our rivals, and it becomes neces- 
sary that by an extreme effort, and by adopting the most 
up-to-date methods, w6 should make every endeavour to 
hold our own, and especially to avoid the necessity of 
importing steel, which we did in 1913 to the value of 
15,000,000. This is distinctly ag ye and I hope 
it may taken into consideration by all concerned. 
It is true our steel manufacturers are liable to severe 
foreign competition, and at times are subjected to what 
is known as “dumping,” and clearly they ought to have 
some security against this unfair method of attack. — 

It is eminently satisfactory to know that British iron 
and steel occupies the highest position as regards quality, 
and that we are keeping abreast with respect to the 
higher-class steels. Nevertheless it is most desirable that 
we should increase our‘ouvput, and to do this it is first 
essential that the raw materials should ‘bé assem 
cheaply. What we are short of in this country is abun- 
dant in other parts of the Empire, and every effort 
should be exerted to cheapen its transport. - 

The prosperity of the iron and steel industry of a 
country may be taken as a measure of the prosperity of 
the nation. This being so, it follows that we should 

* Iron and Steel, 1912. Parliamentary Paper No. 284, 
Session 1913-14, 
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exert ourselves to the utmost to maintain and develop in 
this direction, and all interested should combine to 
secure this result. 

TIMBER. 


Timber, another materiul largely entering into con- 
struction, and of special interest to the engineer, is in a 
most unsatisfactory position so far as home cultivation 
and supply is concerned. Undoubtedly, as regards 
forestry, we are in this country years behind any other 
European nation. : habe 

Forestry and the cultivation of timber is different from 
almost any other trade or business, inasmuch as that it is 
barely possible for the person who plants the sapling to 
cut the same down as a tree at full maturity. Generally 
speaking, what one generation plants probably the third 
generation rea Hence to an individual there is just 
that lack of inducement which fosters a tendency to 
neglect forestry, and which produces a disinclination to 
find capital for the benefit of some other person, possibly 
an unknown person. ; : 

Timber a ee —_ proceed + remap mo with- 
out any la periods, and one generation, after getting 
pores use of what has been handed down to it, 
should leave an equivalent value to the next generation, 
and soon. To carry on this rotation, it follows that for 
every tree cut down, two, if not three, young plants 
should be substituted to ensure the survival of the fittest. 
No such systematic attention has been given to the 
forests of this country, with the unfortunate result that 
we are almost wholly dependent on other countries for 
our timber requirements. 

As long as our ships of war were built of timber, our 
Government, and indeed the public, took a sustained 
interest in the forests, and especially in the cultivation of 
timber used in shipbuilding ; but gradually, however, as 
our men-of-war, mercantile marine and sea-craft gene- 
rally came to be constructed of steel instead of timber, 
public interest in forestry died away, and it was not until 
about 1880 that the idea of applying modern methods to 
the management of the forests was entertained, and 
special training was established at Coopers Hill and other 
colleges in connection with the Indian Service. 

In 1885-7 a Select Committee investigated the subject 
of forestry, but its report concerned itself chiefly with 
the promotion of forestry education and the establish- 
ment of a Forestry Board. These suggested powers were 
conferred on the Board of Agriculture and Fisheries by 
the Act of 1889. Subsequently, Departmental Com- 
mittees and a Royal Commission investigated the subject, 
and invariably recommended the purchase of demonstra- 
tion areas and the extension of forestry education. 
These proposals, admirable in themselves, were largely 
of an academic and experimental nature, and until the 
Development Fund Act of 1909 came into operation, 
money was scarce and there was no security of any being 
forthcoming. Still, in 1903, schools for working foresters 
were established, which are considered satisfactory. 

The Board of Agriculture and Fisheries and the Office 
of Woods and Forests and Land Revenues issued a joint 
report for the year 1912-13 on the forestry under their 
jurisdiction. They deal with each forest in detail, and 
in no case do they find one to be in a flourishing condition, 
and they cannot help coming to the conclusion that 
forestry in this country is in a backward state. 

With the support of a grant from the Development 
Fund, large demonstration areas bave been secured and 
lectures have been established at various colleges through- 
out the country, and much actual work of an experimental 
character has been effected. In clearing and replanting 
difficulties had been met with in disposing of branch- 
wood and small and crooked timber, and to meet these an 
experimental trial plant has been established for the dis- 
tillation of wood and for the production of wood-tar, 
acetate of lime, charcoal, and wood-spirit. 

These various measnres are excellent so far as they go, 
and will in time produce much good. Still, as planting 
only commenced three to four years ago, and that, too, 
over a limited area, and as it takes many years for 
trees to come to maturity, depending on the species, it 
follows that it will be a long time before full advantage 
can be attained. 

_At the end of 1913 the areas of forest lands in the 
United Kingdom were :— 


} Total Acres, 








= Total | Crown | — than 
Acres. | Acres. | —. 
| (Privately 
| Owned). 
Forests in England and Wales .. 1,884,100 | 64,700 1,819 400 
» Scotland ie ee 868,000 1,000 867,000 
Ireland. . 306,660 10,000 296,660 
| 8,058,760 75,700 | 2,983,060 


Private forests present a grave problem. Although 

many proprietors have done good and advanced work, in 
many cases the owners have been living more or less on 
the past, and planting has not been systematically carried 
out. Ib 18 not at ail likely that owners of large forests 
will—nor, indeed, can, unaided—develop these to their 
full extent, and in many cases transit difficulties consti- 
tute a serious barrier. 
_ Acknowledgment is due to the Royal English and 
Scottish Arboricultural Societies and the Irish Forestry 
Society for the great help they have consistently given 
to forestry. 

In this country we can grow almost all the trees of 
commercial value excepting mahogany and other finer 

ardwoods and certain Oriental trees, and we are parti- 
cularly well adapted as soils and climate for 


spruce, Corsican firs, and others of those most used in 
structural work and for commercial purposes. 
In 1912 we imported :— 


aposeramente esusind out, ty tho Chane Oonmerveney 
above dington, in dredging, renewing, widening 
locke, weire, end sbuices, and to veguiating the disshenes 






























































: of flood-water, still, at times, it overflows ite banks and 

Unmanufectared timber to the foo _| floode large areas of land, streets, and dwelling-bouses, 

Manufactured timber to thevalueot 3,393,000 | ‘Hein es “meee eae See, A ee. 
ood-pulp to the value of... —... _ 4,418,000 lenge Me land —_— i. _—— 

Total 36,168,000 rivers in England, Scotland, and Ireland, which in times 

pew: of exceptional rainfall are deeply fiooded, causing in the 

We exported in one form or another 3,582,000 ee enormous losses to land-owners and their 


This apparently represents a good deal more timber 
than this country ae | uce under the most favour- 
able circumstances, even if new areas were planted. 
Notwithstanding, we can almost immediately—or, at 
any rate, in the course of time—reduce our im ver 


The largest agricultural areas subject to floods are on 
ieee ie eevee en 
of the Waveney, ure, are, 

7] Vensoathe onl it too walton of tee Beces tan toe 
armou in the v 8 

considerably ; but particularly is it desirable that we do| Nene, the Welland, and the Witham, flowing into the 
not import manufactured timber, chiefly consisting of | Wash through separate channels. 

doors and windows and their frames. In many cases measures for improvement would meet 

Having unfortunately allowed ourselves to get so far| with difficulties, and the works might be costly, but in 
behind with our home supply of timber, what is to be/ nota few instances a quick return might be expected, 
done? Clearly, we cannot wait until, by the if of | while in others the improved value over a period of, say, 
the scientific investigations set up, we ascertain what| twenty-five or thirty years would be sufficient to redeem 
— are the —_ SS tome the = soils = the capital expenditure. 

ifferent of the kingdom, ‘and what are the best : : 
systems of planting. We have abundance of evidence so a, Oe a ~~ A Lp thw a 

at we can grow certain trees, and we have with psa greatest da coours. As en illustration of this fact I 
race of good, shrewd foresters and woodmen having a may refer to ro River Spey. The Spey is credited with 
having the most rapid flow of any river in this country. 
It is about 100 miles in length has a fall of 1146 ft., 
or & rate on the ave of nearly 12 ft. to the mile. The 
river flows in a n -easterly direction, and takes a 
sinuous course through a wide and fertile valley, sheltered 
for the most part by high mountain ranges on each side. 
Needless to say, on the mountains on each side, | 
the gathering-area, the rainfall is heavy, and is intensitie 
at times by melting snow. Hence the river is subject to 
sudden and violent floods. Notwithstanding the advan- 
tages of an abundance of fall, this river, especially for the 
upper third of its length, is most destructive, so much 
so that of the area of the lands adjoining the first 
30 miles thousands of acres are permanently soaked with 
backwater, and rendered unfit to _= anything better 
than rank grass and rushes, while the greater part of this 
area is little better than a marsh—a striking contrast to 
neighbouring land where drainage is possible. 

Rivers situated like the Spey are fed from both sides 
by streams rushing down the mountain sides and joinin 
the main channel at right angles to the flow, carrying wi 
them loose stones and gravel, which form obstructive 
barriers across the river and sectionalise it into pools and 
currents, preventing an easy and uninterrupted flow. 
A eal of laudable but isolated effort has been 
made, by forming embankments and executing other 
works, to minimise the destructive effects of the floods ; 
but it is obvious that works in the et y~ of the 
stream will not benefit the lands below, it is not to 
be expected that a riparian owner of the lower part of 
the stream would incur large expenditure which would 
mostly benefit the lands above. Clearly, in the case of 


practical knowledge of planting, clearing out, ventilating 
and draining forests, and it is to be ho that, without 
further loss of time, means may be en to deal with 
our forests generally and continuously. 

But what are we to do in the meantime for our timber 

supply? It is well known that there are numberless trees 
in our forests, alongside our highways and lanes, in the 
field hedges, and groups in the fields themselves—very 
many in our parks—fully matured and ready to be cut 
down, a large number overmatured and in which de- 
terioration has commenced, and again large numbers in 
an advanced state of decay. No doubt certain economic 
reasons could be given why this waste has been permitted, 
such as the scattered positions of these t transit 
difficulties, and in many cases the reluctance of owners 
to —' = their trees, a cage among — — — 
strength if younger growths were standing alongside. 
Still, the situation should be faced, and no doubt means 
could be devised to meet these difficulties, and so secure 
timber for our home consumption. 
The importation of timber has been steadily on the 
increase, and in fifty years has advanced from 9,058, 000/. 
in value to 23,675,000/.,* and during recent years prices 
have been on the ascending scale. Timber is constantly 
being put to an increased number of uses ; particularly 
is to be noted the enormous quantity cut down year by 
year and converted into wood pulp. 

Of the timber imported, roughly one-fourth comes from 
the British possessions, chiefly from Canada, and the 
remaining three-fourths from the United States, Russia, 
Sweden, Norway, Austria, France, and Germany, mostly 
from primeval forests. Most of the British possessions 
oo excellent timber of every species and variety. 


nada, for instance, has an area of about 3,650,000 square | ®"Y Fiver, it must be dealt with com ively a6 & 
miles. The area of the forests is roughly about 1,250,000 | Whole, and that can only be done under | authority 
uare miles. Of the total area called forests, only about | hacked by financial support. To rectify correct the 


River Spey would not involve an onerous financial burden 
compared with the immense benefit which would accrue. 
I cite the case of this river as an example within my own 
knowledge, but although an aggravated case, it is by no 
means an excepti one, It may, however, be taken 
to be typical of numbers of rivers ey! through the 
valleys of the mountainous portions of the kingdom, and 
it is to such sheltered Nm ng that we must look for a 
addition to our available productive Jands. 

n dealing with rivers, every case must be considered 
on its merits. In certain instances much barm might be 
done by disposing of the water stored up inland and 
gorging the outlet, and it must not be forgotten that the 
more perfect the arterial drainage of the country, the 
more rapid will be the discharge of the flood-waters, and 
provision should be made ingly. Again, in con- 
sidering damage to lands by floods, we must differentiate 
between grazing lands, where an occasional flood does 
little damage, and agricultural lands, over which im- 
munity from floods must be secured. While flooding of 
considerable areas frequently occurs, great floods in 
certain districts caused by excessive rainfall take place 
at only long intervals. us in the flat fen country in 
South Lincolnshire and Cambridgeshire there were nine 
consecutive wet years in the period 1875 to 1883, when 
very serious d was done. No such wet periods 
occurred again until August, 1912, when large areas in 
South Lincolnshire, Cambridgeshire, Norfolk and Suffolk 


were inundated. ae 
ae earlier period, and on the last occasion in 
1912, public attention to the uent loss became 
y aroused. In 1877, 1878, 1879, and 1881 Bills 
were introduced into Parliament for dealing with Floods 
Prevention and for establishing Conservancy Boards. 
They all, however, failed, owing to the difficulty of 
rating an area sufficiently large to provide funds for the 
cost of improvements. 


Up to last the onl islative enactment 
Pp year the only general legisla 


,000 square miles, or about one-fifth, is said to grow 
timber of real commercial value, the other four-fifths 
being of small growth. Still, the area of valuable timber 
is enormous, and under progressive treatment must have 
a great future. 

t is all important that until we can depend more on 
ourselves for our requirements, we should save the use of 
timber as much as possible by the substitution of other 
materials, and by the scientific application of the most 
approved means of treating and preserving timber, so as 
to render it as lasting as possible. 

The railway companies in the te consume 
enormous quantities of timber for various purposes; as 
an instance, their annual consumption of doapes 9 ft. 
long by 10in. wide by 5 in. deep, must amount to millions. 
An immense saving of timber would be effected if a suit- 
able substitute could be found. Many attempts have in 
the past been made in this direction with’some measure 
of success, yet never completely satisfactory results. Still, 
success is quite within the bounds of probability, and is 
well worth an effort. Anything that will either decrease 
the imports or increase the exports must obviously be of 
national importance. 


Fioops anp LAND-DRAINAGE. 


Still following up our inquiry as to whether we are 
taking advantage of our natural resources, let us consider 
our position as regards floods and the drainage of land. 
Any observant person moving about the country cannot 
fail to notice large areas of water-logged land, and in 
many parts extensive districts subject to flocding. 

It is first of all essential to effective drainage that 
surplus water should have a free outward flow. All 
water must, sooner or later, find its way into the running 
brooks, streams, and rivers by which it is conducted to 
the ocean. I therefore follows, as a condition precedent 
to good drainage, that the streams and rivers should 
themselves be so regulated and controlled as to afford a| by which drainage districts or Commissions of 
free and uninterrupted flow. for the purpose of dealing with “| flooded or water- 

We cannot shut our eyes to the fact that in many cases | } was the Drainage Act, 
our rivers and their tributary streams are not only | 1861. The ecope of this Act, however, is limited, owing 


unable to take the flood-waters, but, on the contrary, | to the fact that under its powers the consent of the owners 


their condition is ar ape | the cause of the damming 


of two-thirds of the area of any proposed drainage dis- 
back of water on the lands adjoining.. We need not go far | trict is necessary before a Provisional Order can be 
for examples. The River Thames, ing past our doors, | obtained. 
now and again rises in flood, and notwithstanding many| After the great flood of August, 1912, and on the repre- 








growing and cultivating the various conifers, larch, fir, 





sentation of many private individuals suffering from the 


“ Joint ‘Annual Report, Forestry, 1912-13, page 65. incurred, the Development Commission and the 











ENGINEERING, 





[Nov. 5, 1915. 








484 
Board of Agriculture instituted inquiries into the con- 
dition of the rivers in Norfolk Suffolk, and th 


discharging into the Wash. The inquiries revealed a 
hopeless complication of authorities established by 
various Acts of Parliament in nearly all the rivers. 
Some of these authorities were charged with the duty of 
maintaining parts of the river em ts, some with 
the clearing of the bed, and some with the navigation, 
but in no case was one authority able to d with 
any one riverasa whole. 

Asa result of these inquiries the Board of Agriculture 
at the end of last year promoted a Bill in Parliament for 
the purpose of creating an authority in any river valley 
by Provisional Order, conferring the on this body 
to undertake certain specified works of improvement, and 


in order to provide for the cost to issue precepts to the | a]) 
: P ii 


authorities to levy rates in certain p ions ing 
to ton their rateable areas. This Act, under the 
title of the Land-Drainage Act, 1914, received the Royal 


Assent at tho end of last year. 

Enough has been said to show that, for the present, 
legislative machinery does exist. by which, under the 
may ame of public opinion, improvements in rivers may 

brought about. I have dealt longer with rivers and 
floods than my time warrants, but the subject is so all- 
important that I must claim justification. I have no 
hesitation in saying that if our rivere and watercourses 
could be effectively dealt with, and our water! lands, 
fens and trenched and drained, we could, by the 
land so reclaimed, add a considerable percentage to the 
existing area of arable and pasture lands of this country. 
Given the capital, there is no difficulty which cannot 
surmounted, and many successful examples can be cited. 
The first step taken towards the ial drainage of the 
fens was in 1631, and the drainage operations there since 
that time have yielded results such that to-day there is 
nO more productive in country. Patricroft Moss 
and Ohat Moes, of which we engineers have heard so 
much, have nearly disappeared as such, and are now 
under cultivation, and there are numberless cases where 
a waste areas have been converted into fertile 

nds. 

While rivers and watercourses should be trained and 
controlled for local benefit, it should not be overlooked 
that they are of greater value as a national asset. Rivers 
may generally be divided into three sections: the lower 
section, subject to tidal flow; the middle section, flowing 
generally through flat lands with little fall; the upper 
aeons or reaches, with invariably a superabundance of 

In many rivers the high water of spring tides flows for 
1 distances inland, and where this is the case a river 
could easily be canalised and rendered available for the 
smaller ocean coasting vessels, for carrying goods much 
nearer to their destinations, and at the same time reliev- 
ing the congestion of the larger docks at the mouth of the 
river. Al y we have a number of instances w this 
has been done. The Forth, the Tyne, Wear, Humber, 
Witham, the Great Ouse, and Thames on the Kast Coast, 
and the Severn, Weaver, Mersey, with the Manchester 
Ship Canal, the Preston Docks on the Ribble on the West 
Coast, and the Trent, for which powers have been 
secured. There are still many rivers which so far have 
not been dealt with. From the point where the tide has 
ceased to flow up the river, the second section can be 
canalised by means of locks; and as to the third section, 
it is og d a question, when goods have to be transhipped 
in small bulk, whether it pays to canalise, and the lack of 
sufficient weoaneee = the higher lands constitutes a 
serious drawback. e old canals, wonderful in their 
conception and execution, are another example of private 
enterprise uncontrolled from a national point of view. A 
canal direct from an industrial centre to a dock on the 
sea coast is a system in itself, but, generally speaking, in 
the laying out of the canals of this country no 
system had been kept in view. Some of our “ga 
canals have already much improved, such as the 
Aire and Calder and the Weaver Navigations, and there 
are some left which are subject to improvement, such as 
the Sovth Yorkshire Navigation. 

While carriage by water should be encou , I ques- 
tion whether much good could be obtai by recon- 
structing the greater number of the existing internal 
canals, more especially Leap or, ape and it isa 
question whether their sites might not be more profitably 
utilised for other purposes. : . 

The subject is altogether too big for to-night, but what 
I want to make clear and impress on our minds is that 
we are not utilising our water resources, either as rivers, 
streams, or lakes. ‘e want, in short, some organisations 
with power to control all our water resources, and to 
canteen and to consolidate our gathering-grounds and 
water-yields. ar 

The only object we can have in view in adding, at a 
great cost of labour and money, to the productive lands 
we already possess, is to place at the disposal of the 
community the possibility of increasing our home pro- 
duction, with the intention of meeting our own require- 
ments toa much greater extent in the future than we 
have done in the past. In this connection we are bound 
to ask ourselves whether we are making the most of the 
land now available, and after consulting living authori- 
ties and writers on the subject, and examining returns, 
the answer must emphatically be in the negative. 

I do not intend to discuss land and agricultural matters 
before the bers of this Instituti notwithstanding 
these transcend in importance any other industry in the 
country. As regards agriculture, we appear to occupy a 
singularly anomalous position. e can exhibit the finest 
stock of all kinds in the world, and, on the whole, we have 
maintained ee but in numbers, instead of 
advancing, we have declined. 

Then, again, as regards crops. In many instances we 








obtain magnificent yields; but our average results are 
only about two-thirds of our best, and all round we fall 
below the yield of most other uations. This clearly indi- 
cates that while we have a number of first-class cultivators, 
there must be a large number operating on obsolete lines. 
We are glad, however, to note that during the last few 
years renewed interest has been taken in agricultural 
matters generally, and by the aid of agricultural colleges 
and demonstration farms much scientific and practical 
knowledge has been collected, showing itself already by 
the returns of 1912-13 being an improvement on those cf 

vious years. The older men, owners —< of 
fonds, ill tell almost pitiable tales of the trials they had 
to endure to meet the ever-shifting conditions. 

About forty years ago the importation of live stock of 
sorts prevailed, but scarcely had everyone settled 
down to this new condition of things than engineers 
and chemists, who in the meantime were at work per- 
fecting a system of refrigeration, completed their labours, 
and the live trade in animals was immediately replaced 
by the importation of the dead. ; , 

The cultivators of the soil were again placed in a diffi- 
culty, and this being enhanced by the ever-increasing 
importation of onus in general, but especially wheat, 
they were forced to the conclusion to cultivate the soil as 
little as ible. The natural result is that the area of 
land under cultivation is much reduced, and the quality 
of the soil is undergoing deterioration. 

All this time the production of other countries went u 
enormously, while our exports, never large, have declined, 
and our imports of grain, flour, and wheat have steadily 
increased during the last thirty B and in 1913 the 
reached the enormous value 142} million poun 
sterling. A further result is that emigration has con- 
tinuously increased, and in 1913 more than over 300,000 
persons left this country, equal to the population of one 
of our towns. These were not the surplus popu- 
lation, but the very bone and muscle of the country. 

We frequently hear that rural depopulation is occa- 
sioned entirely by the land and farming conditions. To 
get at the root cause we must look back many years to 
find that the first economic conditions to strike at the 
balance of the population between town and country was 
the prohibition to manufacture certain industrial articles 
in private dwellings, which, in conjunction with the 
advance in machinery, resulted in the concentration of 
industries in separate large buildings or manufactories, 
mostly established in towns with transit facilities. Thus 
employment becoming scarce in the country occasioned 
the first great emigration to the towns. Other disturb- 
ing economic conditions followed in succession, and the 
country gradually became to the young a dull place, and 
the town lure drew them thither. 

How the equilibrium of population between the town 
and the country is to be restored is a difficult problem. 
Agriculture, owing to improved methods and labour-saving 
appliances, provides far less employment year by year. 
—_, better distribution of r areas of land with a 

1g 
some of the population. Afforestation would account for 
some more, but to repopulate the country to the full 
extent industries must Be established, with such facilities 
of transit and otherwise as will offer inducements on 
® paying basis; and with the advance made in hydro- 
electric science most parts of the country offer facilities 
for securing cheap power. 

Much has been said with absolute truth of the want of 
housing accommodation. People nowadays will not live 
in isolated places dispersed throughout the country. The 
human race is, after all, gregarious in its habits, and 
to provide acceptable accommodation we must extend the 
pretty-hamlets we meet with everywhere, and provide 
new towns on pre-arranged plans with suitable and cheap 
travelling facilities. 

How to advance the farming interests it is difficult for 
me to suggest ; but it is evident, to get the full use of the 
land, these must be helped and stimulated somehow. 
Combination and co-operation have done much in other 
countries, and so have central markets and national land 
banks by providing cheap money and giving reasonable 
credit. Rather than give any viewsI may hold, I will quote 
Professor James Long, himself a practical farmer and a 
well-known writer on agricultural subjects, from his work 
entitled ‘‘Making the Most of the Land.” He says :— 
**Not only do we need improvement in our methods of 
production, but of securing what we grow. Our culti- 
vated area needs expansion, broad acres still employed 
as sheep-runs or utilised for sport must be reclaimed. 
Sandy moors and peat land all d to kindly treat- 
ment and to the i uity and skill of man. Our live 
stock could be doubled in number and the quality com- 
mensurately improved, and our crops might be increased 
by one-half. at is done by a few can be accomplished 
by all, where the conditions are equally q 
there are British farmers who accomplish great things, 
while others achieve nothing at all.” 

After describing certain artificial fertilisers, Professor 
Long goes on to say :—‘‘ There is nothing in romance or 
ancient story more thrilling than the fact that by the 
employment of artificial fertilisers in one case, or by new 
selection of plants in another, man is now able to clothe 
the almost barren hills with rich verdure.” 

We may take it that it can be demonstrated :— 

That by proper treatment of the arable land now 
—, by proper + pee and oh using — fer- 
tilisers, the average yield per acre can be largely increased. 

That the live stock, while being peso how at the 
present high standard, may be incressed in numbers. 

That by river improvements, drainage and reclamation 
from the sea and inland waters and of the fen lands, and also 
by the reclamation of moorland wastes, large additions 


can be made to the arable and the pasture lands of this 
country. 


and more intensive cultivation would reinstate | Pe 





If we feel satisfied that these statements are true, no 
time should be lost in applying the remedy. Why should 
we im our footstufis if by an effort we can remove 
the lethargy, if not the indifference, of the past, and can 
nay provide ourselves? 

commencing at once we can correct many things 
ented ourselves to a large extent immediately, aithoush 
it may take many years before we can — the full bene. 
fit; but there seems no reason to doubt that in course of 
time the United Kingdom would be in a position to 
supply its own simple necessities ; and if instead we say 
the Uaited Empire, then indeed we can vide for all 
our wants. Now is the time for the authorities to set 
about instituting a searching inquiry into all matters 
ing on economic subjects, and prepared to com- 
mence relief works of utility of all kinds as soon as our 
gallant soldiers return, and in no more suitable situations 
can they be employed than in their own part of the 
country and among their own friends. 

It may be objected that all these suggestions involve 
the expenditure of large sums of money—never more 
scarce than now. The underlying idea of making the 
om is that, for the future, we shall be more in- 

ependent of outside aid, while at the same time we 
should be retaining our capital within our own shores. 

Tn our last normal year, 1913, our imports were largely 
in excess of our exports. It is true that imports are sub- 
ject to deductions on account of specie and returns on 
foreign investments and securities. Discount them, how- 
ever, how you will, they are far too high, and we believe 
that, with a highly-organised system, united effort and 
foresight, we can save millions and raise our credit to a 
high standard. 

tis undeniable that we have been lavishing our re- 
sources on other countries, regardless whether prospec- 
tive friends or foes; we have received a salutary lesson, 
and our great hope is that we may profit thereby. 





Vancovuver.—Considerable shipping activity prevails 
at Vancouver. Maru (Japanese) liners, Canadian 
Pacific Railway boats, Canadian and Australian steamers 
and Blue Funnel round-the-world ships have been taking 
in and — out cargoes ; and extra gangs have been 
working at the Canadian Pacific Railway wharves day 
and night. Itis not often that Japanese steamers put 
into Vancouver, and that they have now docked there 
shows the eo of freight which is being handled. 
Generally boats unload at Victoria. 


THe Late Mr. Ltorotp CHEvaLier.—We are asked by 
Messrs. Augustin Normand, the well-known shipbuilders 
of Havre, to re on record the death of an old servant of 
theirs, Mr. Léopold Chevalier, who gave them a most 
whole-hearted co-operation through several generations 
of the owners. r. Léopold Chevalier entered the ser- 
vice of Messrs. Normand at the age of fourteen, seventy- 
one years ago, in the capacity of assistant ship's car- 
mter. He rapidly rose to superintendent of the 
moulding-loft. ter on he was entrusted with the sea 
trials of all the Normand torpedo-boats and destroyers. 
During thirty years he superintended the trials of over 
110 units, built for the French and foreign navies, and 
suggested numerous improvements to the hulls, machi- 
nery, and propellers of this class of ship, which forms 
one of the specialities of Messrs. Normand. Mr. 
Chevalier was of a most kindly disposition ; he was 
regarded more as a venerated member of the Normand 
family than as one of their devoted collaborators. 








Execrric HeatTine AND Exxcrric Furnaces.—The 
first of the series of six advanced lectures on “‘ Electric 
Heating and Electric Furnaces,” mentioned on page 421 
ante, was delivered by Professor J. A. Fleming at the 
University College on Friday last. This lecture was 
devoted principally to the subject of temperature measure- 
ment, the lecturer dealing with mercury and gas thermo- 
meters, temperature scales, and electrical thermometers 
of the plati resist , thermo-couple, and radiation 
types. The physical laws on which these instruments 
depend for their action were fully explained, and some of 
the latest —— were shown in operation. The second 
lecture will be delivered to-day at 5 p m., and the third 
on the 19th inst., and nov en the 12th, as previously 
stated. On December 10, Profeesor A. H. Barker will 
lecture on ‘‘ Domestic Electric Heating,” and on the 
following Friday on ‘Electric Cooking.” Full par- 
ticulars of these and other lectures at the college can be 
obtained from the Secretary, Mr. Walter W. Seton, 
M.A., D.Lit., University College, Gower-street, W.C. 








GOVERNMENT CERTIFICATION OF CEMENT INTENDED 
FoR Export.—A laboratory for testing cement has now 
been added to the establishment of the Scientific and 
Technical h Department of the Imperial Institute. 
In certain countries, such as the Argentine, the Govern- 
ment has adopted an official specification for cement to 
which all cement intended for use in the construction of 
public works must conform. The Argentine Government 
alsorequires the certification of such cement by a laboratory 
recognised for that pur by the Government of the 
exporting country. H.M. Government has now recog- 
nised for this purpose the cement-testing laboratory of 
the Imperial Institute, ab which analyses and tests will 
in future be conducted for British-made cement for con- 
tractors, engineers, manufacturers and others desiring to 
export cement to the Argentine and other countries in 
which a Government certificate is required. Firms 
requiring such assistance are requested to communicate 
with the Director of the Imperial Institute, South Ken- 

i ion, 8.W., who will supply information as 
to conditions under which certificates are issued. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

, ; in the Specification D . is stated 
"cen ca: Yaene to mambionel the iipecifeaion tat 
o_o Pa oy ey nn ae 

- ; 


of the unica are given in py a n Opes, 
“Franch, 25, Southampton i Chancery-lane, W.C., at 


The date of the advertisement of the 


is, in each case, given Fam my AH ‘San 

Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
ry ply PO 
i ) a, 
stent on any of the grow 8 mentioned in the Act. 


ELECTRICAL APPARATUS. 


18,202/14. Sir W. G. Armstrong, Whitworth and 
Co., Limited, and W. H. Waddingham, Newcastle- 
on- Electric Motors. (2 Figs.) August 1, 1914.— 
This invention relates to improvements in step-by-step mechanism 
suitable for starting el ic motors. According to this inven- 
tion, such mechanism comprises a toothed-wheel, means for hold- 
ing the wheel from movement in one direction and an escape- 
ment, which, on being moved in the direction in which the wheel 
cannot move, is operated by the teeth of the wheel. In the 
drawings, @ is the starting-handle fixed to a shaft ) which turns 
in a bush formed in plate c; d is a drum keyed to the shaft b; 
eis a chain, one end of which is attached to the drum and the 
other end to a spring f carried by the plate c; g is a toothed 
wheel free to turn on the shaft b, and A is a pawl which prevents 
the wheel g from moving anti-clockwise. The handle a carries 
an escape-bar i, one end of which is constantly hed into con- 
tact with a tooth on the wheel g by aspring j, while the other end 
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is undercut at i); k area series of stops carried by the plate c. 
The pawl h may be provided with a catch A! to retain, in co- 
operation with a projection a! on the handle a, this Jatter in its 
extreme position. The apparatus works as follows :—On moving 
the handle a anti-clockwise against the action of its spring /, the 
escape-bar i is forced ~ 4, tooth on the wheel g so that the 
undercut 7! of the escape-bar i engages with a rg k. The stop k 
and the undercut 7! are adapted to allow the end of the escape- 
bar to clear the tooth, meanwhile retaining the escape-bar clear 
of the wheel. The handle a is then moved slightly backward to allow 
the escape-bar to drop and then quickly .forwards to the next 
stop k, and the above cycle of operations repeated. When the 
handle a is in the extreme “full-on” position, its projection a! 
engages with the catch A! on the pawl h. To release the handie, 
the tail of the pawl A is pressed down, thereby releasing the 
catch Al, and the wheel g being free to move clockwise on its 
shaft b, the spring f pulls the handle into the “ off” position. 
(Sealed October 14, 1915.) 


6117/15. W. T. Henley’s Relegreph Works Com- 
pany, Limited. London, and E. E. Judge, vesend. 
Distribution Apparatus. [6 Figs.) April 23, 1915.—This 
invention relates to electrical-distribution apparatus comprising 
a frame supported vertically in a distribution-box and adapted 
to support, on the one hand, fittings arranged in front of said 
frame, and, on the other hand, the end of a cable which is sealed 
behind said frame, the conductors of said cable being connected 
with terminals extending through insulators and ted 

said fittings. Apparacus constructed according to this invention 
comprises a frame adapted to be mounted in a distribution-box, 
and consisting of one or wore bars to which the fixed ts of the 
fiv-ings are adapted to be clamped, and a sealing-box formed 
quite independent of said frame, and provided with an aperture 
at the lower end thereof for the introduction of the cable, and 
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with an aperture at the upper end thereof through which is led 
out one or more terminals for connection with one or 
more of the conductors of said cable. The form shown is adapted 


electrically connected with the 
cable a. The parte appertaining to the neutral conductor 
similar in construction, except a connecting link ¢ is substi- 
tuted for the fuse-fittings j, and one part of the two fittings A! 
is adapted for connection with a neutral bus-bar p!. The os 


corresponding conductor of the 


and inner concentric conductors of the cable a 
the outer wires of the three-wire system, and the outer con- 
centric conductor of the cable a corresponds with the neutral wire 
of the system, and in order that the end of the cable a may be 
sealed, sockets u, electrically connected with said conductors, are 
provided each with an apertured lug v adapted to be clamped to 
the rearwardly-extending screw and the end of the cabie, and 
said u are sockets received in a longitudinally-divided sealing-box 
adapted to be secured to the back of said frame by screws passing 
through one of the box w and e g, the one a saddie- 
piece z at the front of eaid frame, and the other the cross-piece g 
at the co end of the frame. The saddle-pieces n, 
through which pass the rearwardly-extending screws appertain- 
ing to the outer concentric conductors of the cable a, are formed 
as insulating bushes adapted to extend through apertures in the 
front t of the sealing-box, and the box as a whole is also 
formed with apertures at its opposite ends, through which are 
led in, at the lower end, through an armouring securing-gland 7, 
the cable a, and at the upper end, through an insulating bush 8, 
the socket u connected with the central conductor of the cable a. 
(Sealed October 21, 1915.) 


18,497/14. The British Thomson-Houston Company, 
Limi London, A. P. Young, Kenilworth, 
A. H. St. C. Watson, Coventry. Electric - Voltage 
gulators, (3 oe. August 10, 1914.—This invention re- 
lates to relays of electric-voltage regulators of the type described 
in Patent No. 28,190, 1908. In the construction bed and illus- 


trated in the said specification, the relay comprises a circular coil 
divided into sections adapted to.be differentially excited, and 
each of the radially-located cores is E According to this 


invention, instead of forming the — =~ circuit of the rela: 
coils as an iron core of E —— a bipolar closed core is provided, 
wr formed as a nearly-closed rectangle. The relay coil 1 
of circular form, and is provided with two sections, 2 and 3, 
wound differentially. One of these sections, for example 2, is 
permanently connected through a resistance 13 to a source of 
current, for example, the armature of an exciting machine, whilst 
the other section is in series with the floating contacts 4 of the 








regulator. 
both sections of the coil are energised and each section neu- 
tralises the action of the other section, so that the relay is de- 
energised. When the floating contacts are out of engagement, 
the relay is energised by coil section 2, which is permanently con- 
nected to the source of current. The improved constructions of 


When the floating contacts engage with one another, 


tie core is shown in Fige. 2and 3. The core 5 is formed 
as @ nearly-closed rectangle, with two poles, 6 and 7, which, when 
active, attract the armature member 8. The armature carries a 
movable contact 9, adapted to engage a fixed contact 10 when the 
relay is de-energised. e armature is of bell-crank fori, pivoted 
at 11 to the frame of the relay, and controlled by a cong. 12 
which tends to keep the armature in the retracted position. The 
direction of current in the conductors of the coil is shown in the 
conventional manner by means of dots and crosses and the path 
of the magnetic circuit is shown in dotted lines. In . 2 coil 
section 2 is excited only ; whereas in Fig, 3, both coil jones are 
excited. (Sealed October 21, 1915.) 


14,278/14. Siemens Brothers Dynamo Works, 
Limited, London, and E. O, Kieffer, Stafford. = 
namo Elec ry. (2 Figs.) ‘June 13, 1914.—This 
invention relates particularly vo non-salient pole-rotors, such as 
are used for turbo-alternators. According to the invention, the 
end connections between one or more slote situated in each neutral 
zone, instead of passing circumferentially round the rotor, are 
arranged transversely, and pass directly through a hole machined 
in the rotor-shaft or in the rotor iteelf. a is the shaft of the rotor, 
and b the end casing of the overhang portion of the rotor. ¢ are 
the winding-slots, and d are their closing devices. ¢ are the usual 
ventilating-ducis leading out to the air-spaces ¢!, and thence to 
the holes between the carriers }! of the overhang casing. The 
poles of the rotor are indicated in the 7 way by N and 8, 
the neutral plane in this case corresponding to the section line 1—1, 
f represents the windings, whilst g are the ordinary circum- 
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ferential end-connections thereof. A are the transverse end- 
connections, with which the present invention is more direct) 

concerned. As will be seen, these transverse end-connections 4 
are those of the windings which are adjacent to the aforesaid 
neutral plane 1—1. They are led directly across from the top to 
the bottom of the rotor py = diametrical holes or passages i 
in the axle a, or machined in the rotor iteelf. In addition to this, 
the top and hottom winding slots, to which the transverse end- 
connections A correspond, are arranged close together, or are 
me into each other without having one or more of the rotor 





for use in a three-wire system (two outer conductors and a neutral 
conductor) distributed by a cable a hav three concentric 
conductors. The frame is composed of a of tubes ¢, e con- 
nected at their ends by cross-pieces g, g adapted for mounting in 
- Bo pe rang ~ Le | of the frame are mounted 

-yer raat ’ ng xed parts of fuse fittings j r- 
taining to the outer wires of the system, each cadille-pisee A 
being provided with a rearwardly-extending screw adapted to 
pass between the tubes ¢,¢ and through a saddle-piece on the 
other side of said tubes. The fixed parte k of the fuse-fittings j 
are arranged in two pairs appertaining to the outer wires of the 
system, one part of each being adapted for connection with 
a bus-bar p, whilst the other part of each pair is adapted to be 





bet them. Moreover, instead of being radial, they are 
both parallel (in the direction of their depth, that is) with the 
line 1—1. The other winding-slote can thus, if desired, be ‘ht 
closer up to the neutral plane. The general result is the field 
winding lies more in the neutral! zone of the rotor, thus increasing 
the magnetic effect for a given weight of winding (Accepted 
August 11, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
24,160/14 H. Lucas and W. C. Turner, Birming- 
Internal bustion es. (1 Fig.) Decem- 


ber 16, 1914.—This invention relates to electric mecha- 
nism for internal-combustion engines, the mechanism being of 


are | motor is au 





the type in which a pinion on the armature-shaft of the starting- 
tomatically engaged with, aud disengaged from, a ring 
of spur-teeth on the fly-wheel of the engine, by the well-known 
screw device. The invention comprises the combination with the 
pinion in screw connection with the armature-shaft, of a drag- 
disc or ring, which rotates with, but can slide relatively to, the 
pinien, one side or face of the drag being adapted to abut during 
the axial movement of the pinion against one side of a shoulder 
on the fly-wheel. A hollow armature-shaft a is on. and 
such shaft is formed internally with a short screw-thread of 
coarse pitch. Within the shaft is one end of another 
hollow shaft ) which, at ite outer end, carries a pinion c, whereby 
movement is transmitted from the -motor to the engine. 
pinion-shaft is formed externally with a screw-thread d 
adapted to engage the in in the armature-sha&, the 
threaded being on the telescoping parts of the shafte, 
and thereby totally en Normally the pinion is in a posi- 
tion clear of the — spur-teeth ¢ on the engine fly-wheel /, but 
set in motion the pinion is moved axialy 
by the action of the screw into engagement with the fiy-wheel 
teeth in the well-known manner. Motion can then be transmi 
from the -wheel. To assist the inertia effect of 
the pinion in the ion of engaging the same with the fly- 
wheel, a drag g is mounted in conjunction with the ion. The 
is made in the 


form of a cup-shaped cover, which normally 
e and the pinion, ex: at the open side of the 
er. The cover is secured to a hollow stem A which up 


cov 

the interior of the hollow pinion-shaft and is connected thereto. 

From the inner end of the pinion-shaft there prefect into the 

interior of the stem of the drag another stem i, which is secured 

to the pinion-shaft. Between the said stems there 
ds which 


is arranged a 
ral spi stems, The 
end face of the drag 


abuts against collars on the 
is adapted to abut against one side of a 











shoulder e! on the fiy-wheel ring ¢. Normally the end face of the 
pinion-cover lies just clear of the fly-wheel cdheubine, but a small 
axial movement of the pinion and cover brings the said end face 
into contact with the shoulder. When the fly-wheel is stationary 
there is set ap eee the d and fiy-wheel a frictional resist- 
ance to rotation of the pinion which augments the inertia effect 
of the pinion and prevents rotation of the pinion during the 
engaging operation. After the end face of the cover has come 
into contact with the fly-wheel, the pinion slides i ently 
of the cover and out of the same into engagement with the 
fly-wheel teeth, the internal spring between the pinion-shaft and 
cover-stem being meanwhile compressed. The inward motion of 
the pinion is limited by contact with the end cover /. It will be 
understood that the necessary consequence of the above arrange- 
ment is,as in other well-known devices, that if the motor is 
started while the engine is running the contact of the end face 
of the d with shoulder on the fly-wheel causes rotary 
motion to transmitted from the fily-wheel to the drag and 
thence to the pinion, which prevents the pinion from sliding into 
engagement with the fly-wheel and avoids the attendant risk of 
breakage. Between the inner end of the pinion-shaft and the 
closed end of the armature-shaft an internal spring & is pom 
This spring exerts an outward preseure on the end of the pinion- 
shaft when compressed during the pinion-e ng operation. 
When the pinion has been disengaged, it returns into the drag or 
cover, and both drag and pinion move axially under the action of 
the rear spring into a position clear of fly-wheel. When out of 
action, the pinion-teeth are almost entirely enclosed by the cover, 
and are protected against accumulations of dirt, which would in- 
terfere with the action of the pinion. An important advantage 
arising from the consiruction above described of the drag is that, 
by reason of the contact being made with the fly-wheel between 
an end face of the drag and one side of a shoulder on the fiy- 
wheel, the drag is not rendered ineffective by wear as is neces- 
sarily case when the drag is made to di ae Sees 
contact between the periphery of a part ith the pinion 
and the periphery of the fiy-wheel. (Accepted Auguat 18, 1915.) 
Barnes and Davey, Paxman and Co,, 
ernal-Combustion Engines. 
{1 Fig.) January 21, 1915.—This invention relates to atomising 
devices for internal-combustion engines. In liquid-fuel injectors 
as at present known, the fuel is passed to the delivery nozzle 
through a series of ves—generally tangentially -arranged— 
formed either in the inner face or tide of the coned end of the 
nozzle, or in the outer face or side of a plug fitting in the coned 
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end of the nozzle ; but, according to the present invention, the 
passag 8 lar and coned form whereby the sectional 
area of the is quickly and uniformly reduced. 

linder o, to be mounted on com chamber 
of the engine, is a long bush o2, in which a plunger p!, which 
carries at ite lower a needle-valve p ited to close the 
orifice of the coned delivery-nozzle o! at the lower +nd of the 
cylinder o, works. This bush is held in position by a screw-down 








486 


ENGINEERING. 





[ Nov. 5, 1915. 








cap c, the adjustable part of which carries a 
Fitting in the delivery nozzle o! is a plus 5 
which is coned to the same angle as the in 
end of the delivery nozzle. The plug q 
shoulder ¢ in the nozzle o! so as to make a 
between its conéd face and the coned i 
tor the liquid fuelbefore it reaches the orifice of the nozzle, 
plug being held in position by a 
y be either independent of or formed in one 
oil is delivered by the feed-pump through a 
into the anoular formed by and betwee: 
of the bush o? and the cylinder o—into the 
cylinder, from whence it passes to the 
of the plu 


ther through suitable in the bod 
i unger p! is goesel downwards 


the side thereof. The 
the needle-valve p cl by the action of a spring s. ( 


August 18, 1915.) 
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PUMPS. 


1865/15. O. Howland J. Grainger, Tipton. Pumps. 
(2 Figs.) February 5, 1915.—This invention has for ite object to 
construct an im ed pump of the reciprocatory type. The 
invention com: the combination with a hollow que, pro- 
vided with suitable suction and delivery passages, of a pair of 
fixed hollow 8 arran, in alignment and each provided 
with a suction-valve, and a hollow reciprocatory twin-cylinder 
adapted to slide over the pistons and fitted with delivery-valves, 
the cylinder being actuated by a hand-lever or other suitable 
means. A metal casing a, having its outer ends closed by cover- 
pieces b, is provided on one of its sides with a suction inlet c, 
and on the other side with a delivery outlet d. Each end-cover 
is formed with a hollow cylindrical extension e which projects 
within the casing and serves as a fixed piston. Passages f within 
the ng and covers connect the inlet to the interiors of the 
pistons. © The inner end of each piston is provided with an aper- 





ture which is closed by a non-return valve x 
surrounded by a reciprocatory cylinder A, whi 
with non-return valves i. 


Each piston is 
is aso provided 
The ends of the single twin-cylinder 
are separated by a centra: partition j. To ensure water-tight 
joints between the adjacent faces of the pistons and cylinders 
packing may be employed. The non-return valves i are ted 
to put the interiors of the cylinders into communication with a 
space k around the cylinders, which e communicates with the 
delivery outlet d. For imparting the reciprocatory motion of 
the twin-oylinder, a lever / is mounted on a spindle m arranged 
transversely in the pump-casing, and connected through a pin or 
roller » and slot o to the centre of the cylinder, whilst on the 
outer end of the spindle is mounted a hand-lever. Power opera- 
tion of the pump can be effected by any convenient mechanism 
“= to the outer end of the spindle m. (Accepted August 18, 
1915. 


RAILWAYS AND TRAMWAYS. 


10,709/14. J. W. Cloud, London. Coup » (8 Figs.) 
April 30, 1914.—This invention relates to coupling devices for use 
with railway vehicles provided with buffers. According to this 
invention, the —- device comprises coupling-heads, each 
constituted by a fork-shaped member, one of the arms of the fork 
being provided with locking mechanism adapted to occupy more 
than one locking position, and to be moved into these locking 
positions by the inward movement of the ee ey arm of 
the other coupling-head, with the object of enabling a locking 
operation to be effected when the vehicles are coupled up on 


ig. 2 
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shaped extremity 8, and is adapted to enter between the tongue 6 
on the other aenians of the coupling, and the other arm 7, here- 


wardly-directed jets 4 and impinges ina ring on the tube-plate in 
the combustion-chamber, rushing through and scouring those 
tubes whose ends it meets, and since the impinging ring consti- 
tutes the annular base of a hollow cone formed of the angularly. 
directed series of steam-jets, by moving the nozzle or head 





inafter termed the guide, the extremity of which is also provided 
with an inclined guiding-surface 9. e 6 is provided 
with locking mechanism, constituted by a piv spring-controlled 
lever 10 located in a recess in the side of the tongue adj it to 


the inner wall of the co-operating guide 7 on the other element 
of the cou when the coupling-heads are locked together. 
Tne lever 10 is provided with two projections 11, 12 on opposite 
ends of the lever, and a third prdjection 121 located between them, 
the projection 11 constituting the loeking member, the projection 
121 ye actuating member for setting the pivoted lever 10 
into its intermediate locking position, and the proj ion 12 
serving as an actuating member for setting the lever 10 into 
its final locking position. When the lever 10 is in one of its 
extreme positions jing to the uncoupled condition of 
the parts, the members 12, 12! project outwards from the side 
of the tongue 6 in such a manner as to be engaged by the inner side 
of the guide member on the other element of the coupling. The 
lever 10 is maintained in an intermediate position in which both 
the locking bers 11, 12 project beyond the side of the tongue, 
in which condition the —_ of the coupling-heads are in the 
intermediate locking position, a8 shown in Fig. 2, and in the other 
extreme position of the pivoted lever the locking member 11 pro- 
jects beyond the tongue, corr g to the fully-locked 
aes man of the parte The lever 10 is held in its intermediate 
locking position and in its fully-locked position against the action 
of a flat spring 13, having ite frée end engaging with a projection 
14 on the underside of the lever 10. The operation of the coupling 
is as follows :—The levers 10 of both of the coupling-heads being 
in their normal or unlocked position, the vehicles are brought 
together until the guide-members on the two elements of the 
coupling come into oa with the actuating F pe mg 12) 
on the levers 10, ca w the levers 10 to rock and assume their 
interm positions. In this p sition the projections 11 engage 
with the outer shoulders %1 on vhe corresponding guide-members, 
thereby effecting a primary locking of the two coupling-heads 

ther. A further movement of the vehicles towards one 
another causes the guide-members to come into engagement with 
the actuating member 12, and each lever to be moved to its fully- 
locked position, in which the locking projections 11 are brought 
into engagement with the inner shoulders 22 on the guide- 
members. (Accepted August 12, 1915.) 





STEAM-ENGINES, BOILERS, EVAPORATORS, &a. 


16,914/14. Babcock and Wilcox, Limited, and H. 
E. Metcalf, London. Chain-Grate Stokers. [7 Figs.) 
July 16, 1914.—The subject of this invention is a central feed- 
distributing chain-grate stoker for land and .narine boilers com- 
= an endless travelling chain-grate composed of connected 
inks formed as grate- and side grates composed of fire-bars 

d at each side of the chain-grate. Referring to the draw- 
ings, the atoker comprises an endless travelling chain-grate 2 
disposed centrally of the flue and occupying about one-third of 
the width of the fire bed, -and stationary—i.e., non-travelling 
grates, one on each side of the chain-grate, including the neces- 
sary fittings and attachments hereinafter referred to. The chain- 
grate is led around sprocket-wheels 4 at the front end, and the 
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Fig.1 























drum 5 at the rear end of the fire bed. The sprocket-wheel shaft 
7 and the drum-shaft 6 are fitted in bearing bushes at the front 
and rear ends respectively of the stoker-frame, the of which 
frame.is lel to the centre line of the flue; the ngs bein 

so locéted that the upper run of the chain-grate is at a lowel leve! 
than at the top of the side tes at the front end, and is at the 
same level as the top of the side grates at the rear end, the 
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a curve, at the same time permitting vehicles having buffers 
of different length to be coupled effectivel 
element 1 of the cou 
upon the frame 2 
the invention consists in providi 
to transmit draught stresses only, 
mitted threugh usual de 
on 


element 
the fork 








forward end 4i.the upper run of the chain-grate being therefore 
pwardly in in the direction of travel. The stoker-frame 
comprises members 1, located one on each side of the chain-grate 


and firmly secured by stays 3. The side gratesare constituted by 
fire-bars 14, which are provided with suitable air-passages, and 
are supported by rs 21 at one end, and at the other end by 
the members | of the stoker-frame. (Sealed September 30, 1915.) 


2423/15. A. Buchan, Barking, and D. McNeil, Ilford. 
Steam-Generators. (7 Figs.) February 16, 1915. — This 
invention relates to devices for cleaning the flame-tubes of steam- 
generators ee of a blast of steam of the kind which are 

to through the flame-tube of a steam-gene- 
rator, and which com ® nozz'e or head having both rear- 
wardly and forwardly-directed jets. The invention relates princi- 
pally to constructional improvements in a device of this type, 
whereby either sets of jete may readily be blanked at will. is 
the head screwed on one end of a tube 2. Around the 
diameter 3 of the head, which constitutes an angular annular rib, 
are formed the rearwardly-directed jete 4 set at a suitable angle 
to the axis of the head, in which latter is screwed the plug 5 
having forwardly-directed ~~ 6 blanked by the cap 7, whi 
screws on the periphery of said plug when the latter is in the 
normal position seen in Fig. 2, in which position it uncovers the 
backwardly-directed jets 4. The head being arran, as shown 
in Fig. 2, the steam supplied thereto blows back from the rear- 


ds and away from the tube-plate the diameter of the imping 
ing ring will be varied so that the steam may- be thus caused to 
operate over the entire surface of the tube-plate and thus clean 


Fig. 
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(2423) 


the whole of the flame-tubes. By forming the jets 4 in the 
angular annular rib 3, these jets are less liable to be choked when 
the nozzle is passed through the tube. On removing the screw- 
cap 7 and screwing inwardly the jet-plug 5, easily effected by 
applying a spanner to fiate formed on the cap and plug respec- 
\ively, the rearwardly-directed jets will be blanked by the plug 
5, see Fig. 3, e steam-jets will issue from the forwardly- 
directed jets 6 of the plug; the device may then be used for 
cleaning the uptake tubes of a,boiler. (Accepted August 18, 1915.) 


TEXTILE MACHINERY. 


pe eet (6. J. G. Crawford and E. 8S. Sharp, Belfast. 
Wi ip mes. (3 Figs.) August 10, 1914.—The 
invention consists in the application to, or the combination with, 
the water-trough of wet-spinning frames of steam-controlling 
apparatus placed in the trough, comprising two tubes, or a tube 
and bar, ope within the other, the outer tube serving for the 
admission of steam, and the inner tube or bar carrying a valve to 
control the steam inlet. The steam-inlet tube—with outlet- 
passages a, al, by which steam is admitted to the water-trough of 
a wet-spinning frame—is constructed with internal valves B to 
control the inlet of steam. In the centre or at one end of the steam- 
tube A a valve-box C is fitted with valve-seats c and with valves B. 
In the interior of the tube A there is fitted for each valve a tube 





or bar E, to which the valve B is attached. The tube or bar E is 
of a different metal or material to the tube A, the coefficient of 
—— being different, so that one, preferably the tube A, 
will expand more quickly or to a greater extent than the tube or 
bar E. The inner tube or bar E is fitted at the end remote from 
the valve with an adjusting screw F. In operation, as the water 
in the trough of the spinning-frame surrounding the tube A cools, 
the latter contracts more quickly than the tube or bar E, thereby 
removing the valves B from their seats in the valve-box C, 
admitting steam to the tube A, which passes through the outlet 
passages a, a! to the trough. As the water heats the tube A 
expands, and more quickly, or to a greater extent, than the inner 
tube or bar E, and again closes the valves B, shutting off the 
steam. (Accepted August 18, 1915.)§ 


MISCELLANEOUS. 


77/145. Sunbeam Motor-Car Company, Limited, 
and L. Coatalen, Wolverhampton. ‘Aerial Pro- 
pellers. [1 Fig.) January 2, 1915.—Propellers such as are 
used on aeroplanes and airships are generally driven at a fixed 
— relative to the engine crank-shaft ; but a single speed, pro- 
vided that the pitch of the propeller is constant, is not always 
the best, as conditions vary. According to this invention, there 
is ae between the engine crank-shaft at one end and the 
propeller-spindle, a variable-speed gear carried by an extension of 
the engine crank-case. The engine crank-shaft A is provided at 
one end with two bearings B and ©, and between these it has 
loosely mounted upon it two spurs D and E. Between these 
gears the shaft is made of square section. On this non-circular 
part is a sliding double-faced dog-clutch member F. When 
moved to the right it engages clutch teeth D2 on the gear-wheel 
D which is ‘thus locked_to the shaft, and when moved to the left 
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(77) 


theclutch teeth E2 are engaged, and the left-hand wheel is locked 
to the crank-shaft. Parallel to the crank-shaft is the spindle G 
upon which is carried at G2 the propeller. This shaft is mounted 
in a ball-bearing H in the crank-case, and a roller bearing H*. 
Adjacent to roller bearing is a thrust bearing H°, and bear- 
ing against this is a distance-piece J which abute againgt a sleeve 
& mounted upon splines on the spindle G. The sleeve K is formed 
integral with a gear-wheel M wi! meshes at all times with the 
wheel D, and a second wheel L which meshes with the spur-wheel 
E is also mounted on splines on the propeller-spindle. It will be 
understood that the propeller is driven through either of the 
trains of gears E, 1, or D, M. In this way a gear-reduction 
between the crank-shaft and propeller-spindle is provided, and the 
latter may be rotated at either of two speeds or allowed to remain 





rd whilst the engine revolves. (Accepted August 18, 
1915. 
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CONDENSERS AND WILLANS-MULLER 
AIR-PUMPS. 


Unper favourable conditions, and for small and 
medium size plant, the reciprocating air-pump 
is capable of keeping the tubes of a surface 
condenser clear from any serious accumulation 
of air. But the high vacua now universally re- 
quired for turbine plants, together with the large 
size of the units now being installed, makes it 
necessary to put in a very large reciprocating 
pump. This disadvantage is further accentuated 
by the demand for a high hot-well temperature, as 





To meet modern conditions it has become usual | distant parts of the condenser, air is liable to collect 


to separate the dual functions of the ordinary reci- 
ag ty air-pump and to extract the air and water 

y independent means, each designed to suit its 
own particular duty. For handling the condensate 
it has become the almost invariable practice to 
employ ee oeet centrifugal pumps, as being 
both reliable and satisfactory as well as reasonably 
efficient for this duty, bearing in mind the very 
small amount of power required to drive them. 
For the air extraction, various forms of steam and 





| cooling surface of 13,500 sq. ft. 


water-jets or pumps are in use, a special feature | 
being that any moving parts should be rotary, thus | 


near the ends of the tubes, greatly diminishing the 
rate of heat. transmission there. The water-boxes of 
the condenser are also of cast iron, and the circulat- 
ing water makes two passes through thetubes. As 
best seen in Figs. 5 and 6, large inspection-doors are 
provided at each end, which enable the condition of 
the tubes to be ascertained without the necessity of 
breaking large joints. The tubes are of Admiralty 
mixture and } in. in diameter. They provide a 
The tube-plates 
are of rolled yellow metal, tapped for screwed brass 
ferrules, which have internal lips to prevent any 








in order to obtain this it is necessary to reduce the ' securing simplicity and making high speeds practic- possible creeping of the tubes. At their outer 






Fig. 22. —_ 





i 


partial air pressure in the condenser to about one- 
tenth of an inch of mercury, thus requiring the 
pump to deal with an abnormally large volume of 
air. For example, if the vacuum carried in the 
condenser is 27} in., corresponding to a tempera- 
ture of 109 deg. Fahr., and if the temperature of 
the condensate in the condenser is, say, 100 deg. 
Fahr., at which the corresponding vapour tension is 
1.9 in. absolute, then the ial air pressure is 
2.5—1.9=0.6 in. On the other hand, for a vacuum 
of 29 in. and a condensate temperature of 75 deg. 
Fahr. (4 deg. Fahr. below the steam temperature 
corresponding to 29 in.), the partial air pressure 
would be 1.0—0.88=0.12 in. In the latter case the 
volume of air to be extracted is five times as great 
as with lower vacuum. 

To a large extent these disadvantages can be met 
by greater care in erecting and maintaining an air- 
tight plant, with the result that large installations, 
kept in good condition, do not have an air leakage 
exceeding 2 lb. to 3 lb. per 10,000 lb. of steam ; 
but owing to the fact that a very small hole will 
pass a large amount of air—a 6-mm. hole will pass 
50 lb. or 60 lb. of air per hour—a pump is called 
for capable of dealing with some 4 Ib. to 6 Ib. of 
air per 10,000 Ib. of steam, so as to cover any 
reasonable amount of leakage, 








Fig. 23. 
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able, thus facilitating direct driving by an electric 
motor or steam-turbine. 

An interesting example of one of these new 
forms of air-pumps is afforded by the Willans- 
Miiller system, which as applied to the condenser 
for a 8500-kw. turbine at the Sheffield Corporation 
Power Station is illustrated by Figs. 1 to 18, on 
Plate XXVII. 

As is shown in the general views, Figs. 1, 2 
and 3, Plate XXVII., the condenser is arranged 
below the turbine, the exhaust branch of which has 
a diameter of 7 ft. This condenser is shown toa 
larger scale in Figs. 4 to 7. It has a cast-iron 

y, in the main of cylindrical form, but, as shown 
in Fig. 4, its upper surface is tapered to improve 
the lead of the steam from the exhaust inlet to the 
furthest end of the condenser, since, unless due 
provision is made for the steam flow to the more 





25. 


ends these ferrules are bell-mouthed, so as to 
facilitate the flow of the water. Tape > 
used to make good the joints between the tu 
and tube-plate. 

The condenser is designed to give a vacuum of 
284 in. at full-load output when supplied with 
circulating water at a temperature of 62 deg. Fahr. 
The circulating water is drawn from the supply 
culvert, Fig. 1, through a strainer and non-return 
valve, and forced through the condenser and air- 

ump system by a centrifugal pump coupled 
irect to a two-phase motor. The return pipe 
from the condenser has its outlet below the water 
surface in a discharge culvert a along one 
side of the power-house, as indica‘ in Fig. 1, 
Plate XX VII. 

As shown in Figs. 1 and 2, the discharge-pipe 
from the circulating pump is divided into two 
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branches, each fitted with independent valves, of 
which only the upper leads to the water-box of the 
condenser. The lower branch supplies the water 
needed to operate the Willans-Miiller jet-pump, 
by means of which the air is extracted from the 
condenser. This jet-pump is in principle identical 
with the common filter-pump, as used in chemical 
laboratories, but much experiment has been neces- 

to determine the most suitable arrangement 
a | proportions. The pump used at Sheffield is 
represented separately in Fig. 8. 

is of air-ejector consists simply of a water- 
jet (Fig. 8) ; the water entering at the top of the 
apparatus has ite pressure ney Soe converted 
into velocity energy in passing through the nozzle. 
In the nozzle is placed a whirling-cone A, shown in 
plan in Fig. 9, consisting of a number of blades 
set at an angle with the axis of the nozzle. For 
constructional purposes these blades are attached 
to a central spindle, tapered at the top and bottom 
in order to reduce the resistance of flow. The 
function of the whirling-cone is to give a rotary 
motion to the water, which results in the latter 
leaving the orifice of the nozzle with a screw motion, 
with the outer surface largely broken up, thus 
assisting in the entrainment of the air, which 
enters the nozzle-box by the branch B from the 
condenser, and passing round the outer surface of 
the nozzle, is carried by the water into the diffuser 
O, where the kinetic energy of the water is gradu- 
ally converted into pressure energy, and the 
entrained air compressed to atmospheric pressure. 

The head absorbed in passing through the 
injector must, it is found, be not less than 16 ft., 
or the flow is likely to be unstable. As shown 
in Figs. 5 and 7, the branch OC, through which the 
air is withdrawn from the condenser, is arranged 
rather above the condenser centre line, and it is 
accordingly connected to the bottom of the con- 
denser by means of an internal port or passage-way, 
shown in Fig. 7, which extends along the whole 
length of the condenser. air must accordingly 

the whole of the tubing before it can be with- 
rawn, and it is impossible to establish a short 
circuit between the exhaust inlet and the ejector. 
The air-ejector has a large volumetric capacity. 
This is demonstrated by the rapidity with which it 
has been found possible to evacuate a condenser in 
starting up. We reproduce in Fig. 26, annexed, 
a curve showing the rate of evacuation on a con- 
denser installed at Glasgow and referred to in 
ter detail below. Starting with the condenser 
lied with air at atmospheric pressure, a vacuum 
of 20 in. was attained in 24 minutes, and on this 
vacuum it would be quite safe to start the turbine. 
A vacuum of 29 in. was attained in 8 minutes with 
cooling water at 58 deg. Fahr., which means that 
the specified vacuum of 28 in. would be attained 
well within that ,time with the cooling water at 
the specified temperature of 70 deg. Fahr. The 
discharge from the jet-pump is passed back into 
the circulating-water supply culvert, as indicated 
in Fig. 2. 

In order to prevent injury to the condenser or 
turbine in case of a failure of the ejector water, a 
light non-return valve and a vacuum-breaker are 
interpolated between the ejector and the condenser, 
as indicated in Figs. 1 and 2. Details of the 
non-return valve are illustrated in Figs. 11 to 15, 
Plate XX VII. The valve is a light flap of alumi- 
nium, dished, in order to increase its =e It 
is supported on a steel spindle resting on knife- 
edges. So long as the pressure at the ejector is 
lower than that in the condenser it remains open, 
allowing the air to pass freely to the jet. Should, 
however, the ejector fail, it closes, cutting off 
communication with the condenser. Being but a 
light casting, there would, however, be a danger 
of its destruction after closing by a rush of water 
up the diffusion-tube of the ejector, and to pre- 
vent this the vacuum-breaker given in Fig. 10 is 

rovided. Details of this ve are shown in 

igs. 16to 18. As shownin Fig. 16, the valve is 
open, ons air can y= freely from the exterior 
through the ports. pipe connects a e- Wa, 
at P with the ejector supply-pipe. Menon when 
the latter is under pressure, water flows through P 
underneath the spring-loaded piston-valve shown, 
and pushing it up, shuts off all communication with 
the outer air. Should, however, the pressure at 
the air-ejector fall below that required to give 
stability to the jet, the vacuum-breaker opens 
immediately, causing the aluminium flap to close 
on to ite seat, and thus sealing the condenser. 

The condensate is removed from the bottom of 





the condenser by a centrifugal ‘‘ extraction ” pump, 
which delivers it through a recorder, from which 
it is raised by another centrifugal pump to the 
hot-well. Both the ‘‘extraction” and ‘‘ lift” 
jumps are mounted on the same bed-plate, and are 
Saves by one and the same three-phase motor. 

In connection with the suction of the lift-pump 
an interesting problem presented itself when the 
plant was first put to work. Owing to the very 
small capacity of the water-measuring tank and 
the difficulty in making the extraction and lift- 
pumps to work uniformly together with intermit- 
tent loads on the plant, trouble was experienced 
by the tank overflowing one minute and being 


TO 
COOLING WATER TEMP. 58°F. 
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pumped dry the next. This was overcome iu an 
exceedingly simple manner by the foreman erector 
in charge of the job, who fitted a small vertical 
pipe, 14 in. in diameter, in the tank, perforated 
with a number of holes up to the normal working- 
level of the water, the top of the pipe being con- 
nected to the suction-pipe close up to the lift-pump. 
If the water-level falls below the normal, one or 
more of the holes are uncovered, and air is drawn 
into the lift-pump suction, thus reducing its capa- 
city. On the water-level returning to its normal 
level, all the holes are covered, and the pump 
works at its maximum capacity. This ingenious 
arrangement has been patented. 

Some interesting points arise in connection with 
the effect of the water temperature on the efficiency 
of the jet. The water entering the air-ejector is, as 
already explained, taken direct from the cold source 
of supply, and as the theoretical work done in com- 

ressing the airis not great, the water leaves the 
ttom of the diffuser at practically the same tem- 
perature, consequently the air is compressed under 
the most favourable conditions—namely, isother- 
mally. The actual temperature of the water, 
however, has an important bearing on the efli- 





ciency of the plant. Inasmuch as the water is 
cold, the amount of compression is less than would 
be the case if the temperature were, say, 10 deg. 
or 15 deg. Fahr. higher, since the partial air pres- 
sure is greater ; thus for a vacuum of 28} in. at the 
turbine exhaust, or, say, 1.25 in: absolute pressure 
at the air-ejector, anda cold water temperature 
of 62 deg. Fahr., the partial air pressure equals 
1.25—0.56 (0.56 in. = vapour tension of water at 
62 deg. Fahr.) = 0.69 in., and the air is thus com- 
pressed 30/0.69=43} times. Since the volume of 
a pound of air at 62 deg. Fahr. and normal pres- 
sure is 13.14 cub. ft., the volume of air entrained 
by the jet leaving the nozzle is 13.14 x 43.5 = 
572 cub. ft. per pound. If the water tempera- 
ture was 72 | vad ahr. instead of 62 deg. Fahr., 
the partial air pressure would be 1.25 — 0.80 = 
0.45 in., and the volume of air at the jet would 
be 876 cub. ft. per pound, or 53 per cent. 
greater ; consequently the air-extracting capacity 
of a given ejector is much greater with cold water 
than with warm water. In other words, the greater 
the partial air pressure, the greater is the margin 
of the apparatus against failure ; for it is obvious 
that with all types of air extractors which use 
water for compressing the air, when the water 
temperature becomes equal to vapour temperature 
of vacuum, the apparatus would for practical pur- 
poses cease to work until the vacuum in the con- 
denser had fallen enough to re-establish a balance. 

The Sheffield plant is arranged, it will be ob. 
served, on a ‘*‘shunt” system, the flow of water 
to the jet being in parallel with that to the con- 
denser. Another arrangement of plant, also on 
the ‘‘shunt” system, but differing from the pre- 
vious one in that the air-ejector discharge is re- 
turned to the pump-suction instead of te the source 
of supply, is illustrated in Figs. 19 to 21, Plate 
XXVi. This is for a 5000-kw.-turbine plant, and 
is erected at the Pinkstone power-station of the 
Glasgow Corporation. As shown in Fig. 20, the 
circulating-pump is driven by a steam-turbine, 
the exhaust of which is led to a feed-water heater. 
The discharge from the pump is led, as before, to 
a Y-piece, with one connection to the condenser and 
the other to the air-ejector. The discharge from 
the ejector is led to an air-separator, consisting of 
a horizontal conical vessel, where the velocity of the 
water is reduced to a speed at which it is found the 
air will separate out and collect at the top of the 
large end, whence it esca through the air-vent 
- (Fig. 21) by means of a float-controlled valve. 

he water passes out of the separator at the bottom 
of the same end, and is led back to the pump suc- 
tion freed from air in suspension. 

A third arrangement is seen in Figs. 22 to 25, on 
page 487, and is known as the ‘‘separate-pump ” 
type. This installation forms one of the five sets, 
each of 5000 kw. capacity, erected at the new Wim- 
bledon power-station of the London and South- 
Western Railway. In this case the main circulating 
pump supplied the cooling water for the condenser 
only, the water for the air-ejector being dealt with 
by a separate pump, the discharge therefrom, as in 
the case of the Sheffield plant, being returned to 
the main inlet or suction culvert. The air-ejector 
pump and the extraction pump are turbine driven, 
the exhaust being led to a heater in the hot-well. ¢ 

Fig. 27, annexed, illustrates one of two condens- 
ing plants installed in the same power-station at 
Wimbledon, having a capacity of 800 kw. and each 
condensing the steam from two 400-kw. turbines, 
which drive the auxiliary machinery in the station. 
The arrangement of these plants is identical to that 
of the 5000-kw. sets, except that in this case both 
sets of pumps are motor-driven. 

In addition to the ‘‘shunt” and “ separate-pump ” 
systems there is the ‘‘series” system, so-called 
from the fact that the whole of the cooling water 
passes through the air-ejector, and thence through 
the condenser, the total power of the pump in this 
case being the work done in pumping the net 
quantity of water required for condensation against 
the sum of the heads required for the air-ejector 
and the condenser and pipe friction. A large series 
plant is at present in course of manufacture, but 
none is yet at work in this country. 





ProvistonaL Orpers, Boarp or Trapg.—The Board 
of Trade give notice to parties contemplating the promo- 
tion of Provisional Orders in respect of electric lighting, 

and water, piers and harbours, and tramways, that 
for the duration of the war they will not be pre to 
entertain such applications except in cases in which they 
are satisfied that extreme urgency exists. 
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THE USE OF CHAIN-DRIVES IN 
TEXTILE MACHINES. 


Ir is not necessary to describe the characteristics 
of chain transmission in the present article, 
characteristics which are as well known and appre- 
ciated in relation to textile-machine drives as they 
are when employed to drive other types of machines. 
Many novel applications of chain-driving to textile 
machinery are now in existence, and there is con- 
siderable evidence that further interesting develop- 
ments will be forthcoming when the present a 
normal conditions of industry are past. The mere 
use of a chain to transmit power from a line shaft, 
or motor, to the first-motion shaft of a machine is 
often as simple a matter in connection with textile 
as it is with other types of machinery. There 


Fig.1. 





SPEED FRAMES. 


DIAGRAM OF GEARING END OF ROVING FRAME 
BOBBIN SHAFTS DRIVEN THROUGH STANDARD SWING GEARS. 
ORIVE NOISY, VIBRATORY & INEFFICIENT. 


operation and efficiency of certain machines, at the 
same time obtaining results not hitherto possible. 
A typical example is that illustrated in Figs. 1 
and a which ee diagram aa form = 
original arrangement o' ing for driving the 
bobbin-shaft ry 8 Poy and the chain 
method that is now being installed. As the bobbin- 
rail rises and falls, to obtain the correct formation 
of bobbin, it is essential that the connection between 
the shaft and the bobbin-wheel shall be of a flexible 


character. In Fig. 1 it will be seen that when 
gears are employed a swing-frame is utilised to carry 
an intermediate gear-wheel of 42 T, which meshes 


with the bobbin-wheel of 50 T on the driving- 
shaft, and with the bobbin-shaft wheel of 37 
With gears of this kind there is a tendency for thick 
and thin places to be formed in the cotton-roving 


Fig. 2. 











Fie. 3. Reverstne Gear ror Sprnninc-FRamMes. 


are, of course, exceptions, and what might appear 
& very ordinary drive to the uninitiated—a mule 
countershaft drive, for example—is one that re- 
quires considerable forethought in ite design. A 
loom drive is another apparently simple drive, and 
yet the impulsive nature of the especially the 
action of picking or throwing the shuttle, absorbs 
a great deal of power and throws a great strain 
upon all the parts. In order to meet this impul- 
sive drive it is necessary that the chain should be 
kept taut. Experiments in loom-driving are still 
going forward, and it is hoped that something 
tangible will result, although, as the chain-makers 
must have realised by now, their greatest difficulty 
lies in the unmechanical design and operation of 
the loom itself. 

It is, however, more with the question of what 
have been aptly termed “ internal drives of textile 
machines” that this article will deal. By the 
substitution of chain-drives for gears and belts it 
has been found possible sontenicliy | te improve the 








wound on the bobbin. This is due to. the fact that 
the axis of the bobbin-wheel (50 T) is fixed, and 
the varrier-wheel (42 T) engaging with it receives, 
in addition to its rotary axial movement, a similar 
rotation, due to its rolling contact with the bobbin- 
wheel. The direction of this extra rotation will 
vary with the direction of travel of the bobbin-rail. 
The carrier-wheel is thus accelerated or retarded, 
and this alteration in speed is imparted to the 
bobbin-shaft wheel (37 T), and consequently to the 
bobbins. Further than this, the ment is 
noisy and inefficient in action. The substitution 
ofa chain-drive, as illustrated in Fig. 2, has mate- 
rially increased the efficiency of the machine, and 
has reduced the power absorbed by 18 per cent. 
The production has been increased by 4 per cent., 
while the fault of thick and thin rovings has been 
eradicated. The bi of in this particular 
motion used to be consi ase Sg 

Yarns are spun ‘‘ twist-way and weft-way ”--that 
is, with a right or left-hand twist—and it often 








. | rotation. 








happens that the spi is called upon to chan 
his spinning-machines from one to the other. 
order to facilitate this change the chain-gearing 
illustrated in Fig. 3 has been devised. As the 
spindles are driven from the tin roller H by means 
of bands, the direction of rotation of the tin roller 


— The ae sth 
separate chain-drives. e gears have been drawn 
apart and held in position by bars D, D, which are 
not really used. One is an ordinary open drive, 


with two 25-teeth wheels A, B, and the other is a 
drive with two 25-teeth wheels A', B' and a 19-teeth 
jockey C arranged so as to give the driver A! 
and the driven B' wheels opposite directions of 
The usual shaft between the rope-pulley 
and the tin roller is cut, and one drive is arran 

to drive from one end so formed to a countershaft, 
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DIAGRAM OF GEARING END OF ROVING FRAME 
BOBBIN SHAFTS DRIVEN THROUGH SILENT CHAIN. 
NOISE & VIBRATION ELIMINATED & POWER ABSORPTION CONSIDER- 


ABLY REDUCED. 


Fic. 4. Varranste-Spezep Gear ror Dousiine-FRameEs. 


and the other back from the countershaft to the 
other shaft-end. The wheels on the shaft-ends are 
keyed, and those on the countershaft run loose 
side by side. Two special bolts E, E are provided 
to bolt together either the shaft-wheels A, A’ or 
the countershaft wheels B, B'. If the shaft-wheels 
are bolted together, the rope-pulley and tin 
roller have the same direction of rotation, and the 
counter-shaft wheels run free in opposite direc- 
tions. To reverse the rotation of the tin roller, the 
bolts are withdrawn from the shaft-wheels A, A’ 
and used to bolt together the counter-wheels B, B'. 
The latter must now have the same direction of 
rotation when run, and the shaft-wheels A, A' 
have therefore opposite rotations. The advantages 
secured from this arrangement lie chiefly in the 
reduction of time occupied in — the change. 
Messrs. Asa Lees and Co., Limited, o Oldham, the 
well-known — —e invented this a 
arrangement , and already quite a number 
are at work, While dealing with spindle-driving, 
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the illustration, Fig. 4, may be briefly referred to. 
The ing employed has been devised to enable a 
variable speed of the doubling-spindles to be secured 
with the use of a constant chain-length. The illus- 
tration is self-explanatory. The driving-pulley, it 
will be seen, is mounted on a shaft below the tin 
roller, and the chain passes round a jockey-wheel 
carried in a slotted bracket to facilitate adjust- 
ment. Different sizes of roe Page ee and tin- 
roller shaft-wheels are employed to secure the high 
and low speeds. 

Excellent results have been secured from the 
application of chain transmission to wool-cardiny 
engines. Two distinct units are employed—namely, 
a scribbler and a carder, and by means of the chain- 
drive these two units can be run in exact relation 
to each other, the feed from the scribbler to the 
carder being kept perfectly even. This is of very 
considerable moment to the quality of the subse- 
quent yarn, and the application of the chain-drive 
has resulted in fewer broken ends and the pro- 
duction of superior roving. Previously belts were 
employed, and in comparison with them chain 
transmission shows a saving in power of as much as 
40 per cent. The greatest asset, however, lies iu 
the increased output, which is usually found to be 
about 5 to 7 per cent. An illustration of a typical 
drive of this class is shown in Fig. 5. It will be 
readily understood from a glance at Fig. 5 that the 
machines, owing to their weight and the consider- 
able number of rotating parts, can only start up 
slowly. In order to secure gradual acceleration 
the engagement device illustrated in Fig. 6 has 
been devised by Messrs. Hans Renold, Limited, 
Manchester, to whom we are indebted for the draw- 
ings and particulars of the drives described in 
this article. The device, Fig. 6, consists of two 
iron frames linked together by means of tie-rods 
and riding on the line-shaft. Two parallel guide- 





as the threaded spindle by means of the cable 
chain the effect of poo the yoke formed in 
relation to the two main frames. This, in turn, 
— the bobbin and gradually en the 

utch. The forward{motion is obtained against the 


countershafts of the machine has proved highly 
advantageous. The lay-out of the drive is almost 
the same whether cotton or woollen mules are to 
be driven, but the former drive is more difficult, 
owing to the large and heavy nature of the machine 
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rods, one on each side of the shaft, are 
these frames, and are attached to the operatin 
shoe. Between the two frames, and also attach 
to the two guide-rods, ‘s mounted a yoke castin 
which loops round the underside of the shaft an 
carries a quarter-nut. The quarter-nut engages 
with a buttress-threaded spindle carried in eccen- 
tric bushes in the bottom portions of the main 
frames. On this spindle is mounted a chain-pulley 
designed to engage with a cable chain. _ It will be 
seen that springs are on the parallel 
guides both in front of and behind the yoke. The 
whole device is controlled longitudinally on the 
shaft by means of the two collars shown. As the 
main framework ig thus controlled, the act of 


carried by 


Fie. 6. Grapvat AcceLeration Device 
FoR Woot-CarDing MacHINEs. 























Fic. 7. CxHatn-Drive ror Wootien-Mvte. 


main springs, and when it is desired to release the 
clutch, the hand-ring is pulled downwards, turning 
the eccentric bushes in their seatings and withdraw- 
ing the buttress-thread from engagement with the 
nut. Immediately the nut clears the thread, the 


springs come into operation and withdraw the 
bobbin. 

A particularly heavy drive in both cotton and 
woollen-mills is that for mules. The sudden reverse 
motion necessary to these machines throws a strain 
upon the transmission means which is highly detri- 
mental to their well-being. Belting, when used 
—as it is largely—constantly gives way, and the 
substitution of chains for the p of trans- 





mitting power from the motor or line-shaft to the 








in comparison with the woollen-mule. Fig. 7 shows 
a typical woollen-mule drive; Figs. 8 and 9 the 
ment of chain-drive for a cotton-mule ; and 
Figs. 10 and 11 a comparison between the space re- 
quired by belt and chain drive for woollen-mules. 
In the case of the chain-drive, the counter- 
shafts are placed in comparatively close proximity, 
their ends overlapping about 2 ft., and they 
are held in two double-bearing brackets, to impart 
rigidity to the gear. The chain-drive is arranged 
with the jockey and the two countershaft sprockets, 
so that the latter have opposite directions of rota- 
tion. Recently the question of comparative costs 
between a belt-drive and a chain-drive was raised. 
In making a comparison, Mr. Hildage, of Messrs, 
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THE USE OF CHAIN-DRIVES IN TEXTILE MACHINES. 
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PLAN. 
Figs. 8. AND 9. Corron-Mute Drive. 


Hans Renold, has taken the whole of the parts 
necessary to the drive—that is, a comparison be- 
tween two new sets of mules installed in a mill ; of 
course, many existing mules could be chain-driven, 
in which case the existing pulleys, countershafte, 
and hangers would have to be scrapped. As 
regards initial cost, the comparison shows a differ- 
ence in favour of the chain-drive of 3s., the figures 
being : belt-drive, 287. 13s. ; chain-drive, 281. 10s. 
This small amount is insignificant, but added to it 
is the enormously increased efficiency of the chain 
transmission. Fig. 12, on page 498, is another 
photographic view of this class of drive. 

One advantage secured from the use of chains in 
driving a fulling-machine, as illustrated in Fig. 13, 
page 498, lies in the dead stop which can be secured 
when the clutch is thrown out, thus obviati 
damage to the material. The absence of overh 
gearing in a textile department employing chain 
transmission is clearly indicated in Fig. 14. An 
endless-chain drive actuating the beaters of a flock 
or fur-opening machine is illustrated in Fig. 15, on 
the same page. 

A very useful and effective chain-drive is illus- 
trated diagrammatically in Fig. 16, annexed. It is 
employed ina loom, and the chain is designed to 
take the place of tooth gearing, usually employed 
to transmit the motion of the main shaft A 
to the tappet-shaft B. In loom practice, when a 
shuttle fails to reach the shuttle-box in one of its 
many traverses across the loom, mechanism comes 
into action to bring the loom to a sudden stop. 
This is known as ‘“‘ banging-off,” and the strain 
set up is very considerable. As the whole strain 
is borne by one tooth—when gearing is employed— 
it often happens that breakages of the teeth, and 
sometimes of the wheel, occur as a result of this 


Fig. 10. 
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shock. By the use of the chain-drive illustrated in 
Fig. 16 the strain is distributed over twelve teeth, 
making the breakage of one or two teeth almost an 
impossibility. On the crank-shaft A and the tappet- 
shaft B sprocket-wheels A', B' are mounted, and 
a chain C is arranged to engage the teeth of these 
wheels, being passed round A and also round a 
chain-wheel D carried on an adjustable bracket E 
at the foot of the loom-gable. By adjusting the 
— E the tension on the chain O can be 

lated. The links of the chain—which is of the 
a ler m1 —engage about a dozen teeth on the 
wheels, thus distributing the power over a great 
number of teeth instead of one or two only, as 
when toothed gears are employed. Various weav- 
ing advantages accrue from this arrangement, while 
the repair bill is considerably reduced. 





Execrric AcCcIDENTS IN SwiTzERLAND.—The official 
statistics of Switzerland record, for the ie 1914, i 
three accidents, of which 18 were fatal, due to electri 
currents; the corresponding numbers for the year 1913 
were 51 and 19. The number of people injured in 1914 
(and 1913) was really 36 (52); of co 12 (18) belonged 

to the regular staff of the electric undertakings ; 7 (31) 
path ook were temporarily employed by them ; rest 
of 17 (3) sufferers were a pe people. The Schwei- 
zerische Bauzeitung, from which we take these parti- 


culars, does not consider these figures high, in view of the 





——. use of high-tension power distri 
land. 


tion in Switzer- 
The figures do not include railway accidents, 








INDUSTRIAL NOTES. 


Tue South Wales Siemens-Steel Makers’ Association 
held a joint meeting with the men at Swansea last 
Friday, when the men agreed to work over the week- 
ends, with a view to increase the steel output. 





The Munitions Tribunal settled an interesting point 
at Caxton Hall on Friday, the 5th inst., when Sidney 
Herbert Gamblin applied to leave his present em- 
ployers. The applicant is a foreman, and contended 
that he was a salaried official, and not a workman 
within the meaning of the Act. He applied for a cer- 
tificate to change his employment, on the ground that 
he was not employed direst] ly on war munitions to 
the full extent of his ability and experience. He was 
of opinion that he could do more good at the Arsenal. 
For the respondents it was suggested that, although 
the applicant contended that as a foreman he was 
exempt from the restrictions, he came within the 
operation of the Workmen’s Compensation Act, and 
therefore was a workman. 

The Chairman, after consulting with the assessors, 
gave his decision against the applicant, on the ground 
that a foreman was a workman within the mean 
of the Act; he was “‘ part and 
the shop, and really the head 
shop for the time being.” 


roel of the work o 
brain of the work- 


A meeting of the Durham Coal Trade Conciliation 
Board was held at Newcastle last Friday, when the 
miners were conceded an advance of 114 per cent., 
including the 5 per cent. recently granted. e 
advance is therefore 64 per mk. bringing the wages 
up to 75 per cent. above the 1879 basis. 





We read in the Manchester Guardian that a = 
feeling of resentment has been aroused in the 
mining districts by the importation of coal-miners 
from Canada to work in British pits. Mr. Baird, 
secretary of the Scottish Coal-Owners, and Mr. T. 
Richardson, M.P. for Whitehaven, were members of 
the part; who went out to Canada to recruit miners 
for employment in England. When the proposal was 
before the executive of the Miners’ Federation, it 
was strenuously opposed b _— Herbert Smith, presi- 
dent of the Yorkshire Association, and by 
other members, and it ‘atled to secure the support = 
the executive. pen perm this opposi 

scheme has been proceeded wi 


The hostility of the miners is based on two 
The first is ry Bern feeling in the Se. 


it is improper to import workmen baht the pits to 
— An pla of ~ aed who are fig 1 thelr 
e second and the more tangible = 


tion is is that though the number of $y - em 
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the pite has been seriously depleted by the enlistment 
of 260,000 miners, the — output of coal is fully 
meeting the demand. It is stated that the reduction 
in the number of miners employed has been accom- 
— by im ed methods of production, which 

ve materially increased the rw output per man. 
In the vitally important coal-field of South \ Wales 
stocks are beginning to accumulate, with the result 
that some sto have taken place while stocks 
were being led on transit by the railways. This 
has had its effect on prices, and the coal-owners have 
asked for a 5 per cent. reduction in wages. The South 
Wales Federation has made its protest against the 
importation of Spanish and Portuguese workers into 
the Abercrave Pit, and a stoppage there is threatened. 





rd ting to a statement issued by the Press 
Bureau, -miners have already joined the Army in 
such large numbers that the supply of coal, which is 
of vital national interest, is down A affected. Miners, 
one and all, must remember that upon their efforts 
the success of the country depends, no less than upon 
the men who are serving with the Forces. Those who 
offer themselves as recruits will only be accepted on 
the condition that they go back to work in the mine 
until they are called upon ; they will be given armlets 
to show that they are willing to obey the call and do 
whatever will most help their country ; but in the 
meantime it is vital that they should not desist from 
producing the coal, without which victory is impos- 
sible. This notice applies to all men who are working 
below ground and the following classes of surface 
workers :—winding -enginemen, pump-men, weigh- 
men, electricians, fitters, and mechanics. 





It has been brought to the notice of the Minister of 
Munitions that the working of many munition factories 
is being imperilled by the difficulties now being experi- 
enced by the electrical supply companies and gas com- 
panies, which provide them with power and light, in 
retaining a sufficient staff for their immediate needs. 
The Minister desires to point out that such companies 
are engaged u work of vital importance, that 
the removal of their employees, even to munition work, 
may frequently have the effect of prejudicing the 
output of munitions of war. He would, at the same 
time, invite employers to assist him in the matter by 
refraining from attracting labour from these essential 
undertakings. 





The Minister of Munitions announces that he has 
made an Order under Section 4 of the Munitions of 
War Act, 1915, declaring 329 additional establishments 
as controlled establishments under the Act, as from 
November 8, 1915. A total of 1679 establishments 
have now been declared xs controlled under the Act 
from the date of the first Order, July 12, to Nov- 
ember 8 inclusive. 





In a report issued to the members last Monday the 
executive of the Amalgamated Society of Carpenters 
and Joiners give publicity to a letter received from 
Mr. Lloyd George. Workmen have been uncertain as 
to the requirements of the Munitions Act, and have 
feared that any considerable increase in output would 
lead to a reduction in the piece rates. r. Lloyd 
George was approached in regard to the matter, and 
in the letter referred to he points out that no change 
can be made without notice to the Minister of Muui- 
tions, who may withhold consent, and says he is pre- 
pared to exercise his powers, if necessary, in order to 
prevent reduction as a consequence of the increase of 
output due to the suspension of restrictions. 





At the close of a conference recently held at Man- 
chester between the Cotton-Spinners’ and Manufac- 
turers’ Associations and the Northern Counties Textile 
Federation, to consider an application for a 5 per cent. 
war bonus by cotton-weavers, it was announced that 
the employers had decided to grant the war bonus in 
question, commencing in January next, and lasting 
until thirteen weeks after the signing of terms. 
The wages will then revert to the rates which are now 
in force. It is stated that the cost to the employers 
will amount to 12,000/. " week for the time during 
which the bonus is paid. The decision at the con- 
ference in question is as follows :— 

**The employers agree to give a war bonus of 5 per 
cent. on the prices paid for weaving by the Uniform 
List and the Colne Coloured Soods List, and a similar 
bonus to those engaged in the weaving of towels, 
quilts, sheetings, cotton blankets, and to winders, 
reelers, and beamers whose wages rise or fall with 
weavers’ wages. 

**The employers also 


ree to give a war bonus of 
5 per cent. to twisters 


drawers, overlookers who 
are paid standing wages, cloth lookers, warehouse- 
men, and other odd hands employed in the warehouse 
in the weaving section of the trade. 

‘“Where the wages are paid on the basis of a list 
the war bonus will be an addition of 5 per cent. on 
such list. Thus in the case of weavers in the grey 
trade, who are paid by the Uniform List, the weaving 





my (while the bonus is in operation) will be Uniform 
ist plus 10 per cent.; and in the case of weavers in 
the coloured trade, who are paid by the Colne Coloured 
Goods List, the weaving price for coloured stripes will 
be the Colne Coloured Goods List plus 124 per cent., 
and the weaving price for coloured checks will be 
Colne Coloured Goods List plus 74 per cent., while the 
bonus is in operation. 

‘*It is agreed that the bonus now granted shall 
not apply to weavers paid by the Bury Fustian List 
nor to any other employees in any of the above occu- 
pations who are already receiving a war bonus or who 
have received an advance in wages since the com- 
meacement of the war. 

** It is also agreed that the war bonus shall be paid 
for the first time on the first pay-day after January 1, 
1916, and shall remain in operation until the expira- 
tion of thirteen weeks after an official declaration of 
peace has been signed on behalf of His Majesty’s 
Government ; that at the end of such period of 
thirteen weeks the bonus shall automatically cease 
and wages shall revert to the rates existing before this 
war bonus was granted ; and that when the wages 
have reverted to the rates existing before the grant- 
ing of this war bonus there shall be a further period 
of 26 weeks during which the rates of wages shall not 
be altered by either side. 

‘The war bonus is granted on the understanding 
that the operatives’ representatives will seek to secure 
@ similar Teneo from all cotton employers (whether 
members of an employers’ association or not) in all of 
the districts covered by the Northern Counties Textile 
Trades’ Federation.” 





We are informed that the North-West Engineering 
Trades Employers’ Federation has received an —- 
tion from the Clyde District Committee of the Fede- 
ration of Engineering aud Shipbuilding Trades for an 
advance of 2d. an hour on existing time-rates and an 
equivalent increase on piece rates, both to come into 

ration as from December 1. The Associated Iron- 
oulders of Scotland employed in the Clyde area have 
lodged a similar application with the Light Castings 
Employers’ Federation and the lronfounders’ Fede- 
ration. 


We are glad to find it reported in the Newcastle 
Daily Chronicle that glove-making in Newcastle and 
district is being revived through the enterprise of the 
North of England Chamois Company, Limited, Painter 
Heugh, Dean-street, Newcastle. This firm has been 
engaged in the manufacture of leather goods for many 
years, and it has now added the making of gloves to 
its other activities. 

Alderman J. F. Weidner and Colonel C. H. Innes 
Hopkins are the principals in the company, and 
a few days ago, at their invitation, the Lord Mayor 
(Alderman John Fitzgerald) and the Lady Mayoress 
(Miss Fitzgerald) inspected the works. Previous to 
the war the glove-making industry was largely con- 
trolled by Germany and Austria, the imports from 
those countries being valued at three millions sterlin 
perannum. The British Government has sugges 
that a large proportion of these goods might be manu- 
factured in the United Kingdom, and Neweastle is 
taking a notable lead in the matter. 

The Chamois Company has recently installed the 
necessary machinery for the manufacture of ladies’ and 
gentlemen’s gloves, and, in addition to experts in the 
treatment of leather, about sixty female workers are 
already employed. At the present time gloves are 
being supplied from the Painter Heugh factory to 
leading houses in the principal cities of the kingdom. 

The Lord Mayor expressed satisfaction that an old 
industry on the banks of the Tyne had been revived 
in Newcastle. He expressed the hope that the enter- 
prise would be a great success, would give em- 
5 ye to a large number of workers. 

t may be recalled that glove-making used to be a 
thriving industry at Hexhem, the ‘‘ Hexham tans” 
It died out, however, a 


being known far and wide. 
good many years ago, and since then there has not 
been, the ements journal believes, any glove manu- 


facturers in the North of England. 





The Commonwealth Statistician (Mr. G. H. Knitts) 
furnishes the following figures, showing average wages 
for adults for a full week’s work (the period taken 
being in March, 1915) :— 


Female. Male. 

£8. 4. £8. d. 
New South Wales .. 1 610 216 8 
Victoria ee ee 1 611 214 8 
Queensland .. 2.3 213 4 
South Australia 140 2u4 3 
West Australia 117 5 se 8 
Tasmania 163 212 9 
Commonwealth i oe 215 7 


The public investigation of the labour situation in 
Worcester, Mass., last week, by the State Board of 
Conciliation and Arbitration, says the Jron Age of 
October 28, brought about no change in the coudition 
of the struggle in that city. A t mass of evidence 
was submitted by both employers and employees, and 


is now under consideration by the Board. The 
manufacturers refused to enter into any form of 
arbitration, although, without a the employees 
expressed a desire for this form of settlement. The 
employers stated their conviction that industrial peace 
was impossible as long as the Labour leaders from 
outside remained in the city. Our contemporary then 
describes the situation in the various works affected. 





The same American journal gives particulars of the 
Safety Convention recently held in Philadelphia. In 
opening the meeting of the Foundry Section, Dr. 
Moldenke paid a tribute to the late ‘thomas D. West for 
his work in connection with safety. He, the speaker, 
ventured the opinion that one reason why there was 
a greater loss of life through accidents in the United 
States than in industrial plants abroad was a psycho- 
logical one. The individual relied upon himself, and 
in a measure the situation was the one described as 
the survival of the fittest. Now, however, the weaker 
brother was protected by legislation, and the employer 
had become interested. He emphasised that much 
depended on the foremen in the shop, and in the pro- 
motion of safety they must be interested if the well- 
being of the establishment was to be considered by all 
—i.e., the executives and the workmen. In the course 
of the meeting several papers were read dealing with 
safety measures of various kinds. 








ENGINEER TO THE FortH Bripek Raitway Company. 
—Tne directors of the Forth Bridge Railway Company 
have appointed Mr. E. Malcolm Wood, of 3, Victoria- 
street, Westminster, as their consulting engineer in suc- 
cession to Messrs. Baker and Hurtzig. 





Tue INSPECTION OF AEROPLANES AND ENGINES.— 
Examiners and viewers are required for the inspection 
of aeroplanes and engines in the Aeronautical Inspection 
Department. Applicants should possess a knowledge ot 
the use of measuring tools, and experience in wood or 
metal work is an advantage. Men on war work should 
not apply, and preferences will be given to those ineligible 
for military service. Application should be made in 
writing to the Chief Inspector, Aeronautical Inspection 
Department, 13, Albemarle-street, Piccadilly, S. 





Tue Rosser GROWERS’ ASSOCIATION (INCORPORATED). 
—The Statistical Committee of this Association has 
issued charts and statements showing the percentages of 
crop harvested, and of rainfall recorded monthly in 1913 
and 1914, by a representative number of rubber estates in 

ylon and Malaya. The figuresare computed on annual 
crops of from 17 to 20 million pounds of rubber in the 
aes charts, and from 5 to7 million pounds,of rubber 
in those for Ceylon. They indicate that there is no great 
variation in crop percentages between 1913 and 1914 in 
either country. e Statistical Committee would be glad 
if company members would ascertain from their estate 
managers the approximate length of time rubber requires 
to dry each month, and communicate the information to 
the retary. 





Prrsonat.—The Russian Society for Electrical Enter- 
prises, Limited, 5, Marsowo Polje, Petrograd, who are 
concessionnaires of electric-lighting stations in Pawlowsk, 
Uman, Kamenetz-Podolsk, and of tramways in Eliza- 
bethgrad and Uman, state that they have opened a 
branch for the sale of electrical machines and apparatus, 
insulating materi steam and internal-combustion en- 
gines, and water-turbines.—Mr. Benjamin G. Lamme, 
the chief engineer to the Westinghouse Electric and 
Manufacturing Company, Limited, Pittsburg, has recently 
been appointed a member of the Naval Advisory Board, 
U.S.A. Mr. Lamme was born in Ohio in 1864, and in 
1888 he graduated as a mechanical engineer in the Ohio 
State University. It was in the following year he entered 
the employment of the American Westinghouse Company, 
where tee @ period he cccupied a post in the testing depart- 
ment ; soon afterwards he took up design work, which he 
has since followed continuously. The American company 
appointed Mr. Lamme to be assistant chief engineer in 
1800, and he succeeded to his present office in 1903. 





National ILLUMINATION CoMMITTEE OF GREAT Britaln. 
—A meeting of this Committee was held at the Institution 
of Electrical Engineers on the 20th ult., when it was 
reported that Mr. Jacques Abady, London, had been 
nominated by the Instituticn of Gas Engineers as a 
member of the Committee, to fill the vacancy caused hy 
the death of Mr. Edward Allen, Liverpool. The Com- 
mittee elected Mr. W. Duddell, of London, to be its 
chairman, in succession to the late Mr. Allen, and 
Mr. John Bond, of Southport, to succeed Mr. Duddell 
as one of the vice-chairmen. Reports on observations 
carried out, at the instance of the Committee, at » 
number of technical laboratories, on the height to which 
the flame of the Hefner amylacetate lamp should be raised 
to afford a light of one international or English standard 
candle were discussed, and their further consideration was 
postponed until fuller details of some of the observation= 
ard other reports which had been promised had been 
obtained. A report, prepared and sent by Dr. E. Ott, 
of Ziirich, on researc made in Switzerland on the 
effect of atmospheric pressure, humidity, and vitiation on 
the light afforded by the Hefner standard lamp was con- 
sidered, and it was decided, subject to Dr. Otv’s consent, 





to prepare a translation of the report for communication 
to the English technical Press. 
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QUICK-ACTING FORGING-PRESSES. 


Recent Progress and Present Status of the Art of Forging, 
with Special Reference to the Use of Quick-Acting 
Forging-Presses.* 

By A. J. Capron, M. Inst, C.E. 


Durine the past ten years great developments have 
taken place in the art of forging, and over the widening 
field of industries requirements in forgings have increased 


rapidly. P , . 

In the first place, larger forgings are required, particu- 
larly for the increased calibre of guns that have been 
coming into use, and for turbine drums, wheels, and 
spindles, in many cases requiring an ingot of as much as 
100 tons weight. 

In the second place, forgings are being much more ex- 
tensively used in preference to steel castings. This applies 
particularly to marine work, where reliability is the first 
consideration, and some saving in weight is of more con- 
sequence than economy in production, It also applies 
largely to forgings of all kinds for general engineering 
work. When steel castings were introduced they were 
used in many cases to replace forgings, at first often made 
iniron and subsequently in steel, the steel castings effect- 
ing a great saving in the cost of machining, particularly 
in the case of articles of intricate form. But the intro- 
duction of high-speed steel during the last fifteen years 
has so reduced the cost of machining that forgings have 
been replacing castings, in many cases advantageously 
as regards the cost of production, and their use in this 
direction is continually extending. This development is 
greatly assisted by the improvements that have been 
made in the art of forging. 

For the production of the heavier forgings, presses 
have been used in preference to hammers for as much as 
thirty years in many of the large steel works; but such 
presses are comparatively slow in their action, and it is 
only within the last ten years that great improvements 
have been made in their design and construction, and 
more particularly in their speed of working, which has 
rendered presses suitable for almost all classes of work, 
except the lightest forgings, which come within the range 
of small steam-hammers or drop-stamps. 

Comp4rison of Forging-Press and Stcam Hammer.—The 
press possesses many advantages over the hammer in its 
effect on the material, in the manipulation of the forging, 
in output and economy in working, and in absence of 
noise and vibration, which, in the case of heavy hammers, 
is always objectionable, and often detrimental to adjacent 
buildings and machinery. 

Effect on the Material. — Deali first with the 
effect on the material, the squeeze of the press etrates 
to the centre of the forging, as is evidenced by the bulging 
of the sides of the forging at each stroke; whereas the 
blow of the hammer has much more of a surface effect, 
often leaving the sides of the forging quite concave unless 
the power of the hammer is very ample. As a result of 
this difference of action, the hammered forging shows a 
slightly finer texture on the surface, buta distinctly more 
open grain of metal towards the centre of the forging; 
whereas the pressed forging shows a fairly fine and prac- 
tically uniform texture throughout the entire section. 
Individual tests may not always show a very marked 
difference between pressed and hammered forgings, 
because a good deal depends on the relative powers of 
press and hammer to the size of the forging, the tem. 
perature at which the work is done, and the subsequent 
annealing or heat treatment ; but in the course of the 
regular manufacture of tyres, for example, it has been 
found that much better and more reliable tests have been 
obtained from the press than fromthe hammer. This 
advantage of the press is recognised by Government 
requirements for forgings which stipulate that for rolled 
or hammered steel the ingot must have an initial section 
eight times the finished section, whereas those pressed 
need have only four times the initial section. 

Manipulation of the Forging.—For the expeditious and 
accurate manufacture of forgings, a t+ deal depends 
on the ease and convenience wit which the forging itself 
and the tools required for its production can be handled; 
and comparing the action of a press with the blow of a 
hammer, it will be readily understood that the advantage 
in these respects is entirely on the side of the press. in 
the first place, it is much more essential in working under 
a hammer that the forging should lie true on the anvil, 
otherwise a fair blow cannot be struck, and an objection- 
able shock may be caused to the crane carrying the forg- 
ing, and perhaps also to the men who are manipulating 
it ; whereas a press will bring the forging to its correct 
position on the anvil without causing any jar and without 
interfering with the effect of the forging stroke. 

When using tools under a hammer, much greater care 
must be used to place them correctly and to hold them in 
position, because the repeated blows of the hammer tend 
to displace them. A press, on the other hand, once the 
tool is correctly placed, holds it in position until the 
cutting or forging stroke is completed. This enables 
such work as cutting or necking to be done much more 
exsily and accurately under a press than under a hammer. 
For making a tapered forging with a press, a wedge- 
shaped block to give the correct taper can be laid on the 
poe A fixing. With a hammer, such an 

c ment would require fixing to prevent its bei 
ae. R. 2 forge — to size vith a 

or indicator-dial can used, wor! fro 
cross-head, which enables the operator to read the aes 
tion made at each stroke and to work the forging down 
to the finished size without any measuring. With small 
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mables the forging to be made exact to size. 
i a aes methods can be used 
conveniently. 


Output.—In almost all classes of work the press has a 
ab ee pom el the hammer in the matter of output. 
blow of hammer produces a very limited effect, 
ly reducing the forging by only the fraction of an 

inch, whereas the press will make a reduction of se 
inches stroke, which, in a straightforward cogging or 
rough forging work, naturally increases the output enor- 
mously. A good modern forging-press of 2000 tons will 
make as much as twenty 3-in. (75-mm.) strokes, or @ total 
penetration or reduction of the my = 60 in. (1500 mm.) 
per minute. In rounding up or finishing a forging, such 
@ press will work up to 60 strokes a minute, so o it is 
as fast as a hammer in finishing, and much superior to a 
hammer in cogging and rough forging. As an instance 
of the output obtainable with a modern quick-acting 
a 2000-ton press of the steam intensifier type, start- 
log with a 45-in. (1.143 m.) ingot, has cog down and 
finished a 30-ft. (9-m.) length of well-finished 15-in. 
(381-mm.) shaft in one heat, using only flat tools. With a 
hammer of equivalent power, this work would have 
required not less than three heats. As another instance, 
a 1000-ton press, working on 24-1n. (600-mm.) ingots, has 
forged 31 tons of 15-in. (375-mm.) round shafts in eight 
hours, and as much as 34 tons of miscellaneous forgings 
have been produced in eight hours by the same press. 
These are undoubtedly performances which could not be 

approached by any hammer. 

With forgings of a more intricate shape, the advantages 
of a quick-acting press over a hammer are even more 
marked, because the same advantage in speed of pene- 
tration is obtained combined with much greater facility 
in handling the forging and, at the same time, the pro- 
duction of a forging more accurate to shape and size. As 
an instance, an 800-ton press, which is nominally equiva- 
lent to a 7-ton hammer, produced the forgings for an 
anchor weighing 11 tons in three days. Properly, this 
size of work should have been done under a press of 1200 
tons, which could have cut the time occupied to about 


— & gauge-piece is often used between the tool- 
which e 
With a neither 


one-half. In com Mr. Chester Lucas (in 
Machinery, New York, February, 1910) mentions an 
8-ton anchor as being forged under a 20-ton hammer, 


which is equivalent to a 1500-ton press, the time occupied 
being twenty-seven days. This anchor was no doubt of 
iron, which would take much longer to make than a steel 
forging. and the time occupied in its manufacture might 
probably have been very considerably reduced; but un- 
doubtedly the advantage in output of the press in the 
case of such intricate forgings is much greater than in 
straightforward work. I» is also well to bear in mind 
that the much greater accuracy in shape and size of the 
forgings produced under the press, compared with similar 
work done under the hammer, effects « great saving in 
time and cost of machining. 

Hollow forging is another class of work for which the 
press is much better adapted than the hammer. This is 
—— the case in expanding operations for making 

oops or drums, because the mandrel and its supports 
stand up far better against the squeeze of the press than 
aginst the blow of the hammer, resulting in more ex- 
peditious and better work. 

Economy in Working.—The principal factor in economy 
iu working is the much larger amount of work that can 
be done in a heat under a good quick-acting press than 
under a hammer, as there is not only the actual saving 
in time, but considerably fewer heats are required to pro- 
duce the same weight of forgings, and poner gears the 
expenditure in fuel in reheating is greatly uced. 
Besides this, the steam consumption of a modjern 
press is barely half that of a hammer for the same out- 

ut. Actual results over extended periods with presses 

ave shown that in the production of solid, heavy 
forgings, such as shafts, the consumption of coal for 
steam production averages 3 ewt. (150 kg.) per ton of 
forgings; but for general work the consumption may be 
taken at from 3 cwt. to 5 cwb. (150 kg. to 250 kg.) per 
ton. It is evident that with » hammer a great deal of 
useful work is lost in vibrations; and in a paper on 
“Power Forging,” with special reference to forging- 
presses, by Gerdau and Mesta, published in the Journal 
of the American Engineer, July, 1911, it is assumed that 
this loss amounts to one-third of the useful work, which 
ix probably not over the mark. A calculation by the same 
authors gives the following results for equivalent powers 
of hammer and press :— 


Steam hammer, per stroke 
Steam, hydraulic press, per 
stroke ... wa ioe ... 3.7 Ib. (1.68 kg.) steam 


An exact comparison is difficult to obtain; but the 


..- 8 Ib. (3.73 kg.) steam 


statement made above—that the steam consumption of a | accord 


ern is barely half that of a hammer under 
=e working conditions—is probably well within the 
mark. 

When coal-fired furnaces are used for heating the 
forgings, it is often possible by means of the waste heat 
from the furnaces to raise sufficient steam for working 
the press. This is generally more convenient and eco- 
nomical than aE ens heating furnaces and in- 
dependently-fired boilers. 

Absence of Noise and Vibration.—The press, with its 
silent working and absence of vibration, contrasts very 
favourably with the hammer, which causes much incon- 
venience and often considerable detriment to adjacent 
furnaces and buildings and to the working of any machine- 
tools in its vicinity. In many cases, the inconvenience 


caused by hammers to adjacent establishments has been | d 


80 t+ that, on this account, it has been to 


necessary 
presses. Besides this, the foundation 
and inexpensive com- 


them by 
required for the press is very small 


of ingot that each power of press 
with effectively and the equivalent power 
hammer, will be of assistance in making a comparison 
the two methods of forging: — 





Diameter of Ingot. | Power of Press. |power of Hammer. 





in. | mm, tons tons 
5 | 125 100 0.50 
6 150 150 0.75 
8 200 200 1.00 
10 250 300 2.00 
12 800 400 8.00 
“4 350 600 4.00 
14 400 eo) 6.00 
20 | 500 800 7.00 
24 600 1000 10.00 
30 750 1200 16.00 
86 900 ° 1600 20.00 
48 1200 2000 40.00 
60 1500 3000 80.00 
72 1800 4000 120.00 
84 | 2100 6000 - 
96 2400 6000 _— 


| 





From this table it will bs seen that the power of the 
press bears a fairly direct proportion to the diameter of 
the ingot, but the power of the hammer required in- 
creases much more rapidly, being nearly proportional to 
the square of the diameter or the sectional area of the 
ingot. For instance, for an ingot 24 in. (600 mm.) in 
diameter, the _— of press is 1000 tons, and the hammer 
10 tons; but for a 48-in. (1200-mm.) ingot, the power of 
press is 2000 tons, and the corresponding hammer 40 tons, 
and, consequently, the heavier the work the greater is 
the advantage of the press over the hammer. 

Az stated above, for the heavier classes of work, presses 
have been used in many of the principal steel works for 
as much as thirty years, the power of such presses most 
generally used, up to twenty years ago, being from 2000 
to 3000 tons, though during this period some much more 

owerful presses, up to 10,000tons, have been put down for 

orging armour-plates and for special purposes. During 

the next ten that is, up to ten ago—owing to 
the ii size of guns and other forgings required, a 
et one se = tons have been adopted. 

uring the last ten years—that is, up to the present date 
—owing to the further increase in the size of guns, and 
also to the larger forgings required for marine par- 
—— turbine-drums and spindles, the aw of press 
requi has increased correspondingly, ) tons —. 
~ power most recently adopted for the heaviest work 
this class. 

Method of Driving Press.—To explain the development 
in the use of the press some mention must be made of the 
yx ge — ~~ been a in the —_——< 

riving. e earlier forging-presses bave generally 
pate by means of pumping-engines working direct into 
the press cylinders, the working pressure ae aay 
from gS EFA 
sq.cm.). For presses this m gives satisfactory 
r sults, but it has never been used to any extent for 


resses of medium or small power, for which ter sim- 
plioity and a higher speed of working, eupesialty in finish- 
ing, are more essential. 

Another method is to make the Fen purely hydraulic, 
working it from an accumulator. For certain 1 work, 
such as piercing projectiles or billets for tube-making, in 
which a long stroke without any pause is desirable, this 
system is undoubtedly the best. For ordinary forging 
operations, however, for which a short, rapid stroke is 
essential, this system has only been ad to a limited 
— and is applicable only to presses of comparatively 
sm: power. 

The system that fulfils the requirements of forging 
best is the steam, hydraulic intensifier. For « ‘ 
many years it has been used to some extent, but it is 
only within the last ten years that it has come into 
general use and been adopted extensively for presses of 
small and medium power as well as for the heaviest 
forging-presses. The advantages of the steam-intensifier 
press are that, in its latest and best form, it is capable 
of fulfilling adequately all the requirements of forging. 
These inalode sufficient rapidity of action in all its 
movements—that is, the idle stroke when io press- 
head and bringing it down to its work and the f 
stroke or penetration. The idle stroke should be 
from 6 in. to 12 in. (152 mm. to 305 mm.) a second, 
ing to the power of the press and the nature of 
the work, and the forging stroke up to 3 in. (76 mm.) 
second, according to resistance of the forging. 
there should be no pause or dwell either mn the tool 
first touches the work—that is, before the f stroke 
commences—or at the end of the forging stroke ; that is 
to say, the return ——— should commence caeate Se 
etration is com , any pause causing me 
ts well as chilling * forging. The length of the forging 
stroke is usually from 1 in. (25 mm.) up to 6 in. (150 =) 
or 8in. (200 mm.) in the case of very nape gm, 3 
the speed of such forging from 10 By kes a 
minuve, a total penetration of 60 in. (1500 mm.) a minute 
being obtainable when the pee Bh ress is well up 
to its work and the forging hi oxpeditionsly. For 
rounding or finishing a forging a very — stroke is 
esirable ; a intensifier press of as much as 6000 tons 
ing capable of working up to 40 strokes a minute, and 





ler presses quicker up to 100 strokes 
@ minute, Wik teem apecte of working an efficient 
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control-gear is desirable both to limit the forging stroke 
and also to prevent any overrunning of the intensifier in 
case the load on the is suddenly removed, owing to 
the forging or tool slipping or otber accidental cause. So 
successfully has efficient control-gear been applied to in- 
tencifier that they can be worked quite safely and 
easily at the high speeds mentioned. Presses already 
constructed on this system range from 100 up to 6000 tons 
power, the larger presses giving proportionally equally 
as — results both in forging and in rapid finishing 
strokes. 

Forging Operations.—Fig. 1 illustrates an up-to-date 
forging-press of 6000 tons power, engaged in forging a 
solid shaft. This press is driven by two intensifiers, 

to work simultaneously or independently by 
means of catches on the handing-lever. Working 
simultaneously, the intensifiers give a forging stroke of 
10 in. (250 mm.) and a speed of from six to ten strokes 
& minute, according to the penetration required. When 
short strokes for finishing are required, either inten- 
sifier can be used and the press can be worked up to 
forty strokes per minute. 








Fig. 4 represents a turbine-drum, forged and expanded, 
made from a 64-in. (1600-mm.) diameter ingot, weighing 
85 tons, the weight of the forging being 35 tons. 

Fig. 5 represents an hydraulic cylinder, forged and ex- 

ed. This forging required an 80-in. (2000-mm. 
ingot, weighing 116 tons; the finished weight of the forg- 
ing was 634 tons, and its rough machined weight as illus- 
trated 42 tons. Its principal dimensions were :— 


14 ft. 1 in. (4200 mm.) 
6 ,, 6} ,, (2000 ,, ) 
Diameter of body... J ee ee 
Diameter of bore... 46 in. (1170 mm.) 


For general forging work, all la: presses, down to 
2000 tons power, should be fitted with mandrel gear, as 
that y facilitates the work under the press and the 
handling of the forgings. It can also be used conveniently 
for changing the tools when transverse tool-changing 
gear is not included in the equipment. For medium- 
size presses of from 1000 to 1500 tons, a simple form of 
mandrel gear is often desirable and is generally well 


I 9: as ‘a 
Diameter over collar 


)| rolling. This has the 





worth the comparatively small additional cost. Amongst 


Fic. 1. Mopern Forerna-Press or 6000 Tons Capacity. 


The full equipment for such a press, to enable it to deal 
advantageously with the various classes of work, includes 
the following :— 

Mandrel-gear, giving the mandrel-blocks a travel of 
about 30 ft. (9 m.) on each side of the press. 

An extended base of sufficient strength, so that the full 
power of the press can be exerted on the mandrel-blocks 
when they are spaced at the maximum distance apart 
required for expanding work, such as turbine-drums or 
gun-jackets. 

Manipulating gear for handling forgings without the 
use of a crane :—This is particularly useful for certain 
classes of work, such as forging armour-plate and turbine- 
wheels, and also in some cases for cogging ingots. 

Transverse tool-changing gear:—This is useful for 
forging crank-shafts and similar work when it is desir- 
able to change from flat tools to V-shaped or swaging 
tools. This gear enables both top and bottom tools to be 
changed very quickly without taking the forging ‘from 
under the preas. 

Turning-gear for rotating the forging :—The most con- 


venient form is a self-contained electrically-driven gear, | used. 


suspended from the crane-hook. Fig. 2 illustrates such a 

gear. Preferably this should be provided with a friction- 

—- which slips during the instant that the press grips 
© forging. 

_A press with the above equipment is suitable for prac- 
tically all classes of heavy work, and the following 
examples of forgings made under such a press may be 
KC solid turbi mad 

ig. 3 represents a id turbine-spindle forgi e 
from an 80-in. (2000-mm.) octagon Ingo hen 7 be 116 
ng being 55 tons. 


tons, the finished weight of the forgi 


the special classes of work for which presses have recently 
been adopted may be mentioned the following :— 

Tyre- Forging.—For slabbing and punching tyre blanks, 
presses have been adopted with very satisfactory results. 
Apart irom the economical side of the question, it has 
been proved that tyres forged under the press give dis- 
tinctly better results under test than the same steel f 
under the hammer, and with the very high tests now called 
for in such material this is very valuable. The power of the 
on that has generally been used for this purpose varies 
rom 1200 tons to 2000 tons, but in one instance a press of 
5000 tons has been put down for this class of work. A 
press of this power can slab the largest tyre blank 
at a single stroke, and so is capable of a very large out- 
pat. A 1200-ton press, without any mechanical — 
ance for handling the blanks, has produced as much as 
40 tons of wagon tyres, of 200 kilogrammes apiece, in an 
11-hour shift, and 48 tons of locomotive tyres, of 600 kilo- 
grammes apiece, in the same time. More power is, how- 
ever, preferable for this class of work, and recently 
presses of 1500 and 2000 tons have been more generally 
: The most recent instance is a 2000-ton press fitted 
with a manipulating gear and rotating table, which is 
illustrated and described in the Engineer, 534 and 
539, December 4, 1914. The rotating table, which is 
mounted on a slide, enables the piece to be carried under 
the press and slabbed very rapidly by successive strokes, 
and the manipulating gear centres the blank so that the 


top punch can be entered correctly and then lifts it on to 
the bottom punch, ensuring a hole truly central and 
without the formation of any fin. ee entirely 

with any manual work in ing the piece 


under the press, and also greatly increases the output, 





After the slabbing and punching. the tyres are fre. 
| ee Fer my — on to a roughing-mill before the 
nal rolling in « finishing-mill, but in some cases a second 
press is used for becking or expanding the tyres before 
vantage of closing the materia] 
which si to some extent on periphery by 
the slabbing. For this process a press of from 500 to 800 
tons is generally used, and is capable of an output of 
from 40 to 50 tons in a shift. 
Disc- Wheels.—During the last few years the use cf disc 
and Schoen wheels has extended very greatly, and con- 
une’ the forging of > : — ey con- 
sidera| importance. or the forging of these, two 
methods have been One method is to use a 
press of sufficient power to forge the wheel in one or two 
operations, the top tool covering the whole surface of the 
wheel in the final squeeze. is necessitates a very 
powerful press, generally of about 8000 tons.* By the use of 
the quick-acting press, such wheels can, however, be forged 
under a press of much smaller power. In several cases a 
1500-ton press, fitted with a rotating table for revolving 
the work, has been used. In this case the top tool, which 


Fic. 2. ExecrricaLLy-Driven TURNING-GEAR 
FoR Rotatine Foreines. 


is about 300 mm. (12 in.) wide, is made to the section of 
the wheel, so that, as the blank revolves, the successive 
strokes of the top tool on its surface shape the forging, 
and spread it over the whole surface of the bottom cir- 
cular tool. This method effectsa great saving in the first 
cost of the plant required for such work. 

Azle-Forging.—In the past axle-forging has been done 
chiefly under hammers, it being easier with hammers to 
get rid of the scale, and consequently to obtain a better 
surface. In several cases recently quick-acting presses 
have been used for the first process of cogging the ingots 
and forging the axles roughly to shape, and as some 
Governments and many railway companies require 10 
the case of pressed forgings only half the sectional reduc- 
tion that is called for when the ingots are cogged in & 
rolling-mill or under a hammer, the use of a press for 
this papers is additionally advan us. The —_€ 
of an 800-ton press in cogging from the ingot and roug: 
forging is from 20 to 30 tons of axles in a shift. 

For finishing axles, the difficulty of the scale, men- 
tioned above, presents itself ; but this has been to ogre 
extent got over by the use of bracken or other — 
substance for detaching the scale, and by making the 
tools svfficiently wide to prevent the scale yas = 
detached from holon pressed in. The finishing ) 
have generally three grooves about 12 in. (300 ce 
apart, and to obviate the objectionable side stresses © 
would come on the press when finishing in the outer 


* J. H. Baker, “ Forging Car-Wheels,” Proceed- 
ings of Engineers’ Society of Western Pennsylvanie, 
vol. xxv., V heels, 








165-190, 1910. Also “Schoen Wheels, 
Iron and Coal Trades Review, vol, xliv., pages 1124-112. 
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ves, an arrangement has been adopted of mounting 
ere toads on slides worked by power, so that the top and 
bottom tools move simultaneously, and the grooves in use 
can be brought instantaneously to the centre of the press. 
For the first process of cogging and rough forging the use 
of presses has proved very advantageous, and it seems 
likely that their use for finishing axles —_ also extend. 
Cogging Ingots.—Many presses have a ready been put 
down for the purpose of cogging ingots for special manu- 
factures, the powers of press generally being from 
600 to 1200 tons. Trials on special steels have proved 
that much better results are obtained by cogging such 
material under the press than by hammering or rolling. 
In the case, however, of steel of ordinary composition; 
but which is required to be of specially close and uniform 
texture, as, for instance, for the manufacture of material 
which has to be drawn, it is found that cogging under 
the press, prior to the subsequent processes of rolling 
and drawing, produces a very great improvement in the 
texture of the steel. So marked, is this improvement 


that in some cases a comparatively small reduction under 
the press in the original rectional area of the ingot 
proves sufficient to give the desired result. 
Shell- Forging.— Fox the — ~* forging ay 
-piercing shell up to the es ibres at presen 
armour-piercing Pp arg’ ——- 
For the pro- 


required, quick-acting presses of trom 1200 
have been used to a considerable extent. 














For anchor-forging, an 800-ton press. 

For forging er eter om | tools, an 800-ton press. 

For the manufacture of tyres of a flat rectangular seo- 
tion for road vehicles, for the first process of slabbing and 
punching, and for the second process of expanding or 
becking, presses of 400 tons, of special construction. 

An interesting example of making special forgings is 
given by Bruce Browning in the American Machinist, 
1909, under the heading ‘‘ Hydraulic Forging.” He 
describes the manufacture of hubs under a 15U-ton quick- 
acting press. These hubs are made from a piece of round 
stock. A wide external flange is first forced up in the 
centre, and they are then pierced and the up; end 
cupped in special dies, the production being 100 hubs in 
ten hours. A however, from special application, 
presses of 8! and medium powers are beginning to be 
used to a very considerable extent for general engineers’ 
forgings, both in forges and in engineering works. The 

wers that have so far been u for this purpose 
in engineering works range from 150 to 800 tons, and in 
forges up to 1600 tons, and it can be safely stated that 
such presses have proved generally very profitable. In 
an engineering works it is often preferable to have the 
facility for producing the smaller forgings especially re- 
quired when repair work is und en, and the much 
wider range of work that can be done under a press than 
a hammer is a substantial advantage. In a forge, it is 
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cesses of piercing and drawing, which require a long 
continuous stroke, purely hydraulic presses worked from 
an accumulator are much more suitable. F 

General Forgings.—For the production of engineers’ and 
other general forgings an up-to-date quick.acting press 
bas really no competitor. Its general advantages over 
the steam-bammer have been already enumerated, but it 
is only by experience of its capabilities in actual use that 
its superiority can be properly realised. For the manu- 
facture of forgings of simple form when large quantities 
ate required, dies can be used, and in many cases the 
forgings can be produced by a single stroke of the press. 
Dies can also often be used in the case of forgings of more 
complicated form ; but then it is generally n ry to 
forge the piece roughly to shape before using the dies to 
produce the exact shape and dimensions required. This 
a is particularly mentioned becange die-forging can 
e done much more advan sly under & press than 
under a hammer, providing there is a fair body of metal. 
Generally speaking, it is only quite small forgings, and 
—— those of very light section, which are best made 
under a hammer or drop-stamp. With a press, the tools 
and dies can be of a cheaper and lighter construction, and 
they last much better than when used under a hammer. 
For many special manufactures requiring a considerable 
number of similar forgings, so that special tools and dies 
can be provided, the use of high-speed presses has proved 
extremely advantageous. Amongst such applications 
which have already been made the following may be 
mentioned :— 
, For a and ~ ete F yore for ep small 
orgings, including cou and connecting- s, 
_ 500, and 600 — : ne 

or stamping crossheads and other forgings required 

for boiler-feed pumps, a 600-ton press. 

For stamping field-gun carriage forgings, a 500-ton 
press, 

For bridge and structural work, for such work as 


stamping link ends, presses of 150 and 300 tons. 
For shipbuilding works, 300 and 500-ton presses. 





desirable to have a sufficient a me of presses of 
medium power, as it is generally possible to keep such 
presses more uniformly employed than the heavier 
presses, and the production is naturally more economi- 
cal when the power of the press is proportional to the 
size of the forging. : 

In sev cases, 300-ton forging- presses have been in- 
stalled in steel-rolling mills for doing general repairs, and 
they have proved exceedingly serviceable for this purpose 
in enabling breakdowns, which are liable to occur with 
such machinery, to be dealt with very promptly on the 
spot, and thus greatly reducii; the stoppage of the mill 
or other plant. 

Another application which is of interest is the use of 
quick-acting presses for the manufacture of iron from the 
puddling furnace. With presses of sufficient rapidity of 
action, very satisfactory results have been obtained both 
in quality and output, the powers of presses F sepa. 
used for this purpose being 400 and 500 tons. For naval 
repair-ships forging-presses of a ee compact con- 
struction bave m used, generally of 150 tons power. 
The advantages of a press for this purpose are thas, 
unlike a hammer, its working causes no inconvenient 
vibration or da 
it is capable of dealing with repairs of a far more extensive 
character. 

In conclusion, it may be stated that the superiority of 

over ~ 7-4 for the heavier classes =— has 
recognised for the past twenty years, and their use 
frequently adopted ; but within the past ten years, owing 
largely to improvements in construction, and particular] 
to increased speed of working, their use has become muc 
more general, and it is only within this latter period that 
presses of medium and small powers have proved a prac- 
0 success = en, to be Sony fe 
orging - presses powers, and particularly ium 
and small powers, will undoubtedly come into much 
more extensive use in the near future, as foreshadowed 
by the advance made during the past ten years, and more 
especially because the increased speed of working that 





to the structure of the ship, and that | with the 





has been attained opens so much wider a field for their 


useful application. 
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Tue JAPANESE IN THE Paciric —The withdrawal of the 
Pacific Mail Steamship Company from the Trans-Pacific 
service (as a result of a new United States law forbidding 
the employment of Asiatic seamen) and the consequent 
transfer of the line to a British company, which will 
pom sg the ships in the Atlantic, has rendered it neces- 
sary for the Japanese to find. some other means of 
importing the 400,000 bales of American cotton which 
they require annually. Japanese cotton merchants 
agreed to request the Nippon Yusen Kaisha and the 
Osaka Shosen Kaisha to place a sufficient number of 
steamers upon the American run. Should this request 
fail, the cotvon merchants propose to charter the neces- 
sary steamers so that the importation of the cotton 
required may not be interrupted. The Ni Yusen 
Kaisha, the Osaka Shosen Kaisha, and the Toyo Kisen 
Kaisha expect to be able to carry 200,000 bales; but it 
will be difficult, under present circumstances, to obtain 
extra steamers for the transportation of the remaining 
200,000 bales. 





AUSTRALIAN TRAMWAYS.— With the exception of about 
4 miles of line, the tramways of New South Wales are 
the property of the New South Wales Government. The 
standard gauge of 4 ft. 84 in. has been adopted for all 
lines. The electric system was introduced at Sydney in 
1899, and the steam tramways of the city have been 
converted. Of 2077 miles of line in New South 
Wales at the close of June, 1913, rather more than 
141 miles were worked by electricity and 66 miles 
by steam. The length of single line in working at 
the close of June, 1913, was 207? miles, the len of 
single track being 318§ miles. There were also 444 miles 
of sidings, loops, and crossovers. At the close of June, 
1913, rather more than 1 mile was under construction 
and 2§ miles were authorised. The average fare charged 
for all lines were 0.59d. mile ; the average in Sydney 
was 0.53d. per mile. e lines are divided into penny 
sections, of an average length of 1# miles. The rolling- 
stock at the close of 1913 consistea of 20 steam-motors, 
38 trailing cars, 70 steam-cars, 1182 motor-cars, and 95 
service vehicles, The aggregate distance run in 1912-13 
was 26,954,767 miles, showing an increase of 2,592,548 
miles as compared with 1911-12. The cost of the New 
South Wales State tramways to the close of June, 1913, 
was 6,699,305/., or 32,2887. per open mile. The actual cost 
of construction was 3,513,784/., or 16,904/. per mile. The 
expenditure made for rolling-stock, workshops, machinery 
&c., amounted to 3,185,5217. 





Germany's Wust Arrican Co.Lonizs.—The series of 
articles on **The Economic Resources of the German 


“| Colonies ” is continued in the new number of the Bulletin 


of the Imperial Institute, the German West African 
Colonies—the Cameroons and Togoland— being con- 
sidered. The Cameroons, which, on the whole, is 
mountainous, the chief peak attaining an altitude of over 
13,000 ft., was annexed by Germany in 1884, and its 
boundary considerably extended at the expense of French 
Equatorial Africa in 1911. Its present area is about 
200,000 square miles, and the internal communications 
are on the whole excellent, good roads connecting up 
most of the towns, while three railways have been built. 
The temperature, even in the unhealthy coast region, is 
not excessively bigh. Rubber is the chief exported 
product; next in order of value are palm ker- 
nels, cocoa, and palm oil. Gum arabic, kola, and shea 
nuts are other exported products. The cultivation of 
tobacco has also encouraged, and the prospects of 
success seem good. As in other German colonies, much 
attention has been paid to stock-breeding, despite the 
great difficulties caused by the tsetse fly. .No useful 
mineral deposits that could be made the basis of a min- 
ing industry have as yet been found to exist in the Came- 
roons, but a large part of the Protectorate is unexplored, 
The country may be said, however, to show promising 
indications of the existence of a number of economic 
minerals, which justify, at any rate, more systematic 
exploration, such, for instance, as has been carried out 
assistance of the Imperial Institute in the 
neighbouring British colony of Nigeria. The Protec- 
torate of Togoland, annexed by Germany in 1884, con- 
sists of a narrow strip of country bordering on the Gulf 
of Guinea; and bounded on the west by the Gold Const 
Colony, on the east by Dahomey, and on the north by the 
Upper Senegal and Niger. The coast line extends for 
y 32 miles, but the total area of the country is 33,660 
uare miles, or rather less than that of Sierra or 

atal. A range of mountains traverses the country from 
the south-west to the north-east. Oil palm products, 
maize, rubber, and cocoa are‘ the exports of most value ; 
cotton, copra, ground nute, and kapok are other pro- 
mising products. Iron ores occur abundantly, though 
lack of transport facilities nap quoventtes the establieh- 
ment of any lar iron-ore ustry, and limestone of 
good quality is found, 
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NOTES FROM THE UNITED STATES. 
PHILAvELPHiA, October 27. 

To-pay’s reports from practically all steel-making 
centres, furnaces, and locomotive and car-shops point 
to a still greater demand than has yet been experienced. 
Domestic and foreign rail dem is heavy. Russia, 
especially, is » large buyer, being in the market for 
50,000 tons, after recently closing for 85,000 tone. 
This makes a total of 330,000 tons under contract 
or recently delivered. France will close for 40,000 
tons this week, additional, besides several thousand 
box-cars. Orders for munitions continue heavy. All 
business presented is booked for earliest possible 
delivery. Very heavy munition shipments are in 
rogress, and will continue increasingly. Counting 
t| week’s orders at home and on foreign account, 
including inquiries now pending, the res may be 
safely put at 1,000,000 tons. Much delay is experi- 
enced in —o of domestic demands, and anxiet: 
continues to felt over the chances of domestic 
demand for 1916 being adequately taken care of. Mill 
and factory enlargements, in view of increasing busi- 
ness, are in p but the greatest possible output 
is limited by pig-iron capacity. The present output 
can be increased somewhat. Shipbuilding orders have 
taken another boom, and all yards are preparing to meet 


the t demands which it is confi a 
will ted at the close of the war. Several large 
plants have been recently purchased and will be re- 


equipped for the production of munitions both in this 
country and Canada, Plates are in extremely urgent 
demand, but no specific figures are at present avail- 
able. All kinds of bridge and structural work are 
urgently wanted. The past week’s busiuess for wire, 
largely for export, was in excess of 100,000 tons. 
Many orders are temporarily held up, though ulti- 
mately arranged for. Premiums of from 2 dols. to 
5 dols. a ton are sometimes offered on wire. The 
pressure for wire comes not only from war coun- 
tries but from others. Some effort is being made 
to supply American consumers first. Wire exports 
have grown from per cent. of production 
before the war to 60 per cent. now. Pig-iron 
has taken a fresh start, and furnace output could 
be sold before the close of the year to absorb 
the production up to June 30 next. Prices are 
naturally hardening, especially for basic. One Penn- 
sylvania concern has just increased a recent order 
for 45,000 tons of basic to 90,000 tons. Rifles, powder, 
and Ew roduction will soon be greatly en- 
larged. Agricultural interests are calling for larger 
implement supplies preparatory to an cahaged crop 
production for 1916. The significance of present plans 
and purposes point to the belief of an indefinite pro- 
longation of the war. Nothing has been definitely 
announced as to an enlargement of furnace capacity. 





COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS 


We give below a few data on several colonial and 
~¥ cnginesing projects, taken from the Board of 
Journal. Further information concerning these 

jects can be obtained from the Commercial Intelligence 
— Board of Trade, 73, Basinghall-street, London, 
Australia: According to the Aye, Melbourne, a Report 
recently presented to the Legislative Assembly of Vic- 
toria by the Railways Standing Committee recommends 
the construction of a a) railway from Port Fairy 
via Yambuk, Orford, and Broadwater, to Macarthur, a 
distance of 32 miles. The cost of the ae 
estimated at 129,000/. The Age also states that a resolu- 
tion has been by the Victorian Legislative Assem- 
bly, yyy the construction of a railway from 
Bittern to Red Hill. The line, the construction of which 
was recommended by the Railways Standing Committee, 
wiil be 10 miles long, and is estimated to cost 45,9141. 
The Sydney office of H.M. Trade Commissioner in 
Australia notifies that tenders are iuvited by the Metro- 
politan Board of Water Supply and Sewerage for the 
supply and delivery at the pumping-station at Marrick- 
ville, New South Wales, of three -units, consisting of 
centrifu; pumps and electric motors (each to pump 
6300 ions per minute, and one unit to pump 15,100 
oe aye minute), together with the necessary switch- 
starters, , and spare parts. (Contract No. 

1300.) oa of the specification and form of tender 
be obtained from the offices of the Metropolitan 


line is 


may 

Board of Water Su and Se 341, Pitt-street, 
Sydaoey, New Bourke Wales, at winch address sealed N 
ten 


ders will be received up to 2 p.m. on December 20. 
Each tender must be accompanied. by a deposit of 10. 
A Re ee hee ee ee 
A be consulted by ey om. on of the 
macbiner uired a Jommercial Intelligence 
Branch of the Board of Trade. 


New Zealand: H.M. Trade Commissioner for New 
Zeeland bas forwarded an extract from the local Press, 
dated August 24 to September 1, from which the follow- 

, are taken :— Plans for new freezing works 
at Wairoa are to be at once, and certain machi- 
nery will be ordered at an early date. The buildings will 
be of reinforced concrete, and the proposed works will 
able to deal with 2000 sheep and 50 head of cattle 
daily, and will have a storage capacity of 50,000 freight 


be | interest on loans and special expenditure (34 





that the works will be com- 
nay Ss bg ms ad 
en Sy eae plans for zing wor! 

at Kaiapoi which will have a daily capacity of 2000 sheep 
and 50 cattle, with storage accommodation for 100,000 
It is the intention of the company to com- 
p works ina little over six months. Provision is 
to be made for the treatment of by-products, and, later, 
are to be executed at Waipara. The founda- 

me of new freezing works at Kaiteratahi was 
August 26. These works are to be capable of 

with 3000 sheep and 150 cattle per day. Another 
freezing works is proposed for Hicks’s Bay, to serve a 
large area of country extending to Opotiki. The Imperial 
Trade Correspondent at Dunedin reports that tenders 
are invited by the Dunedin City Council for the laying 
of 48,000 — yards (more or less) of street paving in 
that city. The paving is to consist of either Jarrah wood 
blocks, rock asphalt. or Trinidad asphalt, and tenders 
are invited for each or any of the several materials. 
Copies of the specification and conditions and form of 


Ib is antici 


'Y | tender, together with drawings, may be obtained from 


the Town Clerk, Town Hall, Dunedin, N.Z., on pay- 
ment of 2/., which amount will be refunded upon the 
receipt of a bond-fide tender. Sealed tenders, on the 

per forms, will be received at the office of the Town 
Clerk, Dunedin, up to 5 p.m. on February 9, 1916. 
Tenders must be accompanied by a marked cheque or 
cash vo the amount of 5 per cent. of the value of the 
tender. A copy of the specification, &c., may be con- 
sulted by United Kingdom paving contractors at the 
Commercial Intelligence Branch. 

South Africa: The Acting British Trade Commissioner 
for South Africa reports that tenders are invited by the 
South African Railways Administration for the supply 
and delivery of vacuum-brake gear rubber and me 
parts required during 1916. (Contract No. 653.) Sealed 
tenders, on the proper forms, will be received by the 
Secretary to the Tender Board, South African Railwa: 
Headquarters, Johannesburg, up to noon on December 6. 
Copies of the conditions and forms of tender may be 
obtained from the Secretary to the Tender Board, at the 
above address. Drawings may be obtained from the Chief 
Railway Storekeeper at Germiston or the Railway Store- 
keepers at Cape Town, Port Elizabeth, East London, 
and Durban on payment of a sum of 11. 1s. per set, which 
amount will be refunded on receipt of a bond fide tender 
and return of the drawings. A copy of the conditions 
and form of tender may be consulted by United Kingdom 
manufacturers of the articles mentioned at the Commer- 
cial Intelligence Branch. 

Colombia: The Diario Oficial, Bogota, publishes a law 
authorising the Colombian Government to contract, by 
tender, for the construction of a provisional wharf at 
Buenaventura. The Government will appoint an engi- 
neer to draw up the technical conditions for the work, 
and to estimate its cost. The successful contractor will 
also be granted permission to repair the existing iron 
wharf at Buenaventura, which has not been used for the 
past thirty years. 

Uruguay: The Diario Oficial, Montevideo, notifies 
that tenders are invited by the municipal authorities at 
Artigas for the construction of a public market in that 
town. Plans, specifications and conditions of tender 
may be consulted at the offices of the Intendencia Muni- 
cigal, oa, at which address also sealed tenders will 
be received up to 11 a.m. on December 8. 

Argentine Republic : The Boletin Oficial, Buenos Aires, 
contains a law authorising the executive power to arrange 
for the construction of protection works on both banks of 
the San Juan River, with a view to preventing danger 
from fivods. A sum of 150,000 pesos currency (about 
13,0002.) is allotted for these works. The Boletin Oficial 
also publishes a decree granting a concession to Don 
Américo Demaria for the establishment and working of 
a public telephone service in the districts of Zarate and 
Campana to connect with the system of Buenos Aires. 
The same Bolelin contains a further decree eee 
permission to Don Antonio Giunti to construct a wharf, 
240 metres long, together with warehouses, offices, 
cranes, &c., at Mira Mar, Province of Buenos Aires. 
Plans must be submitted to the Direccién General de 
Obras Hidrdulicas within a period of three months from 
the date of the concession; the works must be begun 
within three months from the approval of the plans and 
completed within a further 18 months. The total esti- 
mated cost of the undertaking is 180,000 pesos currency 
(about 15,7507. ). 





SranDARD COEFFICIENTS IN HEATING ENGINEERING.— 
Mr. A. H. Barker, B.Sc., Lecturer in Heating and Ven- 
tilating Engineering at University Coll Londor, 
will give a lecture on ‘‘ The Methods of Evaluation of 
Standard Coefficients in Heating angen in the 
Physiology Theatre at University College. on Tuesday, 
ovember 23,at7 p.m. This lecture will be open to the 
public without ticket, and is especially intended for engi- 
neers and others concerned in practical work in heating 
and ventilating. 





Greenock Corporation Execrricity Suppiy.—In the 
~ 1914-15 the Greenock Electricity Department sold 
4,207,575 units at a total cost of 0.520d. unit, the 
average price obtained being 1d. The ex jiture on the 
works has been 330,109/., of which 72,7091. has been 
repaid out of revenue. The total revenue for the year 
was 62,700/., about 244 per cent. on the present capital ; 
the working costs were 30,587/., and the gross profits 
32,1172., or 12 per cent. Out of the latter, 92987. went for 
, per cent.), 
12,421/. for sinking fund and depreciation (4.6 per cent. 
leaving a balance of 10,3971. (4 per cent.). 





NOTES FROM THE NORTH. 
t Giaseow, Wednesday. 
ey ae Market.—The idleness which charac. 
d the ( meno pig-iron market last Wednesday 
morning continued in the afternoon, and no dealings were 
recorded. At the close sellers’ prices were practically the 
same as at the forenoon’s session—67s. 7}d. ton cash, 
68s. one month, and 68s. 8d. three months. bn Thureday 
the tone showed no improvement, the only transaction 
aang cue Cleveland warrant, which changed hands at 
67s. 5d. cash. A decline of 14d. per ton from the previous 
day was reported at the close. Values kept steady in 
the afternoon, a limited business of 1000 tons being 
done at 67s. 53d. cash and 67s. 10d. one month, 
with closing sellers’ prices 67s. 6d. per ton cash, 
67s. 64d. eleven days, and 67s. 104d. one month. Little 
basiness was done on Friday forenoon, when a certain 
narrowness of price movements prevailed. Transactions 
took place at 67s. 11d. per ton one month, 67s. 9d. four- 
teen days, and 67s. 104d. ten days, while the closing 
—— were nominally the same as on Thursday. 
n the afternoon only one transaction was reported, when 
three months’ iron realised 68s. 74d. per ton. At the 
close a slight advance had tuken place, and sellers’ prices 
were quoted 67s. 9d. per ton cash, 68s. 1d. one month, 
and 683. 74d. three months. When the market opened on 
Monday morning a distinctly firm tone prevailed, and 
values advanced 44d. to 5d. per ton. A small turnover of 
2000 tons was reported, up to 68s. 1d. being paid cash, and 
68s. 3d. one month. Closing sellers’ quotations were 68s. 2d. 
per ton cash, and 68s. 6d. one month. The afternoon’s 
market was alike steady, the higber rates prevailing, 
although at the close were a trifle below the best. 
Cleveland warrants were done at 68s. 9d. per ton one 
month, then easing off to 68s. 74d., sellers being over at 
this figure, with cash sellers 14d. per ton up from the 
morning. The turnover amounted to 2000 tons. Yester- 
day (Tuesday) morning movements were narrow, and the 
transactions restricted to 1800 tons of Cleveland warrants, 
which changed hands at 68s. 2d. per ton cash and 683s. 6d. 
one month. Closing sellers’ prices were 4d. per ton over 
the previous days level. No business was done in the 
afternoon, the market being completely idle, and at 
the close prices remained much the same as in the 
morning. Dulness prevailed in the warrant market 
this (Wednesday) forenoon, prices easing off from 14d. 
to 24d. per ton, cash iron being dealt in at 68s. per 
ton. One month’s iron, after being done at 68s. 8d. per 
ton, fell at the close to 68s. 54d., when the quotation for 
cash was 68s. 1d. and 68s. 6d. for sixteen days and nine- 
teen days. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues good, despite the further rise in price 
which has just been announced. For prompt delivery 
Glasgow the rate has now reached 15/. 10s. per ton, an 
increase of 5s. during the past week, while the price for 
Leith is 16/. per ton. 


Scotch Steel Trade.—If there be anything of note to 
report in connection with the local steel trade, it is the 
fact that all the available establishments are giving still 
greater attention to military requirements, to the con- 
tinued disadvantage of the ordinary home and export 
trade. Manufacturers are quite at a loss to know what 
to do, for, on the one hand, they are being urged by 
Government to do all in their power to increase the 
export trade, which means money to the country, while, 
on the other, the demands of the Admiralty and the War 
Office are so enormous that neither plant nor labour are 
sufficient for both to be accomplished satisfactorily. Ib 
is difficult to tell how the new lations which have 
now come into force—whereby all the local producing 
works have been brought under Government con- 
trol— will work, but it seems almost impossible 
for the output to be furtherincreased. The fact remains, 
therefore, that as the Government demands for muni- 
tions and other war material must be met, other orders 
must, of necessity, stand aside for a time. While 
every department in all the large works is actively 
employed, the bar-mills in particular are being very 
heavily taxed to cope with the requirements for our 
own and the Allied Governments. All things con- 
sidered, the state of the export trade is not so bad 
as might have been expected under the exceptional 
circumstances, and prices are firm and still mount- 
ing; indeed, these might almost be said to be a 
matter of arrangement. Light sectional material seems 
to be in the greatest demand, the French, Russian, 
and Italian vernments having all placed =. 
tionally large orders for this class of work. High- 
tensile bars for shells, too, are being turned out in 
extraordinary quantities, and that at the high rate of 
about 16/. per ton. For all qualities, of course, prices 
= strong, and are constantly on the increase. 
Boiler-plates may be 11/. 15s. per ton, or even 12/. 10s.; 
ship-plates, 112. to 111. 15s. ; while les, which are in 
excessive demand, and frequently difficult of delivery, 
are steady at 11/. 103., all less the customary 24 per cent. 
for prompt delivery, Clyde or equal. 

Malleable-Iron OS yells Spe eT es. the 
greatest activity still prevails, no ing-o' ing pos- 
sible so long as the demands of our own and the Allied 
Governments are so insistent. Makers, naturally, are 
full up with orders, the only restriction to their output 

ing the contin and increasing shor of skilled 
labour. Perhaps the strongest demand is for light 
material for Government work. For prompt delivery, 
Glasgow or equal, 12/. to 12/. 10s., less 5 per cent., 18 
eR oye ‘or ‘‘Crown” bars ; while the export rate 
may be 11/7. to 11/. 5s. per ton, according to grade. 


Scotch Pig-Iron Trade.—Atho 
decided increase in the tonnage of 


h there is no very 
tch pig-iron during 
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w da an even better outlook is noticeable 10s. 6d ton. The latest quotation for patent fuel has 
aH one Roar qavence in price. ‘This has added to the NOTES FROM SOUTH YORKSHIRE. been S60 $0 978. per ton. Spool coke has made 
price of all grades of finished material, which seems almost : SHEFFIELD, Wednesday. | 40s. to 42s. ; good foundry 34s, to 385.; and furnace 
to have reached top level now. Scotch hematite is much | __4ult Coal Trafic.—Shipments from South Yorkshire to | coke, 288. to 32s. per ton. As regards iron ore, Rubio 
in demand with a marked upward tendency : a week ago | Hull last month, according to official returns, totalled | has realised 30s. to 32s. per ton, upon a basis of 50 per 
it stood at 112s. 6d. per ton; it is now 115s. Despite | 365,103 tons, compared with 382,635 tons in October, | cent. of iron, and charges, including freight, insurance, 
this, the home sales are good, although the export trade | 1914—s decline of 17,532 tons. For the ten months the | &., to Cardiff or Newport. 


still causes some anxiety. There are at ent 71 
blast-furnaces in operation in Scotland, which is the 
same number as in the preceding week, and one more 
than at the corresponding period last — Makers’ 
(No. 1) iron is currently quoted as followe :—Clyde, 
843. 6d. per ton ; Calder, Summerlee, and loan, $ 
Gartsherrie, 87s. (all ship; at Glasgow); Ezlinton, 81s., 
and Glengarnock, 86s. (both at Ardrossan) ; Dalmellington, 
gy Ayr); Shoits, 853., and Carron, 87s. (both at 
Leith). 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—After recent rather exten- 
sive business at round about —_ there is, for 
the time being, no pressure to Cleveland pig-iron. 
There is, indeed, little free iron available, for the output 
is practically taken up as it comes on the market, and 
makers are, in some cases, well sold a little way ahead. 
But for the scarcity of labour, difficulty in fixing suitable 
tonnage and shortage of trucks, deliveries would be much 
heavier, and what stocks there are would have to be 
drawn upon to meet requirements. There are continued 
rumours of contemplated change of furnaces making 
Cleveland pig, on to the manufacture of the much more 
remunerative hematite. No. 3g.m.b. Cleveland is 68s, 9d., 
at which figure both makers and merchants have sold. 
No. 1 is still scarce, and producers continue to quote 
what consumers consider a apt price, asking 
723. 9d., with the result that there is practically no busi- 
ness passing. No. 4 foundry is 683. 3d.; No. 4 forge, 
67s. 9d. ; and mottled and white iron, each 67s. 3d. 


Stocks of Pig-Iron.—Stocks of pig-iron alter little. 


Pig-iron —— report barely working stocks at their |}... 


yards. The quantity of Cleveland pig-iron in the public 
warrant stores here now stands at 129,680 tons, all of 
which is No. 3 quality. Since the beginning of the 
month 260 tons have been sent into the stores. 


Hematite Iron.—Great firmness continues to charac- 
terise the East Coast hematite trade, notwithstanding 
the withdrawal of some good customers from the market 
on account of the high rates demanded. France and 
Italy are placing fewer orders, but those countries are 
understood to be very weil bought in this district. 
Many makers have disposed of their output well into next 

ear, and merchants have next to no iron to dis of. 

nder these circumstances it is not at all surprising to 
find prices still advancing. The general market quota- 
tion for Nos. 1, 2, and 3 have been put up to 117s. 6d., and 
several producers will not quote below 120s. 


Pig-Iron Shipments.—The shipments of pig-iron from 
the port of Middlesbrough are hardly up to expectations, 
but hopes are entertained that they will show improve- 
ment in the very near future. To date this month they 
average 1445 tons per working day, the total despatches 
being returned at 13,006 tons. To the same date last 
month the loadings amounted to 15,814 tons, or a daily 
average of 1757 tons, and for the corresponding part of 
November, last year, the clearances reached 21,541 tons, 
or an average of 2393 tons per working day. 


Foreign Ore.—There is some inquiry for foreign ore, but 
few actual sales of moment have been recorded of late. 
Deliveries against contracts, however, are heavy, and 


sales are very firm. Svllers, as a rule, base quotations on | hej 


33s. ex-ship Tees for Rubio of 50 per cent. “= 
and they report offers to buy on the basis of 6d. 
Imports of foreign ore to the Tees for the first nine work- 
ing days of this month are officially given at 53,582 tons. 
Freights Bilbao-Middlesbrough remain in the neighbour- 
hood of 17s. 


_ Coke.—There are complaints of difficulty experienced 
in obtaining adequate supplies of coke. ore ovens are 
going in, and by the end of the year the —— 
promises to be increased by a few thousand tons per 
week ; but even this additional output may not fully 
satisfy requirements. The general market quotation for 
Durham blast-furnace coke of average quality is now 
30s., delivered at Tees-side works. 


_ Manufactured Iron and Steel.—Goverament orders con- 
tinue to absorb the capacity of the finished iron and steel 
works to such an extent that ordinary commercial busi- 
ness cannot be entertained. The following are among the 
principal market quotations:—Common iron bars are 12U.; 
packing-iron (parallel), 87. 10s.; packing-iron (tapered), 
91. 15s.; iron and steel ship-plates, each 10/.; iron ship- 
angles, 12/.; iron ship-rivets, 13/. 10s.; steel ship angles, 
91. 15s.; steel boiler-plates, 12/.; steel joists, 10/.; heav 
steel rails, 9/.; and steel railway sleepers, 10/. 10s.—rai 
and sleepers net, and all other descriptions less 24 per cent. 





ALL-StezL Cars.—Twelve months the Pennsyl- 
vania Railroad Company added all-steel box cars to its 
equipment ; it has now in operation more than 2000 of 
such cars, which have replaced wooden rolling-stock. The 
ompeny is still proceeding with the construction of al!- 
8 cars at its shops at Altoona, and cars have been 
turned out at the rate of one every 55 minutes. By the 
close of this year there are ex to be 6500 all-steel 
box cars upon the Pennsylvania system, representivg an 


total received was 4,069,176 tons, against 4,914,950 tons 
for the corres; ing period of last year—a reduction of 
845,774 tons. Only three war months, however, were 
included last year. Exports last month aggregated 
258,722 tons, compared with 167,572 tons in October, 
1914, when they were spread over only four weeks, as 
inst five weeks this year. Exports for the year 
owed a decline of 384,518 tons, the current figure being 
2,207,255 tons, but again the 1914 pariod included seven 
months’ normal trading. France was by far 
customer. She took = month 165,852 tons, 
against 48,559 tons in October, 1914, and 1,399,965 tons 
during the ten months, —- 299,510 tons in 1914. 
Compared with October, 1914, South America 
her takings during the month from 6803 to 7725 tons, 
Holland from 12,289 to 15,278 tons, and Sweden from 
42,242 to 56,983 tums. A decreace in traffic was shown by 
practically the whole of the South Yorkshirs collieries. 
A strike on the non-union question at Grimethorpe and 
Frickley resulted in a decline of 18,000 tons, as compared 
with October, 1914. 


South Yorkshire Coal Trade.—Contracts in manufac- 
turing fuels for delivery up to the end of June, 1916, have 
been arranged this week at current prices. Inquiries in 
the forward market are, rally, more numervus, and 
amore settled feeling exists in regard to values. The 
omee market suffers from the insufficient supplies. 

llieries are closely engaged in meeting contract com- 
mitments, and the tonnage left over for open competition 
diminishes. Output is also further affected by the latest 
enlistment of men under Lord Derby’s scheme and by the 
wagon shortage. Competition all round is keen, and 
omen firm, with, in some cases, an upward tendency. 

he house-coal position has undergone little a For 
the time of the year the demand is not very . but it 
has improved during the last few days. Pits producing 
rd s cobbles, and nuts are readily disposing of 
the whole of their output. An active export trade is in 
operation, but the predominant feature is strength of 
home business on industrial account. Consumers of 
slacks complain of shortage of supplies. Prices are very 
firm at last week’s rates. The feature of the coke trade 
is a decided improvement in foundry coke, which has 
advanced 2s., and in some cases 23. 6d., to about 17s. 6d. 
Steel coke isa market, with prices firm at 34s. to 35s. 
Quotations :—Best branch hand-picked, 20s. 6d. to 21s. 6d ; 
Barnsley best Silkstone, 18s. to 193.; Derbyshire best 
brights, 17s. 6d. te 18s. 6d. ; Derbyshire house, 16s. to 
17s. ; best large nuts, 15s. to 16s.; small nuts, 14s. 3d. 
to 15s. 3d.; Yorkshire hards, 16s. 6d. to 17s. 6d. ; Derby- 
shire bards, 16s. to 17s.; best slacks, 11s. to 12s. ; secon: 
9s. 6d. to 10s. 6d.; smalls, 8s. to 9s. 

Tron and Steel.—Restricted production and greater 
activity at the foundries are beginning to have an effect 
on common iron prices, which have remained more or 
less at one level, while values of every kind of finished 
material have advanced. Foundry iron is in much better 
demand ; prices have moved up 6d. to 1s.6d. Derbyshire 
makers are quoting foundry at 69s., and forge at 68s. 6d. 
Linco! ire makers are asking 73s. for foundry, and 
71s. 6d. for forge. Steel-making irons are a brisk market. 
The imposition of higher prices bas not materially affected 
buying, so far as trade with South Yorkshire is con- 
cer East Coast mixed numbers are quoted at 120s. 
to 122s. delivered. Special brands continue to appreciate 
in value, current quotations ranging from 130s. to 148s. 
Although the demand for bar iron is small, values are 
ing forced up by the restricted output. The South 
Yorkshire Bar- Iron Association’s basis price for ‘‘Crown” 
bars has risen 103. to the record figure of 12/. net cash 
8 All kinds of Swedish material are scarce and 
dear. © cutting-off of supplies of silicious ores from 
Sweden will, for a time, a affect local manufac- 
ture, but it is believed that it will be possible to remedy 
the deficiency without any permanent injury being in- 
flicted. Big quantities of best steel scrap are required 
x high-speed steel-makers, whose order-books are full. 

e vernment is et rae mg its grip on the South 
Yorkshire iron and steel trades, many more firms having 
been placed on the “controlled” list. The latest resbric- 
tions imposed with regard to the purchase and sale of 

mery are causing some perturbation, particularly 
among constructional and erecting engineers, but the 
inspiring motive is generally admitted to be just. Steel 
for the new rustless cutlery is in increasing demand. A 
big trade is developing. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Business in steam coal has ruled quiet. 
Oolliery-owners had been hoping for improved ton’ 
arrivals over the week-end, and that work at the pits 
would be more as more steamers became avail- 
able under a new Government scheme for the control of 
tonnage; but the withdrawal of recent concessions to 
wheat-laden steamers from North America did not 
encourage business for immediate shipment. It was still 
ible to obtain concessions for mang Seen. but 


or the latter part of November sellers have been showing 
more firmness. The best Admiralty large steam coal has 
been, to some extent, nominal ; secondary qualities have 
made 188. 6d. to 19s, ; best bunker smalls, 10s. to 10s. 6d. ; 
and cargo smalls, 7s. 6d. to 9s. per ton. The best house- 
hold coal has brought 23s. to $ households have 
made 2ls. to 22s.; No. 2 Rhondda has realised 14s. 





outlay of 9,000,000 dols. in round figures. 


to 15s.; and No. 2 smalls have been quoted at 10s. to 
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uired by the Tatem vonpeay in 1909 at a 
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Brijs and Glysen for 60,0002. 
is greatly above the cost when new. 


Western Trade Matters.—The directors of the Orders 
and Standford Steamship Com , Limited, — a 
balance of 66,442/. available for dividend for 1914-15. A 
dividend is recommended for the ‘year at the rate of 
20 per cent. per annum, free of income-tax, 20,000/. being 
at the same time written off the capital account, 4000/. 
being written off investments, and 20,000/. being reserved 
for war taxes ; a final balance of 3342/. is forward 
to the credit of 1915-16. Three of the company’s steamers 
have been on charter to the Admiralty since the com- 
mencement of the war. The directors of the Griffiths 
Law’s Steam Navigation Company announce a final divi- 
dend of 41. per 50/. share, free of income-tax, for 1914-15, 
making 20 per cent. for the year. The profits of the 
Peary Gieing Dock and i ing Company, Limited, 
for 1914-15 amounted to 26,961/., as com with 
19,5502. in the preceding twelve months. The dividend 
proposed for the past year is av the rate of 11 per cent. 
per annum, 8500/. being at the same time carried to the 
reserve fund. In 1913-14 and 1912-13 the corresponding 
dividends were at the rate of 10 per cent. per annum, 
and for 1911-12 a distribution of 9 per cent. was made. 
A meeting representing the steel trade of South Wales 
was held at Swansea on Friday to consider a proposal for 
providing France with 4000 tons of steel weekly for 
munitions. Both masters and men took part in the con- 
ference, and the men accepted the principle of working 
over week-ends ; no difficulties also were raised as to 
wages, which are to be at the rate ruling in other miuni- 
tion centres. d round the new docks at Avon- 
mouth is being steadily taken up. On Tuesday a 
pro was received for the ip of between 800 
= 900 yards of additional a ¥ von i 
an ring purposes to Messrs. J. Jefferies 
Son, ae have y ® considerable area covered 
with workshops. 





SUPERPHOSPHATES.—Works for the manufacture of 
artificial manure, sulphuric acid, sulphate, &c., are now 
about to be erected near in Norway, cheap 
power and a suitable site baving been secured. The cost 
is calculated at 80,000/., and the works should be ready 
to start operations towards the end of 1916. Norway is 
rich in one of the most im raw materials—viz., 
pyrites, and of apatite there is also plenty in the country, 
while a sufficiency of nitric acid can be obtained from 
the large atmospheric eiwenen installations ; cheap 
——— is also available. orway imports annually 
some 50,000 tons of Thomas phosphate and superphos- 
phate, and with the present rates of freight the cost of 
these 3 pe — “7 ma — he manu- 
facture of superp tes assu large propor- 
tions of late years ~ Sweden there are four factories 
with an te production of 250,000 tons per annum ; 
in Denmark the production amounts to 200,000 tons ; 
and in Holland to 300,000 tons, of which half is ex- 

reed. Theaggregate production of England, France, 
Goonsene, and Spain amounts from 3,000,000 to 4,000,000 
tons per year. Amongst the large importing countries 





is Russia. 
Cutiery.—The value,of the cutlery exported from the 
United Kingdom in September was 55,730/., as com 


with 65,713/. in September, 1914, and 71,93i/. in 
ember, 1913. In the nine months ending September 8, 
this year, the were valued at 414,033/., 
and 606,800/. in the corre- 
sponding periods of 1914 and 1913. ‘lhe export demand 
for British cutlery would appear to have languished this 
year. France] imported our cutlery in the first nine 
months of this year to the value of 11,004/., as compared 
with 5072i. 51162. There was, however, a marked 
falling off one peer in the business done with the United 
States, the shipments to the great Atlantic 
valued at 29,605i., 
as compared with 58,699/. and The value of the 
exports to Argentina also declined in the first nine months 
of this year to 8746/., as compared with 10,655/. and 
15,8332. The colonial demand moved on as follows in 
the first nine months of the last three years :— 


Colonial Group. oe wr 7 
South Africa 49,061 44,206 47,151 
British India 49,413 64,890 60,022 

112,382 128,895 112,800 
New Zealand 27,185 28,742 $1,570 
ia.. 45,653 59,863 81,848 
The values of shipments to the colonies have accordingly 
been well maintained, — the whole, although they have 
not been altogether unaffected by the war, 
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NOTICES OF MEETINGS. 


Tus Puysica, Socisty or Lonpon.—Friday, November 12, at 
5 p.m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington, 8.W. Agenda:—l. “The Effect of 
Electric Oscillations on the Magnetic Properties of Iron, Investi- 
= y the Oam pb,” by Professor J. A. Fleming, M.A., 

.Sc., F.R.S., and "hs P. R. Coursey, B.Sc. 2. Demonstrations 
by Mr. R. 8. Whipple :—1. An Hydraulic Analogy of a Wheatetone 
Bridge. 2. A Lecture-Table Method of Obtaining Recalescence 
Curves, 3. The Leeds and Northrup Recorder. 

Tae CLEV8LAND INSTITUTION OF GINEBRS.— Monday, Novem- 
ber 15, in the hall of the Cleveland Literary and Philosophical 
Society, Oorporation-road, Middlesbrough, at 7.30 p.m. Presi- 
dential Address, by Mr. William Hawdon. 

Tue InstiTUTION or Civit ENoineeRs.—Tuesday, November 16, 
at 5.30p.m. Paper to be read and discussed :—‘‘The Punjab 
Triple-Canal System,” by Sir John Benton, K.C.LE., M. Inst. O.E. 

B INSTITUTION OF PETROLEUM SPEcIALISTS,—Tuesday, Novem- 
ber 16, at 8 p.m., at the Royal Society of Arts, John-street, 
Adelphi, a paper will be read on “* The Viscosity of Oil in Relation 
to Its Rate of Flow Through Pipes,” by Mr. R. T. Glazebrook, 
O.B., D.Sc., F.R.S., Mr. W. F. Higgins, B.Sc., and Mr. J. R. 
Pannell, A.M.1.0. E. 

Tue Mipianp Instirote or Muisine, Crvm, aAxp MECHANICAL 
ENGINEERS.—Tuesday, November 16, at 3.80 p.m., at the Great 
Northern Hotel, Leeds, the following paper will be nm for dis- 
cussion :—‘‘ Gas-Producers for Obtaining Power and By-Products 
from Unsaleable Fuel,” by Mr. Mansfeldt Henry Mills. 

Tue InstrruTion oF ELECTRICAL ENGINRERS : MANCHESTER LOcAL 
Srcrion.—Tuesday, November 16, at 7.30 p.m., in the Engineers’ 
Club, Albert-equare, Manchester. The Ohairman, Mr. B. . Wel- 
bourn, will deliver his Address. 

Tur NorrinenaM Socisty or ENcineers.—Wednesday, Novem- 
ber 17, at 7.30 p.m., at the Welbeck Hotel, Nottingham. The 
chair will be taken by the President, Mr. W. R. Bates, M.Is.1., 
and Mr. ©. Liddell Simpson, M.I. Mech. E. (a Vice-President), will 
Mr. F. A. Garratt, of Lincoln, will give a 
per on ‘‘ The Lay-Out and Equipment of Engineering Works.” 
e lecture will be illustrated by lantern slides. 


Tue Roya. Merrorowoeica Socrety.— Wednesday, November 17, 
at 7.30 p.m., at 70, Victoria-street, Westminster. Papers to be 


:—1. **The Mounting and Illumination of Barometers, and 
the Accuracy Obtainable in the Readings.” by Mr. J. 8. Din 
M.A., F.R. Met. Soc. 2. ‘On the Seasonal Variability of Rainfall 
over the British Isles,” by Mr. N. A. Comi los. 

INSTITUTION OF ELECTRICAL ENGingegRS.—Thursday, Novem- 
ber 18, at 8p.m. Inaugural Address by Mr. Charles P. Sparks, 
President. Presentation of Premiums. 

Tue LnstiruTION oF MEcHANICAL Enoineres.—Friday, Novem- 
ber 19, at 8 p.m., at the Institution of Civil Engineers. Papers :— 
“The Chem: and Mechanical Relations of Iron, Molybdenum, 
and Carbon,” y J. O. Arnold, D.Met., F.R.S., Professor of Metal- 
lurgy in the University of Sheffield, and A. A. Read, D.Met., 
F.LC., Professor of Metallurgy in the University of Wales. ‘‘ The 
Cause and Effect of ‘Ghost Lines’ in Large Steel Forgings,” by 
J. O. Arnold, D.Met., F.R.S. 
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FRIDAY, NOVEMBER 12, 1915. 


HEAT TRANSMISSION. 


Tue subject of heat transmission will probably 
prove of constantly increasing importance in the 
future, both in its positive and negative aspects. 
The steam-driven prime mover is rapidly —— 
ing a standard of efficiency which cannot be mate- 
rially bettered, so that further decreases in fuel 
economy must be sought mainly in the boiler-room 
and its accessories. It is reported that the great 
Parsons steam-turbine at Chicago consumes, at full 
load, but 10.3 lb. of steam per kilowatt-hour, the de- 
signed operating conditions being a supply of steam 
at 200 lb. gauge pressure and at 200 deg. superheat, 
with a vacuum of 29 in. The generator efticiency 
being 0.961, the above figure is equivalent to a 
steam consumption of about 7.4 lb. per shaft-horse- 
power hour. Taking 1310 B.Th.U. as the total of 
the steam as supplied, and 47 B.Th.U. as the 
sensible heat of the condensate, this turbine con- 
sumes only 9350 B.Th.U. wad shaft-horse-power 
hour. In this no allowance been made for the 
power consumed in excitation and in operating the 
condenser, which may amount, say, to 24 per cent. in 
the aggregate. Making allowance for this, the heat 
consumption will amount to a total of about 9600 
B.Th.U. per hour. This figure is, no doubt, not 
the ultimate limit of economy possible, but the 
margin for further improvement is not large. 

A good Diesel engine develops 1 shaft horse- 
power for about 8400 B.Th.U. per hour, and has 
thus a substantial advantage from the standpoint 
of pure thermo-dynamics. This is enhanced by 
the circumstance that the steam-motor only derives 
its heat supply from the fuel indirectly and has to 
bedebited with all the losses that occur in the 
transmission of heat from the fuel to the water, 
and from the boiler to the turbine stop-valve. 

The best boiler efficiency recorded in the classical 
tests of Kennedy and Donkin was 82 per cent., 
which, however, was substantially above the 
average. In this trial, moreover, there were 


506 | indications of a substantial loss by priming. In 


fact, the average of the figures observed by 
r cent. 
Part of the loss is no doubt due to the fact that 
for the proper combustion of solid fuel a con- 











siderable excess of air is necessary, whilst with 
gaseous fuel the air supply can be adjusted into 
almost exact agreement with that theoretically 
required. Again, when solid fuel is used it is 
impossible to keep the rate of steam generation 
In precise agreement with the demand under 
varying loads, a matter which is easy with gaseous 
or liquid fuel. An oil-fired destroyer, for example, 
can, when running at full speed, be stop for 
an hour and then resume her course at full power 
with the loss of but a very small quantity of steam. 
With coal-firing this is impossible, and the stand-by 
losses with coal-fired boilers are often very con- 
siderable. 

It is in this direction that the internal-combus- 
tion engine possesses a great advantage. The pro- 
ducer per se is hardly more efficient than the boiler, 
but the stand-by losses are incomparably less. 
It is, in short, the boiler end of the stop-valve 
which offers the most promising field for a further 
reduction in power costs. No doubt the future 
will see a very general improvement on the engine 
side, but this vill consist in the main of a levelling 
up of practice to the heights already attained in 
individual instances, rather than in any very great 
improvement in the efficiency of the prime mover 
itself. In fact, it is possible to estimate with very 
extraordinary accuracy what additional improve- 
ment is possible here, and also the cost of attaining 
it. The most favourable factor is the continued 
increase in the size of units, which makes it 


es, | commercially possible to aim at efficiencies the cost 


of which on a smaller scale would be prohibitive. 
At the best, though, an increase of 7 per cent. in 
the efficencies already recorded represents a limit 
which is very unlikely to be exceeded. By the 
use of very high pressures and superheats, such 
an increase in turbine efficiency might mean much 
more than a corresponding reduction in fuel con- 
sumption, but the problem of successfully dealing 
with these lies in the main on the boiler side of 
the stop-valve. 

In the early days of the use of superheated 
steam, station engineers frequently asserted that, 
although the engine used less steam, the boiler 
did not take less coal, the increased losses by 
convection generally off-setting, in their opinion, 
most of the gain due to the higher efliciency of the 
engine. This view would hardly be maintained 
to-day, but from every point of view the prevention 
of avoidable losses of heat promises to play in the 
future a leading réle in every manufacturing in- 
dustry. 

A striking instance of how serious neglect in this 
matter may be was afforded some twenty years 
or more ago by the failure of a large reciprocating 
engine to realise its guarantees. The builders 
knew that the engine should be capable of the duty 
demanded, but a representative sent over was 
unable to find anything out of order in the engine. 
He noted, however, that the steam-pipe was of 
unusually large size, and on substituting one of 
more ordinary proportions there was no difficulty 
in meeting the contract requirements. The large 

ipe-surface, in short, caused such a less of heat 
by what is commonly called ‘‘radiation” as to 
materially affect the engine economy. 

This use of the term “radiation” is likely to 
give rise to much confusion in the future. In 
the strictly scientific sense, the energy lost by a 
hot body by radiation does not pass away in the 
shape of heat at all, radiant energy being merely 
light of long wave-length. Most of the loss from 
steam-pipes is convected away by the air, or escapes 
by conduction. Some very exhaustive experiments 
on this subject have of recent years been made 
in the engineering laboratories of Manchester 
University, and an excellent summ of the re- 
sults obtained was given by Professor J. E. Petavel 
in a paper read before the Manchester Association 
of Engineers on October 30 last. These experi- 
ments have proved that in certain cases lagging a 
pipe may actually increase the heat loss from it, 
though only if the pipe diameter be very small. 
The advantage of an insulating a increases 
with the diameter, but beyond 6 in. the rate of 
heat loss is much the same for all diameters. With 
a 6-in. pipe conveying steam at 100 lb. pressure the 
loss per degree of temperature difference between 
the steam and the air amounts, Professor Petavel 
states, to 3.18 B.Th.U. per sq. ft. per hour. With 
200 Ib. steam the loss from the same pipe is 3.35 
B.Th.U. per sq. ft. per hour, a figure which is in- 
creased to 3.70 B.Th.U. if the steam be superheated 
to 500 deg. Fahr. With a 1-in. pipe the correepond- 
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ing figures are 3.72 B.Th.U. with steam at 100 lb. 
pressure, 3.93 B.Th.U. with steam at 200 lb., and 
4.30 B.Th.U. if superheated to 500 deg. Fahr. Of 
the total loss, radiation proper does not account for 
more than about one-sixth of the total. Accord- 
ing to Professor Petavel the true radiation loss may 
be taken as given by the relation 


Q=5.0 x 10-! S(T,‘ - Ty), 


where Q denotes the energy radiated expressed as 
B.Th.U. per hour, 8 the surface ex and T, 
and T, the absolute temperature of the surfaces 
between which radiation is interchanged. 

It is very noteworthy that the loss due to the 
conductivity of the air may become very great with 
objects of small diameter. Thus, with a surface 
1 in. in diameter and at 212 deg. Fahr., surrounded 
by air at 60 deg., Professor Petavel finds that of 
the total loss, 15 per cent. is due to radiation, 
4 per cent. to the conductivity of the air, and 
81 per cent. to convection. With the same tem- 
perature conditions a wire 7; in. in diameter will 
lose 15 per cent. by radiation, 43 per cent. by the 
conductivity of the air, and 42 per cent. by con 
vection currents. With such surfaces as are met 
with in steam practice, however, the convective 
losses tly predominate, and this predominance 
is enhanced if the surface be polished, which re- 
duces the radiation losses by some 75 per cent. 

When the hot object is surrounded by air under 
pressure, the rate of loss is greatly increased. Thus 
a wire »y in. in diameter at 2000 deg. Fahr., 
surrounded by air at 140 atmospheres, loses heat 
at the rate of 140,000 B.Th.U. per sq. ft. per hour, 
whilst in gaseous explosions, when the high tem- 
perature and pressure is accompanied by a violent 
eddying of the gases, a transmission of as much 
as 223,000 B.Th.U. has been measured per square 
foot of cooling surface exposed. 

The figures above given relate to uncovered 
surfaces, and by the use of suitable insulating 
coverings can, in general, be greatly reduced ; 
though, as already indicated, this rule does not 
apply to objects of very small diameter. With 
ordinary steam-pipes, however, a fair quality lag- 
ging will reduce the loss to one-fifth of that of a 
bare pipe. 

There are other fields in which the laws of heat 
transmission are fully as important as in power- 
station practice. A very interesting investigation 
was recently made in America as to how the 
output of workers was affected by temperature 
conditions. This was done by ascertaining the 
piece and bonus earnings of factory workers 
during different months of the year. There was 
found to be a close connection between the 
two. The maximum output was attained in the 
month of November, and then, disregarding a 
slight spurt at Christmastide, fell steadily to a 
minimum in January-February. It rose then 
steadily to a second but lower maximum in May, 
and with the advent of the hot weather fell to a 
second but lower minimum in June-July. The low 
winter maximum is perhaps partly due to the absence 
of daylight, and not merely to a lowering of the 
vitality “ cold ; but the summer maximum cannot 
be attributed to any other cause than the advent of 
hot weather. It is obvious, accordingly, that the 
maintenance of an equable temperature in factories is 
of very great commercial importance. In many 
industries this is a matter of difficulty, as many 
circumstances lead to a considerable development 
of heat within the factory walls. Boiler-rooms 
can be, and should be, isolated from the main 
building, and steam-pi very thoroughly pro- 
tected where em! - s3 through rooms where opera- 
tives are at work. There are, however, other 
sources of heat. Professor Petavel states that on 
an average the operative himself gives out as bodily 
heat about 500 B.Th.U. per hour, the amount 
depending, of course, on the effort exerted. Every 
machine is, moreover, a source of heat, practically 
the whole of the energy expended being got rid of 
in this form. A loom takes from one-third to 
two-thirds of a horse-power to drive, and each there- 
fore liberates some 1200 B.Th.U. hour, and 
a spinning - frame will similarly develop abovt 
9600 B.Th.U. per hour. Further, it is necessary 
in cotton-spinning to condition the air as to mois- 
ture, which is generally done by means of steam, 
and in the flax trade the hot-water troughs also 
liberate copious amounts of heat. The mainten- 


ance of a reasonable ‘‘ climate” within such fac- 
tories is therefere a matter of very considerable 
difficulty, and the results of observations quoted 








by Professor Petavel are accordingly of very great 
interest. 

The inside temperature depends upon the amount 
of ventilation provided and on the relation of the 
surface of the building to its volume. Professor 
Petavel states that observations made during the 
summer of 1913 showed that in weaving sheds 
which had a wall and roof area of 100 sq. ft. -” 
loom, the temperature at the end of the day 
was some 24 deg. higher than in sheds exposing 
double this area. 





THE COAL INDUSTRY OF FRANCE. 

In the year 1912 the production of coal in France 
amounted to 41,309, tons from about 300 mines, 
of which about 250 mines yielded coal and anthra- 
cite, the rest producing only lignite, of which 
latter, again, the ae 87 per cent., are located 
in the Department Bouches du Rhéne. The pro- 
duction of coal and anthracite during 1912 amounted 
to 40,560,000 tons, whereas that of lignite was 
748,000 tons, or less than 2 per cent. of the aggre- 


gate. 
The subjoined table shows the growth of the coal 
production during the six years ended with 1912 :— 





Coal and 


| Lignite. 





see | Anthracite. Aggregate. 
} tons | tons tons 

1907 ..| 85,989,000 765,000 36,754,000 
1908 *"| 36,688,000 | 751,000 37,384,000 
1909 :. °.| 87,116,000 | 724,000 | 37,840,000 
1910 ‘:| 37%5635,000 | 715,000 38,350,000 
1911 .. ..| 38,521,000 | 709,000 | 39,230,000 
1912 :. ..| 40,660,000 | 748,000 | 41,309,000 


The position of France amongst the large coal- 
producing countries is given in the table below :— 


Tons. 

United States, coal and anthracite ~ 

(1911)... “ joe ion .. 438,083,000 
England (1911 ia ma ... 271,892,000 
Germany. coal and lignite (1912)... 259,435,000 
Austria-Hungary, coal and lignite 

(1912)... can ans - ied 42,878,000 
France, coal and lignite (1912) 41,309,000 
Belgium bis - 22,983,000 


Geographically the bulk of France’s production 
of coal is centred in the two northern departments, 
Nord and Pas de Calais, which during the last few 


years have yielded, on an average, 68 per cent. of | co 


the aggregate output. The coal deposits of that 
locality form a continuation of the Belgian coal- 
bearing district, and belong to the vast formation 
which, it is supposed, commences at Padreborn, and 
extends ina western direction through the Ruhr 
basin, Belgium, and Northern France as far as 
Wales, forming the well-known German, Belgian, 
French, and English coal-basin. 

Apart from these important deposits there are 
others in different of France, of which the 
Departments of Loire and Gard are most prominent. 
From an industrial point of view the rest does not 
signify much, as the deposits are comparatively 
small and disconnected. The somewhat fine de- 
posits of Montceau, Carmoux, Decazeville-Aubin, 
and others are isolated, and not favourably situated. 
Excepting the lignite deposits of Bouches du Rhéne, 
which are handicapped through the competition of 
the superior English coal, the rest of the French 
coal deposits may be said to have only local 
importance. 

The following table shows the production of the 
different departments, and how it has developed :— 











—_— 1834. 1860. 1890. 1911. 
Nord and Pas-de-| tons | tons | wons 
Calais ae -«| 428,000 | 2,185,000 14,211,000 26,140,000 
Loire .. ee --| 684,000 000 3,587,000 | 3,734,000 
Gard and Hérault | 78,000 943,000 2,317,000 2,357,000 
Tarn and Aveyron .. 125,060 000 1,453,000 | 1,891,000 
Provence ~ na 34,000 174,000 000 000 
Isére oe 16,000 89,000 153,000, 382, 
Ouest .. a a 97,000 ,000 159,000, 109,000 
Bourgogne, Niver- | 
nais, Vosges Méri- | 
dionales .. -.| 207,000 875,000 2,130,000 2,460,000 
Central 35,000 777,000 1,593,000 | 1,596,000 
The rest 8,000 000 82,000; 88,000 
| 
Total .. 1,662,000 8,241,000 26,083,000 mapas 











The coal basin of the Gard Department covers 
but a small area, is somewhat irregular, and lies 
isolated in a mountainous —— the working 
offering considerable difficulties. spite of con- 
siderable outlay, the development is slow, and the 
most important mine, the Grand Combe, only 
yielded 861,000 tons in 1912. The coal deposits of 
the department of the Loire have good seams in the 





centre, but run thin at the edges. The production 
is mostly used locally, and makes no headway, nor 
can any future increase be looked for. 

The Nord and Pas de Calais deposits are those 


which are of real itaportance; they comprise an 
area of 320,000 acres, and are consequently much 
smaller in extent than those of the Ruhr district. 


About one quarter of the basin has, so far, not 
been worked, and a portion belongs to the more 
recently discovered deposits, the working of which 
is not in full swing. The production of these 
two departments is steadily increasing, and now 
amounts to about 30,000,000 tons in the year, or 
about three-fourths of the entire coal production 
of France. 

The most important concerns are the following :— 


Production in 1912. 
Tons. 

Lens 908,000 
Anzin.... 3,411,000 
Courriéres 096,000 
Brua: 2,742,000 
Aniche... 2,405,000 
Béthune ... 2,309, 

Liévin 2,075,000 


It has been laid at the door of the French coal 
industry, more especially by those advocating State 
a gare that a number of mines have been 

ept intentionally idle, and that the production 
was kept at an unduly low figure in cole to keep 
up prices and keep down wages. Although these 
charges no doubt were exaggerated and one-sided, 
the fact remains that a number of mine undertak- 
ings are left unexploited in France and Algiers, as 
will appear from the appended table :— 


























| Percentage 
Number | Area. of Worked 
Nature of | Concessions. 
Concession. |____ ~ ——— 
Conces- In Num- 
sioned. | Work. | 9T@"ted. | Worked)... "| Area. 
France. | hectares |h 
a | lh | 208 | 558,468 | 345,761; 46 | 62 
Iron ore on 348 | 102 | 187,788 | 84,248) 29 45 
Other metallic | 
ores.. ox 853 | 93 395,539 | 124,558 | 26 31 
Different 82 | 23 31,256 | 15,471| 28 49 
Salt .. 59 | 41 | 33,418 | 24,853) 69 74 
1483 | 557 =: 1,206,419 | 594,886 37 49 
Algiers. 
joal .. é 2 | — | 1,981; — _ — 
Iron ore ad 13 21,504 11,194) 59 52 
Other metallic | 
ore .. ao | 44 399 86,233) 63 43 
Different .. z2;- 1,347 _ oe — 
} a 
96 67 108,231 | 47,427/| 63 49 
In France 
Algiers 1579 | 614 | 1,314,650 | 642,313 38 44 








In any case the French coal-mines have proved 
a singularly remunerative investment. Thus the 
‘* portions,” of which there are 28,800, of the Com- 
pagnie d’Anzin, which dates back to the eighteenth 
century, represent an original outlay of 10 francs 
each, but in 1894 each portion received a dividend, 
if one may so call it, of 160 francs, and in 1907 of 
364.80 francs, and a ‘‘denier,” which comprises 
100 portions, and which meant an original outlay of 
1000 francs, was in 1907 quoted at 599,531 francs, 
and in 1908 at 760,000 francs. The shares of the 
Aniche concern, which originally represented rather 
less than 1000 francs, were quoted at 480,000 francs 
in 1906. The shares of the Courriéres Company, 
which were paid up with 300 francs in 1852, paid 
after five years a dividend of 150 francs per share, or 
50 per cent. ; after 13 years 100 per cent., and in 
1891, 2300 francs per share, or a dividend of 766.66 
per cent. In 1895 the dividend had dwindled down 
to 1600 francs, or 533.33 per cent. The following 
year the concern was transformed into a regular 
limited company, each holder of a 300-franc portion 
or share receiving thirty new shares of 100 francs 
each, which the first year received a dividend of 
54 francs per share. Other French coal concerns 
have also yielded marvellous dividends. 








MOTOR AND TRAMWAYS COMPETI. 
TION IN AMERICA. 

On the advent of the earlier types of motor-bus 
tramway engineers were inclined to smile at the 
idea that any serious competition was to be feared 
from a vehicle which had to carry its own power- 
generating plant. Had the cost of power been the 
determining factor, no doubt the tramways would 
have had little to fear, since whatever the reduc- 
tion in the price of petrol, it is unlikely that 
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the fuel costs per brake horse-power can ever 
be reduced to the limits now ed in certain of 
the newer electric power-stations. In addition to 
this drawback, the earlier motor-bus suffered 
from very serious mechanical defects, the vehicles 
spending as much time in the repair shops as in 
service. It is not surprising, therefore, that eminent 
tramway engineers were prepared to demonstrate 
on paper that the running costs of the motor 
vehicle definitely precluded any possibility of 
danger to the tramway undertakings. Once again, 
however, history repeated itself in showing the 
danger of departing from the maxim that one 
should never prophesy unless he knows ; and had 
not the local authorities misused their licensing 
powers, it can hardly be doubted that the tramways 
of the kingdom would have suffered even more from 
the motor-bus competition than they have. 

In this connection it may be noted that the Board 
of Trade finally checked the practice of local autho- 
rities, at one time common, of acquiring Electric 
Lighting Orders with no intention whatever of 
exercising them, but merely to protect the interest 
of their gas undertakings at the expense of the 
ultimate interests of the community they were su 
posed to represent. Hence it seems most unlikely 
that Parliament will continue indefinitely to permit 
local authorities to refuse licences to motor 
vehicles merely because the buses, by giving the 
public a better service than is possible with trams, 
threaten the prosperity of the latter. Progress 
cannot be permanently held back by the mere 
weight of vested interests. 

It is of interest to note that American tramways 
are also suffering from the competition of the 
petrol-driven vehicle, and a notable paper discuss- 
ing the question has been contributed to the 
General Electric Review by Mr. J. C. Thirlwall, 
of the Railway Engineering Department of the 
General Electric Company. 

It appears that the motor-bus, as we know it 
on this side of the Atlantic, has not so far proved 
a serious rival to the American street railway 
companies. The reason is, perhaps, to be found 
in the roads and streets of American cities being 
less well adapted than our own to vehicles at 
once both fast and heavy. To carry such traffic 
road surfaces must be extremely well maintained, 
or both the vehicle and the adjacent buildings 
will suffer seriously from vibration. Whether 
or no the comparative non-success in the States 
of the ordinary motor - bus is thus to be ac- 
counted for, the fact remains, and the competition 
to be met by the American street railways is, it 
appears, that of the ‘‘Jitney” car. This isa rela- 
tively light vehicle accommodating five to seven 
passengers, and is generally the property of its 
driver. On their first advent these cars were, it 
is stated, very successful; so much so that internal 
competition soon seriously affected their profits, 
which were further impaired by the cost of repairs, 
which in two or three months’ steady running, at 
the rate of 150 to 200 miles per day, becomes, Mr. 
Thirlwall states, excessive. In consequence, many 
drivers drop out ; but as this increases the profits 
of the residue, the latter are able to continue in 
service, and the tramways suffer accordingly. 

The earnings of the ‘ Jitney ” cars, Mr. 
Thirlwall says, are larger thau the loss to the 
street railways. In fine weather they attract 
pleasure traffic, whilst the frequency of the ser- 
vice makes them patronised by those to whom 
it is less fatiguing to walk a short distance than 
to wait for a street-car. The standard fare 
appears to be 5 cents, but for an additional fare 
the ‘‘Jitney” car will convey belated travellers to 
points some distance off the regular route. Mr. 
Thirlwall thinks that it is this faculty of working 
off the main roads which will keep the ‘ Jitney” 
car in business, and that it will in consequence 
continue to serve the residential districts, although 
the fares may have to be raised. 

He thinks that a regulation compelling the 
drivers to furnish bonds guaranteeing compensa- 
tion for accidents would drive away all but a small 
proportion of the ‘‘ Jitney ” cars, but considers it 
doubtful whether the public authorities in general 
will adopt regulations having the effect of suppress- 
ing the traffic. This conclusion is interesting in view 
of the stories with which we have been from time to 
time regaled as to the utter corruption of municipal 
authorities in the United States, the members of 
which popular American writers have represented 
as being wholly in the pay of the public companies. 
Vague and sweeping charges of this kind are easily 








made, and appear to have an extraordinary attrac- 
tion to a certain type of mind. The cases in which 
corruption of this kind has been actually proved 
are, however, few and far between. 

Since public regulation cannot be relied upon to 
come to the rescue of the tramways, Mr. Thirlwall 
discusses in his paper other methods of meeting 
the competition. Of these, the most effective will 
be, he considers, a great increase in the frequency 
of the tramway service. A decrease of service 
would no doubt cut down operating expenses, but 
it would help the ‘‘ Jitney,” and would be advan- 
tageous only if the local authorities would accept 
a restoration of the service as payment for a restric- 
tion of the motor competition. Another alternative 


discussed is the putting on of a *‘ Jitney” service | i 


by the tramway companies, so as to force their 
competitors out of the business, after which appa- 
rently the motor service would be abandoned. 
This scheme also is considered impracticable. 

The increased frequency of service which thus re- 
mains as the sole effective remedy is, it appears, im- 
practicable with the existing equipment. Lighter 
and more numerous cars must be used, but a diffi- 
culty arises in this connection owing to the fact 
that in many American cities there is a regulation 
that no car shall run with a crew of less than two 
men. It is hoped, however, that ultimately this 
requirement may be modified, so as to allow of 
a reduction in the ‘‘ platform” charges of the car. 
The type of light car advocated is one seating 
about thirty, with the seats arranged across the 
car. In rush hours two or more cars would be 
coupled together and operated on the multiple- 
unit system. Cars somewhat of this type, but 
seating forty-two, supplied to the Third Avenue 
Railway Company, of New York, weigh but 650 lb. 
per passenger, instead of the 800 lb. to 900 Ib. per 
passenger of the usual double-truck cars. More- 
over, it would, Mr. Thirlwall states, now be pos- 
sible to provide cars seating fifty-two passengers, 
but weighing not more than some 30,000 Ib. Still 
lighter cars, seating twenty-nine, and weighing but 
9000 lb. apiece, or seating thirty-two and weighing 
12,000 lb., have also been designed. Three of the 
latter would replace two standard cars and would 
weigh 50 per cent. less. The use of cars of this 
type would, he says, reduce power-station costs and 
maintenance charges generally. The effect of a 
reduction in weights is said to be equivalent to 
a saving of 24d. per pound per annum, and this, it 
is suggested, would much more than suffice to pay 
for the additional wages necessary for the manning 
of the more numerous cars. Power costs are esti- 
mated at about 14d. per car mile for large cars, 
1}d. per car mile for medium cars, and at 0.55d. 
per car mile for the light cars. 





GERMAN INDUSTRY DURING THE 
FIRST YEAR OF THE WAR. 

Ir is now possible to form a fairly accurate 
estimate as tu how German industry has fared 
during the first year of the war, inasmuch as the 
majority of the reports for the financial year 
1914-15 have now been made available. Some 
industries, of course, have suffered severely, but, 
on the whole the result is, no doubt, less dis- 
couraging than was anticipated during the first 
stage of the war. German industry, through 
its far advanced system and organisation, its 
power of prompt adaptability to altered condi- 
tions, and its broad and sound financial position, 
with often large bank reserves, was able to face 
the situation created by the world war. It had, 
probably for a series of years, contemplated the 
contingencies arising from a great war, and was 
not altogether taken by surprise. In any case the 
large industrial combines met immediately war 
was declared, the same or the next day, and an 
industrial plan of campaign was promptly decided 
upon. Besides, the State has, of course, supplied 
a large portion of the German industry not only 
with a vast amount of employment, in many cases 
taxing to the utmost its much-curtailed pee 
but also with employment which paid exceedingly 
well. As a matter of fact, the profits of the first 
year of the war can to a great extent be gauged by 
the proportion of army contracts which the different 
works managed to secure. 


Still, as a whole, German industry has, of 
course, suffered through the war, and even if the 
average may look better than expected, this to a 

t extent is due to the handsome profits made 

y some large concerns on the strength of their 





war contracts, and which counterbalance to some 
extent the shortage in earnings of numerous other 
industries—such as the alkali industry, the cement 
industry, and manifold other, perhaps less impor- 
tant, branches. Some statistics, embracing 3788 
limited companies, which published their reports 
during the first eleven months of the first year of 
the war, give an average of profits for their con- 
cerns of 11.18 per cent., against 13.64 per cent. for 
the preceding year, and an average dividend on 
their capital of 6.65 per cent., against 8.86 per 
cent. for the previous year. But the war may 
only have affected a comparatively few months of 
the financial year of a number of these companies ; 
its proper and more pregnant effect will first appear 
in the next report. Amongst these are the ship- 
yards, whose really times will not manifest 
themselves until their balance-sheets for the cur- 
rent year are known. Increased profits have also 
been made by several industrial branches, which 
cannot be said to have directly aided the war, 
especially the milling and the sugar industry. A 
tax on war profits will no doubt be imposed in 
Germany, as in a number of other countries, and 
will naturally also be levied upon such concerns 
as have already fixed their dividends. On the 
whole, however, satisfactory reserves have been put 
aside, and fairly ample writings-off provided. 

In a list of close upon 200 limited companies 
which have increased or maintained their divi- 
dends for their last financial year, the iron and 
mining, the war material, metal and machine 
industries figure conspicuously. Last year Krupp’s 
profit amounted to 4,320,000/., as compared with 
1,695,0001. for the previous year. The dividend 
is again 12 per cent. Some of the more striki 
— in dividends appear from the subjoin 
ist :— 





Previous Last 
ear. Year. 
cent. cent, 

Bochum Cast-Steel Union perio a 
Steel Works vander Zypen ... 8 12 
Bismarck Hiitte ... we sae 9 15 
Wittener Cast-Steel Works ... 10 18 
Becker Steel Works 12 25 
Lindenberg Works ies 12 25 
Capito and Kleis... = ma 0 12 
Anneur Cast-Steel Works _.... 8 12 
Oecking Cast-Steel Works... f 16 
Svadtberger Hiitte aa a 2 10 
Gelsenkirchener Cast - Steel 
Works ... os ie - 6 12 
Saxony Cast-Steel Works... 14 26 
Lauchhammer ... ras $i 6 10 
Osnabruck Copper Works... 0 5 
Fried. Krupp _... on one 12 12 
Rhenish Metal Goods and 
Machine Conan “ie ime 0 15 
Hinrichs and uffermann 
(ammunition) ... oa an 15 30 
Gildenmeyer ine - Tool 
Company oid be 1 6 15 
Westphalian Copper and Brass 
Works ... oe oad bare 4 9 
Weyersberg, Kirschbaum 8 18 
German Nickel Workz... fe 20 25 
Liidenscheider Metal Works ... 5 9 
Carl Berg, Eveking ... sa 5 15 
Ernst Halbach Machine Com- 
ot. lies rr pee oes B 8 
evelsberger Company 0 20 
Rockstroh and Schneider __..... 0 9 
Kalk Machine Tool Company 6 lv 
R. Wolff, Bur kau bed ae 0 10 
Loewe and Oo. ... -_ 18 30 
Banz Motor Company ... 0 12 
Victoria Cycle Company 4 20 
Vulkan, Stettin ... alt ale 0 6 
Mix and Genest Electric Firms 4 12 
Rheydt Cables ... ihe is 12 18 
Gliickauf Explosives ... a 0 40 
Upper Silesian Gun-Cotton 
mpany woo ove pee 10 25 
NOTES. 
Science anp Practice ry Evecrrican 
ENGINEERING. 


Two years ago Germany had a practical mono- 

ly in the supply of netos to this country. 

hortly after the war broke out a company was 
formed here, a magneto was designed, and ite 
manufacture started. The firm is now making 250 
magnetos a week and will shortly be turning out 
1000 to 1500. Many morals may be drawn from this 
story, but we are not sure if that which has been 
drawn by Professor E. W. Marchant is altogether a 
fair one. The matter, as we have related it, is taken 
from the presidential address which Professor 
Marchant delivered before the Liverpoul Engineer- 
ing Society on the 3rd inst. He was dealing with 
the importance of scientific research in engineer- 
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ing and gave this instance as an example of 
the direct practical value of such research, stating 
that the new magneto was not a mere copy 
of German designs, but was worked out on 
acientific lines, and proved to be a better article 
than those previously imported. Accepting the 
facts as stated, it would seem reasonable to suggest 
that they point to the value of managerial — 
in people who start new companies, quite as muc 
as to the value of scientific research. We have no 
dispute with Professor Marchant about the neces- 
sity for scientific research. Many of the instances 
he quoted, such, for instance, as that which resulted 
in the production of modern transformer iron, are 
direct examples of large practical issues flowing 
from laboratory work ; but scientific research, in 
the sense he spoke of it, cannot claim everything. 
We have no hesitation in saying that modern 
engineering, even modern electrical engineering, 
owes more to the shop than to the laboratory. 1n 
electrical work, as he said, the science of the sub- 
ject, if anything, developed ahead of the practice, in 
contrast to the state of affsirs in other branches. It 
would be idle to deny that this has had much to do 
with the amazing rate of development of much elec- 
trical machinery from crude beginnings to something 
not far from perfection. John Hopkinson’s work 
on the magoetic circuit was fundamental, and 
modern electrical machinery in one sense owes 
everything to it ; all the same, if we had stopped at 
Hopkinson’s work we should not have got far. 
The step from the **Manchester” dynamo to a 
modern generator is due essentially to the shops, 
and not to the research laboratories, and that step 
is more than half the way. By all means let us 
have plenty of research. It has done much and 
will do more, but do not let the laboratories pretend 
that they electrified the Underground Ratway. 


Tue Beruw-Bacupap Rarway. 


The more recent events in the war, more 
especially the fact that Bulgaria has joined issue 
with the Central Powers, have in Germany called 
forth optimistic views of the importance to German 
industry of the unbroken link of Berlin-Constanti- 
nople-Baghdad. In this connection a remark made 
by Leopold von Ranke some decades ago has been 
unearthed ; he said that ‘‘the future of German 
industry is most closely connected with Constanti- 
nople.” This should, perhaps, not be taken quite 
literally, but was rather, it is surmised, intended 
to emphasise the great importance it would be to 
the industry of Germany whether Constantinople 
remained in the possession of the Turks or passed 
under the control of Germany’s enemies. The 
aim Berlin-Baghdad grew by degrees, and Baghdad, 
instead of being the terminus, became a halting- 
place on the road which was to take Germany 
through Asia Minor, across the land of the two 
rivers, to Shatt el Arab, to the Persian Gulf. 
Ancient names were to be revived. Nineveh and 
Babylon, which thousands of years ago boasted a 
high degree of civilisation, again sprang into promin- 
ence. A railway was to be created which, com- 
mencing at the Sea of Marmora, would open out 
important districts in Anatolia, pass through the 
Plain of Konia, at Alexandrette establish a connec- 
tion with the Mediterranean, reach the Tigris at 
Mosul, and eventually, via Medjet, touch the Per- 
sian Gulf. For a quarter of a century work has 
now progressed on the Baghdad Railway, and it has 
been going on also during the war. The imposing 
harbour works at Haidar-Pasha are to be followed 
by irrigation undertakings on a grand scale in the 
interior of Anatolia and Mesopotamia, and a com- 
mencement had already been made in the Plain 
of Konia some considerable time back. English 
engineers have proposed vast plans for the irrigation 
of the country between the Euphrates and the ‘ligris, 
the carrying out of which may now be reserved for 
British industry and British capital. If these irriga- 
tion schemes succeed, then the yield of the soil of 
Asia Minor, which has hitherto been insignificant, 
will become of immense magnitude. But one may 
ask, What advantages will accrue to the various 
countries concerned! Turkey, first and foremost, 
will be benefited by the establishment of the 
Berlin-Baghdad route; tremendous areas will be 
opened out, which at present mostly lie idle and 
are of very little use to Turkey. The Anatolian 


Railway has already shown what railway construc- 
tion means as a lever for raising revenue from 
taxation. 
scale does not come within the 
Minor will remain exclusively 


A colonisation by Germans on a e 


rogramme. Asia 
kish. But who 


is going to be the adviser at the opening up of the 
country? According to what foobar urkish 
statesmen have declared of late, it will be ex- 
tremely acceptable to Turkey if German experts 
would assist in this connection on a large scale. 
Experts in numerous engineering and agricultural 
fields will there find a widescope. Wooland cotton 
can be produced on a large scale, and in Anatolia a 
German company is already engaged in cotton-grow- 
ing. Asia ion, so far, has no industry to speak 
of. Great hopes are entertained about the prospects 
of a petroleum industry, and the Deutsche Bank is 
interested in some petroleum deposits discovered 
near the Baghdad Railway. Copper is also found, 
and after the end of the war such deposits will, no 
doubt, be duly surveyed. In the matter of Turkey’s 
foreign trade England has hitherto headed the list, 
but her trade has been diminishing, whilst that of 
Germany has advanced. The hope is expressed 
in German papers that after the war England will 
be forced further into the background, and Ger- 
many assume the leading position, both as vendor 
and buyer. The hatred against England, France, 
Russia and Italy, with which Turkey is said to 
be filled, will, it is assumed, for a long time to 
come close the markets of Islam for the trade of 
these Powers. 


Tue Critica, TEMPERATURE OF Mercury. 


Heating mercury in a capillary tube of quartz 
glass, surrounded by a platinum spiral, J. Koenigs- 
berger observed in 1912 that the critical tempera- 
ture seemed to be about 1275 deg. Cent. He was 
himself doubtful, but the tubes exploded about 
1400 deg. Cent. W. OC. Menzies, also experimenting 
with quartz capillaries in a muffle furnace a year 
later, considered the temperature much too low. 
Menzies noticed, indeed, that the liquid phace dis- 
appeared at 1275 deg.; but that seemed to be due 
to the softening and widening of the quartz tube, 
which was not broken in his experiments. From 
the relation between the densities of a liquid at dif- 
ferent temperatures (Riicker and Thorpe) Menzies 
calculated a critical temperature of 2600 deg. On 
the investigation of Koenigsberger, Julie Bender 
has recently redetermined the critical temperature 
of mercury at Freiburg (Physikal. Zeitschrift, 1915, 
page 246). She again took quartz capillaries which 
she partly filled with mercury ; her temperature 
measurements were made with the aid of thermo- 
couples. One feels doubtful about the use of 
thermo-couples in mercury vapour, and also about 
the use of capillary tubes, for such determinations ; 
but they are not easily avoided. The expansion 
of the liquid in the tube was watched with the aid 
of a telescope, and these observations could be 
continued up to about 1400 deg., when the quartz 
began to sotten. The ratio of the volume of the 
mercury to the tube capacity was varied within large 
limits. Density determinations of the mercury 
vapour were also made. In these experiments very 
small volume ratios (0.06 to 0.13) were used, and 
the heating was continued until the liquid phase 
had completely disappeared, which occurred at 
different temperatures with different charges. In 
one case liquid mercury could still be distinguished 
at 1500 deg. A charge of 0.10—i.e., 10 per cent. 
of the tube capacity was full of mercury—was com- 
pletely vaporised at 1320 deg.; the vapour density 
should hence be 1.35 at that temperature, and it 
was found that the density of the mercury vapour 
rapidly decreased after the temperature exceeded 
1000 deg. Cent. As the orthobaric curves obtained 
with different charges all converged to a point 
corresponding to a temperature of about 1650 deg., 
Julie Bender assumes that this is approximately 
the critical temperature of mercury. here is no 
mention of tubes having exploded, but an interest- 
ing observation is pointed out. Up to about 1200 
deg. or 1300 deg. the mercury vapour was quite 
transparent and colourless; then a bluish lumin- 
escence was noticed, which increased as the tem- 
perature was raised. 





THE WATER POWERS OF CANADA. 

In two special directions the magnificent water- 
ways of Canada have aided the development of the 
country, and their beneficial influence is not yet 
spent. In the early days they tempted the adven- 
turous and invited exploration, facilitating settle- 
ment and colonisation. For in Canada, as in all 
British ions and colonies, the civilising in- 








and had to be carried inland by the expanding 





energy and enterprise of the newcomers, who 
found in the river communications an easy means 
of penetrating the recesses of the virgin forests 
that barred the way to discovery. Later, this same 
river system, by providing ample and facile means 
for the transport of agricultural and forest pro- 
ducts from the interior to the sea, whence alone 
they could reach the markets of the world, again 
promoted the welfare of the growing colony. Now 
the streams and lakes are destined to play a still 
more forward part in development, for science sees 
in them enormous stores of energy waiting to be 
utilised in the service of the world. 

The remarkable feature of a long continueus 
distribution of lakes and rivers, extending in an 
almost unbroken chain from Labrador to Alaska, 
implies a considerable and often abrupt difference 
in the altitude of the water above sea-level, and con- 
sequently the existence of untapped sources of latent 
energy that on the one hand offer exceptional incen- 
tives and opportunities to the engineer, and on the 
other hand suggest a hopeful investment to the 
capitalist. It is impossible to gauge adequately 
the value of the asset that Canada possesses in 
these streams urging their way to the sea, and in 
the waters of her melted snows when unlocked by 
the genial warmth of spring. These offer the assured 
prospect of a potential source of wealth and progress 
that, long unheeded, is only now receiving the atten- 
tion it deserves. The Water Power Branch of the 
Dominion Government—the authority in whom is 
vested the control of these resources—is therefore 
well advised in supplying exact and minute informa- 
tion concerning the extent and prospects of power 
development. The opportunity offered by the 
Pacific-Panama Exposition has not been neglected 
in this campaign of useful advertisement. Not 
only hasa tasteful and well-designed water-power 
exhibit been arranged in the Canadian Pavilion, 
but to make its object more thoroughly appreciated, 
a series of monographs, prepared by competent 
experts, has been issued, well calculated to give 
visitors to the Exposition some idea of the manner 
in which the water resources of the several pro- 
vinces can be utilised, and to demonstrate the pro- 
gress that has already been made to meet the present 
and anticipated requirements of the country.* 
These monographs are very attractively printed 
and are well illustrated by photographs that show 
the topographical features of the country. They 
supply a quantity of very useful information, and 
by treating each Province in separate detail, the 
matter has been conveniently arranged. The whole 
forms a very admirable commentary on the past 
results and the future prospects of water-power 
schemes throughout the Dominion. 

It would be interesting to trace the course of 
the economical development of the vast area that 
stretches between the Northern Atlantic and Pacific 
Oceans, marking the rapid growth of a young 
nation to full strength and maturity. We should 
have to note the spread of agriculture, the basic 
industry of all civilisation, laying a foundation for 
other activities, and finding a stalwart competitor 
in the lumber trade, that so soon learnt how to 
turn the rivers to profitable account for the trans- 
port of bulky materials of small value. The growth 
of railways marks a further stage of progress, for 
their construction declares that quickness of trans- 
port became more and more urgent, and that the 
material carried had increased in value to such an 
extent that it could not submit to the tax imposed 
by slow carriage. And over all the effects of climate 
and geographical position are seen modifying and 
influencing local development, determining the pro- 
gress of the country asa whole. It is a peaceful, 
but momentous, drama that has been played out 
under our eyes, for a long life has been able to 
follow practically the whole of the metamorphosis. 
But here we have to consider only the latest of 
many contributing factors that have achieved stable 
prosperity, that of water-power, the means of 
making hydraulic power available either as a4 
mechanical or electric agent. The displacement 
of steam-generated power by cheaper water-gene- 
rated power marks a turning point in the industrial 
history of a country, while the possible and econo- 
mical transmission of electric energy of high 
voltage has given to electro-thermal and electre- 
chemical applications a significance beyond any 
conceivable limits. The great synthetic processes 
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of chemistry are revolutionised, and a new impulse 
is given to the unexploited fields of metallurgy. 
Happy is that country which has sufficient water- 
power within easy transmission radius of its indus- 
trial centres, and the possibility of increasing the 
supply to meet any demand of the future. Water- 
power is not a wasting asset, like a coal-mine or a 
petroleum well ; the stores of energy are ever being 
renewed by the perpetual cycle of evaporation, con- 
densation, and precipitation. Canada’s large rain- 
fall is an economic factor that should not be 
neglected in estimating future development. 

t is the object of the several authors who dis- 
cuss the water supply and distribution in the 
various Provinces of the Dominion to show that 
Canada is in this fortunate position, and that she 
has both the necessary hydraulic power and the 
progressive industries in which it can be profitably 
employed. It might be thought that climatic con- 
ditions would interpose difficulties in the scheme 
of water utilisation. In a country many parte of 
which are tightly frostbound four or five months of 
the year there is naturally some fear that the water 
of shallow rivers and of storage reservoirs would 
not flow with the regularity that is necessary for 
the maintenance of a constant supply of energy, 
while the rapidity of spring thaws would occasion 
floods that could easily spell disaster. The great 
range of annual temperature between summer and 
winter must affect dam construction very materially. 
The upper, thinner, and more exposed parts of the 
dam would ‘be differently affected by temperature 
than the more massive and lower portions under 
water. This unequal expansion would set up 
stresses in the masonry greater than would be 
caused by the water pressure, but such movements 
probably present difficulties only to those who live 
in a more equable climate. The effective answer 
to any such doubts is that Canada has already 
utilised hundreds of thousands of horse-power, and 
entertains no difficulty in making a large increase. 
Except in the case of British Columbia, where the 
severities of climate are not so much in evidence, 
there is no reference in these brochures to the 
effect of extreme temperatures throughout the de- 
scriptions of the many water-power applications. 

Canada is fortunate on other grounds. The 
greater part of her lands has not been parcelled 
out to owners who have acquired vested interests 
in valued sites. The vicious principle of the ‘‘ un- 
earned increment” does not interfere with bene- 
ficial legislation, or make improvement unduly 
costly. When unexpected wealth is found to exist 
in lakes and rivers, the riparian owners and fronta- 
gers have but little chance of urging their claims 
to participate in the benefits, and it is possible to 
regulate the use of hydraulic power throughout 
the Dominion on tolerably uniform and equable 
terms. Only in the older, settled provinces, as in 
Quebec, does it appear necessary to consider the 
rights of property-owners, and there only in the 
case of non-navigable and non-floatable rivers—a 
term that is not defined so accurately as could be 
desired. Previous to 1884, the riparian owners on the 
banks of such rivers acquired rights in the river-bed, 
and in the water power thereon, but after that date 
the river-beds and all rights were vested in the 
Crown, for by an act of Legislature, reservation 
was made in favour of the Crown of a strip of land, 
3 chains wide, on either bank of so-called non- 
navigable rivers. As this term is rather elastic, it 
is recommended that where any doubt exists as to 
the true character of the stream, the prudent man, 
who would avoid litigation, should acquire both 
the Government rights and those of the riparian 
owner as well. 

The method of obtaining from the Government 
an authorisation for the development of water 
power is easy and straightforward, and apparently 
well-conceived. The object appears to a to en- 
courage legitimate enterprise and to exclude purely 
speculative application. As a rule, for small 
installations of not more than 200 horse-power, the 
Government is prepared to sell for a ized price 
the necessary rights in the river-bed and on the 
banke adjacent, including the power that can be 
developed. Such a title may be held in perpetuity. 
When the capacity exceeds 200 horse-power, the 
concession generally takes the form of an emphy- 
teutic lease, from twenty-five to ninety-nine years, 
according to the importance of the water-power 
and the amount of capital required for its develop- 
ment. The payment of the yearly rental will vary 
in different provinces and in different parts of the 
same province, according to the advantages depend- 





ing on the geographical situation. In British 
Columbia it is enacted that the annual rental shall 
not be less than 25 cents per horse-power, and not 
more than 1 dol. per horse-power per annum, and 
that the annual charge shall be readjusted every 
five years. In other provinces a licence is granted 
for twenty-one years, renewable for three further 
consecutive terms of twenty-one years each, and 
on the expiration of the third period the works 
will revert to the Government on the payment of 
a compensation to be fixed by arbitration. The 
proximity of streams to the United States boundary 
and the necessity of observing international agree- 
ments may make special contracts necessary ; but 
everywhere the action of the Government tends to 
the removal of restrictions and the encouragement 
and support of this new outlet for industry. 

The energy of falling water can be utilised in 
various ways, but the foremost place must be given 
to the conversion of the mechanical power of the 
turbine into electrical energy. It is ’s 
fortune, as it is her proud boast, that all her cities 
are within the economic distribution zone of hydro- 
electric sources, arranged on a sufficient scale of 
magnitude, and this enables her to provide power to 
consuming industries at very attractive rates. Such 
ample facilities imply that commerce and industry 
must advance by leaps and bounds, and this col- 
lection of papers by the Dominion Water Power 
Branch shows that every branch of electro-chemistry 
is being actively prosecuted. 

The electrolytic alkali industry is being advanced 
on a continually increasing scale, and the low cost 
of power at the Niagara Falls has concentrated the 
manufacture of aluminium in the neighbourhood of 
the Great Lakes, to the disappointment of Pitts- 
burg, where the industry found its original home. 
Electric arcs and high-tension discharge through 
gases, another useful development of electro- 
chemistry, will find abundant application in tho 
direct oxidation of nitrogen, and the preparation 
of artificial fertilisers. Norway, favoured by many 
streams and waterfalls, has led the way in the con- 
struction of huge plant, whose successful working 
has rendered her independent of the diminishing 
stores of Chilian nitrate, and Canada also can watch 
the world’s competition for these shrunken stores 
with indifference, conscious that her magnificent 
harvests will not fail her while air and lime are 
available. 

But perhaps in the department of metallurgy the 
country will experience the most valuable service, 
owing to the growing use of the electric furnace, 
that remarkable combination which avoids the pro- 
ducts of combustion while producing a temperature 
unapproachable in furnaces using fuel. Owing 
probably to the want of competently-trained work- 
men, Canada has shown a regrettable backwardness 
in the preparation of pure metals from the ores with 
which the country is lavishly furnished. The rough 
ores, or a highly-concentrated matte, after under- 
going a preliminary treatment, have been exported 
for final reduction, thus depriving the country of 
a very profitable source of revenue. We are living 
in days when purity of metals has assumed a 
startling importance, and electro-chemistry has won 
new trium by supplying a standard of purity 
unimagi a few years ago, and by teaching us 
how to attain that standard. Nickel, of which 
Canada is the greatest producer, when rendered 
chemically pure, will be in greatdemand. Only a 
few years ago the importance of a nickel alloy 
with iron was seen to be desirable as a means of 
enhancing the hardness of steel and of preventing 
the formation of a crystalline structure, liable to 
the disadvantage of cracks. But such steel with 
no more than a 2 per cent. alloy of nickel could 
not be forged, owing to the presence of such im- 
purities as copper, arsenic, or sulphur in the 
nickel. The resources of electro-chemi-try have 
changed all that, and we hear of nickel-steels 
of remarkable tensile strength, and of steel 
alloys containing 20 to 40 per cent. of nickel 
that have a special value in industry and the 
arts. The thermic treatment of steel opens up 
possibilities of unknown capacity, while the 
production of pure electrolytic iron is working 
a revolution in the manufacture of electric motors. 
The mer Wwe of supplying water-power in 
some form of electric energy are many, and it is 
satisfactory to find that every province, from New 
Brunswick to British Columbia, is alive to the 
economic importance attaching to its transmission 
and distribution. 

In each province the amount of water-power 








available will vary with the configuration of the 
country, the distribution of rainfall, the amount of 
run-off, and other factors of less importance. The 
extent to which the power is used will depend 
upon the character of the manufactures, the nature 
of the prevailing industries, and the occupations of 
the le. In the Maritime Provinces, which 
include Nova Scotia, New Brunswick, and Prince 
Edward Island, the fisheries, as Mr. R. H. Smith 
reminds us, are still of importance, and induce- 
ments to develop are are few. Encou- 
raged by a long, indented coast-line, with ample 
rotection in natural harbours, the ingrained 
bits of the fishing cg opr have withstood the 
temptations offered by the rising mining industries 
of coal, iron, and gold that offer attractions to more 
adventurous spirits. In the interior agriculture 
is the chief asset of the country, while the 
vast timber forests feed the wood- pulp and 
paper-making trades. The need of large in- 
lations has therefore not made itself felt : 

a number of small scattered sites, each easily 
yielding 50 to 500 horse-power, totalling in the 
ag te 35,000, better meets the demand of the 
inhabitants, and is more in accord with the character 
of the rivers, many of which are tidal. New Bruns- 


wick, on the Aroostook River, possesses a nt of 
3800 horse-power, but the greater of the out- 
put is transmitted across the United States border. 


On the Mersey, in Nova Scotia, commercially the 
most important river in the province, two instal- 
lations are at work, but these do not exhaust the 
capacity of the river; the larger can develop 3000 
horse-power, and the smaller about half that out- 
put, the whole being absorbed in pulp and paper- 
mills. Interest centres rather in the undevelo 
water powers and the steps that are being taken 
to bring a larger supply of energy to the mining 
districts and a este. | various forms of indus- 
trial activity. © possibilities of the future have 
not been tapped or explored. As an evidence of 
enterprise it will be sufficient to refer to a rather 
ambitious scheme on the St. John’s River, where it 
is fo to set up two installations, one of 
80, horse-power under a head of 140 ft., and 
another nearer the town of St. John, where some 
30,000 horse-power can be utilised. 


(To be continued.) 





Satvinec THE ‘“‘ Empen.”—According to information 
received from the High Commissioner for Australia, the 
Australian Minister for the Navy has given the firm 
which put in the lowest tender for the removal of the 
wrecked German cruiser Emden from Cocos Island to 
Australia fourteen days in which to decide whether it 
will accept the Government conditions. The firm offered 
40001. for the right of taking possession of the Emden and 
bringing it to Australia. It also desired permission to 
retain possession for eighteen months in order that the 
veseel might be placed on exhibition throughout the 
world. r. Jensen, the Minister for the Navy, would 
not agree to this condition, ae He 
adheres to the original condition that, if the firm were 
successful in bringing the vessel to Australia, the Federal 
Government would pay the firm a fair amount for its 
work, with wd pwn that if it were dissatisfied with the 
amount off the matter could be settled by arbitration. 





Tue INVENTION OF THE Gas-EnGinE.—We have re- 
ceived from Mr. James Robson, of Sandwell-road, Hands- 
worth, Birmingham, a pamphlet in which is cet forth the 
part played by his father in the invention and introdoc- 
tion of the gas-engine. Mr. James Robson, Senr., made 


his first gas-engine, which was on the principle now 
known as Lenoir, in 1857. This bad a 3}-in. cylinder, 
and was destroyed by an accident. His second engine 
was double-acting, and drove an 18-in. ci saw ab 


North Shields for about nine _——— is, from 1858 to 
1867. Two other engines of eame type were used for 
driving printing machinery in North Shields. Mr. 
Robson’s next attempt was with the vacuum type of gas- 
engine, in which there are two pi ~~ one connected to 
the crank, and the other loose. Then followed the “‘spring- 
type atmospheric ee ay ny which the pi was 
riven up the cylinder against the pressure o' in; 

and in its down stroke delivered the energy in the 
springs. In 1877 Mr. Robson patented a form of two- 
cycle compression-engine in which the mixture of gas and 
air drawn into the cylinder was compressed at front 
of the piston into two chambers at # pressure of 30 Ib. to 
35 Ib. per sq. in. This mixture was ignited, and the 
pressure admitted by a slide-valve to the back of the 
piston to drive the engine. In 1879 Mr. Robson made an 
engine in which the mixture was first compressed at the 
front of the piston to 6 lb. pressure, and then admitted 
to the back of the piston to drive out the products of 
combustion of the vious It was then com- 

and fired. In 1881 this engine was taken up by 

T e, of Cornwall Works, Birmingham, and 
was made in large numbers. Mr. ’s memoir will 


be sent by the author, free of charge, to persons 
interested A the gas-engine, 
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Fie, 2. 


Ir is always a matter of considerable importance, 
for economic reasons, that lathes and other machine- 
tools should be controlled so as to give the maximum 
output; but now that.so many tools are engaged on | 
the production of munitions and other Government | 
work for use in connection with the war, the question | 
of output must be considered from a national, as well | 
as from a financial, standpoint. The supply of lathes, 
and of men to operate them, is limited, whereas the | 
(lemand for shells and other lathe products is practi- 
cally unlimited, so that it is a vital necessity that 
every lathe should be worked to its fullest capacity, 
and that this capacity should be increased by every 
available means. Individual electric driving, on | 
account of its flexibility and the ease with which | 
spseds can be varied, is generally admitted to be | 
capable of giving the best results from the point of 
view of production, especially in the case of lather, | 
such as are used for turning large projectiles. The | 
results, however, may be considerably affected by the 
method of control adopted, and for this reason we | 
draw attention to the system devised by the Igranic | 
Electric oa * Limited, of 147, Queen Victoria. | 
street, E.C. Their system, which we understand | 
has proved particularly useful when applied to pro- 
jeotile-lathes and wheel-lathes, enables a machine to be 
started, stopped, and reversed by the movement of a 
single hand-wheel, which is also used for varying the 
speed within wide limits. The hand-wheel can be 
mounted on the tool-carriage, so that the operator can 
control the movements of the lathe without leaving 
his normal position, and even without taking his eyes 
off the tool. There is thus no tendency to run a job 
through at a constant speed to avoid the trouble of 
changing gear, as there is when speeds have to be 
varied by hanical 

The accompanying illustrations show the apparatus, 
which, it will be seen, comprises a master-controller, 
illustrated in Figs. 1 and 2, and a motor-panel, which, 
for lathes requiring up to about 7) horse-power at 
110 volts, or 15 horse-power at 200 to 250 volts, is of 
the type shown in Fig. 3; with larger lathes, panels 
of the type “illustrated in Fig. 4 are employed. The 
controller is mounted on the lathe, one of the most 
convenient arrangements being that shown on page 16 
of our issue of January 1 last, where the controlier 
may be seen mounted on the bed-plate under the head- 
stock of a 30-in. projectile-lathe by the Niles-Bement- 
Pond Company, of New York. In this case the con- 
troller is operated by a hand-wheel on the apron, to 
which it is connected by mitre-gears and a splined 
shaft. Other similar arrangements are, of course, 














possible, or the controller may be operated directly 

















Fra. 4, 


by a hand-wheel, as shown in Figs. 1 and 2. In me 
ease the controller hae two main positions for eac 

direction of rotation of the motor, in addition to 
which there are a large number of itions giving 
different speeds in each direction, ah ng central posi- 
tion which is used to apply a dynamic brake. In the 


| central position, which is marked “‘ brake,” the arma- 


ture of the motor is short-circuited, so that it is 
rapidly brought to rest from running in either direc- 
tion ; this saves time when the work has to be stopped 
for taking measurements. If desired, the braking 
effect can be graduated, so that the period of retar- 
dation will be automatically regulated to suit the 
conditions existing at the moment the brake is applied. 
The next position of the controller in either direction 
is marked ‘‘ drift,” and in this position the motor is 
open-circuited, so that, if running, it would continue 
in motion until brought to rest by frictional and other 
resistances. If standing, the motor would not start 
until the controller was turned into the next position, 





Fra. 3. 


marked ‘‘run,” and, when this is done, the main 
circuit-breaker on the motor panel is closed by means 
of an electro-magnet, and the resistance in the arma- 
ture circuit is automatically cut out step by step 
until the motor is running at its normal speed. If 
desired, the speed can be increased in a large number 
of small steps by continuing the movement of the 
hand-wheel in the same direction, this movement 
having the effect of reducing the magnetic field of the 
motor by inserting additional resistance in the field- 
circuit. The field resistances are mounted in the back 
of the controller, and they can be seen on the left-hand 
side of Fig. 2, which shows the controller with its 
casing removed. ae ; 
The motor-panels, being entirely automatic in action, 
need not be placed near the lathe, but should be in- 
stalled on the wall or on a pillar, in some position 
where they will be accessible for inspection and clean- 
ing, and at the same time will not be liable to mecha- 
nical injury. As previously mentioned, the panel 
illustrated in Fig. 3 is used with small lathes, and that 
shown in Fig. 4 with large lathes. Both are similar in 
principle, but the larger panel has, of course, been 
designed for handling heavier currents than could be 
dealt with by the smaller panel. As will be seen in 
Fig. 3, the small panel is provided with a main circuit- 
breaker having a magnetic blow-out, a no-voltage and 
overload release, and four finger-switches operated by 
a solenoid. When the machine-operator turns the 
hand-wheel of the mas‘er-controller into the position 
corresponding to the required speed for either direction 
of rotation, the circuit-breaker is automatically closed 
and the solennid energised, so that its plurger ascends, 
and closes the four finger-switches in succession, 
thus short-circuiting sections of resistance in series 
with the motor armature; the rate at which these 
switches are closed, and consequently the rate of 
acceleration of the motor, is, in this case, controlled 
by a dash-pot, and is not affected by the rate of move- 
ment of the controller-handle. When all the resist- 
ance has been cut out of the armature circuit resist- 
tances are automatically inserted in the field circuit 
to increase the speed of the motor to that for which 
the controller-handle is set. The field resistances are 
controlled by a device known as a “ ual-change 
relay,” which can be seen on the extreme left of Fig. 3, 
and which is one of the most important parts of the 
apparatus. It carries the main armature current, and 
is eo adjusted that while the main current exceeds 6 
certain predetermined value, the resistances in the 
field circuit are all short-circuited, and cannot be 
inserted by moving the controller hand-wheel ; it is 
thus impossible to start up the motor with a weak 
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field. Another important function of this device is to 
cut out some of the field resistance automatically if 
the load on the motor should be increased, as would be 
the case if the feed or depth of cut were increased, or if 
the tool should encounter a hard place in the 
metal. Cutting out the field resistance, of course, 
increases the field and slows down the motor, 
so that its characteristics are more like those of a 
series motor. When the load becomes normal again 
the field resistances are re-inserted by the ual 
change relay as quickly as is consistent with safety, 
but in no case can an additional step of field resistance 
be inserted until the armature current has dropped 
below the value for which the relay is set. The prac- 
tical result of this is that, within certain limits, the 
cutting speed adapts itself to suit the depth of cut, 
the rate of feed, and the quality of the metal, and 
the power taken by the motor remains nearly constant 
for the whole length of a cut. 

Exactly similar results are obtained with the larger 
panel, shown in Fig. 4, but in this case an indepen- 
dent clapper switch is used to short-circuit each step 
of resistance in the armature circuit in starting up; 
three of these switches can be seen on the lower part 
of the panel on the right of the main circuit-breaker. 
They are electro-magnetically operated, and are con- 
trolled by means of series relays. When the main 
circuit-breaker is closed by turning the controller 
hand-wheel the motor current through one 
of the series relays and holds it open until the current 
has dropped sufficiently to permit of the first step of 
resistance being cut out. The switch controlling this 
resistance then closes and the current passes through 
the relay controlling the next switch, and so on until 
all the resistance has been cut out and the motor is 
running at its normal speed. The field is then 
weakened, to increase the speed, by means of a gradual- 
change relay, which can be seen in the bottom left- 
hand corner of Fig. 4, and which operates in the 
manner previously described in connection with the 
small panel. The only other distinction between the 
two types of panels is that the large panel is provided 
with a pair of double-pole switches with magnetic 
blow-outs, as shown in the upper part of Fig. 4; their 
object is to reverse the current and so alter the 
direction of rotation of the motor. With small lathes 
the reversal is effected by means of contacts on the 
drum of the master-controller. 

The main claims for this system of control are that 
it provides a large range of speeds without changin 
gears or shifting belts, enables the motor to be star 
and stopped easily and rapidly, protects both the motor 
and the tool from damage ie to careless handling, 
and at the same time ensures the maximum output. 
These claims appear to us to be well worthy of careful 
investigation by all users of large lathes, especially 
those engaged in the production of projectiles. 








An Important Pornt In THE Law OF MASTER AND 
Servant.—The case of Wilking Brothers, Limited, +. 
Weaver, which is reported in the November number of 
the Law Reports, involved the reassertion of a principle 
of law with which all employers should be acquainted. It 
is that ‘When a person employed under a contract of 
service for a term leaves his employment, and before the 
expiration of the term is taken into the service of another, 
and, in breach of that contract, employed by him with 
knowledge thereof, the new employer is liable to an 
action at the suit of the former.” In the case under 
review, a man had been employed by the plaintiffs at a 
fixed salary of 3/, a week, together with certain bonuses, 
for a term of three years. The agreement, which con- 
tained certain restrictive covenants, was negotiated 
by the managing director of the plaintiff company, 
who subsequently resigned, and eventuall e 8 
director of the defendant company. Before the ex- 
piration of the three years the defendant company 
took the man into their service. They and the man 
himself were sued for damages. By way of defence 
the defendant company alleged that their co-defendant 
was entitled to break his agreement because the plaintiffs 
had failed to pay him certain bonuses; and that the 
director’s belief that he was entitled to quit on this 
ground, even if erroneous, was sufficient to relieve the 
defendant company from liability. Mr. Justice Joyce, 
however, refused to accept this defence, and declared 
that the defendants were liable to pay dam The 
principle upon which he arrived at this decision was 
enunciated so long ty. 1795, when it was also laid 
down in the case of B v. Lanyon, 6, T.R. 221, that in 
such @ case it is immaterial that the con 
took no active part in inducing the servant to break his 
eg ae or even that he did not know at the time when 

© himself took the servant into his employment that 
any contract of service with the master in question 
a Since it is a sufficient cause of action that 
Hes continued to employ the servant after he had 
ep of the existence of the original contract and of 
the master’s rights thereunder. As all who followed the 
great trade-union cases of _the last fifteen years will 


remember, an intentional interf i 

right of another person—e.g., the porno ot ie 
i im—is an actionable wrong, unless 

sufficient justification for the interference. 

ficient justification is a question of fact to be 

each particular case, 


of @ contract wi i i 

hen te with him—is 
What is su 
decided in 





THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on October 22, at the Imperial 
College of Science, Dr. A. Russell, M.A., Vice-President, 
in the chair, a pa entitled “ The Radiation and 
Convection from a Heated Wire in an Enclosure of Air,” 
was read by Dr. T. Barratt. The object of the experi- 
ments here recorded was to determine the numerical 
relation between the radiation and the convection losses 
from a heated metallic wire or rod in a at 
constant temperature. The method consisted in (1) 
measuring the amount of heat required to maintain the 
temperature of the wire a given amount (about 10 deg. 
Cent.) above that of the surrounding gas, the surface of 
the wire being (a) coated with a dead-black varnish, (5) 
uncoated ; (2) comparing the radiations from two surfaces 
exactly similar to (a) and (b) by means of a thermopile. 

It is shown that if the total a lost from unit surface 
of the wire is ‘‘a” times greater from a ‘“‘ black” wire 
than from a ‘“‘bare” one, while the radiation from the 
black surface is ‘‘ b” times more than that from the un- 
blacked surface, then 

Di oe a—b 


and 7 = b (a—b) 
e ant c e-1" 


where 72, 7; are the radiations from “* black” and “* bare” 
surfaces respectively, and c is the convection. 

The experiments indicate that of 100 parts of ‘‘ total 
heat” lost from a wire at air temperatures, 2.5 consist of 
radiation for a ‘‘ bare” wire, and 12.6 for a ** black” wire. 
At 100 deg. Cent. these percentages become 4.4 and 


20.7 er 

Dr. H. Borns asked if the author had tested the 
validity of the assumption that the convection was 
independent of the nature of the surface of the wire. 

Mr. F. E. Smith asked why the platinum thermo- 
meter employed to give the temperature of the enclo- 
sure was placed inside it. There would be a temperature 
gradient between the wire and the enclosure, and the 
thermometer could not give the correct temperature of 
the latter. 

Dr. W. Eccles asked if the size of the enclosure affected 
the results. He had once studied the effects of convec- 
tion in lifting the boom of a small micro-balance. The 
convection was due to the heating effect of the current 
in the instrument, and the magnitude of the effect 
depended on the size of the enclosure. 

r. A. Russell welcomed the author’s work as being 
the first experimental attempt to determine the propor- 
tion of heat lost by radiation and convection. In early 
discussions on the heating of cables cy was given 
to the nature of the surface on which they should have to 
make the radiation as great as possible. It appeared 
from the author’s results that practically all the heat was 
lost by convection and so the surface was notof much 
consequence. With different diameters of wire did the 
convection loss vary as the square root of the diameter ? 
It should do so if the currents were uniform. Did the 
amount of heat radiated per unit depend on the curva- 
ture? From the resulte it seemed to decreare as the 
radius was increased. 

Mr. J. H. Brinkworth (communicated remarks) referred 
to some results of his experiments by the continuous flow 
method on the specific heat of steam (Phtlosophical 
Transactions, A. 535, pages 434 and 436). In these 
measurements the heat loss from the calorimeter was 
varied by altering the pressure of the air in the sheath 
surrounding the flow-tube. The heat loss per degree per 
centimetre length of flow-tube, when the sheath was 
evacuated as perfectly as possible—in which case radiation 
alone occurred—lies between 5 und 10 per cent. of the 
loss when the pressure in the sheath was about 1 mm. of 
mercury. 

Dr. Barratt, in reply, said that he did not quite see 
how to verify experimentally that the convection was the 
same with the two kinds of surfaceemployed. He thought 
that if the surface was smooth in each case the convec- 
tion loss was bound to be the same. With regard to the 

ition of the second platinum thermometer, he had 
‘ound that when it was placed about balf-way along and 
below the wire the temperature was always accurately 
the same as that of the enclosure, He bad taken tem- 

ratures at various parts of the enclosure, from which 
had concluded that the convection currents were quite 
a ge He had not tried different sized enclosures. 
ith wires of different diameters the total heat loss per 
square centimetre decreased as the diameter of the wire 
increased, but he had not seen whether or not the square- 
root Jaw mentioned by the Chairman held for the convec- 


arrangement the water was inside the tube, and the 
solution was in the tank. He had tried that with his 
apparatus, but gave it up in 1908 in favour of having the 
water in the tank and the solution inside. He showed 
some curves taken with the two arrangements. In the 
case of dilute solutions the results were the same, but 
with strong solutions there was about 4 per cent. differ- 
ence. It may be in this direction that the explanation 
of the discrepancy has to be looked for. 

Dr. T, Barratt asked if the introduction of a salt to 

vent the formation of fungoid growths would not be 
ikely to cause some error. 
_ Dr. Griffiths replied that the amount of copper chloride 
introduced was exceedingly small, about 1 cub. om. of 
20 per cent. solution being added to the liquid in ques- 
tion, and he did not think it could produce any appreci- 
able error. 

A paper entitled “‘The Magnitude of the Thermal 
Resistance Introduced at the Slightly Conical Junction of 
Two Solids and Its Variation with the Nature of the 
Surfaces in Contact,” by Dr. T. Barratt, was taken as 
read. The abrupt fall of temperature cavsed by the 
thermal resistance at the slightly conical junction of two 
solids has been examined, the method consisting in con- 
structing a ‘‘ double joint,” thus doubling also the thermal 
resistance effect. In the case of wires of small diameter, 
the fall of temperature was found to be 24 per cent.; that 
is, the temperature of the “‘hot” end of the wire is 24 per 
cent. lower than that of the copper block into which the 
end of the wire was fitted. This percentage fall of tem- 
perature is practically the same at all temperatures of the 
enclosure (up to 100 deg. Cent.), and is independent of 
the excess of temperature of the end of the wire above 
that of the enclosure (at any rate up to 10 deg. or 12 deg. 
Cent.). For wires of greater diameter (6 mm. ) the resist- 
ance is rather less than for smaller wires. 





Tue INSTITUTION OF WATER ENGINEERS.—The twentieth 
annual winter meeting will be held at the Geological 
Society’s Apartments, Burlington House, W., on Friday, 
December 10, commencing at 2.30 p.m. A discussion 
will be invited on “‘ The Necessity for Defining the Term 
‘Domestic Parposes’ in General and Private Water Acts.” 





Vanapium Sreev.—An interesting letter is published 
in the Jron Age, stating that a firm some time ago 
ordered from a steel foundry ‘‘six tray-lips of vanadium 
cast steel containing 0.35 to 0.45 per cent. of carbon 
annealed, care being taken that the metal in the cutting 
edges is solid and of the best quality.” Some of the 
castings broke within a few hours, and all within a com- 
paratively short time after being put inservice. They did 
not give as much service as some ordinary open-hearth- 
steel tray-lips which had previously been used. Payment 
was ref , and the steel foundry brought a suit. Evi- 
dence was given on the action of vanadium in steel, and 
the Encyclopedia Britannica, vol. xiv., page 812, was put 
in, which states that ‘‘vanadium in smal] quantities, 
0.15 to 0.20 per cent., is said to improve steel greatly, 
especially in increasing its resistance to shock and to 
oft-repeated stresses.” A decision was given for the 
plaintiff. The writer of the letter referred to asks :—‘‘ Is 
there a standard vanadium-steel casting, and to what 
extent must full and complete specifications, chemical as 
well as physical, be given in a simple order, when nob 
covered by a term contract in which these elements are 
covered”’ He asks the steel foundries to come forward 
and declare themselves. 





Tue Enoinegrinc Stanparps Commitrrer.—We have 
received from this Committee a copy of the British 
Standardisation Rules for Electrical binery (Report 
No. 72) which entirely supersedes Report No. 36, pub- 
lished in August, 1907. These rules, which do not apply 
to traction motors, are divided into twenty sections 
dealing with types of machines, classes of rating, maxi- 
mum cooling-air temperature, measurement of tempera- 
ture, embedded temperature detectors, limits of both 
temperature and temperature rise, mechanical and stall- 
ing requirements, dielectric tests, transformer terminal 
marking, &c. The subjects are dealt with very com- 
pletely, the report containing 123 clauses. The Com- 
mittee has had the benefit of the co-operation of the 
American StandardsCommitteeand the Canadian National 
Committee of the 1.E.C. in their work, with the result 
that on all essential points the American and British 
rating of electrical machinery are in practical agreement. 


tion loss. Attention is drawn to the fact that a single rating has 

A paper “‘ On the Determination, by the Method of | been adopted, and the equivalent of ithe overload pre- 
Diffusive Convection, of the Coefficient of Diffusion of u| viously specified has been included in tbis single rating. 
Salt Dissolved in Water,” was read by Dr. A. Griffiths. | A useful explanatory note will be found in the clause 


In general, the diffusion of matter, like the diffusion of 
heat, produces convective currents, and there is a diffu- 
sive convection which is akin to thermal convection. In 
the tor described in the paper the convective flow 
is of the order of one-millionth of a cubie centimetre per 
second from the top of one set of diffusion tubes to the 
top of another set. The top of each set of diffusion tubes 
is encloeed in a glass vessel containing water, and the one 
vessel is connected to the other by means of a long 
capillary tube. Each set of eight diffusion tubes is of 
length about 5 cm., and has a total area of cross-section 
of about 0.5 sq. cm. The capillary tube is about 150 cm. 
long, and has a diameter of about 1 mm. ; and the linear 
flow of a coloured index, consisting of a feeble solution of 
uranine, is of the order of 10cm. per day. The index is 
introduced by means of a special four-way glass tap. 

Mr. B. W. Clack said he had repeated his experiments 
under all possible conditions to try to locate the cause of 
the 6 per cent. difference between his results and those of 
the author, but so far without success. In the author’s 








dealing with continuous rating. A value, 40 deg. Cent., 
for the maximum cooling - air temperature has been 
adopted. The temperature limits are given in detail for 
the various classes of machinery and materials, and are 
those adopted by the I.E.C. at their last meeting, at 
which twenty-four nations were represen Full in- 
formation is given in regard to temperature teste, and 
the methods to be adopted for the measurement of the 
tem ture are also specified. A very complete gection 
deals with dielectric tests. The information to be given on 
the rating-plate is set out in detail. ms for three- 
phase ‘ormers are included, and the methods to be 
adopted for marking the terminals of single and three- 
hase transformers are specified. Useful information to 
be given with the inquiry or when ordering machinery 
forms asection. The report, the price of which is 10s. 11d., 
t free, may be obtained direct from the offices of the 
Commniseen, 28, Victoria-street, Westminster, 8.W.. and 
Messrs. Crosby Lock- 


is published for the Coeneine mare: Orcoby 18 
-cou! ion, E.C, 


wood and Son, 7, Stationers’ H 
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EXAMINATIONS. 


THE 

Srr,— Your recent editorial has suggested to the writer 
that it py Cnn be inopportune if an old subject for dis- 
cussion is ught forward again—viz., the method b 
which entry to various engineering institutions is poe > 
Although all are probably agreed. that some form of ex- 
amination is necessary, present examination system 
must, appear to many to be unsatisfactory, with its long- 
drawn-out written ordeals. The result in too many cases 
is that the young engineer looks forward to these with 
apprehension, and f when he has passed, that such a 
strain ought to precede a very long rest, and the rest fills 
the whole of his life. Is there no better way of judging 
of ® man’s engineering qualifications? I appears to the 
writer that it would be worth while considering whether 
the following method would not be likely to yield 
better results, and it would remove the present objection 
that “‘cramming” is indulged in by the great majority 
of candidates. Nearly twenty years ago the writer 
passed the examination of the Institution of Municipal 
and County ineers largely, no doubt, due to cramming. 

Every effort should be made to discourage cram- 
ming, and to this end all known coaches should, after 
suitable notice, be struck off the rolls of the Institu- 
tions. Every candidate for, say, the A.M. Inst. O.E. 
examination should be at least twefity-five years of age 
before he is allowed to be examined, should make an 
affirmation to the effect that during the previous three 
years he has made no special tion for an examina- 
tion, and should produce a certificate from his employer 
tha» he has during the same period satisfactorily worked 
the standard number of hours at his ordinary employ- 
ment. The examiners should be men actually engaged in 
the practice of that branch of the profession in which the 
candidate is employed. They should take cognisance of 
anything the candidate's employer has to say regarding 


him ; they should then examine him, principally er 4 
but not entirely so, taking into account the nature of 
work he has been en on, what subjects he has speci- 


ally studied, and the engineering works he has visited. 
fe appears to the writer that a competent engineer 

will in a few hours ascertain the fitness or ot i 
of a candidate, and if it is believed that nervousness is 
troubling a candidate, the written part of the examination 
might be somewhat extended. This system would make 
considerable demands on the time of practising engineers, 
bub it is believed that it would be worth while, and that 
by the resulting intercc ication of the upper and 
lower ranks the engineering profession would benefit 
considerably. The present system of examination seems 
to result in men being trained not towards a proficiency 
in and a love for engineering, but towards getting a few 
letters after their names by which they will delude the 
unfortunate people who may be led to employ them. 
Judging by prospectuses, certain technical seem 
to lay themselves out not so much for training men to- 
wards engineering, but for securing passes at the In- 
stitution of Civil Engineers’ examinations. Many 
openly brag that with any sort of decent materials 
they will guarantee 90 per cent. of passes. Surely it is 
high time that such things were — ‘ 

am, Sir, 

HypDRaviic. 








“THE INDUSTRIAL SITUATION.” 
To Tue Epitor or ENGINEERING. 

Srr,—I is seldom that an issue of your periodical con- 
tains an article which gives more food for thought than 
that of last week, with its excerpts of the address given 
by Mr. Rowell, before the North-East Coast Institution 
of Engineers and Shipbuilders, on the above subject. 

One might almost be forgiven for asking, after reading 
it, whether it would not ultimately benefit us as a nation 
to be hopelessly thrashed in this great war, and thus the 
sooner achieve competitive industrial efficiency by way 
of its accompanying tribulation and purification of our 
industrial forces. 

But is our industrial situation as black as Mr. Rowell 
paints it? 

Does not the answer depend on the reply to another 
question, viz.:—Is our industrial system decadent, or 
even less progressive than the systems of our feared com- 
petitors, or are our industrial forces being diverted into 
nationally inefficient directions? Undoubtedly the latter. 

Take the case of the workers of our shipyards, about 
whom Mr. Rowell draws such dreadful comparisons. By 
more or less unmoral practices, such as limiting output, 
limiting the number of apprentices and such like, also by 
considerable financial sacrifice, they have succeeded in 
organising themselves into strongly-fenced societies whose 
avowed objects are entirely for themselves—certainly not 
for their employers—and only for the interests of the 
nation as far as the dictum applies that the more money 
a man gets for every hour he labours the better off the 
nation ought to be. dere: ; 

The chance workman wo reads this will obviously 
retort that neither does the employer think of national 
interests except how much h’s income-tax enriches them, 
und so the absurd struggle _ on, each side often 
maligning the intentions of other, while to all a 
pearances their common interests are as diverse as the 
two Poles. : 

The employer talks about the power of the trade union 
enabling a man whose economic value to the nation is 
below that of a respectable dustman to demand — 
obtain wages which are often double those of the univer- 
sity-trained draughtsman in the same establishment, and 
he compares his conduct during the war with that of the 
—~ F in Belgium. On the other po pe I~ ie nay | will 
perhaps quote you a glaring case treatment by an 
employer of a broken sold 


coaches | ad 





ier of toil, or he will point a | ha 





finger of scorn at some mi establishment where, 
virtue of a mye ee financial corruption, 
he sees directors, w! intrinsic value to the nation is 
less than that of the aforesaid dustman, wax fat and die 
drunkards out of the proceeds of his hard toil. 
Meanwhile the nation suffers 
aloud for a remedy. One section of the community says 
that interests so diverse can never be amalgamated with- 
out the tual interference of a su central autho- 
rity whose interests are not of capi nor of labour, but 
are na 


But where can an authority be found or maintained 


ae. and cries 
be 


cient height to turn them up, to make the bars in the box 
with lips on as shown in the sketch (Fig. 2). likea T, and 
to place lugs (Fig. 3) at the back about 3 ft. or 4 ft. apart, 
for the boxes to be bolted with these when they are 
being vertically. A shows a cross-section of the 
box; B the top and the distance the bars should be 
apart; C aside view of a pair of boxes and the method 

bolting them together with the bolts D. These can be 
made in lengths to the requirements of the foundry ; 6 ft. 
or 9 ft. are fairly handy. The boxes can be bolted 
at the ends to ~» & any length required ; they are per- 
fectly safe, no plating the back of the bars or ramming 


with the impartiality or the brains to manage such? We| being required 


have had some experience of the management and mis- 
management of a huge war, but the latter problem is 
small compared to the former, and the average statesman 
knows as much about the real working man as the average 
horse knows about calculus. 

Another section calls for more education of the masses, 
cognisant of the fact that education, whilst accentuating 
a dislike for hard manual labour, will also devise the 
means for reducing it, whilst at the same time creating 
better economic efficiency. 

Mr. Rowell pleads for education in costs to be given 
by our technical institutions, but, whilst admitting the 
immense debt we owe to our professors, the fact remains 
that costs and science are things far remote, perhaps 
happily so, and from our experience it is tolerably certain 
that were we to place ten professors at the helms of com- 
petitive industrial concerns, atleast nine of those concerns 
would rapidly gravitate to a state of hopeless insolvency. 

It appears to the writer that the only solution is to let 
events take their course. Let the keen competition come 
after the war, as come it will. Let the bankruptcies of 
= nate anaes ae _ as they are ney a 

t the arti y-privileged employer or employee 
for his bread, as he will have to; and let the statesmen then 
in power boldly face the situation, as they will be com- 

led to ; and out of the industrial chaos the sturdy 
British character will reassert itself by facing the situa- 
tion as they find it, and as the result we may safely 
predict that our posterity will rejoice in a system of 
ye jaca efliciency such as at present we only 
ream of. 

Not that they won’t have their serious troubles as we 
have had them, but they will be solved in the same evolu- 
tionary way. 

Yours faithfully, 
Ze @. JOHN. 





TIPS FOR FOUNDRYMEN BY A MOULDER. 
To THE Epiror or ENGINEERING. 

Srr,—Loam Castings.—It appears to be the general 
practice to make patterns for all classes of castings, light 
or heavy, and to ignore loam work as either being too 
costly or causing too much dirt in the shops. This is 
entirel , as [ think some of those in charge have 
but little knowledge of how loam work can made to 
vantage over sand, both as rds cost and keeping 
the shop just as clean. I was talking to a gentleman the 
other day, who thought that his was quite a modern con- 
cern ; they were engaged on one class of engine, &c., or 
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what might be termed repetition work. There was one 
casting in particular being made from patterns ; this was 
what moulders commonly call a block fly-wheel, up to 
12 ft. in diameter, as shown in sketch (Fig. 1). Now to 
make such castings as these in sand is not only increasing 
the cost, but causing a lot of unnecessary hand labour for 
the moulders. Anyone that claims to know anything of 
modern foundry practice could take 10 per cent. from 
the cost of a casting of this kind by making it in loam, 
and more than another 10 per cent. from others that 
} sony a There is plenty of room yet 
ry 


for 
and loam work in a modern foundry, alin been 


ings can only be produced economically by a sound judg- 
ment in the use of them. 
Jobbing Foundry-Box Parts.—The writer has worked 


in plenty of jobbing foundries doing a fairly decent class 
of work t could be cast on its joint, but if anything 
came that had to be cast vertical it had to be re- 
jected as something out of their line altogether. 


ow if the boxes had 
work, such castings as hydraulic bodies, rams, &c., could 


ve been made. All that is required is a crane of suffi- 


been made to tackle any class of | fair 





uired. 

Splitting Castings.—The best method of treating split- 
ting plates for castings is o— a thin layer of asbestos 
over them; when cast they will rap out, leaving a smooth, 
clean face. 

Youre truly, 

October 23, 1915. 


Movutpsr. 





DEVELOPMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 
To THE Epiron or ENGINEERING. 

Srz,—Professor Bone’s letter in your last issue (page 467) 
deals with a matter of very considerable interest, and, in 
the main, deals with it in a very lucid way. It is most 
im it that any system of State-aided research 
should be carried out by those who have “a real 
knowledge of industrial conditions and of the eco- 
nomic factors which will necessarily come into play in 
connection with any new development.” I am afraid, 
however, that it will be difficult to find a sufficient 
number of such men who can also be described 
as “scientific workers and technologists of repute,” 
and who also have the time to devote to new enter- 
prises. Professor Bone evidently realises this, for he 
suggests that very favourable terms should be offered to 
attract the right men. They are to be “‘ accorded the 
fullest credit and protection for the ideas” they ‘‘ may 
disclose,” and if those ideas are deemed worthy of sup- 
port as likely to result in a useful invention, the further 
investigation is to be entrusted to their ‘‘ unhampered 
direction ;” and if a useful invention results, the inven- 
tor’s ‘“‘rights and interests in the commercial results 
should be equitably provided for and ensured.” Further, 
the “‘resources of the British Patent Office are to be freely 
placed at the disposal of the inventor for the adequate 
protection of his invention,” and - are to be taken to 
“ensure the same protection in all important foreign 
countries.” 

I am afraid Professor Bone has forgotten the proverb, 
‘“‘He who pays the piper calls the tune.” Nobody 
dealing with State funds would ever give an inventor 
“‘unhampered direction ” on the strength of a promising 
idea. t the inventor should have an interest in the 
result, even when he is paid for his services and has 
ample means provided for him, is quite reasonable; but 
there is much room for dispute in the word ‘‘ equitable.” 
Most firms consider a trifling royalty an ample reward to 
an employee who arrives at inventions by aid of information 
he may obtain in his daily work ; and they think a long 
time before they take out patents for him in all important 
countries. The inventor is the last man that anyone 
would allow to spend money unhampered by control. I 


am sure Professor Bone is quite well aware that immense 
sums can be spent on a very likely-looking idea without 
converting it into a satisfactory comm proposition. 


Given ample means and time, inventing becomes a 
system of trial and error, and does not differ very much 
from designing. The reason that inventions are infre- 
quent is that few people are willirg to commit themselves 
to large and unknown expenses, with no certainty of an 
adequate return. Even if they arrive at an invention, it 
is by no means sure that they will make money by it. 

rally speaking, the introduction of an invention 
requires far more labour and higher ability than its 
inception, and I fear that State-aided research will 
demonstrate that “scientific workers and technologists” 
can only lay a foundation upon which much work will 
have to be done by others to complete the structure. 

Yours truly, 
COMMERCIAL. 





Tue Instrrution or Civit Encingers.—Owing to the 
possible die organisation of traffic in present circumstances, 
the time of the ordinary meetings of the Institution of 
ty Engineers is changed temporarily from 8 p.m. to 

.30 p.m. 





LanTern - Suipes or Execrrican Sussrcrs. — The 
British Westinghouse Electric and Manufacturing Com- 
pany, Limited, of Trafford Park, Manchester, inform 
us that they have at their disposal a large and varied 
collection of lantern-slides of electrical machinery and 
a tus, and that they are willing to lend them free of 

to lecturers and other responsible persons. 





SuortTace or Roiiine-Stock.—In Sweden there have 
occasions lately when the State Railways were 5000 
wagons short, and in Denmark the deficit has reached 
the more ~~ 7 ag of ae — — a 
ways have to hire wagons elsewhere, from the priv 
tee and from other countries. They had hired 300 
wagons in Sweden, but these had to be returned by 
October 1, and now the same number has been obtained 
in Germany. The Danish State Railways are having & 

i ber of wag built in the country, but for 
some, otherwise ready, the wheels from Germany cannot 
be obtained. 
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DEVELOPMENT OF MAIN- LINE 
SIGNALLING ON RAILWAYS.* 
By W. C. AocrriELp. 
(Continued from page 481.) 
PREVENTION OF ACCIDENTS. 

ALTHOUGH railway companies to-day can, on the whole, 
be tulated on the comparatively small number of 
accidents due to collisions of —— <9 taking into 
consideration the enormous number of trains passing 
over the lines of railways, the accidents of the past 
few years, however, have the means of bringing 
about additional and more improved safety appliances. | 
It is no less a fact, however, that the accidents of 
late have been of a curiously complex nature, being | 
brought about =2 series of small irregularities, the | 
concurrence of which has resulted in disaster. In the | 
year 1913 all the fatal train accidents could reasonably be | 
attributed to errors of judgment or want of care on the | 
part of employees ; and it is a matter of some small con- | 
solation to signal engineers that accidents have not | 
occurred so much from the failure of signalling appliances 





in use as from the want of necessary precaution of the | that they are insulated throughout by composite tracks, | out of Rule 55ie 4 


opera’ de 
mF a ay down, not only for the 
travelling public, but for the individ 
way companies. 

ne of the most 
observance of which ; 
dents, is the notorious Rule 55. This rule is referred to 


rotection of the 


locking to converging and diverging signals, so as to 
ensure the continuity of tracks and vide against the 
ibility of any part of the track through the junctions 
ing stopped off, thereby leaving a hole in the track, 
in which case the presence of a vehicle might not be indi- 
cated to the signalman. This, in the case of steam- 
worked lines, is a very important matter, as with such 
lines there is a greater risk of this heopaning during 
— and standing operations, if the track is not 
absolutely continuous, than on an electrified railway, as 
in the latter the traffic is generally fairly continuous in 
each direction. 
Fig. 14 shows a typical case of a manual installation at 
a station with junctions where trains are parted and made | 
up for various destinations. It may be taken that for | 
every junction or additional junction between home and 
starting signals the running lines must be subdivided 
into separate track-circuits, in order to give the neces- 
sary freedom in traffic-working without overlocking the | 
signals for lel routes. 
The portions of the lines that are track-circuited are 
shown etched, and the lines not so treated are filled in 
black. In the case of diamond crossings it will be seen 





| 


between any two advanced and rear si and by pro- 


staffs of all rail-| viding such composite tracks, not only are conflicting | the list became of such great length 


signals properly locked, but, as before stated, the neces- | 


to the subdivisions of the tracks the various signals are 





horn at the signal denotes to the fireman tha 
~~ Ny Pr 

acknowledgment on part signalman, as it 
considered undesirable to require the signalman to carry 
out any operation at this stage. i cannot 
remove the ‘‘train-on-line” indication from 
rear-box block instrument until he has 
sipash tho begs dgpel to “daggee 
P © home si to ‘‘ danger.” 
using @ somewhat similar appliance provide illuminated 
lamps where such apparatus is installed, but from experi- 
ence emt oe not been _ necessary. 

Signs a ications of Exemption from Rule 55.— 
With the introduction of appliances for the protection of 
trains detained at signals, as before mentioned, it has 
been found necessary to provide some distinctive indica- 
tion on home and starting signals at which the carrying 

peneet' with. At first it was thought 


eo 


rtment staffs, and from the non-observance | Nos. 6, 13, and 15; this gives a continuous track-circuit | sufficient to publish, in the weekly traffic notices issued, 


a list of signals to which such exemption applied ; but 
t it was deemed 
unreasonable to expect the staff to commit the same to 


merally discussed rules, the non- | sary freedom is obtained for parallel movements either memory, and so two distinctive signs were introduced— 
been the cause of frequent acci- | on the straight lines or through the junctions. According | viz. :— 


(a) A diamond-shaped sign, as shown in Fig. 15, indi- 


and quoted by most journals, newspapers, and technical | locked by one or more track circuits; in some cases a cating that the train standing at the signal is protected 
papers, and is one to which railway companies are giving | signal being locked by as many as three and four tracks— | by interlocking rotary block, track-circuit, or treadle 


much attention, and which, in recent years especially, 
has been amended, whilst large sums of money are being 


e.g., Nos. 8, 10, 15, and 17. 
If track 7 extended back to the “‘ up” fast home signal, 


arrangement. 
(0) A D-shaped sign, as shown in Fig. 15, indicating 











Fig.14. TYPICAL DIAGRAM OF TRACK CIRCUITING. 
Locked by Track Gircwit N°f Locked by Track Circnit "3 
“ ” CreuttsN™ 1,4. ” y ” Circuits N° 5.13.16. 
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spent in installing appliances for the protection of trains 
detained at home or starting si ‘ : 

There is little doubt that this rule has, in a measure, 
not been strictly observed, and attempts have been made 
to find out why there has been the relaxation in its appli- 
cation. It is now realised that this rule can no longer be 
taken as an instruction to the staff of railways, but it is 
essential that some positive-acting appliances should be 
installed which are beyond the possibility of being tam- 
pered with. 

The problems before all railway companies to-day for 
the prevention of accidents may be put down under the 
following two headings :— 

_ (a) Protection of trains detained at home or starting 
8 

(b) Prevention of drivers running past signals at 

“ danger » 


It is now a question of determining the best method of 
dealing with these problems, and the author suggests 
that they can be met somewhat in the following manner, 
by appliances such as are now being installed on the 
Midland Railway. 

_ Protection of Trains Detained at Home Signals.—Rotary 
interlocking block is provided between the home signal 
of one section and the starting signal in the rear, the 
latter signal being electrically released by the pegging of 
“line clear.” After “‘ train on line ” has been 

the block instrument remains locked in the train-on-line 
position until the train accepted has passed the home 
signal and has operated an electric treadle ahead of such 
signal, the operation of which by the train frees the 
block instrument, as described earlier in this paper in 
lock-and. block systems. This appliance is used on the 
most important lines, but in cases of less important lines 
& “train waiting” arrangement is used, as described later. 

Another arrangement is used where trains are detained 
at home signals out of sight of the signalman. In this 
case a short length of track-circuit is provided, outside 
the home signal, which indicates the presence of a train 
and holds the block indicator (for the section thus occu- 
pied) in the train-on-line ition until the train has 
passed off the track-circuited line. 

Protection of Trains Detained at Starting Signals.—The 
whole length of the line between the home and starting 
signals is track-circuited, and when occupied not only 
gives a visual indication of the condition of the line to 
the signalman, but also electrically locks the home 
signal or signals leading on to that line, thus preventing 
the signal being weed again until the line is cles. The 
problem of k-circuits, for this function, becomes more 
complex where junctions occur, and the tracks have to be 
divided and subdivided into what are termed “ ordinary ” 
and “‘ composite” tracks. These perform the necessary 


* Paper read 
the Institution 





before the Birmingham Local Section of 
of Electrical Engineers. 

















anything passing from the ‘‘down ” slow line, when cross- 
ing the “‘up” fast line, would lock not only the ‘*up” 
fast home signal but also the “‘up” fast to slow home 
signal, and would prevent “up” and ‘‘down” trains 
travelling through the junction between the fast and slow 
lines at the same time, thereby causing a serious delay 
to the traffic. It will therefore be seen that track 5 
locks the “up” fast home and ‘‘up” fast to slow home 
signals, whereas track 6 locks the ‘‘up” fast home si 
and also the ‘‘ down ” home signal from slow to fast lines. 
Again, with Nos. 13 and 15, it will readily be seen that 
if the other tracks are not stop off, a train i 
over these subdivided tracks would lock signals for oppo- 
site movements on other lines, to the detriment of the 
traffic-working. 

The arrangements therefore provide for a continuous 
track-circuit between the home and starting signals, 
although this —~ | be subdivided where neceseary, to 
facilitate the handling of traffic. 

In cases of less important lines, where it is considered 
unnecessary to incur the expense of track-circuits, they 
are met by providing a treadle ahead of the starting 
signal and an electric lock onthe home signal, so that 
after the home signal*has been lowered and replaced to 
“danger” it becomes locked in its normal position until 
the treadle ahead of the starting signal has been operated. 
Special mechanical locking is provided on the levers 
working these signals, so that it is necessary for the 
home signal to be a ae lg an er oe the svart- 
ing signal is replaced ; and, similarly, the starting —_ 
has to be replaced to ‘‘ danger” before the home signal can 
be used again. is arrangement, in conjunction with 
| the interlocking rotary block, ensures the signals being 
| at “danger” before another train can be accepted on the 
| block instrument. 

Train- Waiting Arrangement.—This is an audible and 
visual system, and enables a fireman to inform the signal- 
man that his train is waiting at a signal where 6 is un- 
' desirable that he should go to the signal-box to carry out 
| Rule 55. A plunger and an electric horn are fixed on & 
| cast-iron column near the signal, and, on the arrival of 








ng | keepin 


that means are Y een ony for trainmen to protect the train 
by their own efforts by pressing the plunger of the train- 
waiting appliance, previously described, fixed on the 
ground at the signal at which the train is detained. 

About 1200 signals on the Midland Railway are pro- 
vided with these signs. Other companies are adopting 
them, and it is hoped that the practice will become uni- 
versal. 


Prevention of Drivers Running Past at 
- a a | of es — yey" accidents in recent 
years have rought about rivers disregardi 
signals and thus overtaking other trains, or causing theit 
trains to be derailed owing to excessive s over seo- 
tions of line where speed restrictions are in force. This 
could be more readily understood if such behaviour on 
the part of the drivers was only during foggy weather 
before fogmen are called out; but, untortunately, acci- 
dents due to this irregularity have occurred in prefectly 
clear weather. : 

minis cat © ane de douion Gcaal 
considerable extent to ena © Bi to com 
with Rule 85, which states that :— ply 

‘* At all signal-boxes (whether intermediate or otherwise) 
where no fog-si men are appointed, or where such men 
are appointed but have not arrived, i w 
he requires to stop an a ing train, in addition to 

his at ‘danger,’ must, when practicable, 
place detonators on the line to which the si apply.” 

The Copeqatee geeng machine is sometimes 4 
few yards inside the home signal, and is connected to 
the wire working oe ~~ n other cases it is fixed 
opposite to, and wor y ® separate lever from, the 
ps A About 600 of these appli are in = on 
the Midland Railway, and have the means of effec- 
tively arresting runaway trains. The ti however, 
call for a more effective and permanent i that 
will be in operation at all times and for all trains ; and 
this subject is receiving consider: attention. 

In finding a solution of this problem it is realised that 
there are serious 0 les to be overcome, the first of 
these being the general adoption of all railways of a 
means of warning drivers that they are i 
danger zone. Uniformity is the only possible solution, 
on account of the fact that more than one company’s 
trains use the same lines for joint working ; and the con- 
ditions at the present time may be compared with those 
prevailing before uniformity of continuous brakes was 
made a requirement by the Board of Trade. 

From the year 1855 to the t time innumerable 
patents have been taken out for sounding whistles and 
giving indications on engines by various mechanical con- 
trivances; but from practical experience it has been 
found impossible to obtain satisfactory results from any 
apparatus that relies on the operation of its parts by 
impact in most cases. 


n regard to the question of indication, it is not con. 
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sidered desirable by those who have had experience in 
such matters to give any visual indication to drivers, as 
any visual indicator would be calculated to distract the 
driver’s attention from reed attention to the duties 
already laid down by rules and regulations. 

Audible Cab Signals.—With all due respect to the 
efforts of inventors in general, the author that 
of all appliances yet introduced, automatic train-control 
and an audible signal go nearest to meeting the before- 
mentioned requirements. 


AvtomaTio Tratn-ConTROL AND AUDIBLE SIGNAL. 


The primary object of this system (Figs. 16a and 16s) 
is to give an audible warning on the engine when the 
train is approaching a distant signal which is at 
** danger,” and, in the event of this warning ee 
garded by the driver, automatically to apply the es 
80 as to ensure the train being pulled up before it reaches 
the home signal. Another distinctive audible signal is 
also given on the engine when the distant signal is in the 
“clear” position. e value of the latter audible signal is 
that it facilitates the running of trains when the sema- 
= —— cannot be seen during fogs or snowstorms. 

audible signals given are the a ¢ & siren, 
indicating ‘‘stop,” and the ringing of a bell indicating 
a roceed.” The point at which the audible signals are 
given is usually about 400 yards before the distant signal 
is reached. In the origi arrangement a visual indica- 
tion was also given on the engine, but it has since 
considered undesirable, for reasons previously mentioned. 

This apparatus involves a metal ramp, about 60 ft. in 
length, fixed in the centre of the 4-ft. way of the railway, 
and a contact shoe on the engine, which shoe engages 
with the ramp to operate the audible signals. The ramp 
is — staggered in order to reduce wear and tear on 
the shoe, and is at its highest point 4 in. above rail-level. 
The contact-shoe is fixed in the centre-line of the engine 
and hangs down to within 24 in. above rail-level. 16 is 
capable of being raised vertically to the extent of 14 in. 
whenever a ramp is passed over. which opens a switch 
attached to the contact-shoe. The ramp is connected 
electrically with the signal-box by means of a switch 
on the lever operating the distant signal, and the signal- 
man can, when the signal is ‘‘off,” connect it witha battery, 
so that the ramp is electrically alive, otherwise it is dead 
with the signal at “‘danger.” The switch on the shoe is 
connected with the electrically-controlled brake-valve and 
the siren in such a way that whenever it is opened air 
is admitted through the siren and brake-valve to the train- 
pipe, thereby sounding the siren and applying the brakes 
on the train if the ramp is not electrified. Should the 
ramp be electrified b: signal being “off” when the 
train passes over it the brake-valve is not released, but 
a bell on the engine rings instead owing to a current 
picked up from the electrified ramp, the effect of which 
1s to cut out or render inoperative the switch attached to 
the shoe, so that although the switch is opened it does 
not release the valve admitting air through the siren to 
the ——_ If there is any failure to pick up the 
current when the ramp is passed over the effect on the 

is the same as though the ramp was nob electrified, 
and the valve admitting air through the siren to the 
train-pipe is opened, the brakes being applied as though 
a ‘‘stop” audible indication had been given. 

This apparatus distinguishes distant signals both by 
day and night, gives distinct signals to engine-drivers in 
the cabs of engines, and dispenses with fog-men at such 


signals. 

Another advantage of this system is that ramps may be 
piosse in any position, less of distance, at curves, 
bridges, tunnels, &c., and can be used on single lines 
in connection with electric-train staff and tablet systems 
by certain modifications. 

Several cab-signalling devices have been brought out 
from time to time, but complications have intro- 
duced by the inventors attempting to do too much in indi- 
cating signals other than distant signals. It may be laid 
down that two of the most important functions of such 
appliances are, first, any failure of the apparatus should 
be on the side of — and give a danger indication to 
the driver ; and, secondly, “‘clear” indications as well as 
**danger” indications should be given, with the object of 
avoiding un: delay to trains. 

The problem of cab-signalling on electrified railways is 
rather a different matter, and one which requires much 
consideration, as the space available in the 4-ft. way is 
very much curtailed in third-rail systems, owing to the 
fact that the negative rail is placed in the centre of the 
4-ft. way, and consequently the 
fixed between the negative rail me of the running 
rails. There is every reason to suppose that the shoes 
would have to be duplicated, so as to suit the reverse 
running of trains, both on single and double lines. The 
possibility of such an a) tus being — 
traneous current is another point that would 
special consideration. 








ramps would have to be 
— yl i 


ex- 
for 


RalLoprons. 


This system, an invention of Mr. H. von Kramer, as 
applied for giving an automatic warning in the engine 
cab of the vicinity and indication of a signal, differs from 
anything up to the present actually tested and offered to 

way companies. The system is undoubtedly desi 

of elsotrionl operation’ To's primarily inveaden 

of elec o tis ily in ‘or use 
in connection with distant si with the object of 
giving the desired warning of position 
arm, causing the train-brakes to be applied auto- 
matically when occasion requires, should a train overrun 
a 8) 

"Uniike the automatic train-control previously men- 
tioned, this system has no physical connection or contact 
with either the rolting.stock or the permanent way, 





of the signal. | le 


on the moving 


lel with, 


relay, which is 
whole scheme. 


relay- 
carried out. 


arge electric coil mounted round : 
no actual contact of any description between the train 
and track. The fixed circuit is supplied with alternat- 
ing current at a pre-determined frequency(say 100 periods 
per on, cannot vary more 
or down. 


Gisbert Kapp and Mr. 

respond only to the frequency ed. 
local relay circuit, which makes all the necessary indica- 
tions and controls, is joined up with the vibrating armature 
reed of the K.K. relay in such a way that it is only 
when the relay-reed is vibrating that the local relay-cir- 
cuit is completed. This makes the a } 
safety one, as if anything happens to the fixed circuit, or 
to the train-coil, or to the relay, it will be seen that the 
ceases to vibrate; the local relay-circuit is 
then broken, and the necessary danger operations are 


but is operated entirely on the wireless inductive 

inciple, the transmission of electrical energy being 

Potween @ fixed circuit on the ground and a cirouit placed 
train. 

The stationary circuit consists of an insulated con- 

ductor, laid in the 


ground some feet away from, but 
the track. The train-circuit consists of a 
the engine, and there is 


than 2 cent. up 

coil on the train noes vd a K.K. 
the essential and distinctive of the 
This relay is the joint design of Dr. 

‘ is so tuned as to 
for which it is set. A 


tus & positive 


Fig.léa. LINE CiRcuIT. 
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operated by lever working signal). 


connected to ramp only when signal is “ off.” 


Fig.i6B. LOCAL ENGINE CIRCUIT: NORMAL. 
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© Contact 
Norr.—Local ci 
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Midland 


signal, receives 


passing a sign 
the whistle. 


ing signal for 


and 


the signal. 





case 
magnet whi 





by + | of a com Pm 
en: cab, quite irrespective of whether the signal is at. 
5 r” or “clear.” Should the signal indicate danger, 


longed signal, the brak 
but it is so arranged that the fourth signal and the a 
cation of the brakes take place only if a driver faile 
apply the brakes in the ordinary way after the three 


en the 
the lever in the loathen 
56 ” position, this being done by means of 


: appara’ 

sible to lower the starting signal a 

ver was put back in 

received from the section 
Electric slots and replacers are fixed in the rod working 

i arm, and in some contrivances the replaci 

ae age on the spindle working the arm ; in 





tromagnet controlling brake valve and whistle. 
Y Brake valve and whistle. 


shoe. 
82 Switch attached to contact shoe. 


B2 Batte 
HR Restoring Nende. 


rcuit closed. Electromagnet energised, brake 
valve and whistle closed. 


perimental installation has been tested on the 
d Railway, but so far it has not been considered 
desirable to publish any results. It may, however, be 
interesting to note that a driver, on 


ing a distant 
three short warnings in quick succession, 
-air whistle, fitted in the 


signals are followed by a fourth 
es are automatical pphed, 


ly a . 
i- 
to 


have been received. Should the signal 


warning signals a. tye 
be in the “clear” position the train is allowed to proceed 
without interruption, but the driver is aware that he is 


by the three warning signals given on 


ELEcTRICALLY-CONTROLLED SIGNALS. 
The controlling of signals by electric slotsand replacers 
was first introduced in lock-end-block i ios 
the object of automatically placing to ‘‘danger” the start- 


installations with 


being placed to its normal, or 


second time 


tus so constructed as to render it impos- 
b] and “li 
ahead. 


is effected by 
ds an armature or pawl in position, 


section ahead, irrespective of | mach 


an electro- | sak 





allowing the signal to be lowered by the pulling of the 
lever in the signal-box. 


Exgcrric SELECTORS. 


In cases where a calling-on arm or draw-ahead signal 
is fixed under a right-away signal, either for entering 
or leaving a —, line, a considerable saving in work- 
ing levers of manual systems can be effected by the use 
of the above appliances, and allows of additional signals 
being provided without introducing extra levers. 

The condition of the line ahead determines whether a 
** clear” or “‘ draw-ahead” signal shall be given by means 
of track-circuit or electric fouling-bars, the former being 

referable for train protection. ———_ there is some 
difference of opinion as to the advisa' =< providing 
track-circuits in termina! platform roads, the author sug- 
ry from = that it is practicable if rails are 

ept clean. The upper arm is free to be lowered so long 
as the Sn ner nes or ony ge Ng ap woth ae 
wise 1 ectro-magnet or the selector is de- ised, 
and the bottom arm then only can be lowered ; but the 
signals controlled by this appliance are not usually 
placed to ‘‘ danger” automatically. 


(To be continued.) 





Tue InsTiTUTION OF NAVAL ARCHITECTS.—It is an- 
nounced that the ordinary dates for the next annual 
spring meeting of the Institution will fall on Wednesday, 
— 12, 1916, and the two following days. The Council 

be pleased to consider papers on subjects relating to 
naval architecture or marine engineering. Such offers (or 
suggestions for papers on matters of interest to the 
| pega should, if possible, be sent in by the close of 
the year. 





Sream-TuRBinkes FOR SuBMARINES.—We read in the 
Marine Journal, New York, that steam-turbines may be 
substituted for gasoline or oil-engines for surface cruising 
in futuré submarines. Plans are under consideration at 
the Navy Department for steam experiments with boats 
of the ‘‘G” class, now under construction. As yet no 
definite decision has been reached, but navy designers are 
seriously egg J & substitute for the ee go eg ee 
engine. © increasing — requ involves larger 
powers than hitherto supplied. A steam-propelled sub- 
marine was built for the navy more than a decade ago, but 
proved so hot when the fires were lighted that she was not 
accepted. y French submarines employ steam-engines 
successfully, and it is understood that a scheme, details of 
which have not been made public, has been evolved by 
American engineers which promises even better results. 





Sisa, Hemp.—The cultivation, pre tion, and uses 
of sisal hemp are very fully dealt with in an article in 
the new number of the Bulletin of the Imperial Insti- 
tute. The first attempts to introduce this hemp into 
commerce were made in Mexico in 1839, but the plant 
had | been acclimatised in the and since 
1888 it been systematically cultivated there. It is 
also grown in many of the British tropical ons, 
and in British East Africa the prospects of the industry 
are icularly promising. There is also a large industry 
in East Africa. The cultivation of sisal hemp 
on a remunerative scale requires a considerable amount 
of capital, as at least 500 acres must be planted to warrant 
the erection of a factory and the installation of the neces- 
sary machinery. The crop is therefore unsuitable for 
individual planters, unless possessed of ample means, but 
it can be grown and prepared with considerable profit by 
a number of planters working in co-operation. One of 
the chief uses of sisal hemp is in the manufacture of 
twine. This uct and its possible substitutes are 
nearly all obtained from overseas tropical countries, and 
aceordingly in Germany, thanks to the British Navy, 
there is a serious scarcity of twine and kindred materials. 
Sisal hemp cultivation is of interest to British engineers, 
since the fibre has to be prepared on the plantations by 
machinery. Before the war this machinery was 7 
made in any, but several British machines are avail- 
able, and full particulars of these are given in the article. 





Traian Type OF SUBMARINE FoR JAPAN.—H.M. Com- 
mercial Attaché at Yokohama reports that, according to 
the Japan Advertiser, the Kawasaki Dockyards Com- 
pany, Kobe, has entered into a contract with the Fiat 

Giorgio Company of Turin for the construction of 
the latest model submarine of the Laurenti type. This 
boat displaces 700 tons when on the surface and 1070 tons 
when submerged. In speed it is as fast as any modern 
battleship, and can travel over 6000 miles without re- 
4 its supply of oil. The length is 75 m. (246 ft.). 

t carries five o-tubes—three in the bow and two 
in the stern—besides anti-aircraft submersible guns and 
other up-to-date appliances. The hull of this submarine 
will be built in Japan at the Kawasaki The 
machinery and engines, &c., are to be built and sent from 
Ttaly. ie vessel will be completed within twenty-four 
months. The Kawasaki Dockyards have obtained all the 
rights and privileges to build all future engines and 
hinery, if they so desire, in Ja) All the plans and 
details, with the rights, are to furnished them. A 
further contract has been signed which gives the com- 
wf the exclusive _ to manufacture in Japan the 

iat type of Diesel oil-engines. These engines are applic- 
able not only to submarines, but are now proving suc- 
cessful and economical factors as marine engines even in 
larger vessels. For the construction of the hull of the 
first submarine, and for instructions as to operating, 
several Italian engineers will go to Japan. The Kawa- 

i Dockyards Company will send a number of technical 
experts to study in the Fiat works in Turin and in Spezia. 
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NOTE ON THE EFFECT OF VACUUM 
IN STEAM-TURBINES. 


By Geratv Stoney, F.R.S. 


In a r read before the Institution of 
Mechanical 
tion of Mechanical Engineers, November 20, 1914 ; 
ENGINEERING, vol. xcviii., page 655), the writer 
dealt with the gains to be obtained under various 
conditions when the vacuum at the exhaust of a 
steam-turbine was increased. It was there shown 
that a given increase of- vacuum gave an almost 
constant increase in the B.Th.U. available, in- 
dependent of the steam conditions, and that thus, 
when fewer B.Th.U. were available, the percent- 
age gains due to increased vacuum were greater. 
As at reduced loads in general there are fewer 
B.Th.U. available than at full load, and also as 
many of the losses, such as those due to friction, 
&c., do not increase proportionately with the 
load, the gains due to vacuum are much more at 
small loads than at full load. This is especially 
the case where electrical machinery is driven by 
the turbine, as the greater part of the losses in a 
dynamo er alternator are independent of the load. 
Windage, hysteresis, and some of the eddy-current 
losses are practically independent of the load, and 
are the larger part of the losses in a modern 
dynamo or alternator. 

It was also shown that any turbine bladed for 
comparatively low vacuum at full load was suitably 
bladed to take full advantage of high vacuum at 
reduced loads, and thus the gains due to increased 
vacuum were further increased at small loads in 
turbines so bladed. In these estimates a constant 
quantity of steam was assumed to be available, and 
the gains were gains in the output in kilowatts 
or horse-power of the turbine; but the case is 
somewhat different if the load is kept constant and 
the reduction in consumption of steam is con- 
sidered. Here, on account of the effect of the 
consumption at no load, the reduction in steam 
consumption is more nearly the same at all loads. 

It is well known that the relation between the 
steam consumed and the output of a turbine 
follows approximately the right-line law known as 
the ‘‘ Willans law” in the case of a turbine running 
with constant vacuum and constant speed, as in a 
land turbine driving electrical machinery, &c. 
This law was first shown to be approximately true 
by the late Mr. Willans for a reciprocating steam- 
engine with throttle-governing, and is also approxi- 
mately true for a steam-turbine at constant speed 
and given steam conditions. 

In other words, approximately 

Q=a+bKW. (1) 
where Q is the steam consumed per hour, « is the 
steam used at no load, and b is the slope of the 
Willans line, or what may be called the consump- 
tion per indicated kilowatt (I.K.W.). These are 
shown in Fig. 1, where line (1) is for a given 
vacuum, and line (2) shows the improvement with 
higher vacuum. 

Further, if two loads are taken, K W,, say about 


full load, and KW, a fraction 1 of full load, and if 
rT 


the percentage gains in power with constant quan- 
tity of steam are k, and k, respectively, and the 
percentage reductions of consumption at the loads 
K W, and K W, are q, and q., we have 


n a — ar 
a (kw, *?)=e(Kw,7*) - ® 

This means that as r is increased, or, in other 
words, the load reduced, the ratio of the percentage 
gain in power with a given quantity of steam to the 
ary reduction of consumption at a given 
oad is increased. This ratio is nearly unity at 
large loads, but becomes large at small loads. In 
other words, the ratio of the percentage reductions 
at large and small loads with a given load is less 
than the ratio of the percentage gains in power at 
large and small loads with a given quantity of 
steam. An example may, rhaps, make this 
clearer. If the case of a 4000-Kw. Zoelly turbine, 
of 1000 revolutions and for a steam pressure of 114 
atmospheres and a steam temperature of 300 deg. 
Cent., is taken, of which the tests have been 
analysed by Mr. H. M. Martin, the results obtained 
are as shown in Fig. 2. The points plotted are not 
the actual test figures which were obtained with 
— vacua, but are deduced therefrom -by a 
method of great generality. 
In this special case the gain in kilowatts is the 
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same at all loads, and for an increase of vacuum 


from 27? in. to 283 in. is 250 kw. Also the reduc- 
tion in consumption is constant, or 1318 kg. per 
hour. Of course, this is only one case, and in others 
the two Willans lines may not be found to be 
rallel, as in this case. There is here a percentage 
increase in kilowatts at full load- of 4000 kw. of 
6.25 per cent., and at quarter load of 26 per cent. 
On the other hand, the percentage reduction of 
consumption with constant load is 5.4 per cent. at 
4000 kw., and 15 per cent. at 1000 kw. Or 
the percentage increase of consumption, when 
the vacuum is reduced from 28} in. to 27} in., is 
5.7 per cent. at 4000 kw., and 18 per cent. at 
1000 kw. At full load the percentage gain in 
kilowatts and reduction in consumption are about 
the same, but the former is much the larger at 
small loads, and the effect becomes the more 
marked the smaller the load. Similar results are 
obtained with other types of turbines, the exact 
results obtained varying with the type of turbine and 
its design. In all cases, as the load is reduced there 
is a larger increase in the percentage kilowatts 
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gained with a given quantity of steam, while there 

is a smaller percentage reduction of quantity of 

steam with given kilowatts. 

TaBLE I.—Power Developed in the Main Turbines when 
the Condenser Vacuum is Raised, the Radius of Action 
(Total Steam Consumption) being kept Constant. 





} Load. | } Load. | } Load. |, Load. oa 
104,000 | 38,400 | 25,500 | 22,560 Pounds of steam per hour. 
8,000 2,000 1,000 800 Shaft horse-power at 27 in. 
vacuum. 
9,047| 2,350 1,224 1,006 |Shaft horse-power at 29 in. 
vacuum. 
13 17 22 26 |Per cent. gain in shaft horse- 
| power. 








TaBLE II.—Shaft Horse-Power, or, in other words, 
Speed being Kept Constant. 


+ Load. |} Load. 4 Load. |, Load. 
| 





8009 | 2000 1000 800 (Shaft horse-power. 

13.0 19.2 25.5 28.2 (Pounds per shaft horse-power 
per hour, 27 in. vacuum. 

11.7 17.2 22.6 24.8 Pounds per shaft horse-power 


per hour. 29 in. vacuum. 
Per cent. reduction in pounds 
per hour. 


10 10 ll 12 





Taste ILl.—Jncrease of Radius of Action, Shaft Horse- 
Power, or, in other words, Speed being kept Constant, 
Basd on a Radius of Action of 1000 Miles at Full 
Nominal Power, with 27-In. Vacuwwm. 





} Load. 





Vacuum. Full Load. } Load. | yy Load. 
in. 
27 1000 2700 4100 4600 
29 1155 3000 4600 5250 
Increase of radius 
of action 11 p.c 11 p.c. 12 p.c. 14 p.c. 





The case of a marine turbine where the speed is 
reduced with the load is more complicated, on 
account of the consumption curve not being in 
general a right line ; and, further, there is great 
variation between one case and another, due to 





differences in blading, the introduction in some.cases 
of gearing or cruising turbines, the use of exhaust 
steam from auxiliaries in the low-pressure turbine, 
&c. Each case must, therefore, be separatelyinvesti- 
= ; but by way of example the cases dealt with in 

‘ables I., II., and III. may be considered. 

In these consumptions were included the 
auxiliaries, and the excess steam, over that re- 
quired for feed-heating, was turned into the low- 
pressure turbine. Allowance was also made for 
the effect of increased vacuum being much more 
in the case of the auxiliary steam, which was at 
low pressure, than in the case of the high-pressure 
steam supply. 

It is seen that the percentage gains in shaft 
horse-power increase rapidly at low speeds, while 
the reduction in consumption and increase of radius 
of action at given speeds is practically constant. In 
some ways it may seem that there is a discrepan 
between Table I. and Tables II. and III., but bot! 
are based on the same consumption curves, and 
designs based on Tables II. and III. will give the 
increase of horse-power shown in Table I., and 
vice versa. 
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Ia Nave —Sottomarini ¢ Sommergibili. B 
Ing. Enzo Campacna. Milan: Ulrico Hoeplt. 
[Price 5 lire 50 (4s. 7d.)) 

At the present time, when the performances of 
submarines are so much in the news of the day, 
and there is consequently a wide-felt desire to 
learn the general principles upon which these 
boats work, and to gain some insight into the 
machinery, mechanism, and delicate instruments 
with which it is well known they are fitted, it is 
rather surprising that this demand has not before 
this been fully met. The standard works on sub- 
marines, including that by Captain Seutar, R.N., 
are more of an historical nature, and cannot be 
said to treat of the latest practice. The present 
work, that of an Italian engineer, is the t, to 
our knowledge, which deals comprehensively and 
in simple language with the modern submarine in 
all its phases. This book, according to the author’s 
preface, ‘‘is destined for the public, which, during 
the present great war of the nations, in which, by 
sea, the submarine constitutes the most pro- 
nounced characteristic, wishes to know how this 
type of ship is constructed, works, and fights.” 

The first chapter gives a general consideration of 
the forces acting to destroy stability, and of the 
question of reserve buoyancy, in which connection 
a submarine and a submersible are defined as 
follows :—A submarine when trimmed for surface 
navigation has a reserve of buoyancy of 7 to 8 per 
cent. of the total displacement when submerged ; 
and a submersible is a ship in which this reserve 
buoyancy is greater—some 25 to 40 per cent., and 
in cases even 50 per cent. This definition is 
given because it is generally thought that these 
terms are synonymous, and certain it is that 
general usage has given to the term ‘‘ submarine” 
a meaning covering all craft which can navigate 
when completely submerged. Differentiating fur- 
ther between these two distinct types of under- 
water craft, the submarine, with which the reserve 
of buoyancy is small, is not so suited to surface 
navigation as the submersible, which latter, for a 
given power, will develop a considerably higher 
speed when on the surface, and will have a pro- 
portionately greater radius of action, so that, not 
unnaturally, almost all of the modern craft fall 
under the latter heading. 

When dealing with the form to be assigned to 
the hulls of submarines, the most suitable, accord- 
ing to the author, is that which most completely 
meets’ the following three conditions, which we 
quote :— 

(a) Good sea-going qualities for surface navi- 


_ | gation. 


(6) The minimum resistance to motion for surface 
and submerged navigation. 

(c) The maximum resistance to deformation 
when subjected to external pressures consequent 
upon submergence to depths of 130 ft. or even 
more. 

There follows a brief description of the leading 
types of submarines :—(1) e Holland is of 
circular cross-section, in which the main ballast- 
tanks are incorporated within the circular section. 
The advantage of the circular section is that it is 
the most suitable to resist external pressures, and 


__510 


ENGINEERING. 





[Nov. 19, 1915. 








is favourable for submerged propulsion, although 
being generally unsuitable for stowing the machi- 
nery of a submarine, whilst the internal ballast- 
tanks take up most valuable s . (2) The British 
‘*D” class—an improved Holland—is also of cir- 
cular section, but has the main ballast-tanks 
more rationally disposed, symmetrically about the 
centre line, for a certain portion of the length of 
the ship, so leaving the interior free for the machi- 
nery and its adjuncts. (3) and (4) The Laubeuf 
types, Pluviése and Siréne, which are rightly of 
the double-hull ty The inner hull is of circular 
cross-section, and the outer hull—the annulus 
between the two forming the tanks—is of boat 
shape, and thus surface propulsion is facilitated. 
When submerged the annulus is in communication 
with the sea, so that only the circular section is 
called upon to withstand the pressure. This 
system, as is pointed out, reduces the proportion of 
the total volume of the ship that can be given over 
to machinery, &c., and does not so readily lend 
itself to submerged propulsion. (5) The Krupp 
type is somewhat similar, except that the hull is 
only doubled for about the upper two-thirds of 
the circumference of the circular-pressure hull. 
(6) The Lake type is a compromise between the 
Holland (1) and the Krupp (5) type, retaining the 
feature of the early Holland boats, of ballast-tanks 
inside the circular-pressure hull. A specially inte- 
resting type is the Laurenti double-hull submer- 
sible (7), as the outer hull in this case is of boat 
section, and being reinforced by the inner hull and 
suitably braced in the annulus, the inner shell can 
be given that shape most suitable for the machi- 
nery to be installed, making thus for high speeds 
and general fighting efficiency. A large superstruc- 
ture which can be quickly flooded gives the boat a 
large reserve buoyancy—a good quality on the sur- 
face. 

One important feature of a submarine which is 
dealt with in the volume under review is the dis- 
tribution of the main ballast-tanks. Designers are 
not in accord as to the most desirable system. In 
the Laubeuf and Krupp boats the main ballast- 
tanks extend to the er. 4 length of the boat, with 
concentration of mass at the extremities; in the 
Holland boats, and derivatives of this type, they 
are limited to the middle portion for a certain 
proportion of the ship’s length ; whilst with the 
Laurenti type the mass of the flooding water is 
concentrated at the ship’s centre, giving, it is 
claimed, the maximum longitudinal stability during 
diving and the minimum of difficulty and time 
required for trimming preparatory to running sub- 
merged. Whether Laurenti’s theory is correct or 
not practice alone can show; but these submer- 
sibles have been built for most of the navies of the 
world. 

The next point dealt with in this volume is the 
utility of hydroplanes for diving, rising to the 
surface, and keeping a desired depth when running 
submerged, together with a general description 
of the various systems of hydroplanes and their 
controls. 

The history of the submarine having been given 
so thoroughly in other works, only a brief sum- 
mary of the outstanding steps toward the present 
stage in under-water navigation is given in the 
book now under notice. 

Perhaps the most complex problem, and also the 
factor of the greatest moment in determining the 
future possibilities and development of under- 
water craft, is that of the propelling machinery for 
surface and also for submerged navigation, so that 
it is not surprising that more than one-third of this 
book is given over to consideration of this subject. 
With the advent of the petrol internal-combus- 
tion engine, and the perfection of accumulators and 
electric motors, the propulsion of submarines 
became sufficiently reliable, and the radii of action 
(surface and submerged) so considerable that these 
craft assumed an importance in the fleets of the 
various Powers. The principles of the petrol-engine 
are described and illustrated. The subsequent 
development of the Diesel engine, ensuring, much 
safer conditions of working and greatly in 
powers, made these latter engines standard for 
modern craft, in view of their suitability for the 
work, the comfortable temperature of the engine- 
room, the small weight and space occupied, the 
possibility of starting up at once from cold and 
developing full power within a minute or so, stop- 
ping and being ready for diving instantly, the 
a. amount of supervision uired, the a ce 


of auxiliaries, the invisibility of the exhaust, and 


the ease with which they can be reversed, especially 
those working on the two-cycle system. 

In this section of the book illustrations and 
drawings of the ——_ Fiat types of two-cycle 
engines are given. € principle and operation of 
the Fiat engine is well described, and an illustra- 
tion shows the Fiat 1300-brake-horse-power six- 
cylinder reversible submarine engine. The Fiat 
engines are gate to the Laurenti submarines 
aforementioned. 

In view of the development of the steam-engine 
for surface propulsion in the French Navy, the 
following table, made up from figures given in this 
chapter, may be of interest :— 
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Archiméde .| 1909 | 577 810) 15 | 10 | 1700 
Gustave Zedé_... 1913 787 | 1000, 20 | 10 | 2400 
Dupuy de Lome... —\ | 1915 | 888 | 1070 | 20+ | 11¢ | 4000 
Joessel .. oe \ | 
Fulton oe ee 1915 838 1070 21t! 12¢ | 4000* 
Laplace .. os J | | 1 
; * Steam turbines. ; t Approximate. 


In comparing turbines with Diesel engines, 
the —— according to this author, are points 
worthy of deep consideration. The weight per 
brake horse-power for turbine installations is from 
50 lb. to 531b., whilst for Diesel engines about 
66 lb. is the figure. With turbines the weight of fuel 
to be carried is much greater, or the radius of action 
considerably less, whilst for the machinery alone 
more space is occupied. With steam machinery in 
such confined spaces and in bad weather the 
engine-room temperatures would be somewhat 
high, and the machinery spaces must be cooled by 
means of water insulation air-coolers and gener- 
ously proportioned fans. With internal-combustion 
engines, the suction air and the cooling water of 
the main engines serve to make the engine-room 
comfortable and habitable under all conditions. 
To support combustion air is needed, so that no 
prime mover involving combustion can be utilised 
for under-water propulsion. To store air in sufficient 
quantities for such combustion is shown by figures 
to be impracticable. For this reason electric motors, 
together with accumulators charged by the main 
engines at suitable times, are utilised. The accu- 
mulators to give a fair under-water radius of action 
are heavy and clumsy, and many attempts have been 
made to lighten this unit. In this connection Ing. 
Cam makes a very complete comparison 
between the ordinary lead cell and the Edison 
cell. In brief, whilst this latter possesses the 
advantages of lightness, cheapness, solidity of con- 
struction, and does not require acid, yet it cannot 
maintain sufficient overload for a reasonable space 
of time without overheating, and when discharging 
presents certain unreliable features, so that its 
principal claim of lightness is annulled for this 
particular duty. 

The necessity of installing two sets of propelling 
machinery, Diesel or steam, for surface propulsion, 
and electric for submerged running, has led in- 
ventors to attack the problem of devising one 
engine, or some lighter and more convenient com- 
bination of machinery than that which so far has 
been n , to meet the two sets of conditions. 
In the volume before us the proposals, of which the 
most attractive have been tried and found wanting, 
are discussed, e.g., those of Del Properto, Sabathé, 
the experimental French submarine Charles Brun, 
and Honigmann. 

Subsequent chapters deal with periscopes, sig- 
nalling and signalling apparatus, the habitability 
of a submarine, accidents to submarines and 
means of salvage, armament, including a descrip- 
tion of the Whitehead torpedo, the Krupp 37-mm. 
and 75-mm. guns. The actual types of submarines, 
as described generally in the earlier part of the 
book, are then treated in detail with the aid of five 
good detailed plates, for two of which the author 
ae indebtedness to this journal. The 
volume closes with a few notes on the fighting 
value of submarines, with instances taken from the 
present war. 

It may again be emphasised that this book is 





merely general in its treatment of the problems 
connected with underwater craft, although the 





problems are very carefully stated, and show the 
author to be in a position to deal most compre- 
hensively with the whole question. The book 
certainly does more than is claimed in the author’s 
preface, and as the first to deal in so thorough a 
manner with underwater craft is to be cordially 
welcomed. It is not free from small technical 
errors, as would be expected in a treatise on so 
broad a subject, but these will no doubt in time 
be corrected. Fig. 92,has been reproduced upside 
down, and in Plate VII. the plan view has n 
inserted end for end. The are well 
printed and the text is clearly illustrated with 108 
figures and eight plates; the binding is good, but 
a list of illustrations and an index are lacking. 
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Water Resources, 1885-1913. Part VIII. Western Gulf 
of Mexico Drainage Basins. Compiled by B. D. Woop. 
No. 340—I: Stream-Gauging Stations and Publications 
Relating to Water Resowrves. Part IX.: Colorado 
River Basin. No. 340—J : Stream-Gauging Stations and 
Publications Relating to Water Resources, 1885-1913. 
Part X.: The Great Basin. Compiled by B. D. Woop. 
No. 341: Underground Waters of the Coastal Plain of 
Georgia. By L. W. SrepHenson and J. G. VEAcH; 
and a Discussion of the Quality of the Waters, by R. B. 
Dotg. No. 343: Geology and Water Resources of 
Tularosa Basin, New Mevico. By O. E. MrinzeR and 
R. F. Hare. No. 345—H: Ground Water Resources o/ 
the Niles Cone and Adjacent Areas, California. By 
W. O. CLrark. No. 345—I: Gazetteer of Surface Waters 
of Iows. By W.G. Horrand H. J. Ryan. Washing- 
ton : vernment Printing Office. 

United States Geological Survey: Bulletin No. 580—L: 
Salines in the Owens, Searles, and Panamint Basins, 
South - Ewstern California. By Hoyt 8S. Gate. 
No. 580-P: Publications by Survey Authors on Metals 
and Non-Metals, except Fu:ls. Compiled by IsaBket 
P. Evans. No. 581—E : 7 he Coalville Coal-Field, Utah. 
By Carnot, H. Wecrmann. No. 620: A Gold-Palia- 
dium Lode in Southern Nevada. By Avorn Knorr. 
Washington : Government Printing Office. 

Ten Yars’ Work of a Mountain Observatory: A Brief 
Account of the Mount Wilson Solar Observatory of the 
Carnegie Institution of Wushington. By GrorcE 
Every Hatz. Washington, D.C. : Published by the 
Carnegie Institution. 

Structural Desi; Vol. II. Design of Simple Structures. 
By Horace R. Toayer. London : Constable and Co., 
Limited. [Price 16s. net. ] 





Tue InsTITUTION OF ELgcTRICAL ENGINEERS.—At the 

i meeting of the ‘Instivution held yesterday 4 
valuable collection of papers of Michael Faraday were 
presented to the Institution in trust by Mr. D. J. 





Blaikley, who is the husband of the last surviving nieve 
of Faraday, 
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ON this page we illustrate two machines waich have 
been designed specially for dealing with projectile 
work in a very rapid and economical manner. 

Figs. 1 and 2 show the Williams cutting-off and 
facing-machine. This is made in five sizes, designed 
respectively for 34-in., 4.5-in., 6-in., 8-in., and 10-in. 
shell-forgings, the bore of the spindles being 44 in., 
5} in., and 64 in. respectively. The production of the 
two smaller machines, based upon a cutting speed of 
60 ft. per minute, is as follows :—The 3}-in. machine 
would face the closed end of the forging in about 90 
seconds, and cut off the open end in about 20 seconds, 
whilst the equivalent times for the 4.5-in. machine 
would be just under 2 minutes and 30 seconds respec- 
tively. The spindle is fitted with a three-jaw universal 
chuck, connected by means of a flange secured by keys 
and bolts. The tool-blocks are of heavy design, and 
slide on Y-ways across the carriage. The tools are fitted 
to the side of the block nearest the chuck, and are held 
in place by steel caps secured by studs. There are two 
speeds, controlled by a friction clutch. By this arrange- 
ge when a facing cut is being taken, the speed can 

ne doubled when the,cut is half finished, so as to 

maintain the full cutting speed on the smaller dia- 
meter nearer the centre. Both hand and power feeds 
are furnished, the power feed being operated through 
s worm gear. There is an automatic knock-out, which 
oan be set to stop the feed at any point, 








Figs. 3 to 5 show the Hall heavy-duty cutting-off 
lathe. This will cut off both shells and heavy stock for 
the manufacture of shells. The diameter of thespindle 
is 9 in., and the spindle-bearings are 8 in. at the front 
and 7} in. at the rear; 6}-in. round stock will pass 
through the spindle, and the universal self-centring 
chuck on the machine will take the same size stock. 
Cut-off blocks are fitted on a carriage with a taper 
slide, the rear block, which takes an upward thrust 
(Fig. 5). having 14 in. more bearing than the front. 
Heavy bronze nuts are provided for the feed-screw, 
and are well protected from cuttings and dirt. The 
operation of the feed is controlled by a feed-lever, 
which operates a small cam under the worm housing, 
and throws the worm in or out of gear as required. 
The cuttings are collected in the bed together with 


|the oil, and there is an oil-filter through which the 


lubricant passes on its way back to the pump. The 
machine is driven through a belt on fast and loose 
pulleys, and the drive for the power-feed is obtained 
from the main-drive shaft by a chain, which couples 
that shaft to a jack-shsft on the rear leg under the 
machine (Fig. 3). On this shaft there is a three-step 
cone, and power is transmitted from it by a belt to a 
similar cone on the power-feed. A belt-tightener is 
provided to prevent any slip of this belt. 

The former of these two machines is being built in 
the United States, and the latter in a, They 
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are sold in this country by the Universal Machinery 
Corporation, Limited, of 326, Old-street, London, E.C. 





Inp1aAN Rar_ways.—Indian railway revenue has at 
last overtaken the receipts for the corresponding period 
of 1914. Down to Uctober 18 the increase established 
was 70,000/, in round figures. A meeting of Indian 
locomotive and carriage Seputatendente Ten recently 
been held at Bangalore. There were twenty-four dele- 
gates present, and the meeting lasted for a week. 





Roya, Maringes.—An examination of candidates for 
entry as probationary second lieutenants in the Royal 
Marines will be held in February next, when 20 commis- 
sions will be offered. Intending candidates should make 
application not later than December 1, 1915, to the 
Secretary of the Admiralty, {rom whom a copy of the 
regulations, including a degailed syllabus of the subjects 
of examination, can be obtained. 





Tue Sxuipsuitpinc Emp.ioyvers’ FrepERATION.—Abtb & 
meeting of the executive board of the Shipbuilding 
Employers’ Federation held in Edinburgh, on Wednes- 
day. the 10th inst., Mr. G. J. Oarter, managing director 
of Messrs. Cammell Laird and Co., Limited, Birkenhead, 
was elected president. Mr. W. H. Dugdale, of M 
8. P. Austin and Son, Limited, and Mr. Noel E. P 
of Messrs. Barclay Ourle apd Co., Limited, were elected 
vice-presidents, 





ij 
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PLATE XXVIII. 
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DIAN RAILWAY FERRY AND ICE-BREAKING STEAMER “SCOTIA II.” 


D ENGINEERING COMPANY, LIMITED, WALLSEND-ON-TYNE. 
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and our brave comrades in the battlefield in their time 
of need and peril, then the country will stand by the 
trade-unionists, and see that we, at least, get justice 
when @ more opportune time comes to push our 
demands for redressing the wrongs we think exist at 
present. Would that all at home could see the heart- 
aching sights that met our view. . . .” 


INDUSTRIAL NOTES. 


In his latest report on the state of the labour market 
for October, the Director of the Department of Labour 
Statistics says that the shortage of men hns become 
more acute owing to active recruiting, and this short- 
age in turn has greatly increased the dem nd for 
women and young persons as substitutes. The general 
effect on the labour market has been to give everyone 
capable of work an opportunity of being employed ; 
and it is evident that still larger numbers of women 
and girls not previously occupied in trade and industry 
are required in many places where suitable work can 
be found for them. 

Compsred with October, 1914, when employment 
had largely recovered from the first effects of the war, 
there was a general improvement, which was especi- 
ally marked in industries engaged in supplying the 

uirements of the Forces. 

e war bonuses and increases in rates of wages 
reported as taking effect in October affected over 
180,000 ae ye and amounted to about 23,000/. 
per week. The princi ch affected 44,500 
cosl-miners in Northumberland, 20,000 ironworkers in 
the Midlands, 20,000 tin-plate workers in South 
Wales, and 10,500 ge | and bookbinding trade 
operatives in London. Railway servants engaged in 
the manipulation of traffic also received an increase in 
the bonus granted early in the year. 

The number of disputes begun in October was 47, 
and the total number of workpeople involved in 
all disputes in progress was 20, as compared with 
52,869 in the previous month and 20,677 in October, 
1914. The estimated total aggregate duration of all 
disputes in progress during the month was 156,700 
working days, as compared with 172,400 in the pre- 
vious month and 192, in October, 1914. 

The average weekly number of vacancies notified 
to all Labour Exchanges for the five weeks ended 
October 15 was 34,838, as compared with 34,957 in the 
four previous weeks, and with 31,981 in the five weeks 
ended October 16, 1914. The average weekly number 
of vacancies filled for the same periods was 25,398, 
25,534, and 24,729 respectively. 





The Birmingham deputation of representative muni- 
tion workers — also issued a report on their visit 
to the Front. They state the following :— 

Sece MOR the soldiers at the Front, despite 
the dangers and hardships of their task, brave and 
cheerful and ever ready for duty. We want them to 
be assured that, in less dangerous services at home, the 
industrial workers of Britain are also ready for the 
share of common sacrifice which this war involves. 
That sacrifice must be shown in increased energy, 
special exertion, overtime where necessary, and un- 
stinted service where such service can be given to 
maintain an ample and uninterrupted supply of muni- 
tions. There may be grievances in the workshops, 
but these should be settled without stoppage of work ; 
and, even if they are not settled, the soldiers at the 
Front, who in the main are drawn from the working- 
class ranks, should be able to feel that they are not to 
be hampered in their task by any lack of sacrifice 
which working men at home may be able to make. 
The worst job in the workshop is, on the whole, better 
than the best job which working men have under- 
taken in the ranks of the armies now fighting for us in 
a righteous cause. . . .” 





Retail prices of food on November 1 in England, 
says the Board of Trade Labour Gazette, were higher 
than a month earlier by less than 1 per cent. As 
compared with October 31, 1914—the corresponding 
date a year ago—the general level of prices at Nov- 
ember 1, 1915, showed an increase of 26 per cent. 

The official returns of retail food prices in Berlin, 
published in the Statistische Korrespondenz, show & rise 
since August in the case of eleven out of nineteen 
articles. Taking the prices in July, 1914—the last 
returns before the commencement of the war—as a 
basis, the advance in retail food prices in September, 
1915, was over 78 per cent., as against 75 per cent. in 
the preceding month. 

A report issued by the Mayor of Vienna (reproduced 
in the Arbeiter-Zeitung of October 27) gives retail food 
pom for September. In each case the highest and 
owest price is given. On making a comparison 
between the figures for September and those for the 
corresponding month of 1914, the price of potatoes 
alone showed no change, and that of sugar only a rela- 
tively small change (8.9 per cent.) between the two 
periods. All other articles were considerably dearer 
than in September, 1914, the increases ranging from 
29 per cent. for flour to 272 per cent. for bacon. The 
following articles showed advances of over 100 per 
cent. :—Peas (108), onions (125), margarine (141), beef 
(164), pork (165), rice (224), lard (256), bacon (272). 

Adopting, so far as ible, the method used in the 
case of the August figures, the general level of food 
prices in Vienna indicated by these figures would 
ap to have been about 98 per cent. higher in Sept- 
ember, 1915, than in September, 1914. 





The Minister of Munitions has appointed Lord 
Murray of Elibank to act temporarily and in an hono- 
rary capacity as Director of Recruiting for Munitions 
Work for the purpose of giving executive effect to the 
policy of the Ministry of Munitions with regard to 
securing the most effective and economic use and dis- 
tribution of skilled and unskilled labour, both male 
and female, in munition factories. 





In the account of a visit which was paid to the 
Front by the Glasgow deputation of representative 
munition workers, it is stated that the delegates 
could not help but contrast the ition of the men 
at home with the lot of the soldier in the trenches. 
No doubt the man in the workshop is serving his 
country in the manufacturing of the munitions of war 
equally as well as the soldier, yet the soldier has 
voluntarily sacrificed everything for a wage that is 
merely nominal, and lives a life of the greatest dis- 
comfort and hardship, with the continual prospect of 
being maimed or killed. He asks for nothing more 
than that he should be supplied with the material to 
finish the war victoriously, and allow him to return 
home to his own or his mother’s fireside. On the other 
hand, state the members of the deputation, the men at 
home are living in safety and prosperity, and in some 
cases are not giving of their best to produce the shells 
and the various munitions that are required to enable 
our gallant fellows at the Front to assure our safety 
at home. Surely, they add, if the soldier in the 
trenches is willing to sacrifice his life and all for 
the freedom of this country and the liberty of its 
people against military despotism, we are not asking 
too much when we ap to all workers in what- 
ever sphere employed, so far as the necessaries 
of war are concerned, to give of their best to bring 
this war to a successful issue. The report con- 
tinues :—‘‘ As trade-union officials, we know there are 
many grievances existing at present that want to be 
redressed, but is this the time? We say ‘No;’ and 
should there be an were unscrupulous enough to 
perpetrate any undue ship upon the workers that 
would have for its object the retarding of the output 
of any war material, which in the end must cause the 
loss of the lives of our brave men, then we appeal to 
= to cast the onus on the employer, and for the time 

ing bear the hardship, so that it will not be said 
that we, the workers, were responsible, for that is 
= it — + We ask — and ~ ne to 

o their best in ucing the articles i cee 
** Fellow-workmen,—it ps be supeniensd that 
posterity is going to be our judge, and if, when the 
war is over, the blame for industrial trouble can be 
laid to the charge of the trade-unionists, then the case 
of labour is to be very much prejudiced in ite 
battle with the employer ; but if, on the other hand, 
we can look back and say that, in spite of the many 
injustices, the trade-unionists stood by the country 


Ata meeting, held in Christiania, of the permanent 
committee of the Swedish, Danish and Norwegian 
Employers’ Unions a definite arrangement was arrived 
at between the different employers’ unions concerning 
mutual financial assistance during large labour con- 
flicts. The employees’ central isations in the 
three Scandinavian countries have already an agree- 
ment to the effect that when more than 30 per cent. 
of the members of an all-country organisation are 
involved in a labour conflict, then the ing 
organisations in the other two countries shall assist 
the men affected by the conflict by an aid of 50 dre 
(about 6d.) per week per member. The arrange- 
ment between the yo comes into operation 
when the agreement between the men’s organisa- 
tions takes effect, and the employers’ unions shall 
also support each other with a payment of 50 ire per 
week for each man within the supporting organisa- 
tions, though not exceeding 40,000 a (about 2250/7.) 
per week from each of the supporting countries, 
and no union is bound to pay contributions duria 
more than five weeks in the year, so that the maxi- 
mum of support from each country thus becomes 
200,000 kr. (about 11,250/.). Whilst the employers of 
Norway and Denmark respectively are comprised in 
one organisation, there are in Sweden three employers’ 
unions of equal standing, which have to arrange a 
themselves as to the distribution of the sup to 
given between the different unions. Special arrange- 
ments can carry the time for giving, and the amount 
of, the support beyond the above-mentioned limit. 
The opinion seems to prevail that the new agree- 
ment will be put in operation in 1916, both in 
Norway and Denmark, when a vast number of agree- 
ments expire in both countries. 





Christiania were 











devo 
reveal 
a very important pronouncement to make on this subject 
before the Institute of Metals on the occasion of the 
forthcoming lecture. 
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October, 1913. 


In Norway 4500 
miners have already given notice of their tariff 


terminating on January 1, 1916, and 1300 men in the 
tob facturing branch are expected to follow 





suit. Danish employers have expressed their inability 


to renew the agreements as they now stand. Amony 
the subjects —y = forward at the meeting in 

so the position to be taken up to 
the syndicalistic labour organisations and the question 


of additional pay on account of the high prices ruling 


for food, &c. 





X Rays anp Merats.—The awardin 
Prize for Physics for 1915 by the Swedish 
of Science to Professor W. H. Bragg, 


of the Nobe! 
oyal Academy 
M.A., D.Sc., F.R.S., 


of University College, Gower-street (jointly with his 
son), for an examination of the formation of crystals by 


X rays, renders of special interest the announcemen» 
that Professor Bragg is to deliver the 1916 May lecture 
before the Institute of Metals. The May lecturer is now 
ing attention to the structure of metal crystals as 

by X rays, and it is expected that he will have 





Contracts. — Messrs. Broom and Wade, of High 


——— advise us that they have recently completed 


very to Mesers. Vickers Limited, of Crayford, of 500 


3-in. diameter —— roller-bearings for the line shafting 
in their new wor i 
following :—Fifty 24-in. and 3-in. bearings for the further 


Amongst other recent orders are the 


extensions at Sir W. G. Armstrong, Whitworth and Co., 
3-in. and 34-in. for Messrs. Dunsmuir 


and Jackson, of van; and seventy-five 34-in. for the 


North British Diesel Engine Company, of Govan.—The 


Underfeed Stoker Company, Limited, inform us that 
they have received recently orders for seventy-six stokers 
of their system, to burn a variety of fuel, the list showing 
that these are destined for this country and the Con- 
tinent, many of the orders being repeat orders. 





MerTats AND Monitions.—Brass, copper, zinc, alumi- 
nium, nickel, and other non-ferrous metals are of enor- 
mous importance in the production of munitions, and the 
Institute of Metals is in daily touch with many of the 
munition factories throughout the country, and also with 
certain Government yoy requiring metallurgical 
information. Large shipments of the Journal of the 
Institute of Metals, in which are recorded the very latest 
scientific methods of dealing with the non-ferrous metals, 
are being despatched to Japan and the United States for 
use in works ed in producing munitions for the 
Allies. In addition, volumes are being sent to various 

blic and university libraries located in the United 

tates munition centres. Most of the members of the 
Institute are now assisting the country by working on 
munitions. The war activity in the metal industries is 


such as to tend strongly to reinforce the membership of 


the Institute, and a ballot for the election of new members 


has therefore been arranged for December 15. 





Tue Royat Socrery.— We are informed that the 


following gentlemen have been recommended for election 


on the neil for the year 1916 at the anniversar 
meeting on November 30:—President : Sir Joseph J. 
Thomson, O.M., M.A., D.Se., LL.D. Treasurer: Sir 


Alfred Bray Kempe, M.A., D.C.L. Secretaries: Pro- 


feesor Arthur Schuster, Sc.D., Ph.D., and Mr. William 


Bate Hardy, M.A. Foreign Secretary : Mr. Dukinfield 


Henry Scott, M.A., Ph.D., LL.D. Other members of the 
Council: Professor John George Adami, M.D., Sir Thomas 
Clifford Allbutt, K.C.B., 
D.Sc., Dugald Clerk, D.Sc., Sir William Crookes, O.M., 


Frederick Frost Blackman, 


Sc., Professor Arthur Dendy, D.Sc., John Stanley 
D., George William 


_ Percy Alexander MacMahon, D.Sc., Pro- 
ael Meldola, D.Sc. (since deceased), Professor 
Arthur Smithells, B.Sc., Professor Ernest Henry Starling, 
Richard Threlfall, M.A., and Sir Philip Watts, 





Ovr Coat AsRroap.—The export coal trade continues 


to exhibit the general features by which it has been 
distinguished for some time past. The shipments for 


October amounted to 3,530,546 tons, as com with 
3.944.497 tons in October, 1914, and 6,739,473 tons in 
These totals were increased by the 
addition of coke and tent fuel to 3,771,069 tons, 
4,151,381 tons, and 7,059,928 tons respectively. In the 
ten months ended October 31, this year, British coal 
was shipped to the extent of 36.944,758 tons, as compared 
with meape vA _ pe gn tons in o a 
spondi i of 1914 an 13 respectively, these 
Senale tates ineoenend by the addition of coke and patent 
fuel to 38,830,606 tons, 54,523,993 tons, and 63,958,156 
tons. Coal was further shipped in the first ten months 
of this year for the use of steamers in foreign 
trade to the extent of 11,745,472 tons, as compared with 
16,037,409 tons and 17,434,411 tons. In one way or 
another, accordingly, coal left our shores in the first ten 
months of this year to the aggregate extent of 5,576,055 
tons, as compared with 70,561,002 tons and 81,392,517 
tons in the ling periods of 1914 and 1913 respec- 
tively. The principal shipments to October 31, tls 
year, were :—Sweden, 2,274,194 tons ; Norway, 2,292, 1%" 
tons ; Denmark, 2,741,093 tons ; France, 14,827,062 ton-: 
and Italy, 4,962,532 tons. The large increase observa')!° 
in the shipments to France is explained by the dislocativ» 
—and, indeed, the virtual suppression—of the coal-mining 
industry in the French departments of the Nord and ‘he 
Pas-de-Calais, which have under German contro! lor 


| some sixteen mon 
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THE PUNJAB TRIPLE CANAL SYSTEM.* 
By Sir Joun Benton, K.O.1.E., M. Inst. C.E. 


Tue name ‘‘ Punjab” (or ‘‘ Panjab”) is derived from 
two native words (panj meaning five, and ab water, and 
means the ‘‘ Land of the five rivers—namely, the Sutlej, 
Beas, Ravi, Chenab, and Jhelum—all of which traverse 
the province of this name in the North-West of India. 
These perennial rivers all rise in the Himalayas, and all 
eventually tail into the mighty Indus, which is known as 
the Sind River. The tracts between these rivers are 
locally known as ‘‘ Doabs” (from do meaning two, and ab 
water), and are distinguished from each other by the 
initial letters of the rivers bounding t , 

The Punjab soil is rich alluvium, often of great depth, 
and the configuration of the ground is admirably adapted 
for the construction of irrigation works. ince the 
annexation of the province, about the middle of last cen- 
tury, great advances have been made by the construc- 
tion, among other works, of the Sirhind, Upper Bari 
Doah, Lower Chenab, and Lower Jhelum Canals. In the 
thirty years preceding the scheme which is the subject of 
this paper, the irrigated area increased from 24 to 7} 
million acres, while the return on the capital expenditure 
rose from nothing to over 15 per cent. The excellent 
results afforded by these earlier large new canals justified 
further advancement. f 

The position was that in the east of the Central 
Punjab there was—in the Lower Bari Doab—a prairie 
tract of 14 million acres of excellent arid waste land, 
which, owing to previous utilisations and reservations, 
could not be irrigated from any water supply near at 
hand, while on the western side of the province there was 
a large unutilised perennial supply in the Jhelum River. 
The utilisation of the plethora of water on the west for 
the irrigation of the plethora of land in the east involved 
carrying the supply across two great and widely-separated 
rivers—namely, the Chenab and Ravi—and also across 
numerous formidable hill torrents. 

The final scheme consists in the construction of three 
large, separate, and interconnected canals, now known as 
the Upper Jhelum, Upper Chenab, and Lower Bari Doab, 
for the irrigation of the Md ge Jech Doab, Upper Rechna 
Doab, and Lower Bari Doa’ one 

In the Punjab two crops are grown in the year—namely, 
the kharif, or summer crop, from April to September, and 
the rabi, or winter crop, from October to March. The 
melting Himalayan snows and the monsoon rainfall 
afford abundant supplies in the rivers for the first of 
these, but not for the rabi, which is the more valuable 
of the two crops. Transfer of water from west to east 
is essential for the rabicrop. Two crops are essential 
for the financial stability of the scheme. 

The Upper Jhelum Canal had to be located at a suffi- 
ciently high level to admit of its being tailed into the 
Chenab River above the off-take of the existing Lower 
Chenab Canal. The location adopted for the Upper 
Chenab was chosen so as to command all the ground 
which it is desired to irrigate. The alignment adopted 
for the Lower Bari Doab is such as to command all the 
Crown waste lands—less a small part left at the northern 
end for extension of the Upper i b Canal 

The aggregate areas are as follow :— 

Acres. Acres. 
Groas commanded area ... x4 3,997,434 
Proposed irrigation inkharif crop 937,928 


” ” rabi ” 937,927 





1,875,855 


_In calculating the required water supply, the absorp- 
tion and evaporation losses in main and branch canals— 
on the bases of past experience—were assumed to be 
8 cub. ft. per second per million square feet of wetted 
area of these dean, while the average supplies re- 
quired to be into the heads of the distributaries— 
on the same —were assumed to be for :— 

Kharif, 1 cub. ft. per second per 100 acres of irrigation. 

Rabi, 1 cub. ft. per second per 200 acres of irrigation. 

The maximum supplies exceed the average ones by 25 
pee cent., and the channel capacity at any point is losses 
below the point + 1.25 x offtake discharges below the 
same. The total losses when all chanuels are in flow is 
3056 cub. ft. per second, but by rotational working for 
part time in the period of low supply this is reduced to 
1987 cusecs out of minimum, ave and maximum 


admit of the main canals gaining the crest of the country 
in as short a distance as suitable bed-slopes would allow ; 
suitable trial bed-lines were projected with reference to 
the balancing of cutting and embankment and to securing 
non-silting channels, as given by Mr. Kennedy’s formula 
V, = 0.84 D°*4 for the critical velocity to be aimed at. 
Trial systems of bed-widths and depths were adopted for 
the ae required for the areas, and absorption areas 
were calculated. By trial and error a complete system 
of bed-slopes, bed-widths, and depths were arrived at 
which met all conditions. The discharges were taken 
from Mr. Kennedy’s guna prepared from Kutter’s 
formula with N = 0.020, but subsequently adequate free 
board was provided to answer if N = 0. xcept in the 
case of the Upper Jhelum Canal, which does not carry silt. 
The entire system for the triple scheme comprises about 
22,645 miles of channels. In designing the cross-sections 
of the canal, adequate banks were provided to retain the 
water when the former are in er, and are not 
worn down by people and cattle crossing them, nor by 
rain ing them down. The designs provide systems 
of side berms, and setting back of banks which result in 
the forces of Nature eventually more than doubling the 
constructed width of banks; this follows from the prin- 
ciple that properly designed canals carrying sediment 
will silt up to 4 to 1 side slopes starting from constructed 
bed width. No outside borrow-pits are dug. Curves of 
less than 5000 ft. radius are avoided, and sharper curves 
have the slopes on the concave side protected. 

The whole of the U Jhelum Canal is unavoidably 
constructed across the drainage of a tract of very heavy 
rainfall. The total amount of cross drainage is estimated 
at about 604,000 cusecs, and sixty-two works have been con- 
structed for the passing of this discharge. The intensity 
of run-off per “poy mile ranges from 200 to 2400 cusecs, 
and was arrived at by observation of rainfall, and also 
observation of act discharges. The cross-drain 
works on the Upper Chenab and Lower Bari Doab 
are located in flat tracts, and are small, and of less 
importance than those on the Upper Jhelum Canal. 

n the design of canal regulators the gy of 
desi which have been observed are—bringivg the 
mechanically operated s tes well forward, co as to 
leave no spaces for silt to form, and providing 
cisterns to obviate wear of masonry floors. ere is 
economy in combining bridges and falls. 

The average distances apart of bridges are 1.6, 1.5, and 
3.4 miles for the Upper Jhelum, Upper , and 
Lower Bari Doab Gmeale respectively. The widths of 
roadway between parapets are 21 ft. for trunk roads, 
12 ft. to 18 ft. for district roads, 10 ft. to 11.6 ft. for 
= roads, and 4 ft. for footpaths. The works are 
usually very substantial and of brickwork. 

The designs of ch canal works are similar to those 
for main canals. Channels carrying less than 250 to 300 
cusecs are designated distributaries. All s land is 
afforested as far as possible, and this specially applies to 
the tops of the wide spoil-banks. Furnished inspection- 
houses are provided at about 10-mile in Canal 
telegraphs are in general use for regulation of supply and 
other canal pu Flour-mills are constructed at 
im t canal falls. ; 

n the case of the Lower Bari Doab the commanded 
area was divided by Government into 4400-ft. by 3960-f». 
blocks, and these were subdivided into 1100-ft. by 990-ft. 
blocks of 25 acres. The 25-acre block is the usual allot- 
ment area to peasants. Lines of levels were run along 
the 990-ft. sides, and reduced levels were got for the 
corner-points of these rectangles, which admit of contour 
maps being prepared for the design of the distributaries 
and water-courses. Soil surveys were prepared showing 
the culturable commanded area, as far as ground-levels 
are concerned. A deduction of 5 cent. was made to 
allow for vi sites and roads. is information was 
much fuller there was time to collect when the 
canal scheme was advanced, and the extent and distribu- 
tion of the irrigation was reconsidered in the light 
of the fresh information. The net results were a small 
net decrease of the total irrigation from 1,875,855 to 
1,871,306 acres, or a diminution of 4549 acres; with 
regard to the distribution between the kharif and rabi 
crops, the former was redu by 34,780 acres, and the 
latter increased by 30,231 acres, the general effect being 
to provide some desirable surplus capacity. The former 
—- of kharif to rabi as 1 to 1 was altered tol 


head supplies for different years of 8071, 10,295 and | %1 


12,543 cusecs respectively (where cusec = 1 cub. ft. per 
second ). 

With regard to design of works, the following is a brief 
summary :—The U Jhelum will take off at a 
site where no weir will be needed, since there is a natural 
bar in the river, with crest 5 ft. above full-supply level 
at the offtake ; it then only remained to construct a t 
regulator suitable for drawing off the supply at any level. 
The head-works of the Upper Chenab Canal has not 
oa => is hoped that Mr. H. W. M. sd 
M. Inst. C.E., wi mt a paper on this work. 
head-works of the Toon Bari Doab Canal has for its 
objects the passing of 6750 cusecs from the tail of the 
Upper Chenab Canal over the River Ravi, while at the 
same time admitting of supply being drawn from that 
river when it is available; this results in the head-works 
com mp | an inlet and fall for the Upper Chenab Canal 
on ti rig! t bank, a barrage for the river with thirty-five 
bays of 40 ft. span, with steel gates and gearing, and a 
head-regulator for the Lower i Doab Canal on the 
an preg the main and branch canals the tracts 

ore cross-sectioned, contour maps were prepared, and 
trial alignments were roughly eas with a view to 
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read at the Institution of Civil 
ay, November 16. 





Tbe main and branch distributaries were aligned on the 
main and subsidiary ridges exhibited by the contour map 
{on pees ; these channels were graded, and given 

if capacity at the rate of 1 cusec 100 acres for 
aversge supply, to which was added per cent. for 
excess of maximum over average. The water-courses 
were aligned so as to have adequate command at the 
highest point of each 25-acre block. Channels carrying 


been | about 2 cusecs were aimed at, and two such are usually 


allowed for each village, which will have an area of 1200 
acres to 1800 acres. complete system of fully-bridged 
roads is provided. The subdivision of the 25-acre blocks 
into 1-acre ones is carried cut by the cultivators, and also 
the construction of the internal water-courses. The 
people will pay for the cost of demarcation, soil survey, 
and water-course construction at the rate of about 2s. 8d. 
per acre. Initial remissions are granted of half revenues 
in old villages for one crop, and of full revenues for two 
crops in case of newly-occupied lands. 

The works were mostly executed departmentally—pett 
contractors being employed on brief “4 stating 
name of work and rate ra unit, but neither time nor 

uantity being stated. project was sanctioned in 
anuary, 1905, on a nine-year programme. The Upper 
April iota and Avril, 1913, respoctivel . UF v Shel ~ 
’ . y; Upper am 
Canal (unofficially) in December, 1914. 





_ Charges for water are made on the area irrigated and 
irrespective of the actual quantity of water used. The 
people desire to cultivate as much as possible, and have 
nearly as great an interest in irrigating widely as the 
Government has. Liberal remissions are given in the 
case of such calamities as blight, hai), locusts, or shortage 
of supply from any cause. The average water-rates, 
direct and indirect, vary between 6s. 6d. per acre for 
the Upper Chenab Oanal and 7s. for the Upper Jhelum 


The original estimate sanctioned in 1905 amounted to 
the equivalent in ru of 5,215,928/., the estimated net 
revenue being 519,859/., and return on the capital cost 
9.97 per cent. Loss of population from plague and the 
in requirements for agricultural labour for pre- 
ceding new canal works led to the cost of labour being 
enhanced by about 50 per cent. In 1910 a revised esti- 
mate amounting in rupees to the equivalent of 6,912, 132/., 
with net revenue of 518,550., return on the capital 
cost of 7.50 per cent. was sanctioned. The work pro- 
miser to be finished within the revised estimated amount. 
If the irrigation reaches 2,000,000 acres, which is ex- 
pected, the return on the capital cost will become 8 per 
cent. The canal scheme will receive no credit for afford- 
ing about - much —_ revenue to the A 

wa: or carriage of exported grain to Karachi, as 
this will be credited to the work from water-rates. 





ROYAL METEOROLOGICAL SOCIETY. 

THE first meeting of this Society for the present session 
was held on Wednesday, the 17th inst., at 70, Victoria- 
street, Westminster, Major H. G. Lyons, D.Sc., F.R.S., 
President, in the chair. 

Mr. J. 8S. Dines, M.A., read a paper on ‘* The Mownt- 
ing and Illumination of Barometers and the Accuracy 
Obtainable in the Readings,” in which he described the 
method of mounting illuminating the barometer in 
accordance with the plan adopted at the Meteorological 
Office, South Farnborough. is consisted in hanging the 
barometer against a window, with a thin wooden screen, 
6 in. wide, placed behind it, about 1 in. from the tube. In 
this screen was a narrow slit, } in. wide, which came 
immediately behind the top of the meroury column, and 
admitted light from the window. The opening in the screen 
walsh qverentph to Sarmnndl dost tenligha anh pete 6 
whi ven’ © passage irect sunlight gavea 
diffuse! illumination under all circumstances, Another 
feature of the mounting was the clamping of the bottom 
of the tube, as was generally done in the case of instru- 
ments of the Fortin type, in order to prevent swinging 
of the barometer. The paper also contained an account 
of several sets of comparative readings of the barometer 
taken by different observers and between different types 
of instruments, which showed a remarkably close agree- 
ment with one another. The prevalent habit of epping 
the instrument before reading was not conside 


ea ] f the Egypti 
paper, by Mr. N. A. issopulos, of the tian 
Meteorological Office, entitled, ‘* the Seasonal Varia- 
bility of Rainfall over the British Isles,” was also read. 

This dealt with a me of presenting rainfall statis- 
tics, brought forward the year previously by Dr. H. R. 
Mill and Mr. ©. Salter in a paper entitled ‘‘ Jsomeric 
Rainfall Maps of the British Isles.” The author bas 
treated the paper in a clightly different manner to the 
methods in the paper he discussed, and has made 
use of the standard deviation as a measure of variability. 
The conclusions relating to the distribution of rainfall 
which arise from this method of discussion are the same 
as those given by the isomeric maps. 





Rosstan NapatHa.—The Russian production of naphtha 
during the first eight months of the present year amounted 
to 6,060,000 tons, against 5,600,000 tons for the correspond- 
ing period last year. This increase of 450,000 tons is 
owing to the fact that the working in the Baku naphtha 
district this year has not been interrupted by labour con- 
flicts, as was the case in 1914. 





Our Ratts Aproap.—The value of the exports of rails 
from the egy: aye > oaeae fell ~ 120,333/., aa 
compared wit . an . in the correspond- 
ing months of 1914 and 1913. No business was done 


during ber with the Argentine Republic. The value 
of the shi ts to British India for the month amounted 
to 56, , 88 compared with 82,105/. in October, 1914, 


and 85,630/. in October, 1913. The value of the aggregate 
shipments of rails from the United Kingdom to October 31, 
this , was 1,615,844/., as compared with 2,682,500/. 
and 2,889,039/. in the corresponding periods of 1914 and 
1913 res ively. The Argentine Republic imported our 
rails to October 31, this year, to the value of 14,878/. as 
compared with 206,431/. and 324,058/. in the ing 
periods of 1914 and 1913. The very great decline observ- 
able in Argentine business this year is explained by the 
completion of several important Argentine trunk lines, 
depression in Argentine affairs, and serious floods, 
colonial demand for our rails in the first ten months 

of this year was represented by the following values :— 


915. 914. 

Group. ” 1 ry 7 
South Africa 198,218 319,945 335,902 
British India 846,006 952,411 797,869 
Australia .. 367,660 756,314 716,028 
New Zealand 128,528 93,189 181,172 
Canada 178 6,003 4,840 


Even the Indian railway interest has not been able, 
accordingly, to resist the general depression resulting 
from the war. Australian railway enterprise has also 
sustained a check. 
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MOTOR IMPLEMENTS AT THE YORKSHIRE AGRICULTURAL SOCIETY’S TRIALS. 
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Fie, 3. 


Fies. 1,2 anp 3. Moror-Pioven; Messrs. Jonn Fowier anp Oo. (Leeps), Limrrep, Hunstet, Leeps. 


Tne existing serious shortage of agricultural 
labourers and horses, combined with the prevailing 
high prices for agricultural produce of all kinds, 
renders the present time extremely favourable for the 
introduction of motor-driven appliances on farms pre- 
viously worked by older methods. The British farmer, 
although he has acquired a reputation for excessive 
conservatism, is, in reality, not slow to adopt new 
methods if he can be convinced that iespenandl profits 
are likely to follow from the change. We can think 
of no more effective means of bringing home the many 
undoubted advantages of motor-ploughs and tractors 
to the practical farmer than an actual demonstration 
of their capabilities under working conditions, and, for 
this reason, the demonstrations given last month by 
the Highland and Agricultural iety, and on the 
4th ol 5th inst. by the Yorkshire Agricultural 
Society, are likely to prove of considerable im ce 
to both the agricultural and engineering industries. 
The only regrettable feature is that the present con- 
gested state of engineering works in this country pre- 
vented a number of well-knewn British makers from 
being represented, so that the proportion of American- 
built machines present at both these demonstrations 
was greater than would be the case in normal times. 

We dealt with the Highland Society’s demonstra- 
tion in our issue of October 15 last, on page 394, and 
now pro to give some particulars of the machines 
entered for that of the Yorkshire Agricultural Society, 
which was carried out in conjunction with the Univer- 
= of Leeds and the Yorkshire Council for Agri- 
cultural Education, at North Riding Asylum Farm, 
Rawoliffe, near York. Each machine was required to 
plough a given area of ground, part of which consisted 
of strong loam and part of light land, the depth of 

















Fie. 4. 40-Horse-Power Perrot-Tractor ; Darmtee Company, Limitep, CovENTRY, 
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MOTOR-TRACTOR AT THE YORKSHIRE 


TRIALS. 














Fig. 5. 











Fix. 6. 


Fiss. 5 anp 6. 23-Hoarse-Power ‘‘ Moeut” Or-Tractor ; THe INTERNATIONAL HARVESTER 
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furrow being not less than 6 in. and not more than 
9in. The machines were also used to draw cultivators 
and disc harrows, but no road haulage or machinery- 
driving trials were carried out, as was done at the 
demonstration of the Highland Society ; otherwise 
the trials were carried out on similar lines. In making 
their report on the results obtained, the judges will 
take into consideration the weight of the machine and 
the weight per inch width of wheel, the mechanical 
design and construction, the quality of the work done, 
the time taken and the attendance required, the 
adaptability for ploughing different depths and widths 
and for other classes of work, the ease and safety of 
handling, the as of fuel and other supplies, 
and also the price. These items are all of consider- 
able importance to the user, so that the report should 
be of great interest to farmers. It should also be of 
value to designers, by calling their attention to any 
deficiencies in their machines. 

Altogether ten machines—five of British and five of 
American manufacture—were entered, but only eight 
took part in the demonstration. Figs. 1, 2, 3, opposite, 
illustrate a self-propelled motor-plough entered by 
Messrs. John Fowler and Co. (Leeds), Limited, of 
Hunslet, Leeds. This machine embodies the Wyles 





patents, with some additional inventions and im- 
provements by Messrs. Fowler. It was fitted for 
ploughing two furrows 8 in. to 9 in. wide and 5 in. to 
Gin. deep. Fig. 3 shows the implement engaged in 
its normal work of ploughing, but, as shown in Figs. 1 
and 2, it can also be employed for cultivating and 
harrowing. The plough, which weighs about 16 cwt., 
is driven by a single-cylinder 10-horse-power motor 
running on petrol or benzol, and automatically regu- 
lated by a centrifugal governor to give a constant speed 
atallloads. As will be seen from our illustrations, the 
attendant sits on a seat at the back of the machine, 
the running of which he controls by means of a single 
lever actuating a friction-clutch. ‘The plough is built 
on the lines of an ordinary horse-plough, and will do 
the work of three or four horses ; but as it can be 
used continuously, more than this number of horses 
may be dispe' with where it is employed. If the 
ground is too heavy for ploughing two furrows, one 
share can be detached and the machine used to plough 
a single furrow 9in. to 10 in. wide. The furrow 
width is adjustable within limite, and the depth may 
be varied by adjusting the wheels ; a maximum travel 
of 9 in. can be obtained in this way. At the end of 
the furrow the frame is raised at both ends by means 





of hand-levers, the weight of the back end being sup- 
ported by the castor-wheel, seen in Fig. 3. The 
ploughs are then clear of the ground so that the ma- 
chine can be swung round by hand, the operation 
being facilitated by driving the outer wheel inde- 

ently of the inner wheel. To give an idea of ite 
capacity, we may mention that it has ploughed 2.8 
acres of medium English stubbleland to a depth of 
5 in. in 8 hours, using 3 gallons 7 pints of benzol— 
i.e., 1 gallon 3 pints per acre. The machine is 14 ft. 
in length over all, 4 ft. high to the top of the fuel- 
tank. It is thus very convenient for cultivating, 
hoeing, &c., between trees in orchards, and also in 
hop gardens, rubber plantations, &c.; the motor may 
also be used for driving farm machinery by belt. 

The Daimler Company, - Limited, of Coventry, 
entered one of their 40-horse-power tractors, which 
we illustrate in Fig. 4, opposite. The tractor 
is driven by a Daimler sleeve-valve petrol-engine, 
having four cylinders, 110 mm. in diameter and 
150-mm. stroke, ere 40 horse-power at 1000 
revolutions per minute. The cooling system com- 
prises a radiator of the plain vertical - plate type, 
through which water is circulated Rs a centrifugal 
pump, and the draught of air is assisted by the exhaust 
gases from the engine. Power from the engine is 
transniitted through a cone-clutch and bevel ing 
to @ cross-shaft carrying sliding pinions, and having 
the oe on oneend. Either of the slidin 
pinions can be engaged with spur-wheels on the po 
intermediate shaft, which carries at both ends a 
pinion gearing with a spur-ring attached to the driving- 
wheel. Two forward speeds of 24 and 4 miles per 
hour, and a reverse speed of 24 miles per hour, are 
obtained in this way ; a differential of the spur- 
wheel type, which can be quickly locked from the 
outside, is also provided. © whole of the gearing 
from the engine to the driving-pinion is enclosed in a 
dust-proof oil-bath, and all the teeth, except those 
of the final drive, are machine-cut. The frame, 
which is constructed of channel-sections, is sup- 
ported at its front end by a long, laminated spring 
resting on a forged-steel axle. The front wheels 
are 3 ft. 9 in. in diameter and from 7 in, to 9 in. 
wide. Steering is effected by an ordinary chain 
barrel actuated by worm-gear usually employed on 
steam traction-engines. The driving-wheels are 6 ft. 
in diameter and from 15 in. to 18 in. wide. They 
are mounted on a turned steel axle passing directly 
through the main frame. Both front and rear wheels 
are constructed of steel except for the hubs, which are 
of cast iron, and are formed with dust-proof oil-wells. 
A winding-drum, fitted with 50 yards of wire rope 2 in. 
in circumference, is also mounted on the rear axle, 
suitable fairleads being provided to enable the rope 
to be led off in any direction within an angle of 
90 deg. of the longitudinal centre line of the machine. 
The tractor weighs approximately 5? tons, and it is 
capable of drawing from seven to fourteen disc- 

loughs or from four to eight breast ploughs cutting 
urrows from 44 in. to 9 in. d and up to 12 in. 
wide, according to the condition of the land. On test 
the tractor has ploughed an acre per hour with a 
petrol consumption of 2.2 gallons. On road haulage 
work it can handle loads of 16 tons on fairly level 
macadam roads at a speed of 4 miles per hour, and a 
load of 8 tons can be taken up a gradient of 1 in 6. 
There is also ample power for all kinds of farm work, 
such as threshing, cultivating, straw-pressing, Xo. 

The International Harvester Company of Great 
Britain, Limited, whose address is 80, Finsbur 
Pavement, London, E.C., entered two ‘* Mogul” oil- 
tractors, designed and constructed by the International 
Harvester Corporation of Chicago. One of these 
tractors, which we illustrate in Figs. 5 and 6, on this 
pose, was of 25 horse-power, and was used with a 

some four-furrow plough, while the other tractor, 
which was of 16 horse-power, drew a three-furrow 
— of the same make. Fig. 5 is a rear view of the 

-horse-power machine, with a four-furrow plough 
working on heavy ground, while Fig. 6 shows it draw- 
ing two four-furrow ploughs in light land. This trac- 
tor has a total weight of 4 tons 11 owt., of which 
3 tons 6 cwt. comes on the driving-wheele, which are 
5 ft. in diameter and 1 ft. wide; the front wheels are 
3 ft. 4 in. in diameter and 6 in. wide, The engine is 
of the two-cylinder vis-a-vis type, with cylinders of 
7 in. bore and a piston stroke of 8 in.; it starts on 
petrol and runs on paraffin at a speed of 550 revolu- 
tions per minute. or starting the engine a friction- 
wheel carried in a rocking frame, and fitted with a 
crank-handle, is provided. When starting up a lever 
is pulled which brings the friction-wheel into contact 
with the rim of the fly-wheel, and the crank-handle is 
then turned, thus turning the engine. As soon as the 
engine starte another lever is pulled and the friction- 
wheel is automatically ee - from the fly-wheel 
by means of spring. Both inlet and exhaust- 
valves are mechanically operated and are fitted in 
cages to facilitate removal and inspection ; the cages 
of the exhaust-valves are water-cooled. Two speeds 
forward and one reverse are obtained by means of 
sliding-gears on a counter-shaft, to which power 
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is transmitted from the engine by means of a si 
chain. The driving-wheels are each driven from the 
counter-shaft, which extends for the whole width 
of the tractor, by means of a chain. Thes pro- 
vided are 2 miles = hour for ploughing and 4 miles 
per hour for road haulage. Under average conditions 
the makers state that, with a four-furrow plough, an 
acre of mixed or medium soil can be ploughed in about 
1 hour 25 minutes, for a fuel cost of from 2s. to 2s. 3d. 
The speed, it is stated, does not vary greatly with the 
nature of the ground, but the fuel cost is, of course, 
dependent on the conditions of working. The tractor 
will draw two 6-ft. binders at 4 miles per hour, or 
drive a threshing-machine with a 5-ft. drum, and 6 
straw-elevator or trusser in addition. Any other 
machinery ours * to 25 horse-power can also be 
driven, and a | of 10 tons can be hauled under 
average road conditions. 

The Ivel Agricultural Motors, Limited, of Biggles- 
wade, Bedfordshire, entered one of their 24-horse- 
power tractors, but found themselves unable to send 
a machine to take part in the demonstration, owing to 
pressure of business. The Mann light steam-tractor, 
the ‘‘ Sandusky” petrol-tractor, and the ‘‘ Overtime” 
paraflin-tractor took part, but as we illustrated and 
described these tractors in connection with the trials 
organised by the Highland and Agricultural Society, 
we do not pro to deal with them now. Some par- 
ticulars of the ‘‘ Bull” tractor were also given in our 
account of the Highland Society’s trials. ‘This machine 
was entered for the Yorkshire demonstration, but we 
are informed that it could not be delivered in time, 
owing to the congested state of the docks. 

The only other entry was that of Messrs. Saunder- 
son and Mills, Limited, of Elstow Works, Bedford, 
who sent one of their 20-horse-power ‘* Universal” 
tractors. The general appearance of this machine 
is shown in the photographic illustration, Fig. 7, 
on page 519, where it is shown drawing a four- 
furrow plough, and the details of its construction 
will be clear from an inspection of the side eleva- 
tion reproduced in Fig. 8 on the same page. The 
tractor, which runs on mineral spirit or paraftia, is 
driven by a vertical engine having two cylinders, of 
54-in. bore and 8 in. stroke, running normally at 750 
revolutions per minute. The engine is cooled on the 
thermo-syphon principle by means of a special form 
of tubular radiator having a large water space. The 
construction of this radiator is clearly shown in Fig. 8, 
and it will also be noticed that the engine exhaust is 
utilised to create an upward draught of air among the 
radiator tubes. Speeds of 2, 3 and 5 miles per hour 
forward, and 3 miles per hour back wards, are obtained 
by a gear-box in which the gears run in an oil-bath. 
All other gearing and bearing surfaces are enclosed 
and protected from grit. The whole of the driving 
arrangements are clearly shown in the drawing. The 
frame of the machine, which is composed of channel 

tions, is ted on four steel wheels arranged so 
as to give a three-point suspension. This is obtained 
by transmitting the load to the front axle through a 
central pivot, which enables the axle to turn 
through a considerable angle in a transverse ver- 
tical plane, so that large obstacles can be negotiated 
without setting up torsional strains in the chassis. 
This form of mounting gives great flexibility and 
enables the machine to turn on banks and travel 
over very rough ground. The front wheels are 
2{t 6 in. in diameter and 6 in. wide, and are steered 
by irreversible worm-gearing. The driving-wheels, 
which are 4 ft. in diameter and 1 ft. wide, carry 
2 tons 1 cwt. of the total weight of 2} tons, so that 
only 14 owt. comes on the steering-wheels. With 
regard to the capacities of the tractor, the makers state 
that it will draw a three or four-furrow plough, and, 
under average conditions, will plough up to three- 
quarters of anacre per hour to a depth of 6 in., with a 
fuel consumption of 3 gallons per acre. It will also 
haul a load of 5 to 6 tens on roads, draw two 
self-binders or mowers, drive a 4-ft. 6-in. threshing- 
machine or any other machinery requiring not more 
than 20 horse-power. 

We do not propose to deal with the results of the 
trials on this occasion, as the official report is not yet 
available, but we may say that most of the machines 
did excellent work and elicited favourable comments 
from the large attendance of interested agricul- 
turists. This large attendance clearly shows that 
British farmers are fully alive to the possibilities of 
motor appliances, and it is to be hoped that similar 
demonstrations will be carried out in other parts of 
the country, if possible with a larger number of 
British machines. 


le 








Canapian Ratiway Sieepers,—The British Columbia 
Mills, ‘Timber, and Trading Company has received orders 
for two ship-loads of railway sleepers for Europe. The 
Hastings Mills Company, which is working sixteen large 
logging camps, has now, and in course aa, 
three for Australia, three for Great Britain, two 
- {oan a0 one for Fiji, two for South Africa, and three 
<P Japan. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal, further information concerning these 
povteteces be obtained from the ial Tntoliganss 
E.C 


ranch, Board of Trade, 73, Basinghall-street, London, | P™ 


fue: =e. sate Comiutone " ———_ 
reports that tenders, on pro) orms, 

be received by the Victorian Railway ales ws Beg 
Spencer-street, Melbourne, as follows :—Up to 11 a.m. 
on November 24 for the supply and delivery of 33 tons of 
copper rod for engines (Contract No. 29,493). Up to 
ll a.m. on November 24 for the supply and delivery of 
about 101 tons of copper plates for engines (Contract No. 
29,406). Up to 11 a.m. on November 24 for the supply 
and delivery of 1006 solid-drawn copper flue-tubes for 
engines, and/or 1006 solid-drawn steel flue-tubes for 
— (Contract No. 29,503). Up to 11 a.m. on Nov- 
ember 24 for the supply and delivery of 2980 brass boiler- 
tubes for engines, and/or 2980 copper boiler-tubes for 
—- (Contract No. 29,504). Up to 11 a.m. on Nov- 
ember 24 for the supply and a < about 371 cwt. 
of locomotive seamless copper tubes (Contract No. 29,506). 
Up to 11 a.m. on November 24 for the supply and delivery 
of 84 steel blooms for crank-pins of engines (Contract 
No. 29,508). Up to 11 a.m. on December 8 for the 
supply and delivery of about 54 tons of steel channel- 
bars (Contract No. 29,519). Up toll a.m. on January 5, 
1916, for the supply and delivery of a 15-kw. motor 
generator and accessories and a switch-board and con- 
nections (Contract No. 29,491). Up to 11 am. on 
January 12, 1916, for the supply and delivery of about 
2000 tons of 60-lb. steel rails and about 100 tons of fish- 
plates for same (Contract No. 28,685). Copies of the 
specifications and forms of tender, &c., may be obtained 
at the offices of the Victorian Railway Commissioners. 
Tenders must be accompanied by a preliminary deposit 
of 4 per cent. of the amount of the offer, except in the 
case of Contract No. 28,685, where the deposit required 
is equal to 9d. for each ton of rails and fish-plates ten- 
dered for. Local representation is necessary. A copy of 
each of the specifications and forms of tender may be 
consulted at the Commercial Intelligence Branch. With 
reference to calls for tenders by the Commonwealth 
Department of Defence (Navy Office) for the supply and 
delivery of (1) power-station plant and equipment and 
(2) machine-tools for the Commonwealth Naval Dock- 
yard, Cockatoo Island, Sydney, New South Wales, 
H.M. Trade Commissioner in Australia now reports that 
the time for the receipt of tenders has been extended in 
both cases until November 30. 


South Africa: The Acting British Trade Commis- 
sioner in South Africa reports that tenders are invited 
hy the Johannesburg Municipal Council as follow :— 
Up to noon on December 9 for the supply and erection 
of a road-wagon self-contained iron weighbridge of 12 
tons o—— at Natal Spruit refuse.destructor, Johannes- 
burg (Contract No. 899). Alternative tenders are invited 
for a weighbridge of the same capacity, but with a 
timber frame. Copies of the specifications, conditions 
of contract, and forms of tender, together with drawin 
may be obtained from the Maunici Offices, Plein- 

uare, Johannesburg, A charge of 1/. 1s. is made, 
which will be refunded on receipt of a bond.fide tender 
and the return of complete documents and plans. Sealed 
tenders, on the proper forms, will be received by the 
Town Clerk at the above address. A copy of each of 
the specifications. &c., may be consulted at the Commer- 
cial Intelligence Branch. 


Colombia: The Diario Oficial, Bogotd, publishes a law 
authorising the formation of a Commission to control the 
execution of town drainage works at Mompds;, to draw 
up a scheme for this purpose, and also to arrange for the 
purchase of the machinery, vehicles, and material 
a. The Commission is authorised to contract, by 
pu - tender, for the carrying out of the necessary 
works. 





NorTHERN TRAMWAYsS.—The cost mile of single- 
track tramway at York has been 12,850/. ; at Halifax the 
oy geen | cost has been 75002. The York total of 
12,850/. includes 2130/. for street improvements. Traffic 
receipts at York are low—viz., 8.85d. per car-mile, 

inst an average of 19.41d. at Darlington, Doncaster, 
alifax, Huddersfield, ye 4 and Rotherham. The 
average working expenses of the York and the six other 
tramways selected for comparison were 66.77 per cent. 
of the receipts. The average working expenses at York 
were 6.08d. per car-mile run; upon the six other systems 
<a for comparison the average was 7.16d. per car- 
mile. 





Meratiic PerMANgnt-Way.—The exports of chairs 
and metallic slee from the Uni Kingdom in 
October amounted to 2693 tons, as compared with 5307 
tons in October, 1914, and 7697 tons in October, 1913. 

ra marked decline observed in the October ctate- 
ment was due to a falling-off in the shi ts made to 
British India. In the ten months. ended October 31, 
this year, chairs and metallic sleepers were shi to the 
extent of 53,162 tons, as compared with 67, tons in 
the first ten months of 1914 and 106,888 tons in the first 
ten months of 1913. Deliveries to British India to 
October 31 were still considerable, but were reduced to 
38,698 tons, as compared with 57,313 tons and 78,778 
tone. The decrease was, no doubt, attributable to the 
general dislocation of affairs occasioned by the present 
widespread war. 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Wednesday afternoon » 
better tone prevailed in the pig-iron warrant market thar, 
had been the case in the morning, and what had been los: 
then was regained at the later session, closing sellers’ 
ices being 68s. 34d. per ton cash and 68s. 74d. one month. 
Although only a very small business of 500 tons wa« 
done on Thursday morning, prices were particularly firm, 
and 68s. 9d. was paid for one month’s iron. Abt the close. 
values were 24d. per ton up from Wednesday. The 
transactions in the afternoon amounted to 1500 tons, 
for which up to 68s. 10d. one month was realised, « 
further gain of 1d. per ton being recorded. Closing 
sellers’ quotations then stood at 68s. 6d. cash and 
68s. 104d. one month, the same as in the forenoon. 
This improvement continued on Friday, when 
further rise took Cash iron, after being done 
at 68s. 74d., was quoted by sellers av the close at 
68s. — 693. 4d. was realised on forward account, 
with se over at this level at the close. An advance of 
54d. per ton was thus led for a satisfactory turn- 
over of 3000 tons of Cleveland warrants. At the afternoon 
session prices were still on the upward grade, 69s. 3d. per 
ton being realised for cash and 69s. 74d. one month, bas 
a slight reaction took place at the close, when cash sellers 
were quoted 69s. 14d. cash, with one month’siron 69s. 6d. 
Only 1500 tons were dealt in. On Monday morning 
movements were narrow, and cash iron changed hands at 
69s. 1d. per ton, one month’s iron being dealt in at 
69s. 44d., and three months’ advancing from 70s. to 
70s. 4$d., sellers being over this figure at the close, 
when the cash quotation was 69s. 2d., and one month 
69s. 6d. per ton. The transactions amounted to 3500 
tons, while in the afternoon a business of 2500 tons was 
recorded, 69s. 3d. being realised for cash and 693. 9d. one 
month. At the close sellers quoted 693. 44d. per ton 
cash and three days and 693. 9d. one month. Yesterday 
Tuesday) morning a rather easier tone prevailed, and 

leveland warrants declined about 2d. per ton, cash iron 
being dealt in at 69s. 2d. One month’s iron started firm 
at 69s. 9d., but declined to 69s. 7d., closing sellers’ price, 
when cash warrants were quoted 693. 24d. per ton and 
69s. 2d. three days. The afternoon’s prices were a trifle 
irregular, although, after easing off to 693. 14d. cash and 
69s. 5d. one month, a slight recovery took place, and 
closing sellers were quoted 69s. 4d. cash and ten daye, 
69s. 14d. three days, 69s. 8d. one month, and 70s. ney 
three months. Steadiness prevailed in the market this 
(Wednesday) forenoon, and at various odd dates a small 
turnover of 1500 tons was reported. For these the prices 
reali were 63s. 9d. to 64s. 94d. up to nine days and 
69s. 5d. fourteen days, with closing sellers’ cash price 
69s. 4d. per ton and 69s. 84d. one month. 


Sulphate of Ammonia.—Sulphate of ammonia has made 
another advance in price during the past week, and now 
touches the highest level reached this year, 15/. 17s. 6d. 
to 16. per ton being quoted for prompt delivery Glasgow, 
16. to 162. 5s. for prompt delivery Leith. 


Scotch Steel Trade.—The high cost of pig-iron and other 
raw materials is having a decided influence on the price 
of all classes of steel, but, notwithstanding this, steel- 
makers in the West of Scotland are as fully occupied as 
it is well-nigh possible for them to be, and that, of course, 
almost exclusively on Government account, shell bars and 
military work generally being in most urgent demand. 
Unfortunately, iron and steel manufacturers are now 
being faced with another difficulty—the scarcity of rail- 
Way wagons, so many being uired otherwise for the 
transport of army supplies, s his, and various 
other reaso notably the pressure under which 
all work is being turned out, are tending to keep 
deliveries much in arrear, despite the fact that the 
mills are running almost unceasingly, night and day. 
Even with this, however, it seems as if the different 
Governments would never besupplied, for, no sooner bas 
one lot been rolled and despatched than fresh orders pour 
in, high-tensile steel bars being turned out in a never-end- 
ingstream. This, of course, is setting ordinary mercantile 
business further back than ever, and the impression pre- 
vails that Government business will very shortly displace 
everything else. Prices are still on the increase, and in 
not a few cases record figures have been attained ; but the 
last has not been heard of this yet. Ship-plates are firm 
at 112. to 117. 5s. ; boiler-plates, 12/. ; and angles, 11/. 5s., 
or even 111. 10s.—all these less 24 per cent. for oa 
home delivery. For net export prices are much on the 
same level. 


Malleable-Iron Trade.—No new development falls to 
be recorded in connection with the local malleable-iron 
trade ; makers are just as busy as ever, and there are 
still many orders to turn out. It is being found necessary 
to place contracts for raw material well in advance, to 
ensure deliv in time to meet future and urgent 
supuiemnante buh, even with this provision, makers are 
not pressing for much new business on account of the 
steady rise in price of all raw material. Indeed, some 
of the makers ) wooed even withdrawn prices altogether. 
** Crown” bars for 
about 122. to 120. 
112. 10s. to 117. 15s. 


Scotch Pig-Iron Trade.—Pig-iron has been in much 
better demand during the past week, and that at in- 
creased values ; for although the export trade still hangs 
heavy, there is a very considerable volume of home bu:i- 
ness to be dealt with. Hematite continues in excellent 
demand, particularly on shipping account, and the ditt- 
culty of obtaining prompt supplies is giving rise to & 
certain amount of inconvenience. To the end of the 
week a further advance in price took and 120s. per 
ton was quoted. There is every likelihood thatat some uv? 


pt home delivery are still round 
Bs., less 5 per cent.; and for export, 
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far distant date a few of the ordinary furnaces will be 
utilised for the production of hematite, owing, of course, 
to the present awkwardness of freight and transport, and 
the scarcity of labour for discharging boats and under- 
taking similar work. The blast-furnaces in operation in 
Scotland number 71, thesame as last week, and six fewer 
than at the corresponding date a year ago. A further 
increase in the price of makers’ (No. 1) iron has taken 
place, and the following are the current quotations :— 
Clyde, 85s. 6d. per ton ; Calder, Summerlee, and Lang- 
Joan, 86s.; Gartsherrie, 87s. (all shi at Glasgow); 
Eglinton, 81s., and Glengarnock, 87s. (both at Ardrossan) ; 
Dalmellington, 82s. (at Ayr); Shotts, 85s., and Carron, 
87s. (both at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—A good many inquiries 
are to hand for contract renewals for the new ro. 
Some have been fixed up at current rates, but a large 
number have yet to be settled, and negotiations are 
roceeding. e@ steam-coal position has und e 
ittle change. The pits are fully occupied, and have 
no difficulty in disposing of practically the whole 
of their output. | is not wanted for home 
consumption in the anning works, on the rail- 
ways, &c., is easily disposed of for shipment. Both 
cobbles and nuts are busy markets and command ready 
and easy sale. The difficulty experienced in obtaining 
adequate supplies of slacks this week has become more 
pronounced, and as the demand is on the increase, the 
problem of securing & sufficient tonnage to keep all con- 
sumers going up to Obristmas is causing some little 
anxiety. House-coal is a much moreactive market. The 
advent of snow and frost has been accompanied by an 
influx of orders from all sources. London is making b 
demand on the South Yorkshire market. Full supplies 
are also being taken by the gas companies. gas and 
house-coal pits are working full time, and have difficulty 
in keeping pace with orders. A further improvement has 
taken place in furnace coke. The quotation, which in 
May was 24s. 6d., and a month ago declined to 15s., has 
now risen to 22s. 6d. There is a good inquiry for steel 
cokes, prices being firm. Quotations :—Best branch hand 
picked, 20s. 6d. to 2is. 6d.; Barnsley best Silkstone, 
18s. to 198. ; Derbyshire best brights, 17s. 6d. te 18s. 6d. ; 
Derbyshire house, 16s. to 17s. ; best aa nuts, 15s. to 
16s.; small nuts, 14s. 3d. to 15s. 3d. ; Yorkshire hards, 
16s. 6d. to 17s. 6d. ; Derbyshire bards, 16s. to 17s. ; best 
slacks, 11s. to 12s. ; anal 9s. 6d. to 10s. 6d.; smalls, 8s. 
to 9s. 


Iron and Steel.—There seems no inclination on the 
part of hematite producers to depart from the high prices 
quoted a week ago. Rather is the tendency to ask 
higher figures. ixed hematites, of which there is a 
ready sale, are offered at 118s. to 122s., plus the cost of 
delivery. Special qualities are making 130s. and up- 
wards. In common irons foundry sorts are ——— 
the most attention, but values both of foundry an 
forge lack strength. Makers in the Lincolnshire and 
Derbyshire districts declare that they are virtually 
unremunerative, and point to the record discrepancy 
between the price of raw, finished, and semi-finished 
materials. Lincolnshire makers are asking 71s. 6d. for 
foundry and 70s. 6d. for forge, and Derbyshire makers 69s. 
for foundry and 68s. to 68s. 6d. for forge. In the finished 
trades output is on the increase, but the tonnage of pro- 
ducts sent away on commercial account tends to decrease 
month by month with the increase in war requirements. 
Rapid headway has nm made in the erection of new 
factories. Labour still constitutes one of the most diffi- 
cult problems, but in some measure difficulties are yielding, 
as a result of the wider employment of women and the 
return from the Colours of skilled mechanics. Manufac- 
turers expect to obtain further relief in this connection 
from the promised release from school of boys of thirteen 
years and over. Men engaged in all branches of the steel 
industry are being freely enlisted and sent back to their 
work. The bulk of the business booked during the past 
month has been on Government account, and includes 
substantial orders for pumps, motors, surgical instra- 
ments and materials, kinds of tools and implements, 
weighing-machines, disinfectors, &c. Steel-billet prices 
are maintained at the high level reported a week ago, but 
little business is passing, practically the whole of the 
output being committed on contract account. 





Woop Poutp rroM THE ARGENTINE.—A Danish report 
from the Argentine states that a new industry is about 
to spring up in that country—viz,, the manufacture of 
wood-pulp. It has been discovered that the Araucaria 
imbricata, the well-known so-called ‘‘monkey puzzle,” 
which is found in vast quantities in the forests 
which constitute the greater ion of the Neuquen 
territory at the Andes Mountains, near the Patagonian 
frontier, is admirably suited for the manufacture 
» 4 yo 2 A —eet similar kind yy = is 
a ound, and in sti r quantities, in the large 
woods of the Missi Sees Gan : + 
Argentine, on the borders of Brazil, Uruguay, and 
Paraguay. It cannot quite vie with the first-mentioned 
species, yet it has yielded satisfactory results. A limited 
company has been started for the purpose of exploiting 
the material, and the Argentine Government is understood 
to take an interest in the matter. It is confidently 
expected that the Argentine ere long will be able her- 


self to cover her requirements of raw material for pa good 
,000 kg. 


manufacture, whereas she, in 1913, imported 32,000 ’ 
ofraw material fur paper, Sweden supp! ying 17,600,000kg., 
Norway 8,750,000 kg., and Germany 3,760,000 kg. 


vernment, in the Northern | Th 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBRoUGH, Wednesday. 

The Cleveland Iron Trade.—The Cleveland pig-iron 
market is very etrone, and, in fact, higher rates are 
realised than since the boom year of 1900. In that year 
No. 3 g.m.b. touched 78s, th present ma:ket quota- 
tion for the ruling quality is 70s. 3d.; whilst No. 1 
has become 74s.; No. 4 foundry, 69s. 9d.; No. 4f 
69s. 3d. ; and mottled and white iron, each 68s. 
Traders take a very hopeful view of the situation, and 
there is a a poavallins opinion that top prices have not yet 
been touched. Some little outside speculation in pig- 
iron warrants is once more being indulged in, and quota- 
tions are fluctuating to some extent. ——- for 
warrants are 69s. 9d. cash buyers, 69s. 10d. sellers. 
These are higher rates than have ruled since the middle 
of May, 1913. The previous highest quotations this 
year for warrants were on April 6 last, when buyers 
offered 69s. 3d. cash and sellers demanded 69s. 5d. cash. 

Stocks of Cleveland Pig.—A little Cleveland iron has 
been added to the stores lately, but stocks are by no 
means heavy. Practically the only stock of Cleveland 
is that in the public warrant stores. The quantity held 
there now stands at 129,498 tons, all of which is No. 3 
quality. This is an increase so far this month of 78 tons. 

Hematite Iron.—The East Coast hematite branch of 
the staple industry is ina most satisfactory state. There 
is practically no iron obtainable for delivery before next 


spring. the makers are fully sold into the new 
year, and many of them declare that they cannot book 
orders to tee delivery before March next. The 


few odd lots that come on to the market through unfore- 
seen circumstances are sna up at high prices. There 
is pressure for delivery both on home and foreign 
account. The minimum quotation for Nos. 1, 2 and 3 is 
125s., and some sellers are naming 130s. 

ey of Pig-Iron.—Shipments of pig-iron from 
the Tees are on a fairly good scale, but they would be 
considerably heavier if steamers were coming forward 
better. To date this month the loadings average 1214 
tons per working day, the total despatches being officially 


. | returned at 18,216 tons. To thesame date last month the 


total 5 — gm ayes tons, or a — 
average of 1 tons, and for the corres ing part o 
November last vear the shipments ei ry tons, or 
an average of tons per working day. 

Foreign Ore.—Great firmness characterises foreign ore. 
Market quotations are based on fully 33s. ex-ship Tees 
for Rubio of 50 per cent, quality, and odd lots have been 
sold under exceptional circumstances on higher terms. 
Freights are . * at rates that have ruled for some 
little time past. Further fixtures Bilbao-Middlesbrough 
are reported at 17s. Imports of foreign ore to the Tees 
to date this month amount to 92,908 tons. 


Coke.—Coke is more scarce than ever, notwithstanding 
the larger output. Before the end of the year the make 
promises to be still further increased by 4000 tons to 
5000 tons per week, and apprehension is felt that even 
such additional production will be insufficient fully to 
meet requirements. Local needs are heavy, and con- 
sumers are pressing for delivery. Durham blast-furnace 
coke of average quality is quite 30s. delivered at Teesside 
works, and several sellers are holding out for a higher 
price. Good foundry coke for shipment ranges from 30s. 
to 35s. f.o.b., and gas-house coke is round about 30s. 


Manufactured Iron and Steel.—Government work con- 
tinues to absorb the output of finished iron and steel, and 
so pressed for delivery are manufacturers that they cannot 
entertain ordinary commercial business. Quotations all 
round are very strong, but, so far as is ascertainable, the 
only actual changes are advances in s' rails, strip, and 
hoo Common iron bars are 12/.; best bars, 12/. 7s. 6d.; 
best best bars, 12/. 15s.; packing-iron (parallel), 8/. 10s.; 
packing-iron (tapered), 9/. 15s.; iron ship-plates, 10/.; iron 
ship-angles, 12/.; iron ship-rivets, 13/. 10s.; steel ship- 
plates, 10/.; steel ship-angles, 9/. 5s.; steel boiler-plates, 
12/.; steel strip, 117. 10s. ; steel hoops, 12/.; steel joists, 10V.; 
heavy steel rails, 10/.; and steel railway sleepers, 10/. 10s. 
= dung material net, and all other descriptions less 
24 per cent. discount. 





ARGENTINE FLOops.—The past two years have been a 
time of flood trouble in Argentina. Rain has generally 
been ied as a great desideratum in the tine 
Republic, but during the past year the Argentine had far 
too much wet, with the result that the rivers and ordi- 
nary channels could not carry it off, and great lakes were 
formed. This did not tell adversely upon the track of 
the railways so long as there was no wind, but when high 
winds arose they raised the flood-water into waves, and 
the track was rapidly undermined and washed away. 


The engineering staff of the Buenos Aires Western Rail- | T’ 


way grappled with en with the difficulties which had 
arisen, piling with wood, laying sheets of galvanised iron 
where the banks were most ex and filling in wash- 


outs with cement in bags and brickbats in wire netting. 

ey mana in consequence to keep trains running in 
most cases, but this was done at considerable expense, the 
workscarried outinvolving thecompany in alossof 122,823. 
What was done upon the Buenos Aires Western system 


was also done, more or less, upon the Buenos Aires Great | bu 


Southern and the Central Argentine Railways. The 
special flood outlay of 122,825/., which had to be provided 
for the Buenos Aires Western Railway, was made 
y charging off the special expenditure at once, and 
the working expenses for 1914-15 did not show a larger 
increase than 17,532/., severe economy having been pre- 
viously exercised to meet the depression of the times. 


. | ralty 


NOTES FROM THE SOUTH-WEST. 


Cardif.—There has been no great amount of business 
ing in the steam-coal trade, and on Saturday many 
inquiries were held over. Colliery owners are hoping for 
improved tonnage conditions under the new Government 
scheme, but there is not much prospect of any increase in 
available supplies ny | the present month, and for 
early shipments most descriptions of coal have been 
offered upon comparatively easy terms. The best Admi- 
large steam coal has to some extent. nominal ; 
Secberselin TH tet teed ooo ane Pe Ok tote 
to . 
per ton. The best Reussbelde have made 
households, 21s. to 22s. ; No. 
smalls, 10s. to 10s. 6d. per 
uotation for patent fuel is 23s. to 


Te 
bgFFs 


to 15s. ; and No. 2 


L 


a at fer ypraey and Professor Ainsworth 
vies, who had joined His Majesty’s Forces. 

Western Trade Matters.—The directors of the Ebbw 
Vale Steel, Iron, and Ooal Company, Limited, recom- 
mend a dividend upon the preference shares at the rate 
of 6 cent. per annum. New freight records have been 
established at Cardiff, the outward rate to Roven having 
risen to 18s. 9d., and that to Havre to 16s. 6d., per ton. 
The outward rate to Gibraltar has also advanced to 29. 
per ton, and to Genoa to 48s. per ton. The ter pro- 
portion of outward business from Cardiff is being done by 
steamers o' in neutral countries. The steel’ furnaces 
at Dowlais have been working to their full capacity, and 
the Goat Mill has turned out a quantity of steel 
rails and steel slee as well as billets and crude steel. 
The directors of the Rhymney Iron Company, Limited, 
recommend a dividend at the rate of 6 cent. per 
annum upon the preference shares, payable mber 15. 
At the annual meeting of the Barry Graving Dock and 
Engineering Company, Limited, the report of the direo- 
tors stated that the profits of the twelve months, after 
payment of interest on debentures, were 27,527/., increased 
to 52,774l. by the considerable balance brought forward 
— eng ag directors pomees a dividend of 

per cent. for the year u ordinary shares, carry- 
ing forward 29,815/.; an addition of 7500/. is also made to 
the contingency fund. The past year has been a favour- 
able time for Bristol Docks, and this has, of course, 
assisted the Bristol City Council to meet the general diffi- 
culties of the times. The result is that a reduction of 4d. 
in the pound has been effected in the local rates. 





Tae tate Mr. Wittram Grorcr Biacksurn.—We 
regret to have to announce the death, which occurred sud- 
denly from heart failure on the 10th inst., of Mr. William 
George Blackburn, managing director of Mesars. 
Thomas Green and Son, Limited, Engineers, Leeds. Mr. 
Blackburn was born at Seacroft, near on October 2, 
1859. He served his sepenee with Messrs. Kitson 
and Co., Limited, Airedale Foundry, Leeds, and shortly 
after entering this firm he was transferred to the drawing- 
office. In 1884, Mr. Blackburn went as leading draughts- 
man to Messrs. Thomes Green and Son, Limited, Smith- 
field Iron Works, Leeds, where he designed their success- 
ful ny atmospheric.condensing tramway engine. 
His abilities were soon appreciated ; he was appointed 
manager in 1892, and in 1900 managing director, which 
position he held to the time of his death. Mr. Blackburn 
was for many years Member of Council of the Leeds 
Association of Engineers, an association for which he 
has also acted as chairman. He became a member of the 
Institution of Mechanical Engineers in 1891. His loss is 
deplored by a wide circle of friende. 





Mica IN THE Unirep Srates.—Of the two industrial 
varieties of mica, muscovite (commercially known as rum, 
ruby, smoked, y tacree! according to colour), and phlogopite 
(amber), the United States mine practically aly the 
former, the latter coming from a and India. 
quantities are imported into the country, the imports of 
1914 being valued at 625,936 dols. (943,018 dols. in 1913). 

he tariff of October, 1913, distinguishes between un- 
manufactured mica (duty, per cent., ad valorem), cut 
split mica, &o. (30 per cent.), and ground mica (15 per 
cent. duty). e chief mines are in North Carolina. 
In Paper II. : 7 of the United States Geological Survey, 
D. B. Stérrett gives historical notes on the production 
of the various States. The value of the production 
totalled 328,746 dols. in 1914 (436,060 dols. in 1913). Like 
the imports, these figures have fluctuated a great deal ; 

t the production of 1913 was a maximum ; and the im- 

ta of that year were second only to those of 1906. 

he average price of sheet mica (from all sources) was 
50 cents per pound, however, in 1914, against 20.8 cents 
in 1913. Mica is utilised for electric Cy and in 
the glazing trade, while ground mica finds an increasing 





use for the decors tion of wa'l-papers, in lubricants, rubber 
goods, laggings, &c. 
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NOTICES OF MEETINGS. 


Tus Instirution or MecuanicaL Enoinesrs.—Friday, Novem- 
ber 19, at 8 p.m., at the Institution of Civil neers. rs :— 
“The Chem: and Mechanical Relations of Iron, Molybdenum, 
and Carbon,” by J. O. Arnold, D.Met., F.R.S., Professor of Metal 
lurgy in the University of Sheffield, and A, A. Read, D.Met., 
F.LC., Professor of Metallurgy in the University of Wales. ‘‘ The 
Cause and Effect of ‘Ghost Lines’ in Large Steel Forgings,” by 
J. O. Arnold, D.Met., F.R.S. 

THe MANCHESTER AssociaTION OY EN@iNeRRS.—Saturday, Nov- 
ember 20, at the Grand Hotel, Manchester, when a lecture will be 
delivered on the “‘ Manchester Electricity Supply : some Recent 
and Projected Extensions,” by Mr. S. L. Pearce, M. Inst. OC. E., 


Man- 
chester Corporation Electricity Station. The lecture will be 
illustrated with lantern-slides. The chair will be taken at 7 p.m. 

Tus SrarvorpsHire [Ron aND Stes. InstiruTs. — Saturday, 
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Tus Surveyors’ Instrrution.—Monday, November 22, at 8 p.m. 
A paper will be read by Mr. E. M. Konstam, Barrister-at-Law, on 
**Oaee Law under the Finance Acts.” 

Tue IutumMinatine Enemneerine Socisty. — Tuesday, Novem- 
ber 23, at 8 p.m., at the House of the Royal mae AY Arts, 
John-street, Adelphi, London. A dievension on “The First 
pe po of the Departmental Committee on Lighting in Factories 

Workshops” will be opened by Mr. Leon Gaster. The chair 
will be taken by Dr. R. T. Glazebrook, O.B., D.Sc., F.R.S. 

Tus Royal Sanitary inetrrvure.—Tuesday, November 23, at 
90, Buckingham Palace-road, at 4.15 p.m. A discussion will take 

lace on “‘ The National and Social Aspect of the Lower Birth 
Rate,” to be opened by Louis Parkes, M.D., D.P.H., Medical 
Officer of Health, Chelsea. 

Tae INstTiruTION OF RalLWay-SienaL ENGingERs (INCORPORATED). 


— | —Tuesday, November 23, at 2.30p.m., at the Institution of 


El Engineers, Victoria Embankment, London. The pro- 
posed formation of local centres will be discussed. 

Tue Institution oF EvacrricaL ENGinerks : Birminenam LocaL 
Secrion.— Wednesday, November 24, at 7 p.m., when Professor 
A. B. Field, M.LE.E., will read his paper, entitled ‘Some 
Difficulties of Design of High-Speed Generators.” 

Tus IxstiruTion oF ELecrricaL Eneweers.—Thursday, Novem- 
ber 25, at 8p.m. ‘‘Some Difficulties of Design of High-Speed 
Generators,” by Professor A. B. Field, Member. 

Tus Optica, Socisty.—Thursday, November 25, at 8 p.m., at 
the Rooms of the Chemical Society, Burlington House, Picca- 
dilly. A wr on ‘‘ The Influence of Visual Errors in Musketry,” 
by Mr. J. H. Sutcliffe, Vice-President, will be read and discussed. 

Tus Nortu-East Coast LxstirvuTion or ENGINEERS AND SniP- 
BUILDERS. — y, November 26, at 7.30 p.m., in the Lecture 
Theatre of the Literary and Philosophical jety, Newcastle-on- 
Tyne. A paper entitled ‘* Notes on Model Experiments,” by Mr. 
G. 8. Baker, Superintendent of the William Froude National 
Tank, will be 

Tae INSTITUTION OF MECHANICAL ENGINEERS: £1EFFIRLD MERTING, 


- |—Friday, November 26, at 8 p.m. A meeting will be held, by 


invitation of the University, 5 the Mappin Hall, St. George’s- 
square, Sheffield, for the presentation and discussion of the 
rs on ‘*The Chemical and Mechanical Relations of Iron, 
olybdenum, and Carbon,” by Professor J. O. Arnold, D. M 
F.R.S., and Professor A. A. , D. Met., F.LC., and “ The 
Cause and Effect of ‘Ghost Lines’ in Large Steel Forgings,” by 
Professor J. O. Arnold, D. Met., F.R.S. Mr. J. Rossiter Hoyle, 
Vice-President, will preside. 
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THE VALUE OF ORGANISATION. 


Few matters of human interest have esca 
the criticism of that acute observer of life who has 
elected to vent his views through the humorous 
mask of Mr. Dooley’s observations to the much- 
enduring ‘‘ Hennessey,”’and certain national charac- 
teristics of the Teuton have in due course come in 
for his comment. ‘‘’Tis a good thing for Germany,” 
said Mr. Dooley on one occasion, ‘‘ because all a 
German knows is what someone tells him, and his 
grajation papers is a certy-ficate that that he don’t 
need to think any more.” The extraordinary 
docility of the German has, in fact, been a matter 
for comment ever since Frederick the Great utilised 
it to form the first army that might. justly be 
classed as a ‘‘ war machine.” The stupid remark is 
sometimes heard that it is impossible to lay down 
any general statement as to national characteristics, 
because no rule will apply to every individual con- 
cerned, but the existence of dwarfs does not invali- 
date the statement that the Scotch are a tall race, 
and a disposition to bow to authority may equally 
fairly be classed as a Teutonic trait. From it 
Germany has indeed reaped some very great advan- 
tages, and been able to carry out much excellent 
work inthe world. Nevertheless, though conscien- 
tiousness and thoroughness go far, they are at best 
but estrian virtues, and had mankind been de- 

ent on them alone, it could never have 
emerged from the Stone Age. 


The anti-vaccination societies, the anti-inoccula- | address 


tion societies, and the society for promulgating 
views as to the flatness of the earth, are not asso- 
ciations of a kind to flourish in Germany, and the 
vast sums expended here on their pro da 
have long been felt as a reproach by the intelligent 
Briton. Nevertheless, the flourishing condition of 
such societies does at least serve to illustrate one 
very marked national characteristic—viz., the insist- 


*| very serious 


ence of the individual on his right to think for him- 
self, and his objection to taking his views ready 
made from so-called experts. 

Undoubtedly in many directions this trait has 
wbacks, on which our critics and 
mentors have been in the habit of enlarging for 
many decades. The insistence of the average man 
on the importance of his personal opinion is trans- 
lated in practice into an overestimate of the quality 
of initiative in comparison with a knowleage of 
scientific principles and the capacity for accurate 
deduction therefrom. The man who will give an 
immediate and positive answer to a practical pro- 
blem is the one preferred for ——— of autho- 
rity, although not infrequently disaster results 
when the problem is one which may really be in 
need of prolonged study by the trained expert 
before any really competent opinion can be formed. 

The Royal Commission on the Quebec Bridge, 
for example, amongst the minor contributing causes 
of the disaster, noted the fact that the ‘‘ chief engi- 
neer” was devoid of any special knowledge of 
bridge work, receiving his appointment solely on his 
record for executive ability. Again, one of the 
most important advances in mechanical engineer- 
ing made in this country during the past twenty 
years was severely handicapped by the action of 
one firm, who entrusted the development of the 
new departure to an engineer of excellent executive 
ability but who, whilst matters were still in a 
state of flux, established standardised designs and 
methods of manufacture which proved far from 
satisfactory in practice. 

If it be true that one man’s opinion is as good as 
another’s, it is no doubt logical to employ men of 
this type to settle offhand even the most abstruse 
of engineering problems, and the works manager 
of a dye factory may, on the same grounder, over- 
rule the opinion and damp the initiative of the 
trained chemists in the laboratory. Sad experi- 
ence has, however, demonstrated again and again 
the falsity of the major premise, and works 
directors in general must make up their minds in 
the future to a much larger proportionate expendi- 
ture on what they have hitherto been in the habit 
of deeming non-productive charges. 

In spite of our national disregard of deductive 
methods, we have, nevertheless, managed to build 
up a great Empire and a great trade, and our 
success has long been a puzzle both to friendly 
and hostile critics. In his able and interesting 
address to the Society of Arts on Wednesday 
evening last, Dr. Dugald Clerk recalled Seeley’s 
famous observation that ‘‘ We seemed to have 
conquered and peopled half the world in a fit of 
absence of mind.” The remark would perhaps be 
truer if the word ‘‘ method” were substituted for 
‘*mind.” Inno case have we followed a set and 
logical plan of procedure. The idea of developin 
India as a European dependency originated wit! 
Dupleix, and the plan of placing the whole of 
North America under one flag was also of French 
origin. In more recent times we refused the 
opportunity of acquiring the area now known 
as the Congo Free State, which passed ac- 
cordingly under Belgian control. In all prob- 
ability, however, this absence of a set plan of 
national aggrandisement has been largely contribu- 
tory tothe results actually achieved. In the larger 
affairs of the world too much foresight is only one 
de better than none at all. A far-reaching 
policy must of necessity be based on hypotheses 
and assumptions necessarily incomplete and inade- 
quate, and the apparent]y unmethodical and hap- 
hazard method of solving each problem as it arises 
has thus some very marked practical advantages. 

Our world trade has been built up in not dis- 
similar fashion, but we are strongly of opinion that 
in certain departments, at any 1ate, the data now 
available make both possible and desirable a marked 
departure from our hitherto almost exclusive re- 
liance on the untutored initiative of the so-called 
practical man. Nevertheless, as Dr. Clerk pointed 
out, our record of work done and work doing com- 
pares most favourably with that of Germany, 
where entirely different methods prevail. In his 

Dr. Olerk disinterred jeremiads from Lord 
Charles Beresford, Lord Moulton, Professor Cramb, 
and other professors, calling attention to the 

lous state of our country both nationally and 
industrially. 

As for Lord Charles Beresford, his indictment 
published in 1912 is of peculiar interest. In this he 
objected to the whole principle of building Dread- 





noughts, and declared that the Home Fleet was a 
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fraud on the public and a danger to the State. 
Moreover, he advocated a return to what he stated 
was the traditional mar of this country—viz., to 
let our competitors lead the way in every technical 
improvement, and then to compensate for our lack 
of initiative by the depth of our money- which 
would enable us, once the value of the improve- 
ment was established, to outbuild our rivals. For- 
tunately, for, at any rate, this occasion in our 
history, the man of merely executive ability, the 
dashing officer, to whom Napier refers so con- 
temptuously in his history of the Peninsular War, 
was repudiated, and our naval defences entrusted 
to others of a more reflective type of genius. 

The policy advocated by Lord Charles has also its 
supporters in industrial matters. Why, it is asked, 
should firms venture from the beaten paths when, 
if the work of pioneering is left to others, all risks 
of failure may aveldied and the profits secured 
by purchasing the patent rights from the foreign 
adventurer? Were wealth mainly material in 
origin, this policy might perhaps be defensible ; 
but being mainly a product of mind, the nation’s 
chief asset. consists in its supply oi men with 
insight and initiative. The policy advocated was, 
in fact, followed by the Post Office when it 
took over the telegraphs. Up to that date 
almost every important advance in telegraphy 
originated in this country, but the market for brains 
being closed by the transfer of the telegraph 
system to the State, pioneering work onli 
ceased here, such improvements as were adopted 
being almost wholly imported from abroad. For- 
tunately, the field for cable telegraphy remained 
open, and in this our engineers have still continued 
to lead. No doubt pioneering is risky, but the 
profits, when it is successful, are large, and it 
provides a field for the exercise of a class of talent 
in which we are particularly rich, endowed with 
insight rather than dependent on erudition. As 
As far as concerns actual achievement, few will 
dispute that our contribution even to the material 
apes of mankind is infinitely in advance of that 
of Germany, and we hold an equal superiority in 
the realm of idealism. 

It is quite true that Germany, in normal times, 
makes nearly double the quantity of pig-iron that we 
do ; but, as Dr. Dugald Clerk pointed out, America 
is about as far ahead of Germany in this particular 
as the latter country is of this. In neither case 
does any large proportion of the make appear in 
the form of exports, and the heavy demand and 
make would appear, therefore, to be largely attri- 
butable to the still imperfectly developed condition 
of both countries. Whilst Great Britain has one 
mile of railway line to each 5.16 square miles of area, 
the corresponding figure for Germany is 6.4 miles 
of area for each line of railway (mostly single track), 
and for America 14 uare miles of territory per 
mile of railway. The make of German steel 
has, moreover, become possible, Dr. Clerk re- 
marked, solely by the discovery of the basic process 
by Thomas and Gilchrist. 

In certain fields of electrical engineering Ger- 
many also holds a very high place, but this is 
unquestionably largely due to the insane legisla- 
tion by which Mr. Chamberlain smothered electric 
enterprise in this country in the interests of 
municipal trading. No equivalent explanation is, 
we fear, to be found for the present relative status 
of the aniline dye industry in the two countries. 
Chemical problems are, however, relatively simple 
as compared with those to be solved by the engi- 
neer, and science can accordingly prove more 
immediately and directly beneficial than in the art 
of mechanical engineering. The British contempt 
for scientific method and principles, largely fos- 
tered by the classical tradition of our public schools, 
has accordingly met a nemesis in the chemical 
trades, which appears still distant in other fields of 
enterprise where the importance of erudition is 
relatively less. 

As Dr. Clerk pointed out, in 1911, the last year 
for which complete figures are available, the total 
ex trade of the United Kingdom was valued 
at 1,031,000,000/., as compared with 807,000,000/. 
in the case of Germany, and the average income 
per head of —_ was as 531. to 301. 

Tn fact, method and organisation are often more 
impressive than effective, and it is quite possible 
to have a great deal of organisation with remark- 
ably little efficiency. Where problems are simple 
and straightforward, method and organisation are, it 
is true, remarkably effective ; but human affairs being 
ever in @ state of flux, conditions continually arise 





in which the very perfection of an organisation may 
unfit it to cope with unexpected conditions. Many a 
manufacturing firm, for example, has been ruined 
by premature attempts at standardisation. The 
very devices ado to cheapen manufacture and 
increase output have made it difficult to make 
changes rendered imperative by additional experi- 
ence. Similar results will always follow the attempt 
to meet by mere organisation the whole of the 
ever-varying demands of human society. 

a can never be certain that they have 
included in their survey every element of a com- 
plicated problem, and it thus happens that Ger- 
many, so very efficient in minor matters, makes 
such horrible mistakes in the greater. Had the 
military authorities of Germany trusted less to 
reasoning founded on inadequate data, and more 
to intuition and observation, the present terrible 
war would undoubtedly have been avoided. On 
the assumption that France was degenerate and 
England played out, they were, in virtue of their 
extraordi state of military preparedness, able 
to show in due logical form that a few weeks’ war 
must result in an overwhelming triumph for 
Germany. Herr von Eckhardt, for example, the 
German Minister to Mexico, reported a conversa- 
tion with the Kaiser at the outbreak of the war, 
in which the latter declared the certainty of the 
capture of Paris in from one to six weeks. This 
view was undoubtedly a logical deduction from the 
data at the disposal of the general staff. In all the 
larger matters of life, however, logic commonly 
proves a very poor pilot. 

British insight in large matters with German 
logic in details would, however, go very far. 
Indeed, with the constantly extending intrusion of 
science into the art of engineering, the —_— 
of knowledge and method will become of steadily 
increasing importance, but it is to be hoped that 
the resultant advantages will be reaped without 
any undue sacrifice in other directions. An engi- 
neer who has been very largely responsible for, 
perhaps, the most noteworthy development made 
of recent years in the field of engineering, has 
strongly expressed the view that past successes 
cannot be maintained without a very large increase 
in the present expenditure on the staff. Foremen are 
commonly overworked, and draughtsmen too few and 
underpaid. Both faults lead to great waste in the 
shops. The most expensive form of economy is 
undoubtedly that sib commutes in brains. The 
value of a workman’s output depends but little on 
his skill or industry, but almost wholly on the 
quality of the mind directing his efforts. No 
technical skill or intensity of application could, for 
example, give value to his work were it directed to 
the production of a perpetual-motion machine, and 
though this is, no doubt, an extreme case, the 
principle involved unquestionably holds throughout. 

In addition to pointing out that Germany cannot 
fairly claim any pre-eminence in industry, Dr. 
Dugald Clerk also dealt with a similar claim made 
as to her position in the field of pure science. 
This claim has already been discussed in these 
columns, and Dr. Clerk’s view is very much in 
accord with our own. As we pointed out, German 
contributions to scientific data are far more impor- 
tant than her contributions to scientific thought, 
in which field, indeed, she ranks below many much 
smaller countries. With one possible exception, in 
biology, a department of knowledge on which we 
speak with reserve, none of the great generalisations 
which form the basis of science are of Teutonic 
origin. Time alone will show whether the quantum 
hypothesis of Planck is ultimately to form an 
exception to this noteworthy rule. 








VISCOSITY AND RATE OF FLOW OF 
HY DRO-CARBON OILS. 

WHEN technical societies discuss the peculiarities 
of applied science and of their materi facts are 
frequently disclosed which, though known, if not 
necessarily understood, by some technical experts 
present, are novel tothe bulk of the audience and 
not to be found in the literature on the subject. 
Sometimes the experts mentioned have acquired 
their knowledge not merely by routine observa- 
tion, but by research, and having spent their own 
time and money on the research, they consider 
the knowledge gained theirown. When afterwards 
a scientific institution investigates the peculiarities 
in question, it may, if it can, discover and assimi- 
late, in a few months, all the facts that the prac- 
tical expert owes to the experience of years. Petro- 





leum is one of the materials that is pre-eminently 
treated on these lines, and there is little science of 
wy as @ consequence. Applied electricity 
had a different fate. Scientists got hold of it, 
so to say, as soon as electricity showed definite 
ractical possibilities. Trade secrecy had to stand 
k, but ample scope was left for individual 
ingenuity and enterprise. Applied electricity is 
still a young—but wonderfully vigorous and mature 
—science, while old petroleum is scientifically sti] 
in its infancy. The cases are not parallel, of course ; 
but the contrast is suggestive. 

The idea struck us when ‘The Viscosity of Oil 
in Relation to its Rate of Flow through Pipes ” was 
discussed last Tuesday in the Institution of Petro- 
leum Technologists in connection with a joint paper 
by Dr. R. T. Glazebrook, F.R.S., and Messrs. W. 
F. Higgins, B.Sc., and J. R. Pannell, A.M.I.M.E. 
The research has been conducted, at the request of 
the Admiralty, in the National Physical Laboratory, 
and the account which Dr. Glazebrook gave was 
published by their Lordships’ permission. The 
report to the Admiralty evidently contained a great 
deal more than Dr. Glazebrook communicated, and 
it is to be hoped that someadditional information, for 
which Mr. inger and others asked, will be pub- 
lished. The object of the research was to investigate 
the laws of flow of the oil in drawn-steel pipes of 
varying sizes (3 in. to 5 in.), with a view to deter- 
mining how far the pressure difference required to 

roduce a given flow could be calculated from a 
Saouten of the pipe dimensions and the viscosity 
of the oil (oils from ame, Persia, Mexico, Texas, 
Trinidad, Scotch shale oil, Kimmeridge shale oil, 
&c.). The research was thus, in a certain sense, a 
continuation of the experiments on the flow of fluids, 
which Dr. Stanton and Mr. Pannell have been con- 
ducting at Teddington, and Dr. Glazebrook at once 
mentioned that, though Dr. Stanton was not quoted 
as an author, he had taken his share in the work. 
With regard to the main object, Dr. Glazebrook 
said that there had been little doubt that the 
ordinary loss of viscous flow would be found to 
hold so long as the velocity of flow was less than 
the critical velocity, and that had, indeed, been 
found. But the work, and particularly also the 
determination of the physical properties of the 
oils, had brought out peculiar difficulties and 
anomalies—which are very instructive in them- 
selves. 

The critical velocity, Dr. Glazebrook explained, 
was given by the equation: p V d/n=2500, where 
V was the velocity of flow in feet per second, d 
the diameter of the pipe in feet, p the density, 
and n the viscosity confhciont of the oil expressed 
in foot-pound-second units (not in dynes per sq. 
em.). In this case P/V was equal to 2n / 99d, P 
being the pressure difference in pounds per sq. in. 

foot run, and g the gravity acceleration. As 
to the method to be applied, they had first thought 
of forcing the oil through the pipes by the ordi- 
nary type of pumps, and of measuring the pres- 
sure drop along a measured length of pipe by 
means of screwed-in Bourdon gauges. Further 
consideration had thrown doubt on this method, 
however. The observations were to be made in 
pipes of 3 in., 4 in., and 5 in. diameter, at speeds 
up to 1.5 ft. (and more) per second, and at tem- 
peratures ranging from 35 deg. up to 120 deg. Fahr. 
The pressure be per foot run would, in most cases, 
have been of the order of 0.01 lb. per sq. in., too 
delicate hence for Bourdon gauges, and reciprocating 
force-pumps would have given rise to pressure 
fluctuations. They had then thought of the ordinary 
static-pressure method, measuring the difference of 
height of two columns of the oil, one connected to 
ne of the pressure-holes at a given distance along 
the pipe ; but the time-lag of the oil movement 
proved too great, especially in view of the extreme 
sensitiveness of the oil viscosity to small changes 
of temperature; 1 deg. Fahr. might change the 
friction by 5 per cent. The aor aay 3 were 
finally measured in the way which Mr. Pannell 
demonstrated after the discourse, with the aid of 
the sensitive mercury tilting-gauge, which Mr. 
Pannell described in our columns two years ago.* 
Readings could be taken to 0.001 Ib. per sq. In. 
To paien the flow, two methods remained open. 
To rely on gravity simply would have required « 
very high staging, and even with a gravity head oi 
50 ft. and a length of pipe of 100 ft., a velocity o! 
only 0.25 ft. per second would have been attained. 
A two-stage rotary pump was therefore decided 


* Se- ExGINEERING, vol. xcvi., page 343. 
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upon ; it did its work, but the heating of thick oils 
in the pump was so considerable that experiments 
at low temperature were impossible, the oil tem- 
perature in the discharge-pipe being appreciably 
higher than in the ue a 

e pump was provided with a suction-tank con- 
taining a nest of circulating coils for heating or 
cooling the oil, and a discharge-tank mounted on 
an Avery weighing-machine to measure the amount 
of oil passing through the pipe in a given time; 
the weighing-tank was fitted with a rocking shoot 
rapidly to divert the current from the suction-tank 
to the weighing-tank. From the pump the oil 
flowed through 60 ft. of horizontal piping, which 
was then bent upward and returned to the tank by 
another horizontal length, 12 ft. above the former. 
The pipes were buried in troughs filled with cork- 
dust to prevent radiation. The pressure drop was 
measured over a length of 5 ft. of the pipe, on 
which also oil temperature observations were taken. 
The determination or estimation of the tempera- 
ture of the oil flowing through a pipe is, of course, 
a difficult matter, unless the whole oil can be kept 
at the same temperature. To ensure this, a section 
of 30 ft. of the pipe was wound with electrically- 
heated ‘‘ Eureka” wire, so that heat losses occurring 
in spite of the cork lagging could be compensated. 
Measurements were made with the aid of thermo- 
couples, pushed through holes in the pipe, deeper 
and deeper into the oil ; one of these couples was at 
the discharge end of the experimental section, the 
other 8 ft. further on. 

The experiments were started with Mexican oil, 
which presented some rather unexpected difficulties. 
The viscosity, it turned out, depended not only on 
the actual temperature, but also on the histery of 
the oil, so that observations taken with rising and 
with falling temperatures did not agree. Dr. 
}lazebrook showed two samples of the same oil ; 
the one had been kept in a warm room, the other 
in a cold room, before being brought up to the 
lecture-table ; the first could be poured, the second 
would not pour at all, even from a wide-necked 
bottle ; we shall refer to this point again. In the 
pipe the oil near the wall was always cooler than 
the oil near the centre, and even by heating the 
walls (by the electric resistance) the cold layer of 
oil on the wall was not easily removed. The oil 
got too hot in the pump, and when a special form 
of radiator was added to the circulating (cold water) 
coil, the oil was apt to become too cold, and there- 
fore too viscous, which increased the friction and 
raised the temperature again. Finally, however, 
the troubles were overcome, and it resulted that 
the flow was in all cases stream-line in character ; 
the maximum velocity attainable was in some cases 
only 1.5 ft. per «cond. There were some discre- 
pancies at first, however, between the calculated and 
observed values of P/V, and these, it turned out, 
were due to the circumstance that the samples for 
the viscometers were not at once taken from the dis- 
charge-pipe during the tests and tested forthwith. 
The extreme sensitiveness of the viscosity evidently 
complicates all such determinations considerably. 

A Texas oil, tested later, less viscous than the 
Mexican oil, behaved like the former. With the 
Scotch shale oil some difficulties were experienced 
in the 4 in. pipe, because the viscosity of this oil 
was, at 60 deg. Fahr. (ordinary temperature), such 
that stream-line flow—which breaks down for a 
critical velocity given by p V d/n, as stated above 
—ceased at a velocity of 1 ft. per second ; 
the experiments were continued, with turbulent 
flow, up to speeds of 3.5 ft. In the 3-in. pi 
experiments, the test length was increased to the 
maximum possible of 168 in., in order to make the 
pressure drop as big as possible ; it was then seen 
that the curves agreed, for speeds up to 5 ft. per 
second, with those given by water and air. Thus 
the conclusion is arrived at that the relations which 
hold for the flow of oil in pipes are those which 
are applicable to the flow of other viscous fluids, 
as long as the p V d/n keep below 2500; this was 
the case for all the oils tested, except the Scotch 
shale oil at higher temperatures. When the value 

was exceeded, the flow was turbulent, and 
the relations for turbulent flow would be applicable, 
provided the roughness of the pipe were known, 
We ‘Should have mentioned how the viscosity 
coefficient » is derived from the viscometer obser- 
vations. In the viscometer the time is measured 
in seconds T which it takes for the oil to flow from 
one vessel (of a capacity of 50 cub. cm. in small 
instruments) into another. The relation between 
this time T and the viscosity coefficient » depends 





upon the apparatus used, and is, according to 

iggins, for the two Redwood viscometers used, 
given by the equation n/p = A T—B/T, the values 
of the constant being for the small instrument 
(Type 1) :—A = 2.80 x 10-°; B = 1.85 x 10-*; and 
the large {Type 2): A = 2.91 x 10-°; B = 1.29 
x: 10-*, e rate of outflow of the mee nd instru- 
ment is about ten times that of the smaller. 

Having described the experiments, mainly due 
to Mr. Pannell, on the rate of flow, Dr. Glazebrook 

to the determination of the physical con- 
stants of the oils by Mr. Higgins. The density 
determinations, between 32 deg. and 140 deg. Fahr., 
called for little comment, the decrease in density 
being in all cases fairly proportional to the increase 
in temperature. The viscosity was measured on 
either of the two viscometers mentioned, the larger 
(Admiralty) type being used when the time of out- 
flow of 50 cub. cm. exceeded 15 minutes on the 
No. 1 instrument. The range of viscosities dealt 
with was ane the time T ranging from 30 
seconds on No. 1 to more than an hour (3600 
seconds) on No. 2, which Would roughly be equi- 
valent to ten times that figure on ry 4 1 instru- 
ment. As already mentioned, the change of the 
viscosity with temperature fluctuations was very 
noteworthy at about ordinary temperature. Flash- 
points were determined on the Gray apparatus, the 
values found ranging from 140 deg. up to 240 deg. 
Fahr. The procedure not being standardised (as 
in the Abel test) for the higher temperatures (above 
120 deg. Fahr.), a rough determination was gene- 
rally made, and the oil tem ture afterwards 
raised to within 20 deg. of this value, and deter- 
minations were then repeated at intervals of 2 deg. 
Fahr. In this way the Mexican oil gave the lowest 
flash-point of the oils tested—viz., 145 deg. Fahr. 

Some special researches made at the National 
Physical Laboratory may now be noticed. 
The first of these concerned mixtures of oils. 
The density of mixtures at 60 deg. Fahr. was 
found to be in accordance with the calculations. 
But there was apparently no simple law connect- 
ing the viscosity of a mixture with the viscosity 
of the components, the addition of a low-viscosity 
oil to a high-viscosity oil producing in general a 
much greater decrease in the viscosity of the mixture 
than would result from the law of proportion. 
Thus the addition of 10 per cent. of Scotch shale 
oil, itself of low viscosity, to Mexican oil, reduced 
the viscosity from 72 x 10-* to 15.3 x 10-*, or 
79 per cent.; half-and-half mixtures had the vis- 
cosity 4.25x10-*. This influence was less marked 
when the two constituents were fairly of equal 
viscosity, as Scotch shale and Borneo oil, or Trinidad 
and Kimmeridge shale oil. The flash-point of mix- 
tures was likewise reduced, sometimes by 20 deg. 
Fahr., and the flash-point of the resulting mixture 
might indeed be lower than that of either con- 
stituent—which is of considerable interest. As 
many petroleums are mixtures, experiments were 
made whether the constituents would more or less 
separate again on prolonged storage. For this 
purpose the mixtures were placed in tall jars pro- 
vided with four taps, so as to withdraw samples 
from four levels after a storage period of 212 days. 
Only in one case, that of Mexican oil and Scotch 
shale oil, did the density and viscosity readings of 
the samples taken from different levels indicate 
any de-mixing. The separation was very slight, 
at any rate, and the storage of mixtures would not 
— to call for special precautions. 

t was further investigated whether the deter- 
mination of the oil flash-points would give different 
values if the determinations were made in e 
apparatus instead of in small cups. Since the 
whole flash-point estimation is merely empirical, 
and is influenced by the details of the apparatus 
and of the procedure, such an effect was not un- 
likely. A cast-iron cylinder of 5 gallons capacity 
was therefore wound with heating coils, and was 
— with a safety-valve, a stirring device (which 

id not break the oil surface), a ventilating-pipe and 
two ignition devices, a spiral of platinum wire and 
a small gas-jet, the latter being lowered into 
the vapours at intervals of 14 minute or more; with 
longer intervals the flashes became violent. These 
experiments were all made with Mexican oil, which 
in the ordinary tests had flashed at 145 deg. Fahr., 
and now flashed at 140 deg. Fahr., with the gas-jet. 
The hot-wire ignition was less effective, a tempera- 
ture of 152 deg. being required to start the flash ; 
but then the flash was very vigorous. When the 
oil was not stirred, ignition (by jet) was not 
observed below 145 deg. Fahr. 





Finally, the apparent influence of the previous 
history of the oil upon the viscosity was studied. 
The experiments were chiefly made with Mexican 
oil, which showed the “hysteresis” much more 
than other oils did. One sample of the oil was 
divided into two portions—e.g.; the one portion 
was kept at 32 deg. Fahr., the other at deg. 
Fahr. for six days; both were then heated up to 
60 deg., when the first (cold) sample mauhied an 
increase in the viscosity of 20 per cent., and the 
second (warm) sample a decrease of 11 per cent. 
By storage in an ice safe for 120 days the viscosity, 
again determined at 60 deg. Fahr., was increased 
24 times ; heating to 150 deg. for ten days reduced 
the viscosity to one-half, on the other hand. The 
presence in the oil of solid particles which would 
settle might have explained the peculiarity ; but 
no solid particles could be found. The Mexican 
oil thus appeared to undergo a change in viscosity 
with time; the hysteresis effect was almost sto = 
when 10 cent. of Scotch shale oil was a4 ed 
to the Mexican oil, however, and was hardly 
noticed in any of the other oils. Mr. Higgins sug- 
gested that Mexican oil might undergo a slow 
association of the molecules to bigger molecules, 
which would be favoured by lower temperature. 
Dr. Glazebrook stated, in concluding, that they had, 
unfortunately, not been able to carry the research 
so far as they would have liked, and the chemical 
side in particular would appear to have received 
little attention. Analyses of the oils have not 
been made. 

The chemical point was repeatedly raised during 
the discussion, during which the high importance 
of the communication was dwelt upon by all the 
speakers. It is probably the first paper of its kind 
published in this country, and it certainly has had 
very few predecessors. Dr. Beilby mentioned that 
the peculiarities of the Mexican oil had been noticed 
by Lord Fisher’s Committee on oils. Evidence of 
molecular association would be of the highest 
interest ; but oils were exceedingly complex in 
composition, and he would defy any chemist to 
treat Mexican oil chemically right through. He 
asked, however, whether the oils were crude or 
pure ; the Scotch shale oil looked very dark, he 
thought. These questions could not be answered. 
Mr. ‘Hackforth, who had only recently returned 
from Mexican oil-fields, and who made several 
useful suggestions, asked in —— whether the 
Mexican oil had been free from water. Mr. Bar- 
ringer tted that most of the data of the paper 
concerned lagged pipes and speeds below the 
critical value, which, in practice, was mostly ex- 
ceeded. In hot countries they could get twice as 
much oil through pipes (unlagged) in the day time 
as at night, and he wanted a formula for that and 
for 14-in. pipes instead of 3 in. or 5 in., and not 
drawn, but rough, and with joints. Dr. Glazebrook, 
in replying, hoped to be able to add some informa- 
tion concerning bends and enlargements to the 
paper. The ordinary diameter of pipe-lines does 
not exceed 8 in., we believe, but larger pipes are 
used in the distribution over small distances. 

Dr. A. E. Dunstan made some interesting 
theoretical contributions to the viscosity and 
hysteresis problems. When two oils, A and B, 
were mixed, the viscosity of the mixture did not 
at any concentration correspond to the straight- 
line joining the viscosities of Aand B. But the 
curve representing that viscosity might have a mini- 
mum or a maximum, both of which would appa- 
rently correspond to compounds, or it might not 
have either, being a regular arc below the straight 
line as chord; in the latter case the vapour tension 
curve of the mixture would also be an arc, the 
mirror image of the viscosity curve, above the 
straight line as chord. Dr. Dunstan then traced 
some very peculiar hysteresis curves on the 
board which he had obtained with different oils 
(compositions not stated) when he kept them at 
various temperatures and let them recover. The 
explanation which he suggested was that colloids 
were concerned in the phenomena. A jelly might 
not set if not sufficiently concentrated or if 
heated too long; but, once set, it might become 
liquid again if beaten up with a sagem This sug- 

estion found much favour with the meeting; but 

. Higgins mentioned experiments with refined 
medici paraffin oil which did not support it. 
Mr. Lomax remarked that it had been known from 
the books of Sir Boverton Redwood (who was in 
the chair) that the asphalts in we oil took a very 
long time to separate out, so that the proper test 
coniiitiens were very difficult to obtain. We ventas 
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to submit that the ag of the vapour tension 
curve mentioned by Dr. Dunstan suggeste another 
consideration. When two liquids are mixed, the 
total vapour pressure may be equal to, or smaller 
than, the ial vapour pressures. It depends 
upon the miscibility of the two liquids. hen 
they are not miscible at all (like water and 
bromoform), the total pressure is equal to the 
sum of the partial pressures, and both liquids boil 
at a reduced temperature (93 deg. Cent. in this 
case) at the surface of contact. When the liquids 
are very slightly miscible only (water and ether), 
the total pressure is approximately equal to that 
of the lower-boiling liquid (ether), which distils 
over. When the two liquids are miscible in any 
proportions, the total pressure falls between that 
of the two constituents, and mixtures of the two 
liquids distil over. Now most of the hydrocarbons 
in oil are miscible in any proportions; but the 
asphaltic constituents are not miscible with them ; 
and because the Mexican petroleum is rich in 
asphalt, its flash-point is not a constant. That is 
our suggestion. But we agree with the authors of 
the paper, of course, that only systematic further 
study of the complex chemical and physical structure 
of the oils can account for their peculiarities. 





ELECTROLYTIC COPPER. 

Correr is a material in which the electrical 
engineer is especially interested. We do not know 
what proportion he uses of the million tonsa year 
which is produced in the world in normal times, 
but it is certainly a very large one. In many ways 
his specifications for copper have to be more strin- 
gent than those of anyone else, and as a conse- 
quence he has a uliarly direct interest in the 
development of electrolytic refining. It is this 
development which has given him a commercial 
copper of some 2 to 3 per cent. better conductivity 
than Mathiessen’s standard. According to 
Burkewood Welbourn, some 70 per cent. of the 
copper production of the world is now refined 
electrolytically ; and, as a specific figure, 461,583 
tons were so refined in the United States in 1907. 
The importance of this development, from the 
electrica int of view, was well illustrated by 
Professor Marchant in his recent address to the 
Liverpool Engineering Society, in which he pointed 
out that traces of arsenic in copper reduced the 
electrical conductivity by 40 per cent., and 1 per 
cent. of phosphorus reduced it by 30 per cent. 
What is to the electrical engineer an incidental 
advantage of electrolytic reduction is that the gold 
and silver which are associated with copper ores 
can be recovered instead of being lost, as they were 
with earlier methods. Referring to the figure 
already given for the production of electrolytic 
copper in the United States in 1907, it may be 
mentioned that 13,995,436 oz. of silver and 
272,150 oz. of gold were recovered in connection 
therewith. 

In extracting copper from the ore it is usually 
necessary first to treat the ore in calciners to get 
rid of part of the sulphur before smelting. After 
this it is smelted to extract the earthy matter and 
to concentrate the copper and other valuable metals 
with part of the sulphur and iron into a matte. 
This matte will usually contain from 45 to 50 per 
cent. of copper. It is transferred to a Bessemer 
converter, which blows it up to a content of from 
97 to 99 per cent. of copper with any silver 
or gold which may be present. A material 
of this composition may be obtained by these 
processes from an ore containing only 3 to 4 per 
cent. of copper. The copper is run from the con- 
verter into slabs, which are then transferred to a 
reverberatory furnace, with a capacity of 150 to 
200 tons, for further purification. The copper is 
then run into moulds, to form the cast anodes, 
ready for the electrolytic vats. The anodes are 
usually 36 in. by 36 in. by 14 in. thick and weigh 
500 Ib. each. According to Mr. Burkewood Wel- 
bourn, the cost of converting a 50-per-cent. matte 
to metallic copper, under conditions in the 
United States, is about 4d. per Ib. of refined 
copper. This figure is taken from the chairman’s 
ad , which Mr. Welbourn delivered to the 
Manchester Section of the Institution of Electrical 
Engineers on the 16th inst. The essentials of the 
brief description of copper-refining which we give 
here are from same source. 

In the electrical part of the Mr. Wel- 
bourn stated, most firms employ the —_ 
system, in which anodes of cast copper and cathodes 


Mr. | and afterwards roll 





of electrically-deposited copper, 36 in. by 36 in. by 
gy in. thick, are hung in lead-lined vate. The space 
between the electrodes is 14 in. to 2 in., and the 
pressure employed is about 0.3 volt for every pair 
of electrodes in series. The electrolyte is an acidu- 
lated solution of cupric sulphate, and contains 
14 lb. to 2 lb. of Cu So, and from 5 oz. to 10 oz. of 

,So, per gallon of water. It is maintained at 
a temperature of 130 deg. Fahr. The current 
density is usually 74 to 12 amperes and should not 
ex 18 amperes per sq. ft. of anode surface, as 
it has been found by experience that the mechanical 
properties of the metal depend on the current 
density. With the 18-ampere figure a high tem- 
perature and a rapid circulation of the electrolyte 
must be maintained. In practice a 14-in. thick 
anode decreases to 4 in. thick in ten days, and pure 
electrolytic copper is deposited on the cathodes 
until they are just over } in. thick. The precious 
metals settle as slime at the bottom of the vat. 
The 4 in. thickness of anode which is left is re- 
moved to anode furnaces for re-melting and further 
casting. Theoretically, with 109 per cent. current 
efticiency and 0.3 volt between electrodes, 1 lb. of 
copper should require about 0.115 kw. In prac- 
tice the gross kilowatt-hours required for refining 
and for power and light in the largest works is from 
0.14 to 0.15 per pound. The over-all cost of elec- 
trolytic refining is not published by the refiners, 
but Mr. Welbourn believes it to vary from jd. to 
2d. per pound. 

The finished cathodes from the vats are melted 
down, blown with air, poled, and then cast into 
wire bars, the average weight of which is 140 lb. in 
England and 2201b. in the United States. If 
required by wire manufacturers, bars up to 800 lb. 
in weight can be produced. For electrical pur- 
poses the copper is mostly required in the form of 
rolled etrip or wire. For wire-drawing, the bars 
are heated to a bright red, broken down in rolls, 
into rods in a rod-mill, and 
coiled while stil] hot. During these processes the 
copper oxidises rapidly, and it is necessary to 
remove the scale by pickling. The copper in the 
scale is afterwards recovered by an electrolytic 

rocess. The cleaned coils are then taken to wire- 

rawing machines, and drawn down through chilled 
iron or diamond dies, the latter being used for the 
smaller sizes. The hardness orsoftness of the wire 
produced depends on the number of dies through 
which it is drawn. Speaking generally, the 
greater the number of dies the harder and 
stronger the wire. Really soft wire cannot, how- 
ever, be directly made in this way, and for its 

roduction the drawn wire has to be annealed. 

e modern way of carrying out this work, known 
as the Bates and Peard process, consists in the use 
of a cast-iron retort, heated externally, and with 
two descending mouthpieces which dip into a water- 
seal. The retort is filled with steam at a tempe- 
rature of 800 deg. Fahr. for small wires and 
1100 deg. Fahr. for larger ones, and the wire to be 
annealed is slowly fed through the heated retort. 
For producing long lengths of wire, it is frequently 
necessary to join wires together during manufac- 
ture. For small sizes, used in the construction of 
insulated cables, Mr. Welbourn states that the 
work may conveniently and economically be carried 
out by the use of electric butt-welders, and that 
joints formed in this way will stand further draw- 
ing through dies. For trolley-wires, some engi- 
neers prefer that wire bars of such a weight should 
be used that the lengths required are produced 
without any joints. An alternative method is to 
joint the rolled rods, from which the wire is to be 
drawn, by scarfed joints, which are brazed together 
with silver. Joints formed in this way are entirely 
successful, and will stand drawing down. In the 
finished wire the joint cannot usually be detected 
by the eye, and its tensile strength is not less than 
that of the rest of the wire. 

A large part of Mr. Welbourn’s address was con- 
cerned with the properties of co conductors. 
He pointed out that the present British standard 
for such conductors, issued by the Engineering 
Standards Committee in March, 1910, was under- 
stood to be under revision, and that a new standard 
had been introduced by the International Electro- 
Technical Commission, publication No. 28, of 
March, 1914. This latter standard had been 
adopted by the American Institute of Electrical 
Engineers, and it was to be hopad, in the interests 
of uniformity, that it would also be adopted by the 
Engineering Standards Committee. Mr. Welbourn 
would, however, like the standard definition to be 





extended by a clause stating that the resistance of 
hard-drawn copper should be considered 2.7 per 
cent. greater than that of annealed copper. The 
ncaa Standards Committee’s definition of hard- 
wn copper wire is wire which does not elongate 
more than 4 per cent. on a length of 10 in. when 
broken by tension, and which has a resistance 
2 4 cent. higher than annealed copper at 60 deg. 
Fahr. The Board of Trade’s regulations for over- 
head lines require the elongation to be not less 
than 2 per cent. on a length of 10in. In this 
connection Mr. Welbourn points out to us that 
no satisfactory definition of hard-drawn copper 
exists, and that no definition can be satisfactory 
which does not cover tensile strength, elongation, 
limit of proportionality, modulus of elasticity (in 
exceptional cases), and ohmic resistance. 

Dealing with the testing of hard-drawn copper, 
Mr. Welbourn stated that in practice it was found 
that the actual tensile strength increased propor- 
tionately to the diameter, and not to the sectional 
area, although the tensile strength in tons per 
square inch iacreased with a decrease in diameter. 
Asa result of the analysis of a number of tests, 
Mr. A. P. Trotter found that the tensile strength 
could be expressed by a formula of the form 
T=a—bD, aand b being constants. This formula 
by itself, of course, gives little information about 
the wire, as it does not cover the extension. For 
minimum extension Mr. Wellbourn stated that tests 
or wires from 0.075 in. to 0.5 in. in diameter gave 
the expression E=5 D. Working with these results, 
Mr. Pye, in the Journal of the Institute of Metale, 
had suggested the following as a definition of hard- 
drawn copper: ‘‘ Hard-drawn copper when in the 
form of circular wires shall have a tensile strength 
not less than that given by the formula T=30 — 20D, 
and an extension per cent. on a marked 10-in. 
length, including point of fracture, of not less than 
that given by the formula E=5 D.” An examination 
of the standard figures prepared by the Wire Com- 
mittee of the American Society for Testing Materials 
(1909) for wires ranging from 0.04 in. to 0.46 in. 
diameter showed that they agreed closely with 
Mr. Pye’s specifications for strength, and that 
the minimum extension figures agreed with the 
formula E= 4D. Mr. Welbourn thought Mr. 
Pye’s definition might be adopted by the Engineer- 
ing Standards Committee. It called for a high 
standard, which could easily be obtained by the 
leading manufacturers throughout the world. 

In view of the extensive use of copper overhead 
conductors on tramways, &c., and the importance 
of the elastic properties of the wire in relieving 
strains, it seemed desirable that any definition of 
hard-drawn wire should include a reference to the 
limit of proportionality (the elastic limit), and at 
first sight to its modulus of elasticity. There 
were difficulties, however, in making these delicate 
measurements in works routine. The limit of pro- 

rtionality varied from 50 per cent. for wires of 

.08 in. diameter to 70 per cent. for wires of 
0.05 in. diameter when measured on 10-in. samples. 
The Engineering Standards Committee might stipu- 
late for a minimum limit of proportionality for all 
hard-drawn wires, and state the conditions under 
which the test should be carried out. An excellent 
basis for the matter was to be found in the Stan- 
dards Committee’s Report No. 55, which dealt with 
an investigation carried out by the National 
Physical Laboratory on some standard sizes of 
wire used by the Post Office. Mr. Welbourn 
suggested that the Research Committee of the 
Institution of Electrical Engineers would confer a 
great boon on the industry if they would carry 
through an investigation on similar lines for all 
standard circular wires from No. 5 8.W.G. to 
7/0S.W.G. The values could then be interpolated 
for all other sizes of wire by using a large-scale 
chart which embodied the results of the two in- 
vestigations. Mr. Welbourn would also like the 
investigation to be extended to stranded con- 
ductors. From the small amount of work he had 
done in the matter there seemed reason to believe 
that the limit of proportionality was higher for a 
given section of stranded conductor nm for a 
corresponding solid conductor. On all strands con- 
taining more than three wires, a considerable 


number of tests showed that the effective strength 
should be taken as 10 per cent. below that of 4 
similar number of straight wires. This appeared 
to be due to the difficulty of getting the strain 
evenly distributed on the wires of a strand by 
any form of grip, and to the fact that the layers of 
wires were of unequal length. 
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On the question of the modulus of elasticity, 
Mr. Welbourn remarked that an examination of 
the stress-strain curve of any hard-drawn copper 
wire showed that the modulus must be constant 
for any particular size, since the curve wasa straight 
line up to the elastic limit, but the modulus was 
not necessarily the same for different sizes of wire. 
In making measurements for true modulus values, 
it was, in his opinion, necessary to work on long 
lengths of wire, which approximated to the spans 
employed in a tramway or other overhead line. He 

been led to that conclusion by a study of the 
results recorded by the National Physical Labora- 
tory, in the Engineering Standards Committee's 
report, No. 55, which dealt with lengths up to 50 ft. 
Mr. W. B. Woodhouse had made similar tests in 
spans of 110 ft. The moduli given in the report 
varied between 17,200,000 and 18,200,000 on the 
second and third applications of the load, and 
particular attention was drawn to the different 
values of the readings on the first and subsequent 
applications of the test-load. On the first applica- 
tion the kinks in a coil of wire were pulled straight, 
and the apparent moduli varied from 12,300,000 to 
15,300,000, while on subsequent loading the values 
were, as stated, 17,200,000 to 18,200,000. In the 
report it was said: ‘* It is thought, however, that 
the value of the apparent moduli will be of interest 
and use, since it is these which must be taken into 
account in the erection of long lengths of wire.” 
Mr. Welbourn wished to express strong disagree- 
ment from this statement, because on all well-con- 
structed overhead lines the wires should first be 
strained to a tension higher than that at which 
they would be permanently bound in. The object 
was to get rid of the kinks referred to in the report, 
The procedure made it permissible to take advan- 
tage of the real modulus value. He thought, in 
view of the evidence, that it was permissible to 
adopt an all-round modulus value of 18,000,000 
for future work instead of the usual text-book 
16,000,000, but thought it not practicable to 
embody a minimum modulus value in ordinary 
specifications of hard-drawn copper. 

The only other point in Mr. Welbourn’s address 
we can mention had reference to the tensile 
strength of hard-drawn copper wire. In connec- 
tion with the widely-held belief that the strength 
of such wire lay in the skin being hardened during 
the drawing process, Mr. Welbourn investigated 
the matter by taking a length of 0.4 in. diameter 
hard-drawn circular trolley-wire and turning six 
pieces down to different diameters with such care 
as to avoid undue heating of the specimens. The 
pieces were then tested, and it was found that 
there was but little difference in the breaking 
stress in tons per squareinch. It varied from 24.7 
to 25.8, and, on the whole, gradually rose as the 
pieces became smaller. He pointed out that the 
result was not absolutely conclusive, since the work 
done in the lathe would have some effect in harden- 
ing the skin at each stage. Another experiment 
to determine if the strength of copper wire was 
uniform throughout its cross-section was made by 
taking a piece of 0.25 sq. in. grooved trolley-wire 
and reproducing the wear on the face, due to the 
trolley, by gentle filing. Tests were made at 
various cross-sections and showed but little varia- 
tion in the maximum stress per square inch for the 
different conditions. Mr. Welbourn also carried 
out tests on the effect of temperature on hard- 
drawn copper wire using 4/0 trolley-wire. His 
results confirmed those of the National Physical 
Laboratory which show that ‘‘the reduction in 
breaking load due to temperature appears to be 
approximately one-tenth of 1 per cent. of the 
breaking load at normal temperature per degree 
Centigrade rise of temperature.” 





THE RAILWAY ACCIDENT AT 
WEEDON. 

Tue railway accident which took place at Weedon 
on August 14 of this year will long be remembered 
on account of its very serious results. The train 
consisted of two locomotives and fifteen carriages 
= aoe paul cane in the whole train (with 

e exception of two) was derailed. Ten ——- 
were killed and twenty-one were injured, in addi- 
tion to numerous cases of shock. Three of the 
carriages went down the embankment on the down 
side of the line, while four went down the embank- 
ment on the opposite side, and it was in these 
that the chief casualties occurred, Still more re- 
markable than the effects of the accident is the 


triviality of thecause. It all arose from the loss of 


a split-pin on the locomotive of another train 


travelling in the opposite direction. This split-pin 
the loose collar outside the coupling-rod on 
the x aa side of a train which was oe 


held on 


from Rugby to London. This pin had been inse 


at Rugby in place of one which had been accident- 


ally lost in the course of the trip from Birmingham. 


When the loss was discovered, the screw-washer 
was hard up to its place, so that it only needed a 

4 driven in and to be opened at the 
By some means or other this pin was lost 
during the next portion of the journey, and the 
end of the coupling-rod came off the crank-pin of 


new pin to 
end. 


the coupled right-hand leading wheel of the loco- 
motive. 
60 miles an hour, the coupling-rod was whirled 
round at each revolution of the wheels and formed 
a most formidable agent for the destruction of the 
permanent way. 

The rod was 10 ft. in length, from centre to 
centre, and weighed over 3 cwt. The first mark 


that it left was on the 6-ft. end of a sleeper on the 


down road, which had evidently received a very 
severe blow, the sleeper being damaged, and the 
inside jaw of the chair broken, in addition to which 


the rail was bent away from the 6-ft. road to the 


extent of ?in., reducing the gauge at the down 
line to that extent. 
by about lin. where the rail was crippl 
6 ft. 7 in. 


were not da’ 


ably by the vehicles which had left the rails. 


depth. There seems no reason, 


caused the train to be derailed and broken up. 


A report on the causes of the accident, the result 
of an inquiry by Lieut.-Colonel E. Druitt, has just 
been published by the Board of Trade, but it does 
not carry us very much further than the account 
we gave in our issue of August 20 last, except that 
it details the insertion of the new split-pin at Rugby 

This split-pin was put in by a fitter who 
pened to be on the platform and obtained it 


Station. 
hap 
from a shunting engine. At the inquiry he said 
he was certain that he opened the split end of the 
pin, and another witness corroborated him, stating 
that he saw the operation carried out. After the 
accident, a careful search was made for the screw- 
washer and for the pin. The washer was found 
between the platforms at Weedon Station, which 
is nearly 13 miles from where the washer-pin was 
replaced at Rugby Station. A split-pin was also 


found in the 6-ft. way near Welton Station, about 


7 miles from where the split-pin had been replaced 


at Rugby and about 5 miles back from the spot 


where the screw-washer was picked up at Weedon. 
This pin had evidently been used, as the split- 
end was slightly bent, and there was a slight crack 
in the pin just above the split part, but the split 
ends were close together. If it omen that the 
end of the pin which was inserted at Rugby was 
opened, it is clear this could not be the same pin. 
If the end was opened, the only way in which 
the pin could free itself would be by the split end 
being broken off. The pin used was taken from 
a locomotive in actual work, and it is quite pos- 
sible that it may have been inse and re- 
moved several times, with the effect that the 
metal would be greatly damaged, and it is con- 
ceivable that it might easily break off after a 
further bending. These pins are by no means the 
ordinary split-pins made of wire. They are standard 
taper mag £ in. in diameter at the head and tapering 
1 in 26, the lower end being split. Such a pin 
would not stand the amount of opening and 
straightening which a wire pin week Ge. Asa 
result of the inquiry, it is not possible to attribute 
blame to any individual person. If the fitter 
opened the end of the pin—and there is evidence 





to show that he did—no blame can be attached to 












As the train was travelling at the rate of 
























The opposite rail was not 
crippled. Further, the down line was dis wo 
» an 

a few yards further north this displacement was as 
much as 7 in.; that is, a 6-ft. space was increased to 
The permanent-way materials in the 
60-ft. length of road immediately north of the 
crippled rail, although forced outwards as described, 
maged, but immediately north of this 
60-ft. length the road was badly damaged, ay 
na 
southerly direction from the crippled rail, for a 
total distance of 940 yards, there were deep inden- 
tations of the ballast of the 6-ft. way at regular 
intervals of about 7 yards, the indentations being 
1 yard in length by 18 in. in width and 6 in. in 
however, to 
believe that this scooping out of the 6-ft. way led to 
any damage other than the breaking of the windows 
by the flying gravel, and it was evidently the 
forcing in of the gauge of the down-line which 





him, and the accident must be ascribed to the 
failure of the pin itself in the course of running. 
Colonel Druitt makes no attempt to decide how the 
first pin was lost, but it is clear that if one pin 
could get loose there is no reason why a second one 
should not follow the same course. 

Inquiry has been made as to the number of 
times this particular accident has happened on the 
line. There are altogether, on the ndon and 
North - Western Railway, 3632 crank-pins the 
outside loose collars of which are secured in 
exactly the same way. Prior to 1897 the washers 
were not screwed on to the end of the crank-pin, 
_ were made a plain fit, and depended en- 
tirely upon the split peg-pin for being ke 
in pasltlen. The screw attachment has bons 
adopted with more recent types of engine since 
that date, as an additional security against the 
possibility of the washer coming off. Since Janu- 
ary 1, 1910, only six cases (including the present 
case) have been recorded of peg-pins breaking or 
working out and resulting in failures. In three 
cases the engines were identical with the one in 
question. These figures give an average of one 
failure in 36 million engine-miles, and it is only in 
this particular case that any serious damage has 
resulted. 





NOTES. 

Swiss Patent Law anp Ooat-Tar Dye Patents. 

Prior to December 1, 1907, it was not possible 
to obtain a patent in Switzerland for a . 
This was because the law in force before that date 
required that every invention should be capable of 
representation either by a model or a photograph. 
It was obviously impossible to represent a process 
by a model or a photograph, and consequently it 
was not possible to patent processes. As a result, 
the large German coal-tar dye firms were prevented 
from patenting their processes in Switzerland. 
Switzerland was therefore a free country, so far as 
patents relating to coal-tar dyes were concerned, 
and it was possible for Swiss manufacturers in that 
country to take the various processes patented in 
Germany and other countries and market the pro- 
ducts free of patent royalties. Before the com- 
mencement of the present unfortunate situation in 
Europe, the Swiss dye-manufacturers were receiving 
intermediate products for use in the manufacture 
of coal-tar dyes from Germany. When the German 
manufacturers were prevented from exporting 
their dyes abroad they did not see why the Swiss 
dye-ware manufacturers should have the market 
left to thera, and the trade the Germans had care- 
fully and laboriously built up captured by a 
neutral nation at one swoop. Consequently the 
refused to supply the Swiss manufacturers with 
the intermediate products in the hope of preventing 
delivery of finished products am From infor- 
mation supplied it would appear that the German 
manufacturers threatened such of their Swiss 
customers as employed special colours not manu- 
factured in Switzerland with a refusal of supplies 
should their fellow-countrymen continue to suppl 
the English market with colours made from English 
intermediate: products. We are informed that 
these threats have had no effect, and, as a further 
step, the Germans have been threatening to cut off 
the supplies of coal to Switzerland. Even if they 
did that they will not be in a much better position, 
for it will still be ible for Switzerland to import 
the necessary coal and the intermediate products 
from this country. The old Swiss law is now 
being pointed out as a model on which to base an 
improved British patent law, so as to reuder it 
impossible to patent processes in this country. We 
do not agree that the law should be amended in 
this r r as we do pe Tago such an amend- 
ment, rendering it impossible to patent 7 
would be an improvement. Sach on addition to 
the law would be a retrograde, not a forward, step. 


Execrrotytic Deposition or Bronzes, 


Although the galvanic deposition of brass was 
attempted by Ruolz with some success within a 
ear of the discovery of galvanoplastics—which 
acobi and Spencer are supposed to have made 
independently within a few months of one another 
in 1837—the electro -deposition of bronzes has 

ically remained an unsolved problem. When 
the American Electrochemical Society discussed 
electro-plating in 1913, C. W. Bennett mentioned 
thirteen bronze baths which had been tried, 
mostly with little success. One of the most recent 
of these snggestions—that of R. Kreemann (who 
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diseolves copper and tin in caustic alkali, adding 
potassium cyanide and tartaric acid)—did not prove 
successful in the hands of W. D. Treadwell and 
E. Beckh (Zeitschrift fiir Elektrochemie, 1915, page 
374). Some similar baths answered, however—a 
reat deal depends upon apparently unimportant 
eatures in such researches ; but they experienced 
in the first instance unexpected difficulty in effect- 
ing the alloying of the two metals copper and tin to 
bronze. They deposited thin alternating layers of 
copper and tin, each 0.01 mm. in thickness, from 
oxalate solutions on vaya 4 inders of platinum, 
which they then heated to deg. Cent.—that is, 
nearly to the melting-point of tin, which is 233 deg. 
Cent. The two metals did not appear to alloy. 
To obviate the possibility of an oxidation they 
heated a copper tube, on which copper and tin had 
similarly been deposited, in an atmosphere of 
carbon dioxide to 275 deg. Cent. for several hours, 
without obtaining an alloy ; and when iron, simi- 
larly coated, was heated in CO, up to 500 deg. 
Cent. for eight hours, there was ly any appear- 
ance of bronze formation. The alloying of copper 
and tin would thus appear to be far more difficult 
than that of zinc and tin. That may partly 
account for the difficulty of the electrolytic 
deposition of bronzes. In ordinary solutions the 
deposition potentials of copper and tin differ by 
about 0.5 volt. ‘The difference can be reduced by 
suitable additions to the bath, and the addition of 
cyanides, in which copper forms complex ions, 
seemed advisable. But well and Beckh found 
baths of copper and tin, dissolved in caustic potash 
and potassium cyanide, ineffective. Good bronze 
deposits were obtained by mixing two solutions, the 
first containing 50 grammes of copper sulphate, 
104 grammes of potassium cyanide, and 70 of caustic 
potash, the second containing 82 grammes of tin- 
potassium chloride and 37 of potassium oxalate, the 
whole diluted with water to make up 2 litres. These 
baths gave a reddish bronze deposit on cylindrical 
cathodes of platinum rotated at 1000 revolutions per 
minute ; the anode was a cylinder of platinum gauze, 
and the bath was kept at 40 deg. Cent. Another 
bath yielded a golden bronze. This bath was prepared 
by dissolving tin in caustic potash (or potassium 
carbonate) and sodium sulphide (NaS), and sus- 
nding cast anodes of bronze (80 parts of copper, 
50 parts of tin) in the solution. On prolonged 
electrolysis the deposit became reddish in colour, 
because the tin turned passive, so that relatively 
more copper was dissolved from the anodes, unless 
the tin solution was replenished. The two bronzes 
adhered well to platinum, copper, nickel, iron, 
steel, and even cast iron ; they looked homogeneous 
at a magnification of 500 diameters, and free from 
pores ; at some spots, however, a concentric texture 
was noticed, due foqenety to hydrogen bubbles. 
The cathodes had always to be rotated. The two 
solutions we have mentioned have been patented, 
or patent application has been made. The use of 
oxalates had already been pro by S. B. Curry, 
in 1906 ; but Treadwell and Beckh did not find his 
solution satisfactory. 





COMPRESSED AIR FOR THE SALVAGE OF 
BATTLESHIPS. 
To THe Epitor or ENGINgEERING. 

Srr,—-The principle of the application of compressed 
air for pumping purposes is by no means new, but it is 
only in comparatively recent years that its use has been 
developed to any great extent. In the case of the 
salvage of H.M.S. Gladiator, compressed air was used 
to expel the water from the lifting cylinders, and in the 
case of the grounding of s.s. Gothland off the Scillies, 
compressed air was successfully used to clear water from 
the holds sufficiently to enable the vessel practically to 
“—_ her pel meme Tie . 

© princi of the use o Somgeene a eenteen y 
cage Bt a ship bas a portion of her bottom torn away, 


quite generally (and to be as concise as possible) all that | from 


has to be done is to make the deck over the bilged com- 
partments, and the bounding bulkheads, air-tight, then to 
apply compressed air at the tops of the various 
compartments until the water is driven down to the 
highest point of the damaged side vr bottom. Beyond this 
compressed air will not Hence we an important 
limitation to the type of d for which compressed 
air might be used—namely, the e must be low. 
Perhaps the most interesting example of the successful 
application of compressed air as a salving agent is the 
case of the grounding of the Gothland referred to above. 
This isa — case of grounding, in which the bottom 
of the veesel was torn out for a considerable portion of 
the nag, but the sides did not suffer in comparison. 
The salvage of this vessel was taken in hand by the 
Liverpool Salvage Association, under the direction of 
Captain F. W. Young, and the vessel was safely trans- 
ferred to Southampton. It would be quite beside the 
object of this letter to go into all the interesting details. 





Tt is sufficient to say that compressed air was the chief 


salving agent ; after the necessary preparations, the air 
took the of the water in the holds, and the vessel 
under her own steam, on a journey from the 
illies to Southampton, without the major portion of 
her bottom. It was a us and extremely fasci- 
nating piece of work, of which the salvage officers have 
reason to proud. 
_ It is believed that a compressed-air system has been 
introduced as a fitting in battleships of certain foreign 
Powers, the idea being that if 4p Ew nee yt com: 
ments are damaged, the air can turned on the 
water excluded. Ib is for a discussion of such a system 
that the present letter is written. Has com air 
any future as a permanent fitting in warships? Consider 
& compartment damaged at the keel so that water 
enters up to the deck A B, Fig.1. Assume the draught 
to be 30 ft. Making AB and the bulkheads bounding 
the compartment air-tight enables compressed air to be 
blown into the compartment through a pipe D until the 
water is excluded down as far as C, the uppermost point 
of the damage. The pressure at C due to a head of 
30 ft. of water is about 13 lb. per sq. in., and naturally, 
the air pressure in the damaged compartment must be 
13 lb. per sq. in. (actually slightly in excess). Obviously, 
if we have a 13 lb. pressure at O, we have a similar pres- 
sure at A B, which means that in ss the compressed 
air for this pu we are subjecting the bulkheads and 
the deck at A B to a test corresponding to a head of 
30 ft. of water above the level of the deck at A B. It is 
evident therefore that the use of compressed air is accom- 
— by strains much greater than those caused by the 
ooding of the damaged compartment. These strains 
are met usually by an elaborate system of shoring of 
bulkheads and decks, or it is possible to adopt a “‘ letting 
down” process by admitting air at about7 Ib. or 8 lb. pres- 
sure in the neighbouring compartments. Thus, before 
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compressed air can be used an elaborate pre’ tion is 
necessary in order to distribute the stresses which might 
otherwise become excessive. This is a great argument 
against its adoption as a permanent fitting in ships. It 
is not nearly as “‘handy” as might at first appear. In 
view of the somewhat extensive preparations, it cannot 
be conside: as an immediate means of clearing a 
damaged compartment, and if the system is not of imme- 
diate use, surely there is no argument for departing from 
the present system of pn | such plant in sal vage-tugs, 
which can be equipped with the very best and latest 
appliances, and are able to proceed at short notice to the 
assistance of any damaged vessel. 

The above, however, is by no means the only argu- 
ment against the adoption of a com -air system on 
warships for salvage purposes. As shown above, only par- 
ticular types of damage can be coped with by compressed 
air, and for warships under war conditions this type of 
damage should rarely occur. 

In war time, if a ship is da 
chances are that the damage will be on the side, say from 
the water-line down s. For this type of damage 
compressed air is practically useless. 

aite generally we might say that compressed air 
would be of little or no use for damage below the water- 
line, due to shell-fire, torpedo, mine, or collision, and 
even in cases of grounding it could only be used after 
ensuring that all openings in the decks had been sealed, 
teh 2 pa ny =v nog Se made practically air- 

t secure. By the time necessary prepara- 
tions had been made for this sey type of damage 
= could be alongside, so that it is contended 
that is no real demand for an attempt to make a 
man-of-war self-salving. The idea is as impracticable as 
it is unnecessary. A further consideration which limits 
the use of compressed air for salvage oj tions in a 
capital ship in war time arises out of the fact that a ship 
so salved is unable to meet conditions which it is 
desirable to impose upon a salved vessel which has to 
proceed to a port todock. A ship salved by compressed 
air is limited to a very slow 5) , and must proceed in 
fair weather, thus becoming an easy prey to an enemy 
submarine. 

That such a limitation is necessary is readily obvious 

a consideration of Fig. 1. Suppose there were no 
safety-valve arrangement in the deck A B, and the shi 
c led in moderate weather at, say, 14 knots, whi 
it is assumed would be quite a minimum for any 
degree of safety if enemy submarines were about. Under 
these conditions the water-line might well vary at the 
section in Fig. 1 from 50 ft. to 15 ft. above the keel. 

When the wave is at 50 ft, the air in the damaged 
compartment would become compressed to five-thirds of 
its normal pressure—that is, to about 22 1b. per sq. in., and 
the water would enter the compartment until the volume 
of air was reduced by two-fifths of its original volume. 
The next moment, when the wave dropped to 15 ft. above 
the keel, the air pressure would be reduced by half its 
original volume, and half its volume would escape. 

With a ee on the my bh loaded, say, to 134 - 
per sq. in., ins getting excessive pressure 
22 lb. per sq. in. when the crest of the wave the 
air would escape, so that we should get the air g 
through the relief-valve whilst on the out 


below water, the 





through the bottom whilst in the trough. Ib is nob diffi- 
cult to imagine that even with the compressors working 
at their best, their object—viz., the keeping out of the 
water—would not easily be obtained under the above 
conditions. In this connection it might be mentioned 
that the Gothland’s speed was limited to about 4 knots, 
and that, of course, it was ible for her to choose her 
weather and a calm sea, with every possibility of seeking 
shelter if desired. Such conditions, however, for a 
— so salved in war time are practically impos. 
sible. 

To sum up, it is contended that whilst compressed air 
is undoubtedly an extremely useful agent for salvage pur. 
poses, yet it is essentially a salvage agent, and has no 

lace as a permanent fitting in a — warship. The 
imitations outlined above are of such a nature as to 
make it an impracticable fitting. To adopt a system of 
compressed air ins large ship is to confuse the ship with 
a salvage tug. There is no demand for a self-salving 
battleship, and even if there were it is doubtful whether 
the adoption of a com -air system should be the 
first step. 
Yours truly, 
Navticvs. 





EXAMINATIONS. 
To tHe Eprrorn or ENGINEERING. 

Srr,—In the issue of ENcingrrinc for November 12, 
I see a letter under the above heading, in which the 
examinations of the Institution of Municipal and County 
Engineers are mentioned. I venture, therefore, to point 
out to your correspondent that the policy of this Insti- 
tution for many years has been to discourage “ cram- 
ming,” and to render the Testamur examination such as 
can only be passed by candidates who have had prac- 
tical experience. This policy has been so far successful 
that the examination has obtained a great reputation. 

To devise a satisfactory echeme for testmg practical 
engineering knowledge is a difficult task, as anyone who 
has had experience of ucting examinations knows. 
Nevertheless, a committee of this Institution has been 
en; for over a year in revising the regulations and 
syllabus and preparing a scheme for a practical and 
viva-voce examination to occupy the ter part of a 
whole day. It was hoped that the scheme would have 
been iesued before now, but owing to pressure of work, 
due to the war, and the difficulties to be overcome, it has 
been delayed ; it is, however, hoped that a satisfactory 
solution of the problem will be found before very long. 

In the case of the examinations for the award of the 
certificates in town-planning and county and highway 


engineering, practical examinations, to which half-a-day 
is devoted, ve been part of the system from its 
inception. 


Yours faithfully, 
J. W. Dupixy Rosinson, Secretary. 
92, Victoria-street, London, 8S.W., November 15, 1915. 





To THE EpiToR oF ENGINEERING. 

Str,—I have no doubt that the majority of your prac- 
tical readers will endorze the letter of ‘‘ Hydraulic” in 
your issue of November 12. The present system of ex- 
amination for testing a candidate’s fitness for member- 
ship of an engineering institution is absurd. The adapta- 
tion of a young man’s studies to the end of jing such 
an examination entirely distorts his view of what engi- 
neering really consists of, and he is a nuisance to himeelf 
and everybody else until contact with realities has taught 
him some unpleasant lessons. Moreover, as ‘‘ Hydraulic” 

ints out, the system of cramming is a scandal ; but the 

ame lies not so much with the crammers as with the 
professorial element, who appear to play into the 
crammers’ ; 

I have long ago given up the Institution of Civil Engi- 
neers as hopeless in matters where the real benefit of the 
profession is concerned, but I would like to make a 
suggestion to the younger and more vigorous Institutions 
which have recently adopted the system of entrance 
examinations. It is often said that a man’s engineering 
knowledge cannot be tested by any written examination, 
and one hears even more frequently the assertion that 
few, if any, of the members of Councils of the Engineering 
Societies could pases their own examinations. ere is a 
single fact underlying both these statements—namely, 
that the present form of written examination is useless 
as a test a knowledge or ability. For if we may take it 
as axiomatic that a man who rises to the position of 
Councillor of an Institution must be a capable neer, 
it follows that he should be able to pass any examination 
which tested his capacity as an engineer. Hence an 
examination which he could not pass either has no rela- 
tionship to practical engineering or demands a knowledge 
of it higher than he possesses. Considering that the 
entrance examination is designed for young men, the 
latter alternative may be dismissed, and we are left with 
the only possible usion—namely, that the examina- 
tion is no test of engineering a ; 

It remains to be considered whether any written 
examination could be a test of engineering knowledge. 
I hold most emphatically that it can be, if the papers are 
set and adjudicated upon by engineers, as distinguished 
from professors of engineering. And I also maintain 
that the crammer and his “stuffed goose” cculd be 
euchred every time by the same reform. 

To show what I mean, I may suggest the type of ques- 
tions which should appear in an entrance examination 
of an institution. : 

“* A Lancashire boiler 8 ft. in diameter by 30 ft. long 
has been tra by rail (or water) to within 300 
yards of its foundations, which are already peeganet 
State the best method of transporting it to site, tackle and 
number of men required, and time necessary for the job. 

“* A concrete reservoir with vertical walls and open top, 
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uare and 8 ft. deep to top of walls, which are 
az amet level, has to be constructed within three 
months. The soil is solid chalk covered by 2 ft. of loam, 
and a convenient Gungeng ground is close at hand. 
State how many men, what tools and tackle you 
would require, how much sand, gravel, cement, reinforce- 
ment, and timber should be or , and approximate 
cost of the work. 









a 2-in. square-mesh screen and over a }-in. screen of 
— — The di Ly ——- = rates 
or various degrees of draught met with in ordinary 
installations working under natural-draught conditions. 
E ive tests conducted by the Coke Committee 
confirm those of various boiler-makers—viz., that 1 Ib. of 
average gas-coke, as produced in Lond 





on gas wor 
uivalent of 10 Ib. 


ks, age securing him a 


I find no fault with its original purpose; but when paid 
agitators Spee tek operations it becomes a means of fnd- 

billets for the few to the disadvantage of tho 
many. This is in 90 per cent. the case, whether the lead be 
taken by a workman’s representative, or by Mr. Lloyd 
George with his string of socialistic reforms, which, 
lace in the sun, has resulted 


suitably graded, will evaporate the y in deficits in every single instance, including Labour 
‘* A contract has been taken for the gy | 100,000 | of water from and at 212 deg. Fahr. 1 figure, taken | Exchanges. 
screwed brass bushes to the drawing given. ivery at | in conjunction with the rate corresponding to the draught| What is wanted is not education for the man who 
the rate of 5000 per week. Specify generally the type of | available, will enable 










































anyone to estimate the proportion 


capstan lathe you would use, sketch the tools required, | of coke which it is possible to use on any steam plant 


and state how many lathes would be required and a fair 


without jeopardising its steaming capacity. 5 
piecework price for each operation.” ce The e Committee’s experience is, that while many 
I» should be made quite clear that when any conditions| steam plants are working at or beyond their 


or circumstances are not specified in the questions, that 
the candidate is supposed to make any reasonable assump- 
tions he likes, and state what he has assumed, such as 


capacity during certain periods, a very large number 
are invariably steaming well within their maximum 
when fired on coke fuel exclusively. This is evidenced 


ice of labour, tackle available, &c. by the number of stationary and road-locomotive boilers 
PT maintain thet an examination with a large choice of | now being fired on coke, to the total exclusion of 
questions of the type indicated would afford means for| coal, without any modification whatever of existing 


eliminati the unfit candidates. It could not be 
crammed for, and though it might perplex the general 
run of professors, it would force the student to under- 
stand what engineering is all about, and would eventually 
bring about a most necessary reform in the teaching of it. 
Yours faithfully, 
ONE WHO REGRETS HIS TEN GUINEAS, 


draught or furnace conditions. In regard to coke- 
breeze, a fuel which bears to coke the same relation as 





FUEL ECONOMY FROM THE NATIONAL 
STANDPOINT. 
To Tae Eprror or ENGINEERING. 

S1r,—In an appeal primarily addressed to householders 
to “Save your coal for your own and your country’s 
advan .” the use of ary: wherever possible, instead 
of coal, is commended by the Parliamentary War Savings 
Committee as a patriotic duty. In their printed a 
the Committee point out that “‘ the more coke is used the 
greater will be the production of the by-products which 
are required for making explosives for the Army and 
Navy.” Coming as it does at a period of tae year when 
gas-works authorities are looking forward to the period of 
maximum demand for gas, this appeal is particularly 
opportune, and it might with advantage have been 
addressed also to the larger ee of fuel for trade 

urposes, who individually in their business capacity are 
an 4 likely to consume considerably more coke than the 
individual householder, whose requirements are in most 
cases considerably smaller, and therefore of less import- 
ance as a coal-consuming unit of the community. 

At many of the more important works the output 
of coke is, to some extent, controlled by increasing or 
decreasing the manufacture of carburetted water-gas in 
its relative proportion to that of coal-gas, as carburetted 
water-gas plant is a consumer—not a producer—of coke. 
The residuals from which the much-required by-products 
are derived are, however, obtained only in the process 
of coal-gas manufacture. In order to meet the urgent 
demand for these derivatives the production of coke re- 
sulting from the increased manufacture of coal-gas will 
far exceed the usual winter demand, so that, as a neces- 
sity, fresh outlets for coke will have to be found. Steam- 
users, perhaps, represent the largest fuel-consumers in this 
country, and it is therefore of interest to examine what 
may be done to further the Committee’s suggestion in this 
direction. It is well known that gas coke or breeze is 
used exclusively in comparatively small steam-plant in- 
stallations where smokeless combustion is imperative, 
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slack bears to coal, the ash content varies, like that of coal 
slack, within the same limits. Relatively cheap, breeze is 
a useful diluent to small Welsh coal, and is so used on 
hand-fired boilers, the average cost of the mixture pm 
reduced in proportion to the quantity of 2) " 
while the smokeless characteristic of the fuel is not im- 
paired. Fired alone on suitable forced-draught grates or 
mechanical stokers, rates of combustion exceeding 30 Ib. 
per sq. ft. per hour are maintained, while a safe evapo- 
rative value for the purpose of estimating output would 
be 51b. to 6 Ib. of steam per pound of breeze as fired. 
The relatively high evaporative value of gas-coke 
having an average calorific value of 12,500 B.Th.U. per 
pound, as compared with bituminous coal of the same, or 
greater, heat value, is to some extent explained by the 
very small proportion of hydrogen contained in the former 
(about 0.5 per cent.) and its com tively high radiant 
efficiency. The latter invaluable characteristic of coke 
fuel may be readily gauged when fired where fuel econo- 
misers are installed, as the pa of saving effected 
due to the economisers rarely ex is 6 per cent., while 
with coal as fuel as much as 15 per cent. saving is often 
so effected. In steam-plant installations economisers are 
exceptional ; the extent of their utility, unquestioned 
- : . where raw coal is the staple fuel, is a reliable index of the 
and where the relatively high cost of evaporation with inefficiency of coal as compared with coke for steam- 
smokeless coal is prohibitive ; but steam-users generally | raising purposes. 
~ hy eager y learn — on 4 wo = indi- Yours truly, 
vidual plant, and those outside gas works, the daily con- -road, 8. W. a 
sumption of this class of fuel often amounts to 30 tons or a See icra ” = Eee 
more, showing its further use in installations of consider- 
ably greater size and importance. Municipal and com- 
pany-controlled electric power-stations are now amongst 
the largest consumers of coke fuel, a fact sufficiently indi- 
cative that loads subject to sudden and heavy inter- 
mittent variation may safely dealt with by steam- 
generating plant fired with : 
Considered from the thermal standpoint, the saving 
that would accrue to the country if all the coal suitable 
for being carbonised were so treated would be very great. 





‘**THE INDUSTRIAL SITUATION.” 
To THe Epritor or ENGINEERING. 
Srr,—There is, v unfortunately, a huge wave of 
truth in Mr. T. G. John’s letter in your issue of the 12sh 
inst., ye There is no reason to place undue charges 
against workmen of this country, taking the matter 
on a broad basis. No section has done their part with a 
more healthy patriotic spirit than the skilled mechanics 
of this country, and this is proved 


the Government 
Consumed in a modern turbine electric-generating station, | finding the necessity to recall such to their original 
1 ton of coal, on the average, is converted into about 746 | of ulness. Mr. Hill, general of the Boiler- 


B.T.U., each unit having a thermal equivalent of 3420 
B.Th.U., representing a total of approximately 24 million 
B.Th.U. ‘The same coal carbonised under modern 
conditions would uce 12,000 cub. ft. of gas, having a 
calorific value of 520 B.'"h.U. per cubic foot, or a total of 
6 million B.Th.U. To this has to be added the thermal 
value of the combustible by- ucts—viz., 10 cwt. of 
coke, capable of developing 12,500 B.Th.U. per pound, 
and 3 gallons of tar—making a grand total of over 20 
million B.Th.U. per ton of coal so treated. 

To the steam-user the question of substituting coke fuel 
for coal is usually one of capacity. The relative cost of 
evaporation with smokeless W. coal and coke, even 
at the normal difference in price, is invariably in favour 
of coke, while the latter fuel can usually compete success- 
fully, in the matter of cost, with the higher-priced 
bituminous steam-coal, and it has the additional advan- 
tage of being smokeless. 

On the question of the evaporative capacity of steam 
boilers fired with coke and the Lon 


secretary 
Makers’ Society, points out very clearly that members of his 
society have gained no disproportionate advantage due 
to the war crisis, and this is, in the main, correct. Much 
of the present conditions arise from the verbose twaddle 
of political -seekers in deluding a very substantial 
portion of working classes as to benefits, such as 
so-called State insurance twaddle of 9d. for 4d., &c., and 
speeches of such men as Mr. John Burns, who, in 1891, 
‘** during a labour dispute,” told the men that they had 
a right to a proportion of the benefit of the labour-saving 
iances in use at Palmer’s Shipbuilding and Engineer- 
ing Company’s works, Jarrow-on-Tyne, when, if one 
es the trouble to refer to this company’s condition at 
this period, they can readily learn that before and for a 
considerable period after the time of this speech the share 
holders had no returns for their investments. This was 
not, however, due to lack of efficiency of workmen, but 
largely due to inferior capacity elsewhere. 

in, w Germany was actively engaged in her 
commercial war, ‘‘which was a portion of their very confi- 
dent organisation,” it was not the fault of the men that 
forgings and castings were brought largely from that 
country, with the result that many works to close 
down. No very serious attempt was made to meet the 
circumstances ; in fact, orm orators on Tariff Reform 

were in many cases the heaviest buyers from German 


I held no beled Sar pocsent-dag ao-calied endounienten: 


~ | as last year, as far as two of the 


knocks down a rivet, but for the man that steers the indus- 
trial 44 Our m ics will hold their own against any 
nation, but they cannot be workers in the onalienahee 
and be metallurgical experts at the same time. Firms 
should open the doors to the engineer representative, and 
court his acquaintance by giving hima hearing. They 
should not, because for twenty years they have dealt with 
one firm, refuse to believe that some other has not out-dis- 


them. 

In conclusion, Sir, I sincerely hope wiser and more 
reasonable relations between employer and employee will 
result from the closer bonds that they have been brought 
into, in the defence of liberty oa justice. May the 
present difficulties end in the destruction of militarism as 
seen in Germany’s tactics, but often practised at home, 
for the selfish advancement of one man’s social ambition, 
or the securing of 400/. a year. 

Yours faithfully, 
Davip A. Suerer, A.M.I. Mech. E. 

Enerdale House, Heaton Grove, Newcastle-on-Tyne, 

November 16, 1915. 





DEVELOPMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEAROH. 
To tHe EpiTtor or ENGINgERING. 

S1rz,—With to Professor Bone’s far-seeing 
article upon the above important subject, I had hoped to 
read, in your following issue, nothing but endorsement 
for his suggestions, which, in my opinion, should become 
famous, as indicating how to abolish the very weaknesses 
that are even already apparent, possibly through per- 
manent officials misinterpreting the Government’s inten- 
tion and object. 

I regret that ‘‘ Commercial,” in your current issue, in 
my opinion, expresses precisely those sceptical and dis- 
couraging views which have, in the past, driven British 
inventions abroad. 

In this connection, it is significant that correspondents 
in the daily Press of last week ask ‘‘ Where are the British 
inventors?” and I beg to suggest that they have been dis- 
couraged and driven out by those capitalists who ‘‘ decry 
before they buy,” and who will not assist an invention 
on epee terms which are 99 per cent. in favour of the 
financial partner, probably upon their manager’s advice. 

I beg to suggest to ‘‘Commercial” that a patent (the 
sealed document) expresses a desire ‘‘to encourage all 
inventions which may be for the public good, &c.,” and 
the permanent State-aided organisation recently estab- 
lished has the same admirable object, upon equitable 
terms to the individual inventor who requires financial 
assistance to demonstrate his possibly national asset, from 
which the inventor hopes to realise only a very small per- 
centage of the profits to help him to live and continue 
inventing ; leaving the commercial possibilities to others 
who are expert in such matters, or who create relative 
business—solely for profits—on known lines. 

_Reverting to Professor Bone’s article, I beg to aaso- 
ciate myself with his admirable views, and further, 
suggest to the Board of Education that the large majority 
of British inventors do not belong to exclusive societies, 
and prefer ‘‘direct personal access without having to 
invoke the sid or interest of some intermediary person 
or association.” There is a suspicion, to quote feesor 
Schuster, that such learned, but exclusive, societies ‘in 
reality draw a ring round a favoured and leisured 
section of the community” who do not require State 
= (and for = State aid —— not in- 

c ® suspicion which, in my opinion, should be 
cularly considered by the Board of Invention and 
arch. To take an example from France, M. Pain- 
levé intends to suppress all the useless machinery in the 
way of middlemen, and General Galliéni has abolished 

“influence,” or that ‘truculent snobbishness and caste 
exclusiveness which made advancement impossible to al! 
who could not afford either the time or the money to 
become a P.S.0.” (Daily Express, November 13). 


Yours faithfully, 
R. Dp Roserts, 
5, Strathfield-gardens, New Barking, Essex, 


November 14, 1915. 





_ Russtan Inpusrries.—The three largest South Rus- 
sian concerns in the heavy metal industry, the Nicopol- 
Disigtectaune Coteese te tesa tools sepoete 

ny, have now ir 
for the last Genneleh penn. Thanks to large army con- 
tracts they have all done well and, in addition to putti 
aside large reserves, been able to pay the same divi 


companies are concerned, 





m undertaking having even increased the 
dividend. The dividends for the last three years were :— 
1912-13, 1913-14, 1914-15, 
bles.  Roubl Roubl 
The Nicopol-Mariupol 
oe ee 12.00 15.00 
The “ : 15.00 
pany.. ee oe 7.00 7.00 
The  Diréprovienne cent 
Company .. os 62.50 62.50 62.60 





The reports of all the threo underteki 
prospects for the current pwn ony myn ete 
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NOTES FROM THE UNITED STATES. 
PHILAVELPHIA, November 3. 

HIGHER iron and steel prices are accompanied with 
® more active demand. The last report of the United 
States Steel Corporation shows a remarkable expan- 
sioa in earnings. The Pennsylvania Railroad Company 
shows a heavy increase in earnings, due in part to the 
extraordinary shipments of munitions ; last week that 
company contracted for 175,000 tons of rails. The New 
York Central contracted for 9000 freight-cars. Rail 
orders for the week, 337,000 tons. Russia closed for 
60,000 tons, and French inquiries are in the market 
for 50,000 tons. Rail orders for October, including 
light sections, total 774,000 tons, which exceeds the 
monthly record for eight or ten years. Csr orders 
for the week total 15,000, representing an outlay of 
16,000,000 dols. There are pending and in sight in- 

uiries for the next few weeks which contemplate the 

nal expenditure of over 75 million, possibly 100 
million, dollars. The week’s business in structural 
steel is 50,000 tons, exclusive of a contract for 23,000 
tons for subway and elevated-railway use. October 
business vastly exceeded all previous records. Prices 
are at the highest level for years ; owing to the rush 
of car orders, plates have gone up to a level with other 
products. Ship-yards are figuring on work that will 
absorb in round figures 100,000 tons of material, ex- 
clusive of a battleship bid, which calls for 20,000 tons, 
and which will be opened November 17. 

The condition of business in qn may be 
gathered from the experience of an Australian buyer 
who came prepared to give orders for 200,000 dols. 
worth of rolling-mill machinery, but only succeeded in 
placing 75,000 dols. worth. The manufacturers were 
too busy to take his orders on a reasonable period for 
delivery. Several trade conditions are good, but 
the economic fact remains that the full benefit of 
extraordinary industrial and, to a less extent, agri- 
cultural activities have not been felt fully in the 
retail trades owing to the necessities of individual 

roducers to replace exhausted resources, used up for 
fiving requirements during the past two or three 

ears of depression. Stock speculation is at fever heat. 
There is a serious glut of munition freight around 
New York owing to defective ocean transportation. 
Railroad side tracks are congested with miles of freight- 
cars awaiting unloading into ships not available. 





PersonaL.—The Ridge Roasting Furnace and Engi- 
nevring Company, 62, London Wall, London, E.C., have 
moved into larger offices at 2, Great Winchester-street, 
E.C. 


ImporTANT Harsour Constructions IN SwepEN.—A 
number cf important harbour works are about to be taken 
in hand in Sweden, two of them in connection with the 
establishment of free ports. This, in the first instance, 
applies to Malmié, where the promoters of the free 
harbour have entered upon an agreement with the town, 
according to which the town will pay some 455,000/. 
towards the building of a free harbour and the requisite 
buildings, whilst the working of the harbour will ve left 
to the Free Port Company. The matter has been under 
consideration for a considerable time, and the work on 
the industrial barbour, which is to entail an expenditure 
of about 280,000/., has already been on since last 
winter. In Gothenburg, too, the question of a free 
harbour has been on the tapis for a long time, but there 
have always been a good many difficulties in the way. 
Pending the realisation of more ambitious schemes, the 
work has now been centred upon the s y construc- 
tion of a provisional free harbour, located in the eastern 

rtion of the harbour. The inlet will be deepened to 

1 ft., which, too, must be looked upon as a temporary 
step, inasmuch as the new central harbour will entail a 
deepening of the water-course to 33 ft. eds will 
be built on the area of the provisional free harbour, 
which includes the coal dépéts. The Hammarby pro- 
ject was coupled with the ger free harbour, a 
somewhat costly scheme; but the free harbour appar- 
ently has been left in abeyance in the meantime. 
Portions of the Hammarby harbour plans at Stockholm 
are now likely to be taken in hand with the view of pro- 
viding an entirely new inlet and inc accommoda- 
tion. Another ohn refers to the construction of a large 
new harbour in the opposite direction, in conjunction 
with the present Viirta Harbour. The depth of this 
new harbour will range from 26 ft. to 33 ft., capable of 
receiving — = <; respectively ee ' raceme 
tons, At Oxelisund, an important or pment 
of Mid-Swedish iron ore, the Gnoresaed traffic has necessi- 
tated an extension of the quayaceommodation. The new 

uay, which is now ready, is 175 metres long, with a 
p mon id of 27 ft. At each of the quay deepenings to the 
same extent have been u , 80 that the | t) 
steamers trading in the Baltic can be admitted. Four 
steam-cranes and other goods-handling t are bein 
erected. The town of Helsingborg is about to embar' 
upon very extensive harbour works, entailing beavy out- 
lays. Not long ago a competition as to the plan of the 
new harbour took place, and a large number of plans were 
reeeived. In Christiania there bas also been a very com- 
prehensive competition about plans for the harbour. 
Some thirty plans have been received, and the jury will 
meet this month. The jury comprises a number of Nor- 
a er as well as Retune Fellenius, of 
Stockholm. 





FAILURE OF TURBINE GUIDE-BLADES 
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WE reproduce on this page a photograph taken of 
a diaphragm from a turbine supplied to a northern 
municipality by the Allgemeine Elektricitiits Gesell- 
schaft, of Berlin. As will be seen, a number of the 
guide-blades are broken, the damage being due appa- 
rently to the use of an improper material for the 
blades, and, possibly, to a failure to estimate the effect 
of the joint in the diaphragm, as it seems ible that 
had the diaphragm been in one piece the linten might 
have stood. The blades which have not cracked are 
many of them loose, a feature to which they, perhaps, 
owe their escape. The blades have the form repre- 
sented in Fig. 2, and are of 30 per cent. nickel steel, 
2 mm. thick. This material has long been known to be 
unreliable for turbine work, many failures in the past 
having been chargeable to its use. Most of these, 
however, occurred with moving blades, which are 
subject to centrifugal stresses, from which the stand- 
ing blades are free. Two diaphragms failed in the 
manner indicated. The mean diameter of the ring of 
blades was 1600 mm., and the pressure drop was small, 
being but 6 Ib. i? sq. in. in the case of one diaphragm 
and about 44 lb. per sq. in. in the case of the other. 

As will be seen from Fig. 1, one blade is entirely 
missing. This, however, was removed for the pur- 
pose of testing the material. 





Tue Enornerrine InstTITuTIONs’ VOLUNTEER ENGI- 
neek Corps.—The first meeting of the general commit- 
tee of this hody, which took place last Friday, the 12th 
inst., has perhaps attracted more attention in engineering 
circles ~—_ anything pete recorded as to the ~ 
ception and progress of this Corps. presentatives o 
the Institutions of Civil, Mechanical, and Electrical En- 
gineers assisted. It may be remarked that the recruiting 
for this Corps is not confined to engineers, although they 
form the majority of its members. Good men are accept- 
able, whether members of these Institutions or not, and 
even untrained as engineers are welcomed if they 
answer to certain very reasonable requirements. At the 
meeting referred to an executive committee was formed, 
consisting of Sir John Snell as chairman, Sir Maurice 
Fitzmaurice, C.M.G.. Colonel Le Rossignol, R.E., 
Lieut.-Colonel C. B. Clay, Mr. L. B. Atkinson, hon. 
secretary and treasurer ; Mr. Fleming, and a representa- 
tive of the Institution of Mechanical Engineers, to be 
nominated by the President. 
mandant as to the progress 
—— To this report he added that an arran 
ment had been made for sharing headquarters with the 


4th Battalion City of London Regiment (Architectes’ 
Corps). The Corps will only accept as new members 
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those who are over military age, or disqualified by reasons 
of health, or who are engaged on war work and who are 
not allowed by the Government on that account to enlist 
in the Forces, but whose training in this Corps would fit 
them to take part in the defence of the country in the 
event of a raid by the enemy or any other emergency, 
and would also fit them to volunteer as trained men for 
ay my overseas, if such a necessity arose at a later period 
im the war. 





THe LATE Prorgessor R. MeEtpoia.—We sincerely 
regret to announce that Professor Raphael Meldols, 
D.Se., LL.D., F.R.S., died suddenly in his house in 
Brunswick-square, on the 16th inst. He was Professor of 
Chemistry at the City Guilds Technical Institute in 
Finsbury, and one of the few distinguished English 
chemists who could claim any practical experience in the 
manufacture of coal-tar dyes. That fact, his sound 
chemical knowledge, his common-sense and business 
habits, and not less the esteem in which the kindly, 
straightforward man was universally held, made him an 
influential figure in the chemical industry, especially last 
year, when the Government recognised the need of 
advisory scientific committees. The opinion of a Past- 
President of the Chemical a the npn | of 
Chemical Industry, the Institute of Chemistry, and the 
Society of Dyers and Colourists commanded respect. and 
when he was appointed chairman of the British Dyes 
Committee, he protested, as he had often done from the 
presidential chair, against the subordination of science 
to business. Hardly any English name has more 
frequently been quoted during the recent discussions 
on the cause of the decay of certain British chemical 
industries. Meldola practically spent his life in and 
near London. Born in 1849, he was trained at the 
School of Mines, and worked in the Brentford colour 
factory of Messrs. Williams, Thomas and Dormer. Two 
years later he became assistant to Sir Edward Frankland, 
the chemist, and then to Sir Norman Lockyer, the astro- 
nomer, of South Kensington. He must have shown con- 
siderable ability in astronomical work, for he was put in 
ch of the expedition which the Government sent out 
to the Nicobar Islands to watch the eclipse of 1875. 
Returned, he once more became a colour chemist in the 
works of Messrs. Brooke, Simpson, and Spiller, of 
Hampton Wick. Having worked there for eight years, 
he accepted, in 1885, the already-mentioned professorship 
in Fisetery College. The Royal Society admitted him in 
1886 ; he was fora time its foreign secretary, and received 
the Davy Medal in 1913. The th of his interests is 
indicated by the circumstance that he translated Weiss- 
mann’s “Studies on the Theory of Descent,” and by his 
being president of the Entomological Society for two 

ears ; butterflies interested him in particular. His many 
tends in all stations of life will join in sympathy to his 
wife in her great lose, 
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DEVELOPMENT OF MAIN- LINE 
SIGNALLING ON RAILWAYS.* 
By W. C. AoFIELD. 
(Concluded from page 508.) 

Suen Annemates oma. ae 

Tus term denotes a manual system of con in com- 
bination with an automatic signalling system by which 
signals placed beyond the limits of ordinary working are 
controlled partly from s signal-box and partly by track- 
circuited lines. It is used for splitting up long block 
rections, the control from the signal-box enabling the 
customary ‘‘ normal danger” system to be maintained on 
steam-operated railways. The portion of theline between 
the starting or advance signals of the rear and the home 
signal of the advance sections is divided up, and the | 
semi-automatic stop and distant signals in the | 
most suitable position to suit the gradients. There are 
two ways of dealing with the problem—viz. :— 

(a) By making the semi-automatic signal act as an 
advance signal to the rear section, in which case ordinary 
block-working is maintained (see Fig. 17). 

(b) By making the semi-automatic signal act as an outer 
home signal to the advance section (see Fig. 18), in which 
case the ordinary block system between the rear and 
advance signal-boxes is dispensed with, and the traffic is 
worked by bell-code signals. 


block or lock-and-block instruments to b 
with. This has the merit of enabling existing 
signal-boxes and locking-frames to be retained, where 
necessity arises, when installing automatic as on 
steam or electrified lines, and very considerably reduces 
the cost of installation, as against ‘‘scrapping” existing 
locking-frames and providing power-frames working 
points. It thus places the reconstruction of signalling 
systems within reasonable reach of railway companies at 
a comparatively lower cost of expenditure. 


AvToMATIC SIGNALLING. 
_The object to be attained by the use of automatic 


signals apply and becomes entirely automatic, thus | risk of trains being unduly delayed at 
enabling be dis- ‘event of failure of 


signals in the 
the apparatus, in which case the 
signal would remain at ‘“‘danger.” Toprovide against such 
& contingency it is customary to allow drivers to pass the 
signal in the position after coming to a stand and 
waiting a prescri time, as laid down in the rules and 
regulations of working. After starting again the driver 
is allowed to proceed cautiously, being prepared to stop 
at or before reaching the next signal. If the next signal 
is at “clear,” he may proceed at regular speed until 
reaching the next signal at ‘‘ danger.” 

Fig. 20 shows an arrangement of automatic signals for 
one road ona double line of railway. Single lines of rail- 





signals, unlike that of manual block -o— is to compel | 
i being put to “‘danger” behind each train on a | 
double line of railway, and cause it to remain in that 
position until the train has gone a certain distance heyond 
that signal. In the case of single lines the same object is | 
attained, with the addition that at all times a signal 
governing movements in the direction opposite to which 
the train is moving must be displayed in the danger posi- 
tion some distance abead of the train. ; 

Automatic signalling is an admirable substitute for the 
block system, the signal movements being governed by | 
electric or pneumatic agency, controlled by the passage 
of a train into, through, and out of the block section to 
which the signals apply, this being effected by the action 





The latter system has certain advantages over the 
former, inasmuch as a train entering the semi-automatic | 
area is more under control of the advance signalman, | 
because, in the case of a train overrunning signals, the 
advance signalman has the opportunity of stopping the 





train by placing detonators on the line in cases of | traffi 


emergency. Moreover, a bell code is more convenient 


of the train alone operating the track-circuited sections of 
the lines controlling such signals, the ideal arrangement 
of automatic signals being such as to secure the maximum 
capacity for train movements over a given length of line, 
bearing in mind the effect of gradients and curves on the | 

c. § ing generally, it may be considered that | 
two systems of automatic signalling are used—viz. :— 





Fig.17. SEMI-AUTOMATIC SIGNALLING. 
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than a block system. In either system it will be seen that 
the track-circuits are divided up, and in order to comply 
with the standard clearance regulation the usual overlap 
of a quarter of a mile is provided to all signals in the sem1- 
automatic area, the signals being replaced to ‘‘danger” 
upon the train leaving a track-circuited section. 

It is not advisable to work semi-automatic signals a long 
distance from signal-boxes, on account of the difficulty in 
regulating wires affected by temperature variations; the 
signals are therefore worked by motors controlled by 
switches on the levers in the signal-boxes. ; 

Fig. 19 shows the form of track-indicators for semi- 
automatic signalling as used on the Midland Railway. In 
semi-automatic signals such as those described a difficulty 
must arise in foggy weather in getting fog-men to the 
distant signals, and in order to safeguard against such 
conditions instractions are issued that semi-automatic 
signals must not be relied upon; but means are not 
generally used to enforce the instructions. The case can, 
however, be met, with small extra expense, by providing 
what is termed a fog-lever in the signal-box in advance, 
which, upon being pulled over, links up the various 
track-circuited sections as one long section, and renders 
it compulsory for the signalman to lower the semi-auto- 
matic signals before the starting signal in the rear can be 
lowered for a train to leave that section. 

The term ‘‘semi-automatic” is also applied to signals of 
automatic signalling installations where there are cross- 
over roads or connections with sidings worked manually 
or by power from a signal-box; but so long as the points 
are not used the signals 
passing of trains over the track-circuited lines. 

is arrangement is very flexible in working and can be 
or ang } manual ee 9 7 —s the ordi 
pattern, the points being opera y ing, as usual, 
and the cignale: electrically, the signal-lever when reversed 
closing a contact in the signal-cireuit. The signal-circuits 
are so arran that when it is unnecessary to operate 
the points the signal-levers may be, and are, y 
left in the reverse paaees the signal-control is then 
governed solely by the track-circuited lines to which the 

* Paper read before the Birmingham Local Section of 
the Institution of Electrical Engineers. 





continue to be operated by the | th 


(a) Normally danger. 

(b) Normally clear. 

It must be admitted that both systems have their good 
points, and the question as to which is the more suitable 
is one that has been the subject of much discussion and 
controversy in the psst ; and even to day there are some 
who favour the former system. 

The normally danger system, in which the signal stands 
continually at ‘‘ danger” except when trains are required 
to pass along the line, agrees with the normal position of 
a mechanical or manual tom, and complies with the 
standard practice of the block regulations as laid down 


for traffic-working. After being placed to ‘‘danger” by | signals 


the train entering the section, the signals remain in that 
position until they require — for the following 
train, this being done by pL pe ing train lowering 
the signals if the section ahead is not occupied for traffic 
in the same direction. This system necessitates greater 
complications in the electrical connections, as the track- 
circuits have to be co arranged as to lower the signals in 
addition to replacing them to ‘‘ danger.” There is, how- 
ever, one claim that has been made in favour of the 
system—viz., that platelayers at work on the line are 
warned of the approach of a train by the low of the 
signal-arm, where the same security is not afforded by a 
signal standing in the normally clear or “ off” position. 
Experience bas proved, however, that there is not as 
much in this contention as might appear on first eon- 
sideration. 

In normally clear systems the entering of a train into 


© track-circuited section places the signal in the rear 
to “‘ danger,” and the clearing of the block section, by the 
passage of the rear wheels of the ‘train out of it, resets 
that signal to the ‘*clear” position, ready for a following 
train in the same direction to approach. Those in favour 
of this system contend that the electrical connections are 
fewer and more simple, and, from a maintenance point of 
view, less costly. There is much to be said in favour of 
the normally clear system, because, after all, automatic 
signals differ consi ly from mechanical or manual 
systems, as they simply indicate to drivers that the sec- 
tion or sections ahead are clear, and are an indication of 
the condition of the line ahead. 

In all automatic signalling installations there is the 





way can be worked by means of automatic signalling 
instead of by a train staff or tablet systems, but up to 
the present the author is notaware that such an arrange- 
ment is in use in this country. 


OVERLAPS. 


These consist of an extension of a tract-circuit from 
100 to 440 yards ahead of a signal, such track-circuit and 
its extension, when occupied, securing the signal in the 
rear at ‘* danger.” ‘ 

Overlaps are used to guarantee that a space is pro- 
vided between one train, standing at or passing a signa’, 
and another train in the rear—instead of relying on the 
thickness of a signal-post to give protection—and are 
equivalent to the regulation that a second train must 
not be allowed to approach the rear signal until the pre- 
ceding train has passed at least a quarter of a mile beyond 
the governing signal. Thus the track-cirouit between 
two signals extends ahead of the signal, from 100 yards 
to 440 yards, the length being regulated to suit the 
gradients, speeds, and curves of the railways, whether 
steam or electrified working is in operation. 


Fig.19. TRACK CIRCUIT INDICATOR. 
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Upper-QUADRANT SIGNALS. 

This type of signal differs from ordinary 
inasmuch as the arm moves from a horizontal to an 
upward instead of to a lower inclination. Although new 
to this country, it is used on both American and Conti- 
nental railways, and is no doubt an ideal method. be- 
cause, in case of failure of apparatus, or the evil effects 
of accumulation of snow, the arms will assume the 
‘*danger” position. This principle is used in both two- 
position and three- position si 

There is no doubt that the upper-quadrant signal has 
considerable advantages ; not only is it easier to 
a good view of arms where over-bridges occur, but it is 
unnecessary to weight the arm in order to ensure it re- 
turning to the ‘‘danger” position in the event of a fracture 
of the rod, as the arm falls to that position by its own 
weight ; and if any breakage occurs, the failure is on the 
side of safety. Signal-arms originally dropped by gravity, 
but as a result of an accident at Earl’s Court about 
thirty years ago through a rod breaking, the Board of 
Trade enforced the requirement that all arms should be 
weighted so as to fly to the “‘danger” position. 

The two-position upper-quadrant signal practically 
performs the same functions as the ordinary arm. 

A three-position signal has been designed for the pur- 
pose of giving ‘‘ danger” in the horizontal, “caution” at 
an upward inclination of 45 deg., and ‘‘clear” in the 
vertical position, and provides for the abolition of the 
distant signal altogether. It has yet to be proved whether 
such a measure is justifiable, or will meet the require- 
ments of very busy lines, particularly in long sections or 
sections on electrified railways where additional stop 

i ab present are used with the object of speeding up 
the traffic where trains are delayed longer at one station 
than another, due to the extra time taken in loading up 
and discharging passengers. There are cases on the under- 
ground railways in England where inner and outer stop 
signals, and sometimes a second outer signal, approaching 
stations, sre placed comparatively close to one another, 
thereby allowing an approaching train to creep up as 
closely as possible to a train standing at or leaving the 
station protected by there signals. The use of three-posi- 
tion signals would tend to prevent such close working, 
and would delay rather than expedite matters. 

Up tothe present time three-position si 
be said to have been actually put in use on English rail- 
ways. As before stated, this type of signal is intended 
to supersede the use of distant signals, and in 
sections, not exceeding 800 yards, would enable the 
traffic on a railway to be worked satisfactorily; but 
where sections are of a greater length it is feared that 
difficulties will arise, the absence of distant signals being 
calculated to impede the working, not only in clear 
weather, but particularly in foggy weather. Take, for 
instance, a driver passing a signal in the “ caution” or mid- 
—~ ition ; he would have to keep his train under con- 
trol by reducing speed, and thus cause the train to crawl 
along ready to stop at the next signal, which might mean- 
while have been put to “clear” by a train two sections 
ahead having cleared the track-circuit governing the next 
signal referred to. 


+ 
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Ye.itow Licuts. 
With the introduction of automatic signals it was con- 
sidered desirable that the distant-signal light should be 
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of # different colour in the ‘* danger” position so as to dif- 
ferentiate io at night from what is usually termed o 
“‘stop signal,” with the result that yellow or orange 
lasses, hereinafter termed ‘‘ yellow,” are now being used 
or the “‘ danger” position of distant signals on the under- 
und railways in and around London. This colour has 
nm found satisfactory, and quite suitable for the com- 
paratively low speed at which the trains are run; but 
under the best conditions of atmosphere it is hardly an 
ideal si colour. It is true that it can be seen farther 
than or green, but it does not show the colour dis- 
tinctly until comparatively near to it ; foggy atmosphere, 
moreover, tends to make the glasses appear quite reddish 
at times. 

The purpose of signal lights is to afford the most dis- 
tinctive indication possible at the maximum range re- 
quired ; and on lines where express traffic ia run it is an 
open question whether yellow lights are a solution of the 
problem. In two- position automatic distant signals, 
sometimes termed ‘‘ repeaters,” yellow and green are 
used; and in three-position signals, yellow, red, and 
green. 

Lamp SIGNALS. 


On underground railways running through tunnels, 
tubes, or confined places, the use of semaphore signals is 
not practicable, and lamp signals provided with suitable 
lenses and lamps are installed. Theee signals consist of a 
metal case containing red or yellow and green lenses, one 
above the other, electrically illuminated, the lamps being 
controlled by a relay uperated by the age of a train 
over the track-circuit. The green-light circuit is com- 

leted when the relay is energised, and that of the red 

ight when the relay is de-energised. . 
is form of signal is being used nod only in tunnels, 


but also in open country, the top of the metal case being | P° 


then provided with a hood for the purpose of intensify- 
ing the light in daylight. For this apy however, it 
is desirable that the lamps should of higher candle- 

wer, in order that the lights may be discerned at 
ong distances. So far the author is not aware that rm 4 
signals have been used in this country for traffic at hig 
speeds, and experience has yet to prove that lights only, 
in the place of signal-arms, will meet the case, and be 
sufficiently distinct in daylight, particularly on curves, 
because in brilliant sunshine the lights are bound to be 
dimmed, even if hoods are — over the tops and 
sides of the lights. It would appear easier for drivers to 
locate a semaphore arm than a light under such condi- 
tions. 

Statistics that appeared recently in Tne Engineer show 
that automatic signalling has done much in America 
towards reducing the number of accidents per million 
engine-miles run. Thus it is stated that in 1908, on a 
percentage of a total mileage of 23.83, there were 26.21 
accidents, whereas in 1912 the percen of total mil 
was 30.95, and the percentage of accidents 6.67. In the 
former case there were 2324 miles of track with automatic 
signalling, and in the latter 3216 miles. It is a difficult 
matter, however, to compare these figures with those of 
accidents on English railways, because it depends very 
much as to what is included under the heading of acci- 
dents; but it would appear that English records are better 
for 1912, because, taking the Midland Railway as an 
example, 46 million train-miles were run and twenty-six 
collisions between trains occurred, this representing only 
0.6 collision to every million train-miles run, and there- 
fore showing greater safety of working compared with 
the figures quoted in the statistics relating to American 
railways. 

Power SIGNALLING. 


This is a means of operating an interlocking system of 
points and signals by some form of power other than 
manual, in which levers for mes pee or signals by 
levers, rods, or wires, are supplan by levers or slides 
which close or open valves or electric circuits. The levers 
or slides are small and are placed close together, so that 
the length of locking-frames and signal-boxes is at once 
reduced, and they can be placed in confined places, with- 
out disturbing the lay-out of the roads in large stations 
or yards. Consequently they do not call for additional 
expense in land as against what would be required in 
manual installations. 

The question of power-wafing at small stations on 
ordinary railways is hardly worth considering on account 
of the extracost of the same} but in large manual signal- 
boxes, where there is a con-tant succession of train move- 
ments, the labour performed by signalmen is very heavy, 
and as power-working imposes no physical exertion on 
the part of the signalman, the work is necessarily easier. 
At the same time, although some writers have gone so 
far as to say that one man working a power-frame can 
do the work of three with an ordinary frame, it is a 
debatable question whether a signalman can attend to 
many more roads and signals in a power system than in 
a manual one, as it is more a matter of mental concen- 
tration than muscular exertion, and it must be admitted 
that in all mental work there is a limit of possibilities. 
There are, however, many advantages in power-working 
as against other methods, as several sets of points can, 
if necessary, be operated by one lever, and more than 
one signal can be operated per lever by the aid of a 
selector arrangement, so that on the whole the total 
nunber of working levers can be very materially reduced. 

There is a further advantage attained in relation to 
facing-points, as the of Trade requirements in 

to the maximum distance for working the same 
by eee have been relaxed, this distance being extended 
to 300 yards from the signal-box. This concession alone 
is most helpful in the laying out and planning of works, 
and thus recommends itself to railway engi 

The essential features of a power system are that the 


operatio. of all points and signals, &c., must be ensured, 





and that the possibility of any movement not being com- 


pleted must be guarded against. All o tions by 
power are distinctly different in practice from manual 
operations, because in power systems there is nothing to 
tell the signalman, by the sense of touch, that an in- 
tended movement of any mechanism has been satisfac- 
torily completed. Whereas with manual systems the 
power exerted guarantees that at any rate a portion of 
the movement been attained by rigid connections in 
the case of points and facing-point locks or bolts and the 
wire connection to signals, all of which can be regulated 
by mechanical means as required. : j 

This ticularly applics where outlying points are 
worked ton ground frames, controlled by rods from a 
signal-box, in which case the control or locking is to all 
intents and purp ses reciprocal. In power systems, 
however, this is not so, and in order to get the same 
result the locking in one direction must be counterlocked 
in the other direction. For instance, the fact of releasing 
a bolt-lock on a ground frame does not prevent the lever 
effecting the release being replaced ; and therefore the 
lever in the ground frame, thus released, and working 
the points, must in a like manner operate a back-lock on 
the Jever in the signal-box. Detection of signals and 
points is, however, easier and more elastic than in manual 
systems, on account of the absence of the regulation of 
wire connections, and lends itself to overcome many 
difficulties experienced in the manual system. 


Evecrro-Pygeumatic System. 


A large number of signal-boxes have been installed in 
England, and the largest installation is stated to be that 
at the Glasgow Central Station of the Caledonian Rail- 
way. Ib consists of 338 working levers, controlling 112 
ints and 245 signals, and it is needless to say that this 
installation has proved its value. The levers in the 
locking-frame, olen being moved sufficiently far to 
operate the points, cannot be moved completely over, 
owing to a stop termed a ‘‘ check-lock,” which is elec- 
trically cemaual when the points have gone properly 
over, after which the lever is free to be moved over com- 
pletely. The mechanical locking of the raget type then 
allows the necessary signal-levers to be pulled over. If 
for some reason due to the points not working properly, 
the point-lever cannot be moved right over, the sig’ 
for the particular route cannot be lowered. A somewhat 
similar arrangement is provided on the signals, and com- 
pels the signal being properly placed to ‘‘ danger ’”’ before 
the signal-lever can be restored completely to its normal 

ition, The signalman is thus advices of any failure 
ue to the signal not going to ‘‘ danger,” and locks up the 
apparatus, so that further movements are impossible. 

In the earlier type of locking-frame, handles turned to 
the left or right were used, but in English practice small 
vertical levers, pulled over as in manual systems, are pro- 
vided, it being considered more consistent with the usual 
practice in this country. 

The mechanism for operating the points is placed out- 
side the 4-ft. way, and consists of an escapement bell- 
crank, the plain end being connected to the stretcher-rod 
of the points, and the escapement end operated by means 
of a lide with a projection or roller connec to the 
piston-rod. Air is admitted to the cylinder at one or the 
other end, and gives the necessary movement to the slide 
operating the bell-crank, which is also connected to the 
locking-bar. The total movement of the slide produces 
three distinct) movements of the mechanism: first, the 
locking-bar is lifted; secondly, the points are moved ; 
and, thirdly, the locking-bar is lowered. It therefore 
follows that if any wheels are on the locking-bar the 
points cannot be moved. 

Electrical detectors are connected to the tongues of the 
points, thus ensuring that the points are completely set in 
one direction or the other, and they indicate to the signal- 
man that the points are properly over, by the clearing of 
the stop on the previously-mentioned lever in the signal- 
box. The operation of signals is somewhat on the same 
lines, air being admitted into one end of the working 
cylinder by means of pin-valves operated by electro- 
magnets. 

In electro-pneumatic installations, where the lines are 
track-circuited, the illuminated diagrams are installed 
instead of the signal-box diagrams usually provided. The 
roads, points, and signals are exhibited on glass which is 
opaque all over except the roads. Electric lamps are 
p behind the roads in the diagram, and are parti- 
tioned off in lengths to correspond with the track-cir- 
cuited sections, and are so controlled by the track-circuit 
relays as to be always alight, except when the circuit is 
opened owing to the presence of a train in the section. 
When the lights go out, the signalman is advised, by the 
darkened portion of the roads, that the section is occu- 

ied. By this means the signalmen in the signal-boxes 
rom which the points (or signals in some cases) cannot be 
seen are able to perform their duties, and are yet able to 
cope with the traffic. although the latter is practically 
hidden from view. It also enables the signals and points 
to be manipulated with remarkable rapidity. 


TRAIN- DescriBERs. 


One of the most novel features in use op underground 
railways is the magazine train-describer, one of the many 
ingenious inventivns of Mr. H. G. Brown. 

n ordinary steam-railway practice trains are described 
from one signal-box to the next by means of bell-code or 
train-describers. Owing to the use of automatic signals 
in intervening sections, there is, however, more than one 
block section between two adjacent signal-boxes, so that 


bell codes become impracticable, as there is no permanent | final 


record of their indications, and the signalman would have 
to trust entirely to his memory for setting the road 
and lowering the proper signals. On the shelf in the 
signal-box a transmitter is fixed which enables various 


indications to be given, and which is electrically con- 
nected to a receiver at the next signal-box, the various 
indications being stored up ready to be given out in the 
same rotation as received. 


Low-PressurE Pxygvumatic System. 


The system is an “allair” system, in which the points 
are operated by compressed air, a number of small pipes 
conveying the air to the valves and cylinders. As in 
the case of the electro-pneumatic system, the mechanism 
for operating the points is outside the 4-ft. way, and 
conveys the necessary movement by means of slides driven 
by on, nape which operate the points and detector- 
valves by means of dog-leg slots in the slides. The 
locking-frame in the signal-box consists of a number of 
slides, instead of levers, which when drawn towards the 
signalman, or pushed back again, o or close the air- 
valves to the signals or points. The slides, however, 
cannot be fully drawn out or replaced until the air 
pressure passing through the detector-valves on the 
points has returned to the signal- box, the arrival of which 
automatically completes the movement of the slide. The 
advantage of this is that the slide is moved the remainder 
of its travel without any effort on the part of the signal- 
man, so that the slide itself automatically completes its 
movement, not only indicating to the signalman that the 
work is done, but also completing the travel of the inter- 
locking tappet, so freeing the corresponding signal-levers. 

Not only is this system used in block signal-boxes, but 
it is also used for low-pressure automatic signal installa- 
tions. In concentration sidings of large goods-yards 
where gravitation shunting is in force, the points giving 
access to the various roads have to be moved over very 
quickly, and it is often necessary for points to be pulled 
over or reversed between two or more wagons in motion 
at the same time. In such cases levers or slides are 
dispensed with, the points being operated by low-pressure 
compressed air, the valves controlling which are opened 
and closed by electric currents set up through switches in 
a push-button machine. There are two rows of push- 
buttons in the instrument in the signal-box, and two 
buttons for each setof points, the upper button (coloured 
red), when in, holds the points in the normal position, and 
the lower button (coloured black) in the reverse ition. 
The action of pressing in one button forces out other, 
both being connected to a scale-beam switch which joins 
up the necessary circuits. 

Each point is protected by track-circuits, laid in to the 
fouling-point, and so long as a wagon is not clear, an 
indication of the points that are fouled appears, and 
prevents wrong buttons being pressed in. The signalman 
may thus follow the movements of wagons, and the 
arrangement is found very useful in foggy weather, also 
saving the necessity of providing more than one signal- 
box. Such an arrangement is in use at the Wath sorting- 
sidings of the Great Central Railway. 


Att-Execrric Systems. 


In viéw of the apey electric motors now in use, and 
the fact that only one kind of power is desirable, this 
system recommends itself to the signalling world gene- 
rally. ere are, however, several types of all-electric 
systems, and each one has its advan The point 
mechanism, somewhat similar to that described in other 
systems, in all cases is operated by motors, and the signals 
by motors in some types and solenoids in others ; but the 
general tendency is to use motors for all pu 

There has been a great deal of discussion as to the use 
of ‘‘check-lock-return indication” v. ‘‘constant detec- 
tion.” The check-lock, as previously described, prevents 
the signalman pulling the lever in the signal-box com- 
pletely over, or restoring the same, until the return 
indication has removed the lock on the lever ; whereas in 
constant detection the lever can be pulled completely over 
without having to wait for the return indication. This 
alone must expedite the signalman’s movements, and 
enable the work to be done with greater rapidity. The 
constant detection breaks down all signal circuits from 
the moment the lever in the signal-box is moved from one 
position to the other, until the points have been properly 
operated ; and should any points be moved or interfered 
with by accident or design, the signal-circuits affected by 
the position of the points cause the signals to go to 
“danger,” if off, or to be held at “danger,” as the case 
may be. 

A great advantage of the constant-detection principle, 
although the system is, perhaps, more costly in installa- 
tion, is that it enables a failure of detectors to be easily 
located, and thus saves much running about on the part 
of the signal-fitters, and consequent loss of time. From 
the experience of others, it may be contended that this 
method is preferable, as most troubles can be located in 
the lever-frame in the signal-box instead of having to be 
sought for on the ground. This, perhaps, will appeal 
generally as one of the vital points of power signalling, as 
electricity is doubtless the coming motive power for 
operating points and signals. 


Aut-Exectrric System with Dynamic INDICATION. 


This interlocking system is a somewhat novel departure 
from other systems of: power-worked instéllations as 
is the means of detecting in the lockisig-frame the 
normal and reversed positions of the points,'in order to 
make certain that the movement of the points corresponds 
with the position of the lever in the signal-box. 

The stroke of the lever is divided into two movements. 
The first movement locks all conflicting levers, and 
operates the point mechanism ; but in the second and 

mov t the stroke of the lever can only be com- 
pleted when the point mechanism has done its work in 





- the points. This final movement can be made 
ter, ne only after, the d 


ic indication has been 
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operated function has 











Nov. 19, 1915.] 
assumed 


ENGINEERING. 


53! 





a position corresponding with that of the lever 
in the si box. 


When the points are to be operated, the first movement 
of the aelinet the lever in the signal-box permits current 
to flow to the motor, thereby causing the mechanism to 
move the points to the opposite position, and lock them 
in that position. Whenthis movement has been completed, 
the circuit through the switch motor is automatically 
changed, the motor being disconnected from the battery 
and connected in a cl circuit, including the indication 
magnet. At the same time the armature terminals are 
reversed for indication purposes, this leaving the motor 
connections in the proper position for the next operation. 
The motor now becomes a dynamo, and with the momen- 
tum acquired during the operation of the point move- 
ment generates a momentary current which energises the 
indication magnet, this permitting the final movement 
of the lever in the deuk ben to be completed, releasing 
such levers hitherto locked. The movement of the points 
can be reversed at any point of the travel by the operator 
at will, and the lever movement completed upon the 
points assuming ® position corresponding with that of 
the lever, irrespective of the direction of the first move- 
ment made by the lever. , 

The complete — operation, and the final movement 
of the lever, can be accomplished in from 2 to 24 seconds, 
the indication being practically instantaneous with the 
completion of the point operation. ; 

The indication that the points have moved correctly is 
given by a current generated by the momentum of the 
motor, and can therefore be obtained only after the 
actual operation of the point mechanism, no additional 
power being required for the indication that the points 
are properly set to allow of the required signals being 
lowered to give permission for a train to pr > 

The author wishes to take this opportunity of acknow- 
ledging much valuable assistance in collecting matter and 
preparing illustrations for this paper from the signai 
engineers of the various railways—Mes-rs. Saxby and 
Farmer, Limited ; the McKenzie, Holland and Westing- 
house Power Signal Company, Limited ; the British 
Pneumatic Railway - Signal ew, Limited; the 
Railway-Signal Company, Limited ; W. R. Sykes’ Inter- 
locking Signal Company, Limited ; and members of his 
own staff. 





FATAL EXPLOSION OF A KIER. 


A serious explosion of a revolving kier occurred on 
Friday, July 30, at the works of Messrs. Spencer and 
Curedale, Limited, waste-bleachers, Bury Ground, 
Bury, resulting in the deaths of four persons, and injury 
to several others. The kier was about 20 ft. lorg by 7 ft. 
in diameter, and was supplied with steam from boilers 
working at a pressure of 110 lb., but a reducing-valve was 
fitted which reduced this to 20 1lb., at which pressure the 
kier was worked. The kier was fitted with a safety- 
valve and a pressure-gauge. On the evening of Friday, 
July 30, the kier exploded with great violence, a consider- 
able portion of the works being destroyed, and a number 
of the workpeople injured, four of them fatally. 

The inquest on the bodies of those killed was held at 
the Police Court, Bury, on Monday, August 2, before 
Mr. J. W. Barlow, deputy coroner, but this was ad 
journed to Monday, August 23, on which date it was re- 
sumed. With the Coroner were Mr. H. G. Dixon, engineer, 
of the Consultative Department of the Board of e, 
and Mr. Owner, H.M. Inspector of Factories. The 
owners of the works and the widows of some of the killed, 
as well as the British Engine, Boiler, and Electrical 
Insurance Company, Limited, who had insured the kier, 
were represented by counsel. Several of the workpeople 
were called, and gave evidence of identification, and with 
regard to other matters. One of them said that on the 
day of the explosion he filled the kier with waste 
up to about 18 in. from the top, screwed on the 
lid, and after putting more water in, he started the 
kier to revolve slowly, and then put on the steam. 
He put on 5 lb. pressure for two hours, and then 
another 5 lb., and when he last saw the gauge it regis- 
tered 101b. If at any time he saw anything wrong, he 
would report it to the foreman. 

By the Coroner: He had steam blowing off only once, 
and that was about a fortnight before the explosion, but 
he did not know the cause. He did not see the steam 
blowing off on the day of the explosion, and did not 
know exactly at what pressure it did blow off, but should 
say atabout 151lb. There wasa 6-in. pipe running from 
the boilers, supplying steam at a pressure of 110 Ib. ; this 
pipe ran into a 2-in. pipe, where there was a reducing- 
valve and a safety-valve. He had never seen more than 
15 lb. registered on the gauge. 
wind oe : kag a had a po caulking done to 

is know , nor ever d i 
een 1 aad eard the men complain 

Mr. W. Spencer, manager and a director of Messrs. 
Spencer and Curedale, Limited, gave evidence as to the 
kier which had exploded, and said they obtained it 
at Whaley Brid and it had been at the works about 
twenty years. They paid what he thought a fair price 
for it, namely, 601. It was made of wrought iron, but he 
did not know the name of the maker, nor the thickness 
of the plates, but on looking at them they did not appear 
to be thinned. The kier was used for boiling cotton-waste, 
and had never given any sign of weakness. 1b was insured 
with the British Engine, Boiler, and Electrical Compan 
up to 1000/., and the insurance company made a thoroug 
examination once a year, and periodical external examina- 
tions. He produced copies of the company’s reports on the 
examinations they had made, and in one of them reference 
be made to the pressure-gauge being incorrect, and to 
the safety-valveand reducing-valve requiring overhauling, 
S© & pressure of 30 Ib. was indicated at the time of the 































































inspector’s visit although the pressure at which the kier 
was insured was 20 Ib. e combined reducing-valve and 
safety-valve was placed on a 2-in. pipe, 8 ft. to 10 ft. from 
the kier, and from that point thera was a }4-in. pipe ; at 
each kier entrance there was a dead-weight safety -valve. 
The reducing-valve was purchased in April, 1913; it was 
a well-recognised make, and reduced the pressure from 
110 Ib. to 20 Ib. per sq. in. The safety-valve was in good 
order, so far ashe knew. Witness read a report dated 
October 2, 1913, from the insurance company, in which it 
was stated that ‘‘it is imperative every care should be 
taken to regularly test the combined reducing-valve, for 
should it get out of order, we are afraid the small dead- 
weight safety-valve fitted to the vessel would not have 
sufficient area to prevent the pressure accumulating to a 
dangerous degree.” Other communications on the same 
subject had been received from time to time from the insur- 
ance company, and on November 15, 1914, the company 
wrote: ‘Special care should be exercised to keep the 
pipes leading to the safety-valve clear and free from any 
matter which might be carried over from the boilers.” 
The “‘ matter” referred to consisted of fluff from the 
cotton-waste, and to prevent that,they had put a special 
device at the inlet. They had the safety-valve cleaned 
about a month before the explosion. The kier had been 
tested bv hydraulic preesyre about three years ago by 
Messrs. Lord, boiler makers, Bury, up to 40lb. When 
witness knew that more than 20 1b. had been registered, 
he decided to order new gauges; he was personally 
astonished at the over-pressure, and came to the conclu- 
sion thatthe mistake was in the indicator. If any of the 
workpeople in charge of the kier found more than 20 lb. 
pressure registered on the gauge it would certainly be his 
duty to reportit to the foreman. Witness said the firm 
had attended to any requests of the Insurance Company. 
The kier was insured up to 1000/., but their loss was about 


By Mr. Owner : Witness said it was the duty of the 
man who put steam on to read the pressure on the gauge 
from time to time, and the foreman would go round. 
He (witness) had not given any special instructions for 
anyone to go round and see that the gauges were right, 
and the firm kept no record as to what pressure was on at 
any given date. 

By Mr. Dixon (for the Board of Trade) : Witness saw 
the safety-valve taken to pieces after the explosion, and 
found that there was a stoppage, and the valve was prac- 
tically choked, so that the steam could not escape ; the 
pipe was choked up with dirt and they had no means of 
ascertaining this before the explosion occurred ; the re- 
ducing-valve was also out of order as well as the pressure- 
gauge. If hehad known, he would not have worked the 
kier, but would have put on a new valve at once. So far 
as witness could see, the cause of this disastrous explosion 
was that the pressure in the kier was excessive in conse- 

uence of the valves being ineffective, and the pipe bein 
choked. Witness was quite of an opinion that they 
plenty of safety-valves to prevent an over-pressure of 
steam. 

By Mr. Robson: Witness thought that the gauge 


ing through. 

Thomas Howarth, foreman at the works, said the valves 
were examined in April last. He had seen the indicator 
register a higher pressure than 20 lb.—say, 25 1b. to 26 Ib. 
—but not often, and at that time the dead-weight safety- 
valve was blowing-off. If the attendant saw the valve 
blowing-off at a bigher pressure than 20 Ib., it was his 
duty to report it at once to witness. The man who had 
cleaned the safety-valve had often performed that duty, 
and was a reliable man, and had been with the firm for 
twenty years. The condition of the dead-weight safety- 
valve after the explosion showed, be thought, that it 
needed immediate attention. He had looked down the 
pipe to see if there was an obstruction, but did not 
detect anv. 

By the Foreman: Complaints had been made to witness 
as to steam escaping, and he had taken steps to remedy 
the defects. : 

Another witness, named John Buckley, night foreman, 
said that about an hour before the explosion he saw that 
the pressure registered between 22 Ib. and 23 Ib. on the 
gauge, but he then reduced it, and left it at 15 lb. 

John Doherty, engineer to the firm, in whose employ 
he had been for twenty-five years, said that he put the 
kier ia a new position, and examined the valves in April 
last. He pulled some fluff from the top of one of them, 
and looked through the pipe. but cou!d see no obstruction ; 
he also pushed a stick up the pipe, and the valve lifted. 
which showed that there could be nothing in the pipe at 
that time. He had watched the valve working since 
then, and had seen it blow off. 

By Mr. Dixon: It was not his duty to look at the 
reducing-valve and see that it was working properly, 
and he could not say whose duty it was. hen witness 
was instructed, he overhauled the valves, or told some one 
else to do ao. : 

By Mr. Owner: When he saw a higher pressure on the 
gauge he did not take any particular notice of it. When the 
valve showed 6 1b., the reducing valve must have been 
wrong, and it was equally wrong when 2 lb. extra’ pres- 
sure was in the kier. 

Mr. Owner remarked that he was anxious to know 
why the reducing-valve was not put right, for if it had 
been done, those four poor men who had been killed, 
would have been alive. The witness knew at 4.30 p.m. 
on the day of the explosion that that part of the ap tus 
on the kier which iad exploded was out of er, and 
yet he @ no report to anybody. Who was there in 
the firm’s employ who ought to have put it right if it was 
not witness ? Ba 

Witness said he wag not allowed to meddle with it, and 
never was, 


registered 10 lb. higher pressure than was actually pass- | J 





The Deputy Coroner warned witness that he 
he desi it, refuse to answer any question, 
any answers he 
of, and it might be used against him. 

Witness replied that he was prepared to answer any 
question if he could. 

Mr. Owner : At 4.30 on the day of the explosion you 
kvew that the reducing-valve had gone wrong. Is thateo? 

Witness: I knew that there was about 201b. pressure on. 

Did the fact that there was 22 lb. pressure on indicate to 
you that the reducing-valve was not doing its work? 

I don’t know whether it was doing its work or not. 

Could 22 Ib. have been registered on the pressure-gauge 
if the reducing-valve had been working correctly ? 

I cannot tell you. 

Assuming the steam-gauge was correct, could it bave 
recorded 22 Ib. if the reducing-valve was working cor- 
rectly ? 

It should not do. 

One of two things has happened: either the reducing- 
valve has gone wrong or the pressure-gauge was wrong ’? 

Yes, it must be so. 

Was it your duty to report to anyone when you found 
the reducing-valve wrong or the pressure-gauge wrong ? 

If I saw them wrong I should have re it. 

Between 4.30 on the Friday and the time the kier 
exploded, did you report to anyone above yourself that 
something was wrong with this fitting ? 

No, I did not. 

Mr. Bertwistle: Where were you working that after- 
noen’? How far away from the kier that exploded ? 

Witness : I should say two or three yards. 

If you had thought there was anything wrong, would 
yon have been working withia two yards ? 

Witness: No. 

The Deputy Coroner: You see now that you were 
deceived as to the importance of attention being given 
to the valve when it registered 22 Ib. 

Witness: Yes, I see now, and will certainly do some- 
thing better in the future. 

Another witness in the employ of the firm, who had 
charge of the kier, said that 25 lb. was the highest pres- 
sure he had ever seen on the gauge, and that was some 
days before the explosion ; this had not often happened, 
and when it did he checked the steam. 

After further evidence by Mr. Spencer, the Deputy 
Coroner reviewed the evidence given, and add the 
jury as to the special points with regard to the question 
as to who was responsible, in law, for the deaths which 
had occurred. 

The jury returned a verdict to the effect that they 
found there was no criminal negligence on the part of 
anyone, but they thought there ought to be a better 
system of management at the works, which would provide 
more competent oversight, and that periodically, at short 
intervals, the valves attached to such a kier should be 
carefully overhauled. They found that the explosion 
had occurred in consequence of the dead-weight safety- 
valve and the spring satety-valve attached to the reducing- 
valve having become blocked, so that the kier was su 
jected to over-pressure. 

A verdict of accidental death was returned. 

Mr. Bertwistle, on behalf of the owners of the kier, 
said that he need not say that the recommendation of 
the jury would have full consideration and attention. 

In closing the inquiry, the Deputy Coroner thanked Mr. 

ixon, Mr. Owner, and Mr. Spencer for the assistance 
they had given. 
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gre. he, the coroner, would take a note 





ARGENTINE PERMANENT-WaAyY.—Mr. Simson, presiding 
at the annual meeting of the Buenos Aires Great 
2 5 Railway Company called attention } 2 the neces- 
sity of improving permanent-way upon the system. 
Hitherto, he said, two-thirds of the track had been bal- 
lasted with vegetable earth. In fact, until about fifteen 
years ago nothing else was thoughi of in Argentina, 
except for suburban tracks within a radius of 8 or 10 miles 
of Buenos Aires. LKarth-ballasted tracks did fairly well 
in the interior of Argentina, where there were fewer 
trains, although they werealways dusty ; but as locomo- 
tives and selling etek grew heavier, it was becoming 
more and more important to put down superior ballast, 
and the directors had been gradually doing this for the 
past 12 years, until they had now nearly one-third of the 
whole system laid with shell ballast. The latter wes 
obtai from deposits of shell in layers many feet thick 
and well above sea-level, found in La Plata and Atelaya. 
Although shell ballast was not quite so geod as broken 
stone, it still made an excellent road-bed, while its cost 
was little more than half that of broken stone, within 
a radius of 150 miles of La Plata. The Buenos Aires 
Great Southern Railway Company owned stone quarries 
at Tandil, from which it ex ballast. The position 
would not be entirely satisfactory until another third of 
the system had been dealt with, so that when the war was 
over the company must continue stone and shell ballast- 
i The outlay which would have to be made would 
amply repay the company in reduced cost of mainten- 
ance, especially in wet years, such as had recently oc- 
curred. It would also not be to reduce the 
speed of trains, as had often —_ to be an ty hk ° 

e com ’s manager in Argentina, who recently 
visited England, stated that stone and shell-ballasted 
tracks had stood severe tests remarkably well, and the 
cost of maintenance had haan peneteeey normal ; but in 
places where earth-ballast had been used mainten- 
ance had cost three or four times as much as usual, while 
rails had sunk so much that they became nearly out of 
sight. As an illustration of this, the manager stated that 
the ballasting with earth of 76 miles of line between Bosch 
and Necochea had cost—between June, 1913, and June, 
1914—16,000/., as compared with 4250/, in former ordi- 
nary years, 
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CATALOGUES. 


Air-Lift Pumps.—We have received from the Gardner 
Governor Company, of Quincy, Illinois, U.S.A., an in- 
teresting and useful pamphlet containing brief ons 
for the installation of an air-lift pumping system. Tables of 
efficiency and other useful data are given, and particulars 
of various standard types of air-compressors made by the 
company for this class of work are also included. 


Motor - Starting Switches.—A price-list of star - delta 


starbing-switches, of the air- type, for three-phase 
squirrel- motors, has been issued 4 the British 
Thomson-Houston Company, Limited, of Rugby. They 


are suitable for motors up to 25 horse-power which are 
only required to start up against a light load, and are 
made for pressures up to 559 volts, and for frequencies 
between 25 and 60 cycles. 


Machinery for Electrical Manufacturers.—A cata] 

of special machinery for electrical manufacturers has 
reached us from Messrs. Neville’s (Liverpool), Limited, of 
Liverpool. The catalogue includes iculars of coil- 
winding machines, taping-machines for armature coils, 
armature-binding lathes, machines for coating sheet-iron 
with tissue-paper, circle and ring shearing-machines for 
armature discs and segments, notching machines for 
armature discs, hydraulic presses, and vacuum drying an 
impregnating plants. Oold-sawing machines, and ma- 
chines for bending pipes, bars and rolled sections are 
also dealt with. 


Electrical Resistances.—The Oressall Manufacturing 
Company, of 40 and 41, Staniforth-street, Birmingham, 
have sent us a card illustrating some examples of their well- 
known woven asbestos resistance and heating nets, and also 
giving a small sample net to show their construction. Ibis 
pointed out that tappings can be made at any point in 
the net to ensure a parfect graduation of resistance steps, 
and another advan mentioned is that all resistance 
nets are provided with selvedges at each end, which are 
free from wires, so that bolts can be passed through for 
mounting the nets. Cord resistance material, suitable for 
the heating elements of flat-irons, &c., or for winding on 
porcelain bobbins, is also illustrated. 

Lubrication of Pneumatic Tools. — A recent bulletin 
which has reached us from the Chicago Pneumatic Tool 
Company, of Fisher Building, '\Chicazo, U.S.A., relates 
to the lubrication of pneumatic tools. The importance 
of using air as free as possible from dust is pointed out 
in the bulletin, and the best methods of cleaning and 
lubricating the tools are described in an introductory 
article, after which particulars of the company’s “‘ Airoi- 
lene” grease and oil are given. Automatic oilers for 
placing in the hose supplying tools are dealt with, and a 
machine for forcing grease into pneumatic drills is also 
illustrated. The London address of the company is 
the Consolidated Pneumatic Tool Company, Limited, 
9, Bridge-street, Westminster, 8. W. 


Lead-Coating for Iron and Steel.—The Homogeneous 
Lead-Coating mpany, of Sunbury-on-Thames, have 
sent us a circular illustrating examples of tanks, pipes, 
and chemical apparatus constructed of iron or 5 and 
coated with | by the ‘‘C.C.” process. This process 
enables cast iron, wrought iron, or steel to be coated with 
pure lead or lead alloys of any thickness up to, or greater 
than, } in., and the Toad is said to be united to the iron 
ors in such a manner that it does not become separated 
when subjected to rough treatment or variations of 
temperature. The process can be applied to the lining 
of tanks, vacuum pans, condensers, autoclaves, pumps, 
fans, scrubbers, pipes, heating-coils, &c., but the cost of 
the work naturally depends upon the thickness of the 
par and the size and nature of the surface to be 
coated. 


Files and Rusps.—Messrs. Cammell Laird and Co., 
Limived, of Cyclops Steel and Iron Works, Sheffield, 
have sent us a copy of their latest catalogue of files. The 
catalogue first reproduces a number of bird’s-eye views of 
the different works of the company, and then illustrates 
the various po involved in the manufacture of files. 
These are followed by illustrations of the many different 
types of files and rasps made and sold under the trade- 


% 


name ** Cyclops,” and, in conclusion, some of the com- 
ny’s other products are mentioned. These include 
igh-speed crucible tool-steels, special steels of all 


kinds, springs, railway tyres and axles, steel cistings and 
forgings, stamper shoe: and dies, &c. The catalogue is 
most tastefully designed and is beautifully printed and 
illustrated, so that it is a credit to all concerned with its 
production. 


Grab-Bucket.— A booklet illustrating and describing the 
“Underwood Digger”—a single-chain grab-bucket for 
excavating, dredging, elevating, &c., in any kind of 
material—has reached us from Mr. A. L. Underwood, 
A.M.I. Mech. E., of 3/5, Queen-street, Cheapside, E.C. 
The grab; are le in se sizes, with capacities 
ranging from 5 owt. to 3 tens, and, among other advan- 
tages, are claimed to be extremely simple and to have 
a very small head and, a a low centre of 
gravity, so that they are capable of working on greater 
slopes than usual. Another useful feature is that the 
grab can be opened and closed while suspended, so that 
part of the load can be dropped and the remainder re- 
tained, or the whole may be sprinkled over a large area 
for forming embankments, &c. In handling coal, this 
feature enables the discharge to be regulated, thus avoid- 
ing shock to the crane and breakage of coal. 

Grinding - Wheels.— An attractive catalogue of grinding- 
wheels manufactured by the Norton Conpnag. of Wor. 
cester, Mass., U.S.A., has been issued by Messrs. Charles 
Churchill and Oo., Limited, of 9 to Tf Leonard-street, 
Fiasbury, E.C., who are agents for the Norton Company, 





and carry a stock of from 5C,000 to 60,000 wheels. The 
wheels are made of “ Alundum” and “‘Crystolon,” which 
are, respectively, an oxide of aluminium and a carbide of 
silicon, both being ‘ 
Many different grains, grades, and bonds are made with 
beth abrasive materials, and the class of work for which 
they are best suited is explained in the catalogue. In- 
structions for mounting the wheels are also given, 
together with prices and particulars of plain and special 
wheels for types of grinding- ines. Rubbing- 
bricks, dressing-tools, and oil-stones are also dealt wi 
and some illustrations of Churchill grinding-machines are 
included in the catalogue, which is altogether a very 
useful and creditable production. 


Reinforced-Concrete Chimneys.—A catalogue recently 
to hand from the Weber Chimney Company, of 1452- 
1456, McCormick Building, 332, 5. Michigan-avenue, 
Chicago, U.S A., illustrates and describes their system 
of constructing chimneys in reinf d te, and 
points out its advantages. A 





large number of examples 
of these chimneys are illustrated, among them being in- 
cluded one which is claimed to be the largest reinforced- 
concrete chimney in the world. It was erected in 1905 
for the Colusa Parrott Mining and Smelting Company, of 
Butte, Montana, and is 350 ft. high, with an internal 


d| diameter of 18 ft. at the top; it is used for carrying off 


the gases from a copper-smelting plant. A list of some 
hundreds of Weber chimneys, erected in different parts 
of the world, including some in this country, is given in 
the catalogue. A useful table, showing the horse-power 
of boilers which may be used with chimneys of different 
heights and diameters, is also included. 


Watchmen’s Watchesand Time-Recorders.—Two circulars 
relating respectively to watchmen’s watches and time- 
recorders have been issued by the Llewellin’s Machine 
Company, of any Bristol. Prices and particulars 
are given of several different patterns of watches in which 
the record of the watchman’s movements is given on a 
paper strip or disc. A special type of clock which is kept 
I one position, and is used for recording the attendance 
of one or two persons at this point, is also dealt with. In 
this instrument the attendant signs his name or initials 
on @ paper disc each time he visits the place. The disc 
is rotated by clockwork behind a locked door having a 
slot in it, so that the time of the visit is automatieally 
recorded by the position of the signature. It is pointed 
out that this system ensures the duty being performed by 
the proper person, a signature having an individuality 
not possessed by a mere mark or number. The time- 
recorders made by this firm are of the card type, and are 
sold under the trade name ‘‘ Realm.” It is mentioned 
that these instruments differ from other time-recorders 
in that they are portable, will work in an unstable posi- 
tion (as on shipboard), and need not be kept in a vertical 
position. 


Protection of Electrical Machinery. — We have re- 
ceived from the General Electric Company, Limited, of 
7, Queen Victoria-street, E.C., a bulletin relating to 
the protection of electrical machinery from the effects of 
voltage surges in power-transmission lines. For this pur- 
ee they advocate the use of Moscicki condensers an 

iles valves, the former to deal with high-frequency 
surges and the latter with surges of low frequency. The 
whole subject is fully dealt with, the merits and demerits 
of the various protective devices available—such as horn 
arresters, aluminium arresters, multi-gap arresters—being 
explained, and the advan of the condensers and 
valves being made clear. © construction of the latter 
devices is illustrated and described, and several installa- 
tions are also illustrated. The bulletin aleo deals with 
the protection of lines against static charges, and with 
the protection of continuous-current systems. For the 
latter work electrolytic arresters are recommended for 
the protection of overhead lines against lightning, for the 
protection of tram-car motors against high-frequency 
surges, and for protecting generators and crane-motors 
against the consequences of sudden variations in the load, 
or against excess pressures originating in the breaking 
down of the field c'rcuit. 


Electrical Condensers.—From the British Insulated and 
Helsby Cables, Limited, of Helsby, near Warrington, 
we have received a pamphlet relating to the use of con- 
densers for improving the power factor of alternating- 
current systems. These condensers are of the Mans- 
bridge self-sealing type, and are made in the oil-immersed 
and solid-impregnated patterns. The latter are intended 
for use on systems where the working pressure does not 
exceed 250 volts, or where the condensers would be used 
intermittently. For high-pressures and for continuous 
service the oil-immersed type is recommended. @ con- 
densers may also be used for the suppression of arcing at 
contact-breakers and switches, and for reducing the 
current or voltage on electro-magnets, and other appa- 
ratus, on high-voltage circuits; they are also employed 
in wireless telegraphy. They are made in units havin 
capacities of about one microfarad each, and are clai 
to have exceptionally high dielectric strength. At the 
same time they are very compact, a box of fifty 1-micro- 
farad oil-immersed unite, suitable for a working re 
of 550 volts, measuring 19 in. by 11 in by 74 im., and 
weighing 75 lb. Their efficiency at ordinary tempera- 
tures and frequencies is always 
cent., and the temperature rise of large capacities does 
not exceed 20 deg. Fahr. when working at their rated 
voltage and a frequency of 50 cycles. 

Tar-Distilling Plant.—The Power-Gas Coention, 
Limited, of Stockton-on-Tees, have issued a leaflet illus- 
trating and a their —_e plant, -_ 
pointing out its advantages to gas-works managers 
others having a quantity of tar at their di A con- 


siderable revenue may be produced by converting the tar 


products of the electric furnace. | also 


ter than 99.5 per — 





into pitch or dehydrating it for road-making purposes 
well as by the recovery of the oils. The plant is entirely 
self-contained and takes up but little ground space ; it js 
> claimed to be very simple to operate... The still, the 
main part of which is conical in shape, with a cylindrica] 
receptacle at the bottom for the pitch or dehydrated tar, 
is designed on the film system, and can thus be worked 
much more rapidly than the ordinary pot-still. The stil] 
works under vacuum, as usual, and the condensate is led 
off through a condenser into the receiver, where the oils 
settle out. The incondensable and noxious fumes are 
passed through the vacuum pump and led into the fur. 
nace, where they are rendered innocuous by passing 
hey the fire. Owing to the special form of setting 
used for the still, it is claimed that overheating rarely 
occurs, and the chance of cindering is reduced to a mini- 
mum ; stills have, in fact, been worked continuously for 
over eighteen months. At the same time the plants are 
designed so that they can be shut down at practically any 
time and started up again on the following morning. 
which is an important consideration for small works 
where an all-round night shift is not in operation. The 
plants can be made in sizes suitable for dealing with from 
1 ton of tar a day, upwards, and, as regards labour, it is 
stated that only one man is required to operate a stil] 
dealing with 30 tons a day. 


Portable and Semi-Portable Steam-Engines.— Messrs. 
Robey and Co., Limited, of Globe Works, Lincoln, have 
recently issued a catalogue of portable and semi-portable 
steam-engines built by them. Full particulars, including 
specifications and tables of powers, weights, and dimen- 
sions, are given of single-cylinder and double-cylinder 
portable engines, of which the former are made with 
capacities ranging from 5 to 57 horse-power, and the 
latter from 20 to 114 horse-power ; compound portables 
are also listed with capacities of from 19 to 96 horse- 
power. The catalogue also deals with colonial-type 
engines, oil-fuel burning apparatus, enclosed-type port- 
able engines, semi-fixed over-type engines, and under- 
type engines. The under-type engines are made with 
single cylinders giving from 10 to 57 horse-power, and 
with double cylinders, giving from 15 to 240 horse-power ; 
compound engines of this type are listed in sizes ranging 
from 19 to 218 horse-power. Four different types of 
valve-gear, each of which is illustrated and described, are 
employed on the engines dealt with in this catalogue. In 
the simplest form a slide-valve worked by an eccentric 
which can be adjusted to vary the cut-off or change the 
direction of rotation, is employed, governing being 
effected by throttling. In another form a cut-off valve 
working on the back of the main valve is provided. The 
cut-off valve can be adjusted while the engine is at rest 
to suit any load, but in the third type this adjustment 
can be carried out while the engine is running ; with both 
types the engine is governed by throttling. The third 
type of gear, however, is not recommended, as more 
economical results are obtained with the fourth type, in 
which the cut-off is automatically regulated according 
to the load by the governor acting on the expansion-valve. 
The catalogue is well-printed and illustrated, and con- 
veniently arranged, so that it makes a very useful and 


d | attractive publication. 





Hanv-Book on SrructuraL SreeL.—Messrs. R. A. 
Skelton and Co., of Moorgate-street Chambers, E.C., have 
sent us a copy of a hand-book on structural steel compiled 
by them and published at the price of 10s. net. The book, 
which contains over 300 pages, is bound in cloth-cevered 
boards and divided into numerous chapters, any one of 
which can be instantly referred to by means of a thumb 
index. The first chapter is a fairly exhaustive list of sec- 
tions rolled in this country, and it also includes the prin- 
cipal American and Continental sizes ; practical notes on 
delivery, &c., are given in all cases, and each section is 
assigned a code word for use in telegraphic communica- 
tions. The next few oo are occupied with tables 
giving the properties of British Standard joists, wide- 
flange beams (Grey process), channels, and many other 
sections ; safe loads for these sections used as beams or 
columns are also tabulated. Later chapters give weights 
and sizes of plates and sheets, rivets and bolts, wire, and 
miscellaneous materials used in comnection with struc- 
tural work. The remainder of the book is mainly occu- 
pied with notes and data for use in the design of plate 
girders and stanchions, reinforced concrete, roofs, and 
foundations; but it also contains extracts from the 
London Building Act, tables of weights of various 
materials, notes on steel manufacture, extracts from 
standard specifications of tests, code words, standard- 
extras lists, mathematical tables, table of weights and 
measures, and conversion factors for different units. It 
concludes with an exceptionally complete general index 
to its contents, which is a very valuable feature in a work 
of this class. Although the outward ap nee of the 
book is similar to that of previous handbooks issued by 
the firm, we understand that the contents of this edition 
are new in every detail. Both the matter and the method 
of presenting it are, to a very large extent, original. We 
also notice that nomograms, or straight-line diagrams, 
have been employed to : the slenderness ratios of 
stanchions pow i for several other purposes in the book, # 
tice which might well be more extensively followed 
in works of this class. Altogether, no trouble or expense 
seems to have been spared to render the hand-book 
serviceable in every way to engineers, architects, and 
others interested in the design of steelwork, and although 
it does not pretend to be sufficient to enable an untrained 
man to design a ene oe ay it furnishes all 
that is required for t purpose persons possessi 
the necessary know: of principles, while the numerous 

i ving tables ~ ft will doubtless prove of 
prmmer wties assistanee to experts. 
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. ranch, #6, Southampton Buildings, Chancery-lane, W.C., at 


vertisement of the a ication, 

ive notice at the Patent O; opposition to the grant cf a 
fies notice atthe Patent fhe of epponion to ie 
ELECTRICAL APPARATUS. 


W. H. Wilson, Norbiton. Electric Con- 
Rg Figs.) September 7, 1914.—Instead of building 
electric condensers up from several steets of metal separated by 
sheets of insulation they are, according to this invention, formed 
by winding two continuous strips of meta! at right angles to each 
other over in sheets of insulation. The preferred method 
of building up may be understocd from Fig.1. The thick sheets 
in that figure indicate sheets of ins’ ng material which are 
numbered successively from 1 onwards from the bottom. Between 
these insulating sheets, which will commonly be of mica, are 
wound long ps of metal foil a and b. It will be noted that 
strip a is first placed between sheets 1 and 2 of insulation, then is 
folded over to come between sheets 3 and 4, then folded back to 
come between sheets 5 and 6, and then folded again between 
sheets 7 and 8, and so on. Strip ), on the other hand, lies between 
sheets 2 and 3, 4 and 5, 6 and 7, and so on, and is folded in a direc- 


Fig. 1. 








43506) 


tion at right angles to the folds of sheet a. The pile of alternate 
sheets is pr together so that the projecting ends of the folds 
of metal all come into contact. The whole mass may be impreg- 
nated with paraffin wax by the aid of exhaustion, or subjected to 
any other usual treat t. The d segment thus produced 
consists of a number of el ts all ted in parallel, of which 
the folds projecting on two opposite sides form one terminal, and 
the folds projecting on the other two opposite sides form the other 
terminal. These opposite edges are both connected to the circuit 
so that current flows into and out of the condenser through all 
four edges, which materially reduces resistance and eddy current 
losses, and therefore the heating. An alternative method of build- 
ing up the condenser is shown in Fig. 2, the only difference being 
that each strip of foil, instead of being wound alternately back- 
wards and forwards, is wound round and round, each turn cover- 
ing two fresh plates of insulating material, and the turns of the 
two stripsalternating. (Accepted August 18, 1915.) 


23,272/14. J. H. Tucker and J. A. Crabtree, Bir- 
mingham. Electric Switches. (3 Figs.) November 30, 
1914.—This invention relates to electric switches of the type 
in which the switch is operated by a sliding member, which latter 
is adapted to displace spring means across a dead centre and 
which spring means are goupled to said sliding member, and 
adapted to displace a pivoted or rocking contact-member in a 
quick make-and-break action. According to the present inven- 
tion, the patentees adapt to the type of switch having the above- 
defined characteristics means which effect the positive operation 
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or displacement of the contact-member in the event of the spring 
means failing to act. aisa sliding operating member adapted to 
roject at both extremities. The member a has u ~pro- 
ee parts a! which are perforated to slide upon the lide bar 
~ which is secured in any suitable manner to the body c. Pivoted 
to the slide-bar b isa rocking member d. This memberd may be 
r~ the form of a UJ, each of the arms of which may be perforated 
pA. oy, the extremities or trunnions of a stationary pivot- 
po = r ¢ fixed to the slide-barb. At their lower extremities each 
¢ arms of the (J is furnished with an inclined slot passing en- 


tirely through the arm, closed at one extremity and open at the 
other, which inclined slot extends from the side of each arm of 
the U ber in a di ion towards the lower extremity of the 
latter in such a manner as to convert such extremity into a hook 
member. The two hook members are adapted to receive the 
reduced portions of a transverse contact-member /, which latter 
is thereby retained in the slote by the coiled yoo > 
hereinafter referred to, and which transverse contact-member f 
is at its extremities g, ¢ ~~ to make contact with stationary 
contacts h, h, suitably installed within the body c, and which con- 
contacts Ah, h are arranged in any convenient manner in the elec- 
tric circuit. The sliding member a carries a transverse pivot j, 
which is received by the forked extremity of one member of a 
telescopic device k, the other extremity of which device k takes 
into suitable — or recess in the contact-member/. The 
telescopic member & is encircled by a coiled com ion spring, 
which upon shoulders or enlarged portions of the tive 
telescopic members, and as the pivot j is moved across the line 
occurring between the centres of the pivot ¢, and of the member 
J, the effort of the coiled spring is changed. When the parts are 
in the position shown in Fig. 1, the spring tends to rotate the 
member d in a clockwise direction, whereas, after the sliding 
member a has been displaced to the left sufficiently, the 
effort is changed to displ the ber d in a counter clock- 
direction. The upwardly-projecting portions a! are adapted 
to engage with the transverse upper portion of the LJ-member d, 
so that, if the spring fails to act, the member d would be posi- 
tively displaced by the sliding member a. (Sealed October 28, 1915.) 
19,191/14. St. Helens Cable and Rubber Com: . 
Limited, and J. C. White, arrington. El Cc 
Incandescent Lamps. [3 Figs.) August 28, 1914.—The 
present invention relates to an improved lamp-holder for either 
rtable, fixed, pendant, or other Hee e object of the 
nvention is to obtain a lamp-holder which will be corrosion- f 
and yet obviate various vantages which have been hitherto 
met. The invention consists essentially in the combination of 
an internally threaded body and an externally threaded concentric 
protecting sleeve engaging therewith, means being vided to 
guide the cables as they pass to the lamp in a ()-sh or 
sinuous path, dipping into a sealing medium held by the holder. 
The cables 1 tightly fit into vertical holes drilled in a top 2, which 
is also provid th a hole, closed by a small screw 8, thro 
which hole the sealing composition can be introduced. The top 2 
is in the form of a hollow cylinder, provided with two internal 
shoulders 4—4 surrounding the tubular holes th h which the 
cables enter. The lower portion of the top 2 is externally screw- 
threaded at 5. The terminals and the socket portion of the 
bayonet-joint are carried on the opposite sides of an externally screw- 
threaded diaphragm 6. The external diameter of the = 6 
is the same as that of the screw-threaded portion 5, and thus these 
two members can be fitted together and secured into 
an internally screw-threaded cylindrical member 7. sidering 
the thus held in Fy the cables 1 pass down- 
w through the tub holes as far as the upper portion 
of the diaphragm 6, and then they rise slightly, and are 
attached to terminals 8. These terminals are carried on either 











tion by 





side of a shoulder 9 upstanding from the top of the diaphragm 
6 80 as to lie snugly between the two shoulders 4—4 of the top. 
Hence, owing to the co-operation of the Re ey shoulder 
9 and the shoulder 4—4 the cable is constrained to follow a U- 
shaped path. Hence when liquid—e.g., oil—is introduced through 
the central orifice in the top it is possible to obtain a perfect seal 
without necessarily submerging the terminals. The socket por- 
tion 10 of the bayonet joint lies below the diaphragm and inside 
and concentric with the lower portion of the hollow cylinder 7. 
Now in order to protect the metal portion on the neck of the 
lamp a sleeve is provided which is capable of tightly engaging 
the cap of the lamp. This sleeve is in the form of an externally 
screw-threaded cylinder 11, which is conveniently provided with 
a milled flange 12 at the bottom. A locking-ring 13 also engages 
the outside of the ber 11. In order to fix the lamp in posi- 
tion, the protecting sleeve 11, as it is termed, is screwed 
upwards inside the cylinder 7, and the lamp is then inserted 

thin the bayonet-joint socket. The protecting sleeve is now 
screwed downwards till the flange 12 engages as tightly as pos- 
sible with the metal cap of the lamp. The locking-ring 18 may 
then be screwed in an upward direction till it abuts against the 
lower portion of the cylinder 7. Alternatively, before the pro- 
tecting sleeve is screwed within the cylinder 7 the locking- 
ring may be removed and a shade 14 placed over the flange 12. 
The locking-ring is then screwed down sufficiently to secure the 
shade, and the ) Aad is fixed in position and protected as pre- 
viously described ; except that the locking-ring is now fulfilling a 
different pu . If necessary, in this case a second locking- 
ring may be provided to abut against the lower portion of the 
eytinder 7. (Accepted September 8, 1915.) 


641/15. M.S. Conner, Salford. to Ignition 
Apparates, (3 Figs.) January 15, 1915.—This invention 
relates to the current-interrupting devices associated with the 
primary winding of high-tension magneto apparatus, and com- 
prises more particularly improved means for securing the timing 
and terminal-carrying parts of the devices to the framework of 
the machine in such a manner that they may be quickly and con- 
veniently placed in position, and detached with equal facility. 
The invention consiste in the provision of a cell furnished with a 
cover held on by a bayonet-joint, and so arranged that the act of 
attaching the cover to the cell causes plungers to be projected 
from the periphery of the cell and engage in an annular groove 

vided in the framework of the machine, so that the cell is held 
E> sition on the hine, and yet is permitted rotative move- 
ment for varying the tions of the cams which te the 











interrupter, for adv: or retarding the ignition. e cell A, 





containing the usual interrupting cams, is provided with two slots 
B across the internal peri: Y, preferably disposed diametrically 
opposite, into each of which is fitted a flat spring, which carries 
near its end a By D arranged to pass through the wall of the 
cell A, the setting of the we such that the end of the 
plunger D is normally substantially flush with the outer surface 
of the cell A. The function of the plungers is hereinafter 
refei to. The outer end of the cell A is furnished with an 
internal annular groove E, which merges into the slots B, and the 
ends of the springs O extend well into the groove. The cover F of 
the cell A, w is of the usual insulating material, extends 
flange-like beyond the periphery of the cell, and its edge is - 
ferably milled. An internally pees part G fits the cell A 
and keeps the cover concentric therewith. This G is slotted 
across a diameter and fitted with a wide, thin metal plate H, prefer- 
ably steel, whose ends extend slightly beyond the periphery of the 

jecting part G. From the outer edge of the cell A, extendin 
into the internal groove E, are formed two wide slots I whic 





admit the ends of the thin plate H, which, on the cover being 
, enter the internal groove E, and their edges meeting the 
surfaces of the aforesaid flat plunger springs O, deflect them, and 
so extrude the plungers D beyond the outer periphery of the cell 
A. The hole or seating in the framework J of the magneto into 
which the cell is to be fitted is also provided with an annular 
‘oove K, arranged to coincide with the plungers in the cell. 
n the cell A is without its cover F, the ends of the plungers D, 
as before stated, are a) ximately flush with its outer surface, 
so that it can be readily inserted into the seating ; when, how- 
ever, the cover F is placed thereon and rotated in the manner 
described, the mae D are extruded into the annular groove 
K, and the cell thereby held to the frame, and yet by reason of 
the groove, it can be conveniently rotated as required to fulfil the 
usual retarding and advancing function. The edges of the metal 
plate H are so sha that slightly extended portions L thereon 
may form — which, by coming against the edges of the plunger- 
ings CO, will prevent the overturning of the cover F and locate 
it in its correct tion. The wusual bow-epring brush M is 
secured to the inside of the cover, and connects with the usual 
outside terminal N. (Accepted September 8, 1915.) 


GUNS AND EXPLOSIVES. 


509/15. G. E. Elia, Paris, France. Explosive 
Booms. [5 Figs.} January 19, 1914.—This invention relates to 
an explosive boom for the defence of ports and other applications, 
and has more particularly for ite object to ensure the explosion 
of at least one of the elements of the boom upon the passage of a 
ship, notably when the latter hasa rounded stem enabling it to 
etre the beom. It is therefore ble, by combining the 

according to this invention with another known construc- 
tional form of , to ensure the explosion of the elements of 
the boom, whatever the shape or form of the ship may be which 
attempts to pass over the According to this invention, 
there are arran upon an upper floating cable connected to 
a lower weigh and anchoring cable, explosive receptacles, the 
explosion of which is | ne apy by rolling contact with the hull of 
a moving ehip. The ly of the boom is constituted by a floating 
cable a connected, through the medium of vertical ies c, to a 
weighed cable ) maintained at a suitable depth. The floating 


Fig. 
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cable @ has itself a density inferior to that of sea-water, or may 
even be provided with floats, for instance, of cork, similar to 
those of ing-nets, maintaining the Soaene cable in the position 
illustrated in dash-dotted lines in Fig. 1. The two ends of each 
of the cables a and ) are connected to two floate d, or to buoys 
secured toanchorse fixed to the bottom of the sea. Upon the floating 
cable, and preferably half-way between adjacent vertical cables c, 
there are arranged sre receptacles f, which are thus main- 
tained at the surface of the water, or slightly below the surface so 
as to decrease their ery Each of these receptacles, as shown 
in Fig. 2, is formed by a hollow sphere f rery 4 an explosive 
charge, traversed along its horizontal axis by a fluid-tight conduit 
g, a one end of which a detonator A is arranged, pro with a 
primer i located facing a percussion-pin j integral with a sleeve k 
secured, through the medium of a left-hand screw m, to the holding 
member n. The latter is retained, through the medium of a righ 

hand screw o upon the cylindrical rod p adapted to rotate freely 
in the conduit g, and upon the external end of which a lever or arm 
q is keyed, terminated at its end by a wae the like opposin 


any movement on the part of the lever. sleeve k is provided 
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with a ta; 


8 located in a guiding-groove t, so as to prevent any 
rotation 


the sleeve relatively to the conduit g. Each explosive 
yom mpm! is interposed in the u cable a, which is connected, 
on the one hand, to the external end of the rod p, and, on the’other, 
toa jm Far provided on the cover r closing the end of 
the conduit g, This connection is effected by means of swivel- 
joints or the like, permitting of the free rotation of the receptacle 
J with t to the cable a. In the normal tion, the conduit 
g is therefore horizontal and in alignment with the cable a, while 
the lever or arm q is vertical and directed in a downward direc- 
tion, owing to ite ye oy When a ship boring a@ rounded stem 
comes into contact with the boom, the rounded part of the stem 
depresses the boom, which thus passes underneath the keel of 
the ship without being csrried thereby to an appreciable extent. 
During this passage, however, the hull of the ship comes into 
contact with at least one of the receptacles J, and sete it into 
rotation, owing to frictional tact bet the same and the 
hull. The lever or arm q constituting, owing to its inertia, an 





ploying the screw-threaded plug, thereby reducing the weight of 
the parts and obviating any weakening of the socket member, as 
a result of the cutting away of the material for the reception of 
the plug. According to this invention, the ball member is 
divided into two parts (preferably halves) in a plane at right 
angles to the axis of the member that carries or = 
the ball member (which member may be in the form of a spin 
or the like), the socket member being formed with slots or gaps 
of ropriate size and shape to enable each of the two parts of 
the ball member to be passed through edgewise and to be moved 
ther into the operative position for the reception of the 
spindle or the like. The two parte may be locked together in 
any suitable manner—for —!. by means of a dovetailed ke 
and keyway, one formed on each part, so that as the second part 
being passed through the slots or gaps in the socket member the 
key and keyway engage with one another. The two parts may 


be further secured against relative sliding movement along the 
key, by a screw en, ing with each part. A, A are the trail beams 
tated | o bers ; B is the connecting cross-bar; © is the training- 





obstacle to the rotation ot the rod p, while the sleeve k is 
by the rotation of the ptacle /, the ber n is thereby un- 
screwed, either upon the screw o or upon the screw m, according 
to the direction of movement of the ship. When the receptacle 
has effected a certain ber of revolutions, one of the screws 
o and m is completely released and the sleeve x is violently pushed 
back by the spring u contracted therein, and the percussion-pin j 
is projected against the primer i, and thus causes the explosion 
of the receptacle f. It is possible to regulate the length of the 
— ~ and o in en ry = as to —_ — —_ 
paratively great precision the point on the p where the 
receptacle will explode, by calculating the number of rotations 
which this receptacle must perform before being located at the 
desired point on the ship. (Accepted September 22, 1915.) 


19,810/14. G. E. Paris, France. Submarine 
{6 Figs.) September 16, 1913.—This invention re- 

lates to a agg A mooring or oring device for submarine 
mines of the kind in which the operation of the firing gear 
is produced by the relative movement of the mine with 
respect to its anchorage cable, the said mine being connected 
to the anchorage cable by means of safety-members. A 
mine of this type, according to the invention, is provided 
with a shock-member, which is so arranged that it projects 
therefrom in all vertical planes ng through the axis of the 
mine when in the mooring position, the shock-member being 
connected to the safety-members so that the impact received by the 
shock-member on contact between a ship and the mine ruptures 
the safety-members. The anchor-cable coming from the mine- 
anchor a is ted in any suitabl to the socket } 
adapted to slide on a cylindrical hub ¢ rigidly connected to the 
mine, meus the rating members for the percussion 
device. The sliding movement of the socket is limited by the 
pins d, of which there are three, for instance, screwed on the hub 
c and traversing the socket } through elongated openings e. In the 
construction shown, the hub ¢ pn wre three p-members /, 
to which three stirrups g are articulated, supporting the securing- 
point A of a cable ¢, the other end of which is attached to a frame 
), preferably circular, —— at the upper part of the mine, where 
it bears on the brackets k, each of which is formed with an 
opening m for the passage of the cable i. This frame j has an 
outer diameter greater than that of the body » of the mine, so as 

















Fig.2, 














to provide a projection on the mine which will be struck by a 
moving ship over all angles of approach the ship may assume. 
Kach of the stirrups g is jocated in a notch formed in the socket 
db, and is provided with a projection o covered by this socket when 
in the locked position. The socket is held upon each stirrup in the 
safety position illustrated by three screws p, the resistance of 
which is calculated in such a manner as to resist the tractive 
efforts which may be produced during the manipulation of the 
mine before and during ite launching, and so as to resist the 
buoyancy of the mine when the latter is m The operation 
is as follows :—Before laying the mine, the elements occupy the 
relative positions shown, the firing mechanism being locked by 
the socket b. When the mine is launched it separates from its 
anchor, but the locking-members preserve the relative position 
shown in the drawing, the traciion due to the buoyancy of the 
mine being sup entirely by the three screws p. It is to be 
understood that tae part ) is provided with the usual friction- 
arm or other device (not shown), which is located in the transverse 
hole at the outer end of that part, in order to prevent the mooring- 
cable participating in the movement of rotation of the mine when 
a moving-ship comes into contact with the letter. When a 
moving ship comes into contact with the mine, the shock of 
ee ae is received by the circular frame j projecting from the 

ly of the mine, is transmitted to the part b through the 
pers g and the screws p. Owing to the resistance offered by the 
riction-arm, three screws p are sh d. On t of 
its buoyancy the mine rises as much 4s is permitted by the pins d. 
After the screws are sheared thy mine is set in rotation by its 
contact with the moving vessel, while the part b and the anchorage- 
cable are maintained by the on-arm, thus effecting the firing 
of the mine. is arrangement the advantage of being 
completely insensible to currents and also to shocks arising from 
the explosion of neighbouring mines, the currents and the waves 
produced by such explosions acting on all faces of the frame j, so 
“ma is no action on the stirrupsg. (Accepted September 22, 


14,135/14. Sir A. T. Dawson, and 
London. Field-Gun 
—This invention relates to 
intended for use with field 





G. T. Buckham, 
Figs.) June 11, 1914. 
-and-socket joints especially 

2 ones: it is usual to employ a 
ng with the socket for the purpose 


screw-threaded engaglo 
of retaining the in socket and of enabling the said ball 
to be in position and removed when desired. The chief 


object of the present invention is to avoid the necessity of em- 


r ; 
pivot moving with the 
upper carriage; D, Dr t the ball bers, one 
to each end of the cross-bar B and disposed in sockets D!, D! in 
the trail beams ; and E represents the central ball member carried 
by a socket E! in the cross-bar, and serving to rotatably receive 
YN 


[$e ®) 


or with a frame supporting an 








rs) 


Fig. 1. 














ee , 





the training-pivot C. As shown in the drawings, the ball members 
D, D and E are made in two parts, each of which is in the form of 
a ring having a spherical periphery ; when in position within the 
socket, they are connected together by means of a dovetailed key 
and keyway arrangement, and also, if desired, by screws d, d, e 
engaging with each part, for ae relative sliding move- 
ment along the keys. D2, D2, — the slots or gaps in 
the sockets D!, D!, E!, through which one part of each of the ball 
members D, D, E is first inserted edgewise, and is then turned 
through an angle of 180 deg. about the axis of the cross-bar B or 
of the training-pivot C. The other of the ball member is 
then inserted edgewise through the slots or gaps, and this move- 
ment causes the two parts of the ball members to be united b 

the dovetailed key and keyway above referred to; the 1 
member, as a whole, can then be e ey displaced into the re- 
quired position and the screws d,d, e¢ inserted. After the ball 
members D, D have been caused to occupy the correct positions 
in their sockets, they are held by means of tommy bars, passing 
through holes d!, d! in the sockets and corresponding holes d%, d? 
in the ball members, to enable the cross-bar to be screwed into 
the ball members. The securing screws d,d are also adapted to 
engage with screw-threaded holes in the cross-bar for the = 
of preventing the latter from rotating about its axis relatively 
to the l member. With the ball member E, the above-men- 
tioned expedients are, of course, unnecessary, as the training- 
amg el ea within the ball member. (Accepted Septem- 

» 1915. 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


9382/15. F. H. Livens, Lincoln. Internal-Combus- 
Engines. [7 Figs.) June°26, 1915.—This invention re- 
lates to devices for atomising liquid fuel in the vaporising or com- 
bustion-chambers of internal-combustion engines of the kind in 
which the fuel under pressure is delivered through a loaded 
valve opened by the pressure of the fuel acting upon a piston or 
a like member operating with the valve. According to the 
ry: invention, which is particularly applicable for use with 
avy or crude hydrocarbon oils, the loaded valve normally closes 
the opening to a delivery passage, and is combined with a nozzle 
having a delivery passage, constituted by an ——s or sub- 
stantially flat, narrow orifice in close connection with the valve- 
seat, whereby, when the valve is lifted, the fuel will be projected 
from the delivery-passage in a finely-divided fan-shaped cloud of 
particles. The atomising device comprises an outer casing a, 
bored to receive a flanged nozzle member b, and guide member c 
and valve-chamber d for a duplex valve controlling the delivery 


WOU 1 A 





of the fuel, and an overflow passage. The flange of the nozzle- 
member b lies on A. ume of aa of cone = —_ 
upon a correspondingly shaped shoulder rtion of the outer 
casing. The nozzle is of substanti dune ene, but according 
to the precise construction illustrated, the periphery lies on the 
surface of two spheres of different radii. A couael hamber ¢ is 


member ; a central opening being also provided to guide th: 

of the needle portion of the duplex valve. To reduce to . mini 
mum the path of the fuel from the periphery of the stem / of the 
valve to the hole h, whilst providing a seating of sufficiently 
large area, radially, tangentially, or spirally-directed 


may be cut through, or in the coned face of, the needle rtion of 
the valve. Oil fuel, preferably from a pump, is f into the 


outer casing a through an inlet & into an annular cha 
around the valve-chamber d, and completely fills the Emm yo 
sages about the valve. When the valve is lifted by the pressure 
of the fuel —- & piston member m of the duplex valve, a 
charge is immediately forced through the small hole A and the 
slit g, whence it is projected into the vaporiser or combustion- 
chamber of the engine in a very finely-divided fan-shaped cloud 
of particles. (Accepted September 8, 1915.) 


MISCELLANEOUS. 
Vandervell, 


3002/15. A, H. Midgley and C. A. 
Acton Vale. Lam alana. ements. 


Pp Arrang: 

(4 Figs.) February 24, 1915.—Tnis invention relates to lamp- 
Bi ling arrangements, more especially for use on aircraft or for 
other pu , the main object of the invention being to provide 
a very light arrangement of thiskind. The invention mainly con. 
sists in a lam alling arrangement comprising, in combination 
with a revolver-sha p-holder having a handle provided 
a trigger, a reflector mounted thereon, preferably in an ad- 
justable manner, & shutter operated around the lamp by means of 
the trigger, and an opaque member provided in front of the lamp. 
a isa p-holder for the lamp 6, which is provided with a 
revolver-shaped hollow Fandle c, in which is mounted a trigger d 
and an electric switch e, the spring contact ¢! of which is adapted 
to be ones into contact with a fixed contact e2 by means of a 
switch-handle ¢? when the handle c is grasped for signalling pur- 
—_ J, J} are the leads to the lamp ; g, g! are adjustable stops 
or the wigger d, and h a cover for closing the top of the revolver- 
shaped hollow handle c. i is a parabolic reflector provided with a 
base a1, by means of which it is slidingly mounted on the holder a. 
j, 7 are adjusting screws provided with milled heads and mounted 
in lugs i, k, formed on the lamp-holder a, by means of which the 
reflector can be shifted relatively to the lamp, in order to focus 
the latter. The shutter consists of two parts /), 22 of a divided 
hemisphere interposed between the back of he lamp } and the 








reflector i, and normally kept in that position by means of s 
ng v hereinafter referred to. The two parts l!, 2 of the 
utter are arranged to pivot from the front to the back of the 
lamp around an upper and lower pivot m, m, which are secured to 
a bridge member 7, attached in its turn to the lamp-holder a by 
means of lugs. The bridge member n also carries a sleeve 0 
adapted to receive an opaque removable cap p which covers the 
front of the lamp. q is a of transparent material, such a8 
= or celluloid, which is arranged in front of the reflector and 
clam tion thereto by means of aclamping-ring. The 
operation of the shutters by means of the trigger @ is effected 
through the intermediary of links ¢1, t? attached to the parts 2, /? 
of the shutter respectively, and to a lever wu which is under the 
control of the spring v and of a rod d attached to a fork-shaped 
ber d, which pS 





bored in the outer portion of the nozzle member to permit free 
gesmge of the Sask evound tho tem J af © needle ion of the 
uplex valve, to the delivery orifice. A very fine slit g is cut in 
the extremity of the nozzle member, and a small central hole A is 
bored axially through the wall of the chamber ¢. This holeh may 
be drilled with a coned end in such a manner that the coned por- 
tion merges into the slit. It is made as shallow as possible, and 
peeeny qone ty Ge coned face of the needle portion of the 
loaded duplex valve, seating upon the ingly coned wall 
of the chamber ¢ so as to avoid clearance between the valve-face 
the delivery slit. Preferably four passages i, disposed 





and 
parallel to the azie of the atomiser, are provided in the guide- 
member ¢ and terminate in passages in the coned face of this 


carries a roller d acted upon by the trigger 
d in such a manner as to cause the rod d! to slide through the 
lamp-holder. wu is an adjustable stop secured to the bridge mem- 
ber n, and adapted tocome into contact with a lug v2 provided on 
the lever u, in order to suddenly stop the movement of the latter, 
and thereby damp the movement of the shutters when they reach 
their end position. w is a sight, which is to through 
the reflector i to which it is attached, and thro’ the ws 
parent plate g, the object of this arrangement being to bring the 
sight as near as possible to the focus of the parabolic reflector, 
thereby increasing the accuracy of sighting. is a handle whic 
is attached to the base i! of the reflector by means of a clamping- 
ring zt, the object of this handle being to steady the lamp. 
(Accepted September 22, 1915.) 
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THE FRENCH 75-MM. AND 105-MM FIELD-GUNS. 
CONSTRUCTED BY MESSRS. SCHNEDDER AND CO., ENGINEERS, CREUSOT AND HAVRE. 














Fie. 1. 


SCHNEIDER FIELD-GUNS. 


Tue French Government in the year 1884 
repealed a former enactment and passed a new law 
authorising the export to foreign countries of war 
material of French design and manufacture. Until 
that date the monopoly for the supply of artillery 
material to foreign armies had remained in the 
hands of a few firms situated outside France, and 
in order effectively to combat that monopoly 
Messrs. Schneider decided, as soon as the new 
legislative measures allowed them to do so, to 
reorganise and develop their artillery works with 
a view to entering the field. The manufacture of 
ordnance, however, was not a new one for the 
Creusot establishments ; from a very early period 
indeed it had formed part of the Creusot engineer- 
ing department, and we find that Creusot supplied 
guns to the armies of the Convention, those of 
the First Empire, and, in 1820, those of the Govern- 
ment of National Defence. 

The installations which, following upon the law 
of 1884, Messrs. Schneider put down for the con- 
struction and testing of guns gradually became in- 
sufficient to cope with the work on hand, and in 
1897 they developed them, building at the same 
time, at Havre, a new establishment. They also 
equipped the Hoc proving-ground between Havre 
and Harfleur for testing their large-calibre naval 
and coast-defence ordnance by firing seawards. 
The Hoe proving-ground was shortly afterwards 
— by shops for the charging of projectiles. 
In the year 1899 they added to their installations a 
long-range proving-ground ; this is at a distance of 
7 km. (4.35 miles) from Havre, on a flat tract of land 
which forms the right bank of the Seine estuary 
over a distance of 16 km. (10 miles) between Havre 
and Tancarville. Close to this latter proving- 
ground they have also put down a number of shops, 
which in less than ten years have been developed 
to such an extent that they now form in them- 
selves an important ordnance works. In the course 
of time manufacture has been standardised in the 
various Schneider establishments set apart for gun 
construction, and these have received the constant 
co-operation of the other departments of the firm | 
located at Creusot, Chalon-sur-Saéne, and Paris. 

In Germany, as is well known, the Krupp works 
are both a private concern and a State establish- 
ment. In France there are a number of naval and 
war arsenals which are State institutions and carry | 
out work exclusively for the French navy and | 





| further issue of two of the Schneider 





75-Mm. anp 105-Mm. Fieip-Guns sx Frerine Posrtion. 


army. Messrs. Schneider's works are privately 
owned, and have always co-operated actively with 
the French arsenals in regard to supplies for the 
French army and navy. Their importance and 
power of production are at least equal to those of 
the German works controlled by Krupp. In regard 
to quality, it suffices to mention that the gun of 
French construction was the successful gun at the 
competitive trials instituted by a number of nations 
when they decided to renew their armament. The 
Russian, Spanish, Portuguese, Peruvian, Bolivian, 
and other armies have adopted the Schneider gun, 
and the repeated successes which this gun obtained 





field gun for action in conjunction with caval 
divisions, of which it forms part, and their 105-mm. 
(4.134-in.) field gun. We propose to deal mainly 
with the principles sienel by Messrs. Schneider 
in the construction of their field pieces ; the various 
other guns of the same class differ from those we 
now illustrate only by the calibre and by several 
arrangements of detail which are destined to render 
them suitable for the special work they have to 
perform. 

The principal dimensions and characteristic 
features of both these guns are given in the follow- 
ing table :— 


PrinctpaAL DIMENSIONS AND CHARACTERISTIC FEATURES OF THE SCHNEIDER 75-Mm. Licut anp 106-Mm. Fieip 
Guns. 


Calibre 

Length of gun ee ee 
” » _in calibres.. 

Weight of projectile ° 


Muzzle velocity os os ae , os 
Maximum range under an angle of 17 deg. .. 


Kinetic energy at muzzle. . “e ae ° we 
Efficiency per kgr. and pound of weightof gun .. es 
% * ” ” gun in battery 
Number of rounds per minute .. és eo ee - 
Limit of elevation .. - eo 

oe traversing 
Length of recoil ° 
Height of line of fire 
Height of sighting line 
Diameter of wheels. . 
Width of wheel rims 
Wheel track .. os oe ° 
Weight of = in —.. ne 

a imber, including outfit 
gun and limber o 


in the former Balkan war are still fresh in every 
memory. Our present Allies, the French, Rus- 
sians, Italians, Serbians, and Belgians are provided 
with guns of various calibres also manufactured 
by Messrs. Schneider ; their effectiveness has now 
become a household word. 

We gave in a former issue* an illustrated de- 
scription of two types of the Schneider 75-mm. 
(2.953-in.) gun of an earlier period—1907. The 
co-operation of the British and French armies in 
the present war, which has been thrust upon us, 


lends a special interest to our former description, 


and to one we pro to give in this and in a 
ns which 
were in service on the French side at the declara- 


tion of war—i.e., their 75-mm. (2.953-in.) light 
* See ENGINEERING, vol. lxxxiv., page 775. 





ie | 75 mm. (2.958 in.) | 105 mm, (4.134 in.) 
1906 mm. (6 ft. 3 in.) 

25 calibres 
7.240 kg. (16.217 Ib.) 


ee 498 m. (1634 ft.) 
++ 6400 m. (4 niles) 


2987 mm. (9 ft. 94 in.) 
28 calibres 


16.380 kg. (36.690 Ib.) 
570 m, (1870 ft.) 


12,400 m. (7.7 miles) 
271.2 t.-m. (876 ft.-tons) 
819 kg.-m. (1080 ft.-Ib.) 
119 kg.-m. (384 ft.-Ib.) 

10 to 12 


2] 91.5 tem, (295.5 ft.-tons) — | 
aul 305 kg.-m. (985 ft. -Ib.) 
"| 94.8 keg.-m, (806 ft.-Ib.) 
ee 25 to 30 


oe 0 to + 17 deg. 5 deg. to 87 deg. 
.. | 4deg, 30 min. to right and left 3 deg. to right and left 
‘ 1265.0 mm, (4 ft. 1) = 1310 mm. t ft. 84 in.) 
993.5 , (3, 3B 1220 , (44,0 ) 
1200.3 ,, (8, 11 4) 1275 4, (4 » 2) 

1430.0 ,, + 8 ww) 1330 =, 4 ow 

60 mm. (2% in.) 100 mm. (8% in.) 

1520 ,, (65 ft.) 1645 mm. (5 ft. 5 in.) 


965 kg. (2160 Ib.) 
65K ,, (1248,, ) 
1520 ,, (8403 ,, ) 


2270 kg. (6085 Ib.) 
830 ,, ( 739 ,,) 
2600 ,, (5824 ,,) 








The two guns are shown side by side in the 
view, Fig. 1. on the present page. Figs. 2 to 4, 
on Plate XXIX., illustrate in detail the 105-mm. 
gun ; whilst the view, Fig. 5, on 546, shows 
the latter gun ready for the road, the view, Fig. 6, 
on the same page, showing it in course of firing. 


(To be eontinued.) 





THE WATER: POWERS OF CANADA. 
(Concluded from page 503.) 

THE monograph giving information with res 
to the Province of Que has been pre by 
Mr. F. T. Kaelin, Assistant Chief Engineer to the 
Shawinigan Water and Power Company, Montreal, 
an authority well acquainted with the water re- 
sources of the district, and equally well qualified to 
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enlist and stimulate a public interest in the 
economic possibilities of water power. To a 
hend adequately the benefits which the Quebec 
Province possesses in a cheap and bountiful supply 
of power from its many rivers, it is necessary to 
bear in mind the extent and position of the country, 
the latent resources in course of development, and 
the amount of power that can be usefully devoted 
to these. The province through which the St. 
Lawrence flows has an area comparable with that of 
France and Germany combined, and from its 
position enjoys all the advantages of a maritime 
and an inland country. Its immense timber area, 
roducing cedar, spruce, and pine, can, by judicious 
Keosten, be made practically inexhaustible ; its 
mineral resources are considerable. The asbestos 
mines are the richest in the -world ; copper and 
iron are extensively mined. The application of 
electro-chemical and thermo-electric processes for 
the production and refining of aluminium and other 
metals, for the manufacture of carbide and cyanides, 
is in its infancy, owing to the smallness of the popu- 
lation, which is much occupied with agriculture and 
farming, and not likely to be easily weaned from 
that industry, though the future of Quebec is more 
likely to be devoted to manufactures than to tillage. 
Over this area there is scattered only a trifle more 
than 2 million inhabitants, and the majority of 
these are collected in the three centres of Mont- 
real, Three Rivers, and Quebec. At the command 
of this handful there is a total energy supply on a 
moderate estimate of about 6 million horse-power, 
and capable of considerable increase. Na’ y; 
only a portion is utilised ; as a matter of fact, less 
than 10 per cent., of which electrical energy con- 
sumes about 370,000; mechanical power for the 
pulp and paper industry, 100,000; lighting, trac- 
tion, and miscellaneous demands account for 
50,000 horse-power. The collection of the popula- 
tion into a few centres would be a disadvantage 
were it not that improvements in the art of long- 
distance transmission have made the position of the 
source of power of little consequence. Of far 
greater importance are the volume of water, the 
steadiness of flow, and the height of fall, 
and in these particulars Quebec is fortunate. 
The Government, however, leaving nothing to 
chance, is collecting reliable measurements of 
the flow of rivers and streams at different 
periods of the year by setting up meteorological 
observing stations, with the intention of taking 
the necessary steps to ensure constant volume 
and uniform flow. As a proof of the care and 
foresight exhibited, it may be mentioned here 
that despite the excess of power available, 
the Government is contemplating the construc- 
tion of a new dam on the St. Maurice River, 
at the cost of 1,500,000 dols., in order to regulate 
the flow of water to various plants in the Three 
Rivers district. This dam will be situated 240 
miles north of the St. Lawrence River, and 
will have the effect of raising the water-level in 
a number of lakes, and flooding some otherwise 
useless territory, covering approximately 300 
uare miles. When complete the falls and rapids 
will be capable of developing 650,000 horse-power. 
This provision for the future will be better under- 
stood if it is recalled that the Ottawa district alone 
is capable of supplying all the water-power at 




























































ate sa used. The Quinze River, with its course | has 


roken by fifteen rapids, as its name implies, will 
sa 90,000 horse-power, none of which is deve- 
oped at present. The Lievre, a principal tribu- 
tary of the Ottawa, has a total disposable horse- 
power of 85,000, of which less than 10,000 is 
actually used. The Gatineau River, a still larger 
tributary of the Ottawa, is capable of generating 
225,000 horse-power, none of which is utilised to 
date. The Carillon Rapids, because of their close 
proximity to Montreal, have a special importance, 
and these are capable of developing 160,000 horse- 


wer. 

This tale of latent power and eagerness to ex- 
pand its beneficent effects is repeated in other 
parts of the province, but there is little object in 
quoting details, because it is impossible to form 
an adequate conception of the possibilities. Where 
the population is thickest, as in Montreal, there 
the development has been carried out most fully, 
but everywhere, and for a long-distant period, the 
supply must be in excess of the demand. The 
Cedars and Cascade Rapids, on the St. Lawrence, 
with a head of 30 ft., are capable of supplying 
500,000 horse-power, but the present demand is 
satisfied by nine vertical turbine units, each deve- 


‘only 126,000 horse-power, enjoying, through the 


loping 10,000 horse-power, of which only 60,000 
horse-power is employed directly. Aluminium 
works utilise this quantity, the remainder going to 
Montreal. This city, in the aggregate, can absorb 


proximity of falling water, a more abundant supply 
of cheap power than any other city in the world. 
Considering its position as a commercial port, the 
network of railways of which it is the centre, the 
facilities it possesses for varied manufactures, it is 
difficult to place any limit upon its growth and 
increase. Certainly Montreal bids fair to be one of 
the great cities of the American continent. 

If another example of lavish profusion of natural 
sources were needed, it could be found in the 
famous Shawinigan Falls, 21 miles from Three 
Rivers, an ideal place for water-power develop- 
ment. Not only is there an available high head 
and a large —S of water, with a fairly con- 
stant flow, but the river widens into a lake 
just above the falls, and, after making a sharp bend, 
forms a second lake, 145 ft. below, and within a 
short distance of the upper, thus providing an ex- 
tremely economical location for a power plant at 
the bottom of the slope between them. Some 
155,000 horse-power is generated here, employed 
in the reduction of aluminium and the manufacture 
of carbide. Already a prosperous town has grown 
up around this seat of hydro-electric power, and 
the industrial centre is apparently ing, for 
by the latest information it is reported that the 
Laurentide Mill, 12 miles higher up the St. 
Maurice, where 250 tons of paper daily are pro- 
duced by means of its own erating plant, has 
amalgamated with the Shawinigan Company, fur- 
nishing a welcome evidence of identity of interests. 

The drainage system of the Province of Ontario 
can be conveniently divided into four main divi- 
sions: (1) the territory watered by the Ottawa River 
anditstributaries ; (2) the region of the Great Lakes, 
including Niagara and the international rivers ; (3) 
the northern portion, drained by the streams flowing 
into James and Hudson Bays; and (4) the parts 
adjacent to the Winnipeg River and its tributaries. 
This large area is well described by Mr. H. G. 
Acres, an engineer connected with the Depart- 
ment of the Hydro-Electric Power Commission of 
Ontario, in an admirable position therefore to secure 
authentic information. umably to this official 
connection we are indebted for an interesting 
chapter on the origin, objects, and results of the 
Power Commission, as well as for much legal 
information connected with the administration of 
water power in the Dominion generally. 

The peculiarities of each of these four divisions, 
enriched by ample statistical information, are dealt 
with comprehensively ; and though here again the 
energy is to be reckoned in millions of horse-power, 
of which only 10 per cent. is at present turned to 

ractical account, attention is directed in several 
instances to the causes that have operated adversely 
to the conservation and storage of the hydraulic 
resources. Among these must be reckoned the 
effect of deforestation, to be attributed in great 
measure to the active prosecution of the lumbering 
industry. The destruction of trees would not, as is 
sometimes held, affect the amount of rainfall, but 
the run-off would be materially accelerated. The 
author holds that the removal of the virgin forest 
influenced the regimen of the streams, but 
admits that the injurious action is to some extent 
being repaired by the gradual development of the 
new forest cover, due to second-growth timber. It 
is further intimated that the interests of the terri- 
tory would be well served if all Crown lands in the 
upper basins of the several tributaries of the 
Ottawa were constituted a forest reserve for en- 
couraging the growth of the white and red pine. 

The Grand River, which flows into Lake Erie, 
affords a striking instance of the effects of rapid 
i ial growth, unaccompanied by due con- 
sideration of plans of systematic water storage and 
schemes of control. The Grand River has now 
age under the combined effects of ——— 
tion, drainage, and extensive tillage of adjacent 
lands, a torrential stream of little or no use as a 
source of power. Most of the smaller streams in 
the South-West peninsula are in a similar state, 
but with due care may be restored to their — 
condition. Two neighbouring rivers in the Lake 
Huron district well illustrate the effect of agricul- 
tural development on stream-flow. One, the Mait- 
land, passes through a country almost deforested 
and highly cultivated. The other, the Wahnapitz, 


but flows through an unsettled district, much of 
which is in virgin forest and second 
ratio of the maximum run-off of the Wahnapit« 
to its minimum run-off is as 10:1; while on the 
Maitland the same proportion rises to 900: 1. 
There is also a great difference in the minimum 
run-off per 
two rivers. 
however, in which is compared the amount of 
power capable of development with that actually 
used, such criticism seems of little avail :-— 


growth. The 


uare mile of drainage basin of the 
n presence of the following table, 





Horse-Power 
District. Capable of Developed 
Development. orse-Power, 
Ottawa River and 
tributaries ao 688,000 71,000 
Great Lakes tribu- 
taries ... a 446,000 137,000 
“yr and James . 
y uae »750,000 000 
Tunenantional boun- ” 
dary rivera 2,045,000 462,000 
Total .... 4,929,000 702,000 


Of the total developed power, about 574,000 horse- 
power is electrical energy sold for light and power, 
about 69,000 horse-power is used for pulp and 
paper manufacture, and about 59,000 horse-power 
is used for the most _ in the form of hydraulic 
power directly applied. 
With regard to individual installations in the 
first-mentioned district, it is sufficient to say that 
owing to the effects of settlement and deforesta- 
tion, already pointed out, the country offers more 
opportunities for the economic development of 
wer with capacities ranging from 1000 to 5000 
orse-power, under heads varying from 20 ft. to 
100 ft., than it furnishes for the establishment 
of larger plants. For this reason industrial 
development will probably remain behind that 
of Quebec, for with one or two exceptions the 
hydraulic power is not sufficient to warrant the 
erection of plant suitable for long-distance trans- 
mission, and at the same time the power is 
generally greater than is required for local markets, 
which can be most economically supplied by instal- 
lations of small capacity adjacent to the point of 
consumption. The exceptions are those of High 
Falls ou the Madawaska, where it will be possible 
to concentrate 20,000 horse-power, and the works 
of the North Ontario Light and Power Company, 
who, with two hydro-electric plants, totalling about 
12,000 horse-power, supply the Cobalt district and 
mines with energy. It is important to note that 
in these mines water power almost entirely 
displaced steam power ; the coal consumption in 
1909 amounted to 63,739 tons, and this item has 
now practically disappeared from the accounts. 
From an economic standpoint the rivers tributary 
to the Great Lakes are of far-reaching importance. 
Of those flowi into Lake Ontario, the Trent 
occupies easily the first place. This is one of the 
rivers whose hydraulic usefulness has suffered from 
deforestation, but the flow conditions have been 
materially improved by work undertaken by the 
Dominion Government, showing that the mischief 
is not irreparable. Now 75,000 horse-power | is 
capable of more or less easy development by reason 
of the Trent Canal Works. Of this total, 45,000 is 
now actively used, of which the Electric Power 
Company absorb 33,000 horse- power. This 
company, with a 44,000- volt transmission line, 
300 miles in length, supply power to a large terri- 
tory, and has obtained complete control of the 
light and power business in the territory served by 
the transmission lines—a policy that is likely to find 
many imitators in the future. Most of the rivers 
that flow into Lake Erie, like the Grand River, 
already mentioned, lack natural control, owing to 
pian necessities, and can only be regarded 
as sources of intermittent power for purely local 
purposes. Lake Huron can claim some tributaries 
of greater industrial value, their total low-water 
capacity being placed at 166,000 horse-power, of 
which 56,000 is at present developed. The more 
considerable of the a are on the 
Spanish River, where the ian Copper Com- 
pany has 12,500 horse-power installed for the opera- 
tion of its mines and smelters; and lower down 
the river, the Pulp and Paper Company utilis:s 
10,000 horse-power for the conduct of its business. 
There is evidence of very considerable extension in 
the near future. The territory north of Lake 
Superior is, to a large extent, unsettled, and even 
ored ; but most of the tributaries are short 





drains much the same sized area as the Maitland, 





and turbulent, while natural falls of 50 ft. to 125 ft. 
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in height are common. It is assumed that there 
is a potential capacity of about 200,000 horse-power, 
but only 20,000 horse-power is developed. Of this 
latter portion, 4500 horse-power is used to ope- 
rate the mines in the Michipicoten district, and 
15,500 horse-power obtained at Kakabeka Falls, 
under a head of 180 ft., is used in the cities 
of Port Arthur and Fort William. These rising 
towns have 50,000 horse-power hydraulic capacity 
available within a radius of 25 miles, but they will 
undoubtedly need more, and are fortunate in being 
able to utilise the Nipigon River, the largest 
tributary to Lake Su or. In 40 miles this 
river drops 255 ft., and can provide 100,000 horse- 
power; an ideal river for the development of 

wer. This is fortunate, as the Nipigon basin is 
one of the finest pulp-wood areas in the world, and 
contains immense bodies of magnetic iron suitable 
for treatment in the electric furnace. The hydro- 
graphy of the Lake Winnipeg district has not been 
effectively studied, but inasmuch as the potential 
hydraulic power is estimated at 250,000 horse- 
power, and only 22,000 horse-power is in use, its 
development belongs to the future, to which the 
splendid storage facilities offered by Rainy Lake, 
Lake of the Woods, and a number of smaller lakes, 
constituting the topographic feature of the Rainy 
River district, will contribute. 

The figures given for the wide area comprising 
the Hudson and James Bay slopes are to a 
certain extent conjectural. ere are only two 
plants working in the area, supplying power 
to the mines and towns of the Porcupine mining 
district. An additional plant at Iroquois Falls, 
capable of supplying 19,500 horse - power, will 
shortly be in operation ; but it is not till the com- 
pletion of the transcontinental railways that any 
impetus will be given to hydraulic development 
on the James Bay rivers. 

The largest contribution to the five million 
horse-power on maximum load that Ontario can 
boast is drawn from the International Rivers, of 
which Niagara furnishes the most considerable 
item. The magnitude of this inexhaustible store- 
house of ene is better appreciated when it is 
remembered that by treaty obligations Canada is 
entitled to only one-half the supply. Under fran- 
chises, Ontario can claim a total of 405,000 horse- 
power, of which 369,000 is either in actual use or 
in course of installation, to meet immediate req uire- 
ments. On the old Welland Canal, development 
has taken place to the extent of 12,000 horse- 
power. From the summit level of the canal system 
water is carried over the Niagara escarpment at 
Decrew Falls, where power is developed under a 
net head of 265 ft. Through the medium of 
213 miles of 10,000 to 40,000-volt transmission line, 
power is supplied for the operation of an extensive 
system of radial and street railways, and for the 
lighting and industrial requirements of a number 
of towns in the Niagara Peninsula. 

Proceeding westwards, the Prairie Provinces of 
Manitoba, Saskatchewan, and Alberta are entered, 
and we gladly accept Mr. P. H. Mitchell, one of 
the consulting engineers of the Water Power 
Branch, as a guide. Very carefully he reviews the 
conditions that obtain in this district, of a super- 
ficies twice that of Great Britain, extending from 
Ontario to the Rocky Mountains. These provinces 
are essentially agricultural, and the uses of elec- 
trical and hydraulic power in an agricultural com- 
munity are not immediately apparent. But Mr. 
Mitchell is impressed by the fact that in each of the 
large cities of Canada the growth in power require- 
ments from year to year shows a gratifying increase, 
and ata rate that has not only doubled in about 
three years, but the load diagram indicates a curve 
that clearly demonstrates similar increases in the 
years tocome. Not a little of the interest of this 
review, therefore, centres in the probable demands 
of the future, and the steps that prudence dictates 
should now be adopted to ensure such a working of 
the entire system that the most competent and 
economic distribution of the energy would result. 
Mr. Mitchell looks forward to a time when trans- 
mission lines froin all points of the compass, in con- 
junction with steam-driven plants at the coal- 
mines, shall supply the needs of railway traction, 


of artificial lighting, of electro-chemical and electro- | h 


metallurgical works, and he foresees that the 
tnillions of horse-power existing and available in the 
rivers will only be forthcoming if strict conserva- 
tion, regulation, and efficiency of devel ent is 


rigidly enforced at all the sites from which ene: 
is taken. Fortunately the water powers cf the 





whole of the Prairie Provinces are under the direct 
control of the Dominion Government ; consequently 
systematic supervision and the pursuance of a 
uniform policy are facilitated. 

In considering the hydrography of these pro- 
vinces, two river systems stand out prominently : 
the Winnipeg, in Manitoba, and the Bow, in 
Alberta. Flowing as these rivers do through 
sparsely-inhabited country, the hydraulic condi- 
tions were not fully known, and early applicants 
could easily derange or hamper a scheme that 
contemplated the judicious utilisation of the whole. 
Indeed, the city of Winnipeg did forestall the 
adoption of a general policy, but the foresight of 
the Government has prevented any unmethodical 

rocedure in the future. Government engineers 

ve examined the various power sites, selected 
the proper combination of the smaller falls that 
offers the most judicious treatment, planned 
feasible schemes of utilisation, and determined 
with sufficient accuracy the probable costs of instal- 
lation, maintenance, and working, finally settling 
on a uniform basis the rates to be charged for 
power. The Winnipeg River drains about 55,000 
square miles, the watershed embracing the Rainy 
Lake, Lake of the Woods, and the English River. 
We have already referred to the potential capacity 
of this river in considering the water resources of 
Ontario, for the head-waters of the system are in 
that province, but the greater power possibilities 
belong to, and constitute a welcome asset to, 
Manitoba. The city of Winnipeg has already 
monopolised a favourable site at Point du Bois, 
where 51,500 horse-power is made available and is 
delivered at Winnipeg, 77 miles distant. A second 
plant is that on the Pinawa Channel, 12 miles 
nearer Winnipeg, where machinery generates 28,200 
horse-power, and this is utilised by the Winnipeg 
Electric Railway. 

The Bow River has its source in the glaciers on 
the eastern slopes of the Rocky Mountains, and 
makes a more or less irregular fall of 2750 ft. before 
reaching the Kananaskis Falls, 55 miles above 
Calgary. From the falls to Calgary the bed drops 
another 220 ft. It is convenient, therefore, to con- 
sider the river as consisting of a storage section 
above Kananaskis, anda power section below that 
point. The survey of the storage section shows that 
the mean flow can be considerably increased, 
perhaps doubled—an improvement that would make 
available approximately 50,000 horse-power in place 
of the inadequate 20,000 horse-power at present 
command. Six sites could then be advantageously 
constructed, of which two have been brought to the 
developed stage, those of the Horseshoe and Kana- 
naskis Falls, worked by the Calgary Power Com- 
pany, whose machinery has a generating capacity 
of 30,000 horse-power, utilised in Calgary and at 
the cement mills at Exshaw. Future developments 
include the Bow Fort site, with a head of 66 ft., 
where the water could be directed into three power 
penstocks, each arranged to supply a turbine of 
4400 horse-power capacity, coupled to a generator 
of 2500 k‘lowatte, with exciter direct connected ; 
the Mission, to utilise a head of 47 ft., on three 
turbines of 3300 horse-power ; the Ghost site, with 
a 50-ft. head ; and the Radnor, with 44 ft., each 
supplying the same horse-power. These four sites 
are within short transmission distance of Calgary, 
where they could supply power at an annual cost 
of about 19 dols. per horse-power. 

The North and South katchewan are also 
available, but they have not many favourable sites, 
the La Colle Falls and the Grand Rapids being the 
most pao The Elbow River possesses a site 
capable of yielding 10,000 horse-power, and this is 
within easy transmission distance of Calgary. 

Travelling northward we enter a region in which 
the power possibilities are undoubtedly t, but 
have been only imperfectly examined. e Nelson 
River, flowing from Lake Winnipeg to Hudson’s 
Bay, is fabulously rich in water-power, probably 
with the minimum unregulated flow exceeding 2 
million horse-power, and capable of being much 
increased by judicious storage. The Athabaska, 
the Peace River, the Slave and Mackenzie Rivers 
all have immense possibilities, that will interest 
the next generation, but at present their capacities 
ave been insufficiently examined from the power 
standpoint. 

A tale of wonderful enterprise and growing pro- 
sperity is unfolded by Mr. G. R. G. Conway, 
consulting engineer, who describes the present 
condition and future oom of water-power 
development in British Columbia. We cannot 





follow him in all the minute detail into which he 
enters, exhibiting the growth of the industry 
during the last seventeen years, but the simple 
statement that a population of only 375,000, scat- 
tered over an area of approximately the same 
number of square miles, been able to extract 
from the water-courses of the country a capacity 
of 230,000 horse-power, testifies alike to the ex- 


pansion of the colony and the advantages it pos- 


sesses. Under the quickening influence of the 
Panama Canal, Mr. mway looks forward to a 
period of still ter expansion, and he is war- 


ranted, for British Columbia, looking both east- 
wards and westwards, enjoys a unique position. 
The following table gives a list of the several 
installations that are actively using more than 1000 
horse-power. The contemplated extensions would 
need a much longer table, while the known, but 
undeveloped, possibilities are practically inex- 
haustible :— 


ty. | Purpose for which Ene 
Situation. Horee- is Installed. 
wer. 





Kootenay and Kettle River; 23,000 |Mining, smelting, lighting, 
&e. 


Goldstream, near Victoria 8,000 |Lighting and street rail- 
way traction. 
i Buntzen, Burrard) 84,500 (Ditto ditto. 
niet 


Stave Lake, near Ruskin..| 26,000 (Industrial power. 
Jordan River, Vancouver 25,000 » street railways, 


nd ° 
Wood-pulp and lumber. 


Link River, Ocean Falls ..| 11,200 
Puntledge River .. oa 9,400 |Coal-mining. 
Powell River se -.| 24,000 


Printing - paper manufac- 
ture 








Falls Freek, Granby Bay..| 7,825 Cepperentning and smelt- 
ng. 

Kootenay River, Nelson .. 4,000 (Mining, li industrial. 

Barriere River, Kamboops 2,800 Light’! ladeatrial power. 

Britannia Creek .. ee 2,735 r-mining, reduction. 

Similkameen River we 2,650 -mining. 

Woodworth Lake .. $e 1,650 |Lightand industrial power. 

Swanson Bay ‘ 1,250 |Wocd-pulp and rember. 


| 





The three largest cities in the province—Van- 
couver, Victoria, and New Westminster—are all 
very favourably situated for hydro-electric power, 
and at present consume 135,000 horse-power, and 
within easy transmission distance have at command 
750,000 horse-power, which can be economically 
developed. More remote, but still to be regarded 
as a very valuable asset, Mr. Conway estimates 
7 pos million horse-power can be made avail- 
able for economic purposes. Energy of this magni- 
tude is not to Be attained whet overcoming 
engineering difficulties of no common order, and 
our admiration of this thriving colony should be 
increased by considering what has been achieved. 
In the course of the Lake Buntzen installation it 
was necessary to construct a tunnel 24 miles long, 
through granite mountains 4000 ft. high, in order 
to convey the stored water from the uittan 
watershed to Lake Buntzen. This tunnel is said 
to be the longest of its kind in the world, and older 
communities might have been deterred by so con- 
siderable an undertaking. On the same works an 
earth dam, 100 ft. high, of the hydraulic-fill type, 
was constructed. Vancouver Island, for the 
purpose of obtaining sufficient storage of water for 
the Jordan River plant, a reinfo’ -concrete dam 
of the Ambursen type had to be provided. This 
dam is the highest of its t in Oanada, and is 
the highest steel-concrete y ot in the Empire. 
The Stave Falls plant had to meet the difficulty of 
—_T specially heavy floods when the snow 
melts. is was accomplished by the construction 
of a reservoir having a sto’ capacity of 370,000 
acre feet. Another notable feature of many of the 
British Columbia plants is the high head that has 
been utilised. At the Britannia Mines the height 
is 1915 ft., and at the Jordan River 1145 ft., 
making these two water-powers the highest head 
plants in Canada. 

Among the sources of od that have yet to be 
utilised are the Campbell River Falls, in Vancouver 
Island, whence it is expected te secure 200,000 
horse-power on a peak load ; Jones Lake, 90 miles 
east of Vancouver, where 35,000 horse-power is 
going to waste ; and the Fraser River, to whese pos- 
sibilities for the development of water power it is 
impossible to assign any accurate limit. Mr. Conway 
tired perhaps of enumerating the many hopeful 
prospects, sums up by saying that the whole pro- 
vince is a field for the study and utilisation of 
water power, for there is sesbabiy no of the 
province, north, south, east, or west, within range 
of any possible industry that cannot be served 
economically by hydro-electric power. 
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GRINDING-MACHINES.—No. XV. 
By Josep Horner. 

Tue illustrations,which{we give on the present 
and opposite pages are those of a newly-designed 
cutter-grinder by the Cincinnati Milling-Machine 
Company, of Cincinnati, Ohio, U.S.A. Two a 
are built, the plain and the universal, identical in 
the main details, but the drawings reproduced show 
the latter type. Its ieading features are the follow- 
ing:—The photograph, Fig. 214, shows the universal 
machine, with ite various attachments lying around, 
with which the drawings may be compared. From 
this view and the front and side elevations, Figs. 
215 and 216 respectively, it will be seen that the 
grinding head is carried on a central pillar, around 
which the hollow column A, 54 in. in diameter, 
carrying the knee and table, with their fittings, can 
swivel in a complete circle, The column has a large 
flanged base, divided into degrees, by which it can 
be set at any angle with the grinding-wheel, and 
clamped to the square base of the machine with 
bolts in an annular T-headed slot. The knee B, 
of boxed-in type to avoid twisting strains, is guided 
on the column bya sleeve C of large diameter, 
Figs. 217 and 221, with a tapered key a, which 
maintains the alignment and permits of adjustment 
for wear. The sleeve is split and has two clamping 
bolts (see the details, Figs. 219 to 221). It hasa 
vertical movement of 74 in. effected by the worm- 
years, spur-pinion, and column-rack, Figs. 215 and 
221, and balanced lever-handle, the boss of which is 
divided micrometrically. The handle D turns the 
spiral pinion ¢ which drives the spiral gear d below 
on the same shaft as the pinion e which meshes 
with the rack f on the column. 

The knee B carries the sliding-saddle E gibbed 
to its ways with a tapered gib, and on the slide 
the base F (compare with Figs. 215 and 218), is 
fitted with square gibbed edges. On this the work- 
table is pivoted about its fixed centre, and is also 
supported at both ends, being therefore absolutely 
rigid. The photograph, Fig. 225, shows the rela- 
tions of these elements clearly. The base F has 
a dial, the edge of which is graduated into degrees, 
and also a scale, Fig. 218, from which the taper in 
inches per foot can be read. The setting is operated 
by a worm g and spiral rack h, seen in Fig. 218. The 
worm-shaft is seen at j in Fig. 224. The cross- 
adjustment of the sliding-saddle E is by a ball- 
handle H and screw J with micrometer readings in 
thousandths of an inch. The screw is enclosed 
in a fixed tube k alongside the knee, and with 
movable telescopic tu lL outside (compare 
Figs. 215, 217, and 224), 

The grtinding-wheel head, shown in Fig. 223 
(compare with the photographs, Figs. 224 and 225), 
is fitted over the central pillar, to which it is 
clamped with a screw. Two pulleys provide speeds 
of 3680 and 5950 revolutions per minute. The 
pe pulley, Fig. 223, protects the adjacent 
ends of the bearings, and their outer ends are pro- 
tected by caps. The bearings are conical outside, 
with adjusting caps and felt pads. Thrust is taken 
by washers at one end only. 

The swivelling work headstock K, in Fig. 215, 
seen in section in Fig. 222 (compare with the photo- 
graph, Fig. 214) carries work between its centres 
and that of the tailstock L, Fig. 216, or it receives 
mills by their shanks. It has a B. and S. No. 12 
taper, with three reducing-collets. The cutters are 
held precisely as they are in the firm’s milling- 
machines. It has vertical and horizontal swivels 
graduated to read in degrees. The tailstock L is of 
the ordinary spring pattern. The tooth-rest, seen 
in Figs. 214 and 226, has two blades only, fitted in 
a universal clapper-box with a hinged holder, which 
can be adjusted into any. position. 

Cutters of various kinds are ground with only 
one tooth-rest, and the clearances are set by 
the work-head without the use of tables. The 
first stage for any cutter is to set the axis of the 
grinding-wheel spindle at the same height as the 
axis of the work-holding head. To do this the knee 
is raised until ange on the knee corresponds with 
a zero line m marked on the column, Fig. 225. The 
cutter to be ground being in its e, and a 
centring-gauge » brought in front of the cutting- 
face of the grinding-wheel, one tooth of the cutter 
is brought in contact with the gauge. The spindle of 
the work-holding head is then turned towards the 
wheel through an angle which corresponds with the 
clearance and locked by its set-screw until the 
final adjustments are made. If the disc-wheel is 
to be used, the knee is raised or lowered to bring 
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the part of the tooth which is exactly in front of 
the wheel in line with the centring-gauge. If the 
cup-wheel is to be used, the knee is raised or 
lowered until the wheel clears the next tooth. 
The tooth-rest is now placed against the tooth, the 
spindle is unlocked, and the grinding proceeds. 

he work-table is fed past the wheel by the hand- 
lever M, Figs. 214, 215, 225, and 226, which per- 
mits of rapid movements. The lever may be set in 
any position, as most convenient for handling, by 
a clamp N, seen in Fig. 215. The one tooth-rest, 
Fig. 214, is variously attached to the bed, or the 
wheel-head, or the work-head, depending on the 
kind of cutter being ground. It fits by a slotted 
base, and has two rods which can be slid and 
swivelled, the outer one of which carries the blade 
of the rest. The second rod serves as a hinge to 
draw the blade away from a tooth in preference to 
making the blade itself springy. 

In grinding the various cutters, the adjustments 
necessary are provided for in the swivel work-head, 
the knee, and the wheel-head. The vertical or 
face-swivel provides for the setting of clearances, 
being depressed to the desired angle of clearance. 
The horizontal or base-swivel makes provision for 
cutters to be ground parallel with the axis of the 

inding-wheel, either between centres or by the 

ead only, or at an angle, as in angular cutters, 
or at right angles, as in the side-teeth of side- 
cutting mills. In the latter the knee is set to 
90 deg., plus or minus 4 deg., in order that one 
side or the other of the cup:wheel shall be cutting, 
instead of round its entire edge. The photograph, 
Fig. 226, illustrates this setting. When spiral hobs 
are being ground, a master form is used on the 
same axis as the hob, and becomes a guide through 
the tooth-rest to the wheel. 

To render the machine absolutely universal, a 
number of attachments are fitted, as shown in 
Fig. 214. These include one for cylindrical grind- 
ing and one for internal grinding. The setting of 











214. 


the table enables tapers to be ground, external 
or internal. For fine accuracy the screw - feed 
is used instead of the lever-feed. It is shown 
in Fig. 215. It is operated by a balanced 
cael ination, and turns a worm o and wheel p, the 
latter being on a vertical shaft (see Fig. 215), which 
has a pinion at the upper end engaging with a 
rack under the table. Other attachments are pro- 
vided for surface-grinding with an angle-bracket, 
and a vice for holding gear-cutters and saws. The 
general objection to universal machines is obviated 
by the rigid character of the design which carries 
these adjuncts. 





SwepisH Iron-Org Exports.—The large Griingesberg- 
Oxelésund Traffic Company, which virtually, through its 
contracts with the Swedish State and its own holdings, 
controls the exports of iron ore from Sweden, or in any 
case the bulk of it, has m to keep up its export 
during the present year far better than was probably 
anticipated. From Narvik the shipments go on un- 
molested, and up to October 1 the aggregate quantity 
exported during 1915 amounted to 1,150,000 tons, and 
before the end of the yeara total of 1,500,000 tons will no 
doubt have been considerably exceeded. From Lulea 
the shipments during the same period were about 
2,000,000 tons, and with further shipments of some 130,000 
tons per week for some weeks en to come, the year’s 
total exports of iron ore from this port will be beyond 
2,500,000 tons. The te shipments of Lapland iron 
ore during 1915 are therefore likely to fall but little short 
of the agreement maximum, as per the contract with the 
State, for the year of 4,600,000 tons. They very materially 
exceed the aggregate of last year—viz., 3,212,068 tons ; 
for 1913 the export amounted to 4,418,940 tons. From 
the iron-mines in middle Sweden, which also to a great 
extent are under the control of the Griingesberg concern, 
the shipments via Oxelésund are still more in excess of 
last year’s, amounting for the first three quarters of 1915 
to very nearly 1,000,000 tons, against 000 tons for 
the co ing period of 1914, and 725,000 tons for the 
first nine vw & of 1913. All the ore shipped from 
Oxelisund does not hail from the Gri g Com- 
pany, but there seems very little doubt but that the 
company will reach the stipulated limit before the year 
is out. 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on November 12, at the Imperial 
College of Science, Dr. A. Russell, M.A., Vice-President, 
in the ee paper on “* The _ of ae Oscilla- 
tions on ‘agnetic Properties of Iron, Investigated by 
the Campograph,” by Professor J. A. Fleming, M.A., 
D.Sc., F.R.S., and P. R. , B.Sc., was read by 
the former. 

At a meeting of the Society in March, 1915, Dr. J. A. 
Fleming ee C. SS Any =) he amen § a 
** campograph,” for pho i elineating phy- 
sical curves. Since then the optical arrangements Cave 
been greatly improved, and the point of light travelling 
over the photographic plate is now extremely small and 
sharp. With this improved campograph the authors 
have investigated the effect of electric oscillations on the 
hysteresis and permeability of iron. The general results 
are as follow :— 

1. When an iron wire is taken slowly through a mag- 
netic cycle and a superposed high-frequency magnetising 
force is also applied, then, if the maximum value of the 
slowly periodic longitudinal magnetic force does not 
exceed a certain value, the effect of the oscillations is to 
inorease the area of the hysteresis loop to increase 
the magnetisation at the ends of the cycle. 

2. If the slowly periodic force has a large maximum 
value then the hysteresis loop is diminished in area, but 
the maximum magnetisation remains unaltered. 

3. = a = a of the eo loop is 
generally or high-frequency than for low-frequency 
oscillations, because in the latter case the eosllioheny 
flux penetrates further into the iron wire. 

4. If oscillatory currents are passed al the iron 
wire whilst at the same time the iron is en slowly 
through a longitudinal magnetic cycle with continuous 
current, then when the oscillatory current has a small 
R.M.S. value, the effects are ly similar to those 
produced by longitudinal oscillatory magnetic forces. 
If the oscillatory current is relatively large, then their 
effect is to reduce the hysteresis and magnetisation at the 
ends of the cycle. a “— ——- is aos ¥ circular 
magnetisation produ y the longitudinal current, 
whob grips the magnetic molecules of the iron, 
prevents their longitudinal collineation, and reduces also 
the hysteresis. 

The same effect is seen when a longitudinal continuous 
current is passed along an iron wire. 

5. The effect of superimposing on a steady, feeble longi- 
tudinal magnetic force an alternating m tic force 
either by undamped or damped oscillations is greatly to 
increase the pnelny at the ends of the cycle, pro- 
vided the oscillatory force does not exceed a certain value. 
Beyond that a diminution sets in. 

Photographs of the various effects were shown. 

Disoussion.—Professor Howe thought the paper was a 
valuable addition to the knowledge of the effects of oscil- 
latory fields on the etisation of iron. 

Mr. D. Owen thought the rapidity with which investi- 
gations could be made with the instrument was very 
helpful. One would expect that the effect of a strong 
current along an iron wire which was magnetised 
longitudinally would be to remove the longitudinal mag- 
netisation completely. This, however, was not the case. 
In some experiments he had once performed on the effect 
of currents along the wire superposed on a longitudinally 
magnetising force it appeared to be immaterial whether 
the currents were alternating or direct. 

Lieut.-Colonel Squier admired the instrument. The 
results would, he thought, ri careful study. 

Dr. C. Chree was reminded by many of the results de- 
scribed of the combined effects of mechanical stresses and 
magnetic forces. Mechanical oscillations produce many 
similar effects, and he thought it possible that some of 
the observed phenomena were due to such mechanical 
oscillations being set up by the alternating magnetic 


forces. 

Dr. 8. W. J. Smith also thought that the results were 
mainly due to mechanical oscillations set up by the vary- 
ing ‘fields. Considerable work had been done on the 
subject. He quoted several observers who had described 
very similar phenomena produced by mechanical treat- 
ment, and indicated how oscillation of the molecular 
magnets gave rise to several of the effects. 

rofessor Fleming, replying for the authors, said that 
it had only been possible to give a very rapid sketch of 
the phenomena. Many observers had worked on the 
subject, and he did not shink any of the results described 
in paper were antagonistic to those already accepted. 


The principal point of the present paper was, however, 
to indicate the rapidity and ease with which such experi- 
ments could be made by means of campograph. 


tions of— 

1. An hydraulic analogy of a Wheatstone bridge, 

2. A lecture-table method of obtaining recalescence 
curves, 

3. The Leeds and Northrup recorder, 
were given by Mr. R. 8. Whipple. 

An Hydraulic Analogy of a Wheatstone Bridge.—The 
anal of the flow of water along pipes is frequently 

w teaching Ohm’s law, but author does nob 

know of a published iption of a simple model. In 
the model shown glass and india-rubber tubing with 


some glass taps are all that is required. The solution | the 


used is water coloured with ink, and this is allowed to 
flow slowly through the bridge-circuit. 

The galvanometer or detector is simply a large air- 
bubble in a horizontal glass tube pleced across the 
bridge-arms. A tap is placed in the tube for adjusti 
the size of the bubble. the capillary resistance 
the tubing on each side of the ray equal, the bubble 
stands stati in the centre of tube. As soon as 
the balance of bridge is disturbed by either partially 





closing a tap or by introducing another length of tubing 


by the opening of a tap, the want of balance is shown 
paar yd by the movement of the air-bubbles. Balance 
is y introducing or diminishing the resistance 
aes S Sete ; 

riment.—In his Rede lecture Sir J. A. 


Recalescence 
Ewing showed the point of recalescence in a steel wire 
through which an electric current was passing by the 


variations in its length, which took place when the critical 
points occurred. - 

In his experiment a wire of about 2 metres in length 
supported a weight, the vertical movement of which 
actuated a pointer overadial. As the wire was 
by the current it lengthened, causing the pointer to fall. 
At the change-point, when the temperature fell momen- 
tarily, the pointer rose, owing to the contraction of the 
wire, falling immediately afterwards as the wire 
lengthened with the continual heating. The reverse 
nomena occu when the wire wasallowed to cool. The 
only novelty in the experiment shown was in the addition 
of a camel-hair brush attached to the pointer, at the sug- 
gestion of Mr. W. H. A rpe. The brush is filled 
with ink and allowed to write uponadrum. The move- 
ments of the extremity of the wire are then drawn upon 
the drum and the point of nce shown. 


Leeds and Northrup Curve Drawing Recorder.—The | 


Leeds and Northrup recorder is in its main principles 
not dissimilar to the Callendar instrument, but is modi- 
fied in many important details. In the Leeds and North- 
rup recorder the relay is entirely mechanical. The coil 
is provided with a short boom at right angles to the face 
of the coil, which hangs untouched in the zero position. 
When the coil is deflected, owing to a want of balance 
in the bridge, the boom is gripped mechanically by a 
lever in the position in which it is resting. As a result of 
this grip, a simple mechanism is brought into action, 
which moves a slider over a bridge-wire, and thus in- 
creases or diminishes a resistance in the bridge-circuit. 
Two of the gripping levers are provided, so that the boom 
is gripped either by the right or left hand one, depending 
on the side to which the coil is deflected. 

The details of the mechanism were illustrated by a 
ceries of lantern-slides. 





THEORETICAL EFFICIENCY OF THE 
DIESEL CONSTANT - TEMPERATURE 
CYCLE, TAKING THE SPECIFIC HEAT 
TO BE A LINEAR FUNCTION OF THE 
TEMPERATURE. 

To THe Epiror or ENGINEERING. 

Sir,—Mr. Lees’ formula which expresses the effect of 
the variable specific heat on the theoretical efficiency of 
the Diesel engine ap in ENGINEERING, January 1, 
1915. This cycle, given as the Standard Diesel cycle, may 
as well be called ‘‘the Diesel constant-pressure cycle,” 
for the addition of heat occurs at constant pressure after 
the adiabatic compression of the working fluid. At the 
time Diesel first made his new cycle public, it was not a 
constant-pressure cycle as given above, but a constant- 
temperature cycle, in which the addition of heat takes 
place at constant temperature, and Peabody gives on 
page 341 of his ‘* Thermodynamics of the Steam- ine,” 
1909, a cycle named “ Diesel,” in which the addition of heat 
occurs at constant temperature, and its rejection at con- 
stant volume, the compression and expansion both being 
adiabatic. ; 

Let us call this cycle the Diesel constant-temperature 
cycle. This Diesel constant-temperature cycle, being 
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thermodynamically interesting, is worth studying as to 
how far its efficiency und change by the variation 
of the cpecific heats in the cycle, and let us attempt to 
tain, by a p much resembling that of Mr. 
a formula expressing the efficiency of this cycle when 
variable specific Leats are applied, as follows :— 
The figure serves as theoretical diagram for the 
Diesel constant-temperature cycle. The working fluid ie 
drawn in from E to D by the fest stroke, and compressed 
adiabatically from D to A during the second stroke, and 
attains the pressure p). 

From A to B heat is added at constant temperature 
T), and at B this addition of heat is cut off, whilst the 
remainder of the third stroke is an adiabatic ex- 
pansion along BC, The exhaust then opens, and a rapid 





. 





diminution of the pressure from p; to py ensues. During 
the fourth stroke the fluid is disc rom the cylinder. 

By the consideration that heat is added at constan: 
temperature along A B, and re at constant volum« 
along CD, the theoretical efficiency of the cycle may be 
discussed, of course not losing sight of the fact that D A 
and BC are adiabatic transformations. 

Let us use the single symbol 

p for Vs (cut-off ratio), 

Vi 


and r for i (compression ratio). 
1 
Again, let us take as usual 
Cp =a, + BT, 
and Cc, = a, + BT, 


where C, and CU, are the specific heats at constant pres- 
sure and constant volume respectively at T deg. Cent. 
absolute, and a), ag, and § are constants. 

Adiabatic change with variable specific heats is given by 


» Br 
pVe% = constant,t+ 
y AT — 
or pV e =constant, putting 4 == i, 


Further, let us admit that the characteristic equation 
of a perfect gas, 
pV =RT, 


still holds good. 

We shall denote the temperature at D, A, and C by 
T,, T,, and T; respectively. If Q, expresses the heat 
received by the working fluid along A B, and Q, denotes 
the heat lost by it from C to D, we get 


1 

Qi RT, log p, 
T; rs 

a= car= | (29+ B8T)dT 
To T) 


=(T;- To) {a, +6734 70}, 





where J = Joule’s equivalent. 
Theiefore the efficiency of the cycle becomes 
(T; ~ To) {aa + 872% To) 
=a sn 
n=1-“"=1- 1 (1) 
Qi j R T, log p 
To simplify the formula (1) we proceed to express T, : 
and T, in terms of Ty, r, and p. f 
To get T), we have : 
Vo y Pi T; 


AT, 
To v," € "=n ( = 


(%) 


To Vo a 
. >= 
y-1 A(T-T)) 
Hence T,=Tor e ° (2) 

To get T; we have, similarly, 
y ATs p Vo\y ATi 
P,Voe¢ =Ff2\ > ) ¢ » 

" (° =e) 
Ts T 


Hence " 
-1 A(T, -T; 
T=7,(£) e , 
r y-1 A(T, -T3+To-T)) 
= 40P e 


y—1 A(T -Ts) 
= Tp e " i (3) 


Equations (2) and (3) may further be simplified as fol- 
loweyt :— 
Equation (2) becomes with sufficient exactness 
—1 
T,=Tyr {1+(T,-T)}> 
Now solving for T, we get 


—1 —1\—1 
T, =Tr (1 + A Ty) (14 aT er" ) 
—) —1 
=T er [r+ama-? )] . 


neglecting terms containing the sec »nd and higher powers 
of A Ty. 
Similarly equation (3) becomes 
y-1 
T;=Top {1+A(Ty-Ts) } 
and on solving for T; we get 


- (4) 


anf yl 
T,=Tp (+ AT) (14AT 90 = 


aa. [1 +X T.(1-0" )} 


* When the variability of the specific heats is ccn- 
sidered, ‘y denotes '. 


+ Wimperis, “‘Tue Internal - Combustion Engine,” 
1908, page 70; Inchley, ‘‘ The Thcory uf Heat Engines, 


1913, 323. 
3 sos Enorvennixe, January 1, 1915, 


* (5) 
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n=1 -T0[ ”* {1 + at(1-0" )} 2 


[2 + ae { y(t +ATy1-p" 


higher orders of \ Ty, we obtain 





1] x 


ye )+1} | 
(=r rf + AT “a ) fos p 
Qe 
Now discarding terms containing the second and 
rs ug -1| x 
n=1-[P {1+.7(1 p \ 
AT, ¢,y-1 a | ] 
[soar ee eer ptt 
= = 
(\-1)r" log p [1 +ATo (1-7 )] 


n=1-[ 77 {1+a7¥(1-9"*)} -1 |x 


[r+ 9°(P* +a)] [2-9 *) 





-1 
(7 z 1) log p 
y-1 
=1-—(p 


—1) x 
y-1 = v7 Mi) 
{1—-ATy p + ®To( fae) ATo(1— 7") } 
_—_____4_—____—_____—_ 
(y-1)r = logp 
1 1 
( —1) _AT, y-1_o.7- 
=1-—@ —"_!1 Mp o(1+e ar") 
(y-1)r loge 


. - (6) 


The quantity in the twisted bracket may. for conveni- 


called ‘‘ corrective factor,” w 


ence sake, be 


ch is greater 


than unity, with the values of p and r encountered in 


ractice, 


roving that the adoption of variable specific 


eats results in a diminution in the theoretical efficiency 


of internal-combustion engi 


For reference let us write down the efficiency formule 


of the Diesel cycles hitherto proposed. 


Efficiency of the Diesel it Pp 


ature cycle 





f with constant specific heat . 
- 
= 
—,. 
(y-1)r 


y=1- 
log p 


constant specific heat 
Y 


*(7 


Efficiency of the Diesel constant-pressure cycle with 


+(8) 


5 


ee 
n=1 i 
sf 66-2 

: Efficiency of the Diesel constant-pressure cycle with 
5 variable specific heat :— 
; y 
; p —-1 AT, 

wet < 

ve. @- ve &-D 


Y ie 
[e(r+ or 


Y 
e-isy Hikes 
=) {p'-14+r 


—s Y 


(2-*")}] 


> (9) 





To work out a few numerical examples, let us assume— 
‘Y = 1.4 for both constant and variable specific heats. 


C, = 0.180 + 0.000051 T. 
T, = 400 deg. Cent. absolute. 


; Example 1.— 

r=12, p= 2.5. 

‘ Equation (7) gives— 

oa". 1 24-1 
7=*" 04° 124° Jog 25 


= 1-—0.447 = 0.553, say 55 per cent. 


Equation (6) gives 


= 0.477, say 


2.504 — 1 
 ) 2 ee. ota 1-— 
. 0.4 x 12°°4 log. ast 
0.000051 x 400 () + 9.594 — 2 x 1204)) 
0.18 x 2 J 
=1- 0.447 x {1 + 0.169} = 1 0.523 
48 cent. 
Equation (8) gives x 
ont 2. Sets 


“L4 x 1 x 18’ 


= 1 — 0.459 = 0.541, say 51 per cent. 


* Peabody’s “ Thermodynamics of the Steam-Engine,” 
given there differs appar- 
is easily reduced to the 


Diesel Engine,” 1912. page 23 


1909, page 341. The form 
ently from the above, but it 
above. 

+ Chalkley’s “ 


+ Lees’ formula, Exgixgerine, January 1, 19.5. 





n = 1-—0.459 - [20-1415 x 1204 —2,5! 4) 


1.4 124 x L.5 
o—! s—1+124(2-F8))] 
= ia) 


= 1 -- 0.459 — 0.137* =0.404, say 40 per cent. 
Example 2.— 
r = 12, as before, but p = 1.5. 
Equation (7) gives 
7 = 1 — 0.402 = 0.598, say 60 per cent. 
Equation (6) gives 
"= 1 — 0.402 x (1 os a — 0.476 = 0.524, say 


per cen 
Equation (8) gives 


7 =1 - 0.404 = 0.596, say 60 per cent. 
Equation (9) gives 
» = 1 — 0.404 — 0.093+ = 0.503, say 50 per cent. 


Thus the efficiency of the Diesel constant-temperature 
cycle is higher than that of the Diesel constant 
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ri tee : i i i the upper hand. The ship will then begin the return 
Substituting in Equation (1) for T, end T,. a0 given by| Equation (9) gives movement to a level keel, and it will then to 
Equations (4) and (5), we get 0.000061 x 400 pump a certain amount of water out of the after compart- 
0.18 ment, otherwise the vessel will continue i i 


trim 
until she is trimmed by the stern; but with careful 
handling she can be brought to and retained on a level 
keel, —_ an yn ~! any period of time = Leces- 
sitating working of any pumps or any o' . 
I have made extensive coulneats both with rect- 
and subdivided tins, and also scale-model war- 
thorough] ted nag} leading ‘ah bu: = 
y tes many the i ipbuil "e 
naval architects, and engineers of this eoulten ont have 
— one y Yoted as both practical and thoroughly 
cien 


~ will, a a easily be 5 yee bye tem will 
apply eq well transversely in the case of ships i- 
tudinally subdivided which have been broac! hay 8 
wing a Another point which no doubt will 
~ —- ry es trim a — a —_e- 1 will 
at the opposite or side, and by putti 

the whole of this weight in one compartment the mart 
mum moment is obtained at the ex of the destruc- 
tion of the smallest possible area of waterplane, thereby 
retaining the metaventric height and stability of the —* 

I will admit that there are many methods which could 
be ——- applied to vessels having only a very slight 


ships, and my ex 





cycle, provided the ratio of compression, the cut-off ratio, 
and the suction temperature are alike in both cases ; but 
the less the cut-off ratio, the smaller is the difference in 
the efficiencies of the two cycles. 
Yours truly, 
Kaneo Takemura, Assistant Professor, 
College of Engineering, Tokyo Imperial University. 
August 19, 1915. 





EXAMINATIONS. 
To THe Kprron oF ENGINEERING. 

Srr,—From time to time your columns receive com- 
munications from (often anonymous) c»>rrespondents 
similar in character to that of ‘One who regrets his 
ten guineas.” The general theme is “‘ abuse of councils” 
and of “‘ professors of engineering,” and the evils of “‘ ex- 
aminations.” 

Tt is quite useless to enter into such a controversy, 
but I should be quite willing to meet your correspon- 
dent here, and show him what we are doing in the engi- 
neering department for meng providing that your 
correspondent can catisfy me that his training and 
experience in real engineering is sufficient to enable him 
to form a fair judgment of the value of the work carried 
out in this department. In addition to this, I should 
require that he told your readers the results of his inves- 
tigations. 

refrain from comment ym the proposed examina- 
tion questions, beyond that they give much insight and 
assistance in picturing the writer. 


Iam, yours tf 
G. Jamus WELLS. 
East London College (University of London), 


Mile End-road, E., November 24, 1915. 





HOW TO KEEP A DAMAGED SHIP AFLOAT. 
To tHe Epitor oF ENGINEERING. 

Sir,—In your issue of ENcinzERING for November 19 
I see a letter under the heading of ‘‘ Compressed Air for 
the Salvage of Battleships.” 

Assuming that a ship is damaged forward, there are 
o— methods whereby the bow can be prevented from 
sinking. 

1. The admission of compressed air into the damaged 
compartment, which acts on the deck, and partiy forces 
the water out, thus retaining a portion of the buoyancy. 

2. The pumping of the water out of the compartment 
as fast as it enters, thereby limiting the amount of water 
in the ship. 

3. The pumping of water into the stern to create a 
head, which would have the effect of forcing the stern 
down and lifting the how. 

The objections to No. 1 have been very plainly ex- 
pressed in the letter referred to. 

With regard to No. 2, this, of course, in my opinion, is 
nota remedy, but might possibly keep a v afloat a 
little r. However, it is doubtful if a vessel could be 
brought back to harbour from the middle of the Atlantic 
with only this method of keeping her afloat. 

The third paragraph is, in my opinion, the only method 
at presend known which does not necessitate continual 
action, and would effectively bring a vessel into such a 
position that she could easily be taken any number of 
miles without the slightest risk of sinking. As an 
example, let us consider a vessel with similar damage to 
that of the Titanic—that is, the forward compartments 
being broached, causing a considerable trim by the head ; 


ing to pump the water out of the damaged compartments, 
the easiest method of getting the water out is to use 
the method of raising the head, thereby causing water to 
run out of the hole by which it came in. The method 
propose for doing this is hydraulically to divert the main 
circulating discharge-water into a com t at the 
extreme after end of the vessel, thus giving the greatest 
moment and creating a head of water to any extent 
. This practienihyenneiitetese dead ' weight. 
The effect of this is to overcome the of water at 
the damaged end of the ship. Once this is done, the 
water in the after compartments hae—may I say ?—got 





* ENGIneERING. January 1, 1915, 





+ ibid., January 1, 1915, 


then, I think you will agree that, instead of endeavour- | Ru 


a ; but I am unaware, after an extensive 
search, of any _—— more suitable than the utilisation 
of the main condenser discharge for dealing with a vessel 
which is dangerously damaged by any means—ei 
torpedo, submarine, mine, or collision of any sort—and 
in a sinking condition. One of the principal reasons 
is that the amount of water necessary, which is very 
small, to have the desired effect, can be put in the ship 
in a very short space of time, as the main discharge in 
some of the present-day trans-Atlantic liners is capable 
of pumping up to 26,000 tons an hour, and can be diverted 
immediately. 

This system will, of course, be also useful in bringing a 
vessel off the rocks, and she could, of course, be brought 
off immediately, instead of having to wait many days, 
and sometimes weeks, before the salvage vessels arrive, 
and gocd weather and tide opportunities missed. 

Yours faithfullv, 
Joun L. Brunton. 

17, St. Stephen’s House, Victoria Embankment, 

Westminster, 8.W., November 24, 1915. 





THE MINISTRY OF MUNITIONS. 
To THe Epitor or ENGINgERING. 

S1z,—A somewhat prolonged correspondence with the 
above amponr y ow its allied department, the Board of 
Invention and Research, on subjects connected with the 
sea, land, and air services has given me experience which 
may interest your readers. 

The points I have particularly noted are :— 

1. authorities are not concerned with the patent- 
ing of inventions. If the idea or suggestion communi- 
cated may be the subject-matter of a patent, a provisional 
—* should filed before submitting it to the 
authority. 

2. All communications should be in writing. No 
— gg is obtained by personal attendance on the 
authority. 

3. The authority retains all papers forwarded, so onpies 
should be _— There are so many examiners and de- 
partments + oversights may occur and papers go 


astray. 

4. ti information is required, the question should be 
put so definitely as to leave no room for vague reply. 

5. More than the usual official ST. now- 
ledgment of any communication should not antici- 
pated. The authorities are so overwhelmed with com- 
munications in answer to their publicly - advertised 
invitations for su ions and inventions that they 
experience no difficulty in arriving at a sort of stereotyped 
decision such as “‘ Your proposals are not found to add 
anything to the information on this subject already in 
our possession,” or “The principle of your suggestion 
is well known, and your particular application of it 
offers no sdvantages, so that it is unnecessary to pursue 
a portant point is No. 1. If tha 

most im t point is No. 1. ¢ precaution 
is taken, the inventor is tected, and he may then be 
under no doubt, unfounded or otherwise, as to whether 
his interests are endangered by any delay, indifference, 
or other red tape he may experience. 
Yours wely, 
™ oy 7 





Booxs ror Crvitian Prisoners OF War.—A further 
appeal is made by the of Education for 
an educational character for the British civilian prisoners 
of war (of whom there are some 4000) now interned at 

leben, in Germany. Under the nm-- of a Camp 
Education Department a school und a Science and Art 
Union have been organised among the prisoners, and in 
them are enrolled 1500 students, with 150 lecturers and 


I| teachers. The educational work in the camp is divided 


into nine sections, and covers languages, art, science ; in 
fact, nearly all the usual subjects of. a school or college 
curriculum. Persons willing to contribute either books 
or money to this interesting and most deserving effort to 
help our unfortunate fellow-countrymen in Germany to 
relieve in a profitable manner the tedium of their con- 
finement, may obtain a circular giving full information on 
the sul.ject by addressing a post: to Mr. Alfred T. 
Davies, of Education, Whitehall, London, 8.W., 





who is in charge of the t for and 
forwa: ding the books to Ruhlesen, = 
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“GHOST LINES” IN LARGE FORGINGS. 


The Cause and Effect of ** Ghost Lines” in Large 
Steel Forgings.* 
By J. O. Arnoip, D.Met., F.R.S., Professor of 
Metallurgy in the University of Sheffield. 


Dorine the past twenty years the author bas occasion- 
ally been requested to investigate the phenomena of 
** ghosts” in forgings from large steel ingots, ranging in 
weight from about 40 to 80 tons. An exact knowledge of 
the method of formation and the nature of ‘‘ ghost lines” 
is a matter of great importance both to steel metallur- 
gists and to naval engineers. . 

In 1894 the author and Mr. Rudolf Leffler, Associate 
in Metallurgy of the University of Sheffield, made a 
pioneer investigation of the nature of the ‘‘ ghost lines” 
in a large steel forging made from a 40-ton ingos, from 
the upper portion of which about 30 per cent. had been 
cut away to scrap. During turning operations, the 
*‘ghost lines” in this forging, which were of a very 
decisive character, showed up white and in slight relief 
against the steel-grey colour of the mass of the turned 
forging. When exposed to the sulphurous atmosphere 
of Sheffield over the week-end, the white “‘ ghost lines” 
turned light brown, owing to oxidation. By means of a 
fine and engraver’s tool a number of the “‘ ghost 
lines” were dug out, and similar minute excavations 
were made on parallel lines on portions of the forging 
free from ‘‘ ghosts.” Of course, the shavings taken 
along the ‘‘ ghost lines ” were, to use an Irishism, con- 
taminated with some s free from ‘‘ ghosts.” The 
i sets of shavings, on analysis, registered the following 

gures :— 


Analysis of ‘“‘ Ghost”-Free Portions of the Forging. 


Carbon 
Silicon 

anese ... 
Sulphur - 
Phosphorus ... 


Analysis of Shavings 


Carbon 
Silicon 


Manganese 
Sulphur . 
Phosphorus ... 


The foregoing figures show that the inclusion in the 
steel shavings of some ‘‘ ghost lines” had raised the 
carbon 19, the silicon 287, the manganese 35, the sulphur 
125, and the phosphorus 44 per cent., the ‘‘ ghost ”-free 
figures being taken as 100 per cent. 

gt om ic Examination.— The microstructure of 
the ‘‘ghost lines” showed the presence of excessive 
streaks of dove-grey sulphide of manganese, and of ex- 
cessive carbon in the form of troostitic pearlite, and the 
latter caused the “ ghost” to etch dark brown—indeed, 
almost ap ing black. Greenish vitreous streaks of 
Stead’s silicate of manganese, or, possibly, bisilicate of 
mene and aluminium, were also present, causing the 
notably high silicon and manganese in the steel shavings 
containing the ‘‘ ghost.” 

It is now obvious | aed me beg we! true 
segregation were car sulphur, and pl orus, 
whilst the silicates probably formed while the steel was 
ranning down the er from the furnace, and were 
incidentally involved in the steel. The author will 
hereinafter exhibit titanic ‘‘ghosts” almost free from 
silicates. In these circumstances it is most unfortunate 
that the true migratory elements are usually included in 
the general and inaccurate term “‘ slag inclusions.” The 
latter are either accidental or incidental, whilst sulphide 
of manganese is an absolutely normal and unavoidable 
constituent of all steels, excepting high-speed tool steels, 
in which the sulphur exists in solid solution as non- 
injurious sulphide of tungsten (WS,), a fact ascertained 
in a semi-private, but somewhat extensively circulated, 
research, the results of which were issued by the author 
about a year ago under the new copyright lations. 
A printed copy of the research was deposited officially by 
the Registrar in the archives of Sheffield University. 

The Genesis of ** Ghost Lines.”.—On April 10, 1998, the 
author, at the request of the late Sir William H. White, 
read in London, at the meeting of the Institution of 
Naval Architects, a paver entitled ‘‘ Factors of Safet 
in Marine Engineering.” An extract from this, head 
**On Ghost Lines,” is produced below, together with 
some of the photomicrographs illustrating the paper 
above referred to. 

On “ Ghost Lines.”—In a we t, irrespective of the 
liquated and scrapped upper third, in parts of which the 
phosphorus, for instance, may exceed 1 per cent., 
is always more or less a segregation of the mobile 
elements, carbon, sulphur, and phosphorus, to a series of 
centres. Investigations on ** The Diffusion of Elements 
in Iron,” carried out at the Sheffield University College, 
and published in the Journal of the Iron and Steel 
Institute, No. 1, 1899, indicated the mobility of carbon 
to be about five times as great as that of sulphur, phos- 
eres, and nickel. The _— photomic in 

ig. 1, annexed, shows a dark-etching nodular 
pospestion of Gay an tounsagioens clainiet he tei 
proportion @)an 1 mixture e 
carbides of iron and manganese (x Fe,0, Ma,0) ; (b) 
dissolved —— of iron (FesF) 3 (ec) eek! segrega 
irregular globules of sulphide of manganese (MnS). On 





* Paper read before the Institution of Mechanical 
Engineers on Friday, November 19, 1915. 


forging the ingot the angular or martensitic structure is 


broken up, whilst the nodular te is drawn out into 
a dark-etching rod (see also micrograph, Fig. 1). In 
such a forging the elongated on, which is rela- 
tively hard, is in turning operations jumped by the tool, 
leaving in faint relief a relatively white line ;* hence the 
turner’s somewhat far-fetched name ‘‘ghost.” During 
the prolonged cooling at a low red heat, the carbonised 
**ghost” becomes decarburised, the dissolved phosphide 
of iron seeming to expel the hardenite (transformed 
pearlite) to the edges of the “‘ ghost line,”+ the final pro- 
duct being the decarburised ‘ghost line,” as exemplified 
in Fig.2. Here the ** ghost” has become essentially a 
broken and irregular cylinder of pearlite. filled with pale- 
brown etching ferrite, containing emulsified phosphide of 
iron, through which is scattered short rods of dove-grey 
sulphide of manganese. 

The Mechanical Effect of ‘‘ Ghosts” on the Engineering 
Efficiency of Large Marine Propeller-Shafts.—The author 
was requested to decide whether or not the presence of 
moderately large ‘‘ ghost lines” in a propeller - shaft, 
forged from the lower end of an 80-ton ingot, was 
mechanically dangerous under torsional stresses and 
strains, and he has been permitted to quote the substance 
of his report :— 

Report on *‘ Ghost Lines” in a Large Pr -Shaft.—I 
examined in the lathe a propeller-sbaft which I was told 
was for a cruiser, and had forged from an ingot weigh- 
ing about 80 tons. I examined the turned shaft for ‘‘ ghost 


lines,” which are always present in large masses of forged - 


Fig. SEGREGATED AREAININGOT §Fig. 2. SECTIONAL ELEVATION 
CARBONISED CHOST IN MARUFACTURED AND PLAN OF DECARBONISED 
GHOST LINE IN ANNEALED 
FORGING. MAGNIFIED 30 DIAMS. 


FORGING. 
MAGNIFIED 7S OIAMS 









On forging, the “ghost globules” relatively high in 
carbon, sulphur, me gm ony are drawn out into 
strings, which, on turning, exhibit themselves as the well- 
known “ghost lines.” - In an annealed shaft, such as that 
now under consideration; these ‘‘ ghost lines” are always 
‘“‘white ghosts” when viewed under the microscope. 
The “* ghost line” is, in fact, a streak of iron free from 
carbon, but containing in solid solution, and hence in- 
visible, the phosphide of iron, which has expelled the 
car to the edge of the ‘‘ghost.” The sulphur is 
scattered through the iron of the “‘ ghost” in the form of 
dov y s of manganese sulphide. I may point 
out that ‘‘ghost lines” can never be eradicated from 
large masses of forged steel until metallurgical science 
has entirely eliminated sulphur from steel. This, I fear, 
will not bappen in our time, if ever. 

On Plate I.* will be seen*three photomicrographs, Nos. 
1, 3, and 7 of the “*B” series. Photomicrograph B1 
shows a well-marked ‘“‘ghost” practically free from 
carbon, but exhibiting several streaks of manganese 
sulphide. Photomicrograph B 3 sbows a similar structure, 
but with less marked *‘ ghosts.” Photomicrograph B71 
practically free from ‘‘ ghost lines,” presenting only 
crystals of pale-etching iron (ferrite) and dark-etching 
finely-laminated steel areas (pearlite). On Plate II. will be 
found three photomicrographs of the ‘‘G ” series—i ¢., the 
set of pieces which externally for the time being showed 






SECTION ONLINE A.B 


Fig.4. 
MILD STEEL 
CHROME-NICKEL INGOT. 
(WEIGHING WITH ITS 
FEEDING HEAD 
ABOUT 57 TONS.) 














Fie. 3. Sratic Torsion Test. 


Test Bar, 6 In. Paratiet, 0.8 In. in Diameter, or 


0.5 Se. In. in AREA. 


steel. They were clearly visible, especially on the coned 
end. As you had requested me to ascertain the exact 
influence of these “‘ ghost lines” on the mechanical pro- 
perties of the steel, it was necessary to cut up the end of 
this shaft for experimental purposes. The shaft was 
sampled so as to get sets of test-bars visually —— 
well-marked “* ghost lines,” all such samples being mark 

* B,” and similar sets exhibiting hardly any ‘‘ ghost 
lines,” these latter samples being marked ‘“‘G.” On this 
basis two pairs were taken for tension tests, two pairs for 
torsion tests, and six pairs for alternating-stress tests. 
From these test-bars seven pairs of sections were cut out 
for microscopical ¢xamination. 

On the Nature of *‘ Ghost Lines.” —The results of recent 
research in the Metallurgical Department of Sheffield 
University indicate that ‘‘ ghosts” are formed in large 
ingots by segregation in the following manner :—Just 
before the ingot solidifies, a definite alloy of iron with 
sulphide of manganese freezes out from solution, and 
segregates to a series of centres. These frozen masses 


there | 8eem to form nuclei, around which gather the migratory 


elements of steel—namely, carbon, sulphur, phosphorus, 
and, if present, nickel. Thus is obtained a more or less 
globular compound segregate, which is somewhat variable 
in composition, but with an average constitution approxi- 
mately as follows :— 


Composition of Main Mass Composition of . ‘Ghost 


of Ingot. Globules. 
per cent. per cent. 
Carbon 0.30 Carbon ... . 0.39 
Sulpher_... 0.04 Sulphur ... 0.12 
Phosphorus 0.10 


0.04 Phosphorus 


* A decarburised ‘‘ white ghost ” is relatively soft and 
is ‘‘ dragged ” by the tool, leaving a faint di ion. 
+ This curious action of dissolved phosphide of iron was 











first pointed out by Dr. J. E. Stead, F.R.S, 





no “ghosts.” Photomicrograph G 5 exhibits the largest 
streak of man; sulphide observed in the whole of the 
fourteen sections examined. It should, however, be 
remembered that the actual length of this streak is only 
one-hundredth of the length shown in the photomicro- 
graph. Photomicrograph G 4 shows an average “‘ ghost,” 
while photomicrograph G3 is virtually free from 
**ghosts,” consisting only of pale ferrite (iron) and dark 
pearlite (steel). 

The General Michanical Influence of ‘‘ White Ghosts.” — 
“White ghosts,” as I have already pointed out, are a suc- 
cession of streaks of carbonless iron containing about 0.10 
per cent. of dissolved phosphorus and about the same 
percentage of sulphur, the latter presented as visible 
streaks of sulphide of manganese. A rough-and-ready 
rule to convert the percentage of sulphur by weight into 
percentage of sulphide of manganese by volume is to 
multiply by 5 ; hence the volume percentage of manganese 
sulphide in “ghosts” generally is about 0.5 to 0.6 per 
cent. It should, however, be remembered that the volume 
of the alloy of iron and sulphide of the manganese which 
first froze out would constitute several per cent. of the 
mass of the “‘ ghost.” ’ 

So far as my experience goes, “‘ ghost lines” are little 
detrizzental to the mechanical properties of structural 
steel, > long as the plane of stress is at right angles to 
the din ction of the ** ghost lines;” in other words, when 
the material is in tension, torsion, or under alternating 
stresses, 

With a reasonable factor of safety (say 34 to 1 on the 
elastic limit) I have never of a propeller-shaft 
breaking in tension or torsion, but always under alternat- 
ing stresses, the plane of rupture being at right angles 
to the “‘ghost lines” and on the theoretical plane of 
maximum stress at the outboard end of the liner, say 


* The photomicrographs referred to in this report are 
not illustrated in the paper, 
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about 1 in. aft of the propeller-boss. With such fractures 
* ghosts” have little or no connection. 
Investigation of the Mechanical Properties of the Shaft. 


Static Tensile Tests.—All the test-pieces were 2 in. 
parallel, 0.564 in. diameter, 0.26 in. square area. 


vield- | M8*l- | gion. | Reduc- 
Mark. | pvint. jo. | gation. yoy Fracture. 





~ |tons per tons per per cent per cent 


sq. in. | sq. in. | on 2in. 
42000 F G4 18.32 30.20 35.5 59.74 Fine grey, granular 
4200F G5 16.30 | 30.84 35.5 62.17 po a 
4200 F B1 15.00 30.20 35.0 60.41 pi pa 
42000 F B4 15.40 32.80 37.0 65.14 an ee 


The figures in the foregoing table all denote a struc- 
tural steel of very good quality and of generally even 
texture. Any slight variations are due to the fact that 


in annealing such shafts the texture of the pearlite (steel 






Fic. 5. Transverse SecTion oF Frozen Guosts 
W8HICH HAVE PROTRUDED INTO THE FLUID Meta 
ror 2 In. over a LenotH or SeveraL IncHEs. 
MaeniFiep 40 DramerTers. 


Fie. 6. Transverse Section oF Non-SEGREGATED 
STEEL IN THE VICINITY OF THE FRozEN GHosT. 
Maenirizp 40 Diameters. 

area) alwaye varies a little, some regions being somewhat 

more laminated, and hence aitien Gan others. Extenso- 

meter tests were taken on each test-bar, and a typical 
curve was plotted, in which the true elastic limit is 
indicated at about 14 tons per sq. in., and the yield, or 
breakdown, point, at about 17 tons per aq. in. 

Static Torsion Tests.—All test-bars were 6 in. parallel, 
and 0.8 in. in diameter, or 0.5 sq. in. in area. 








- a : Angles 
| Eadured in of 
Mark. | Inch. | Rotation Remarks. 
Pounds. Endured. 
deg. 
4200 F G7 "791 1745 Previous to testing, astraight 
— — ruled along 

4200 F G6 . = each test-bar. 

| sd 1578 The spirals on the fractured 
4200 F B5 7647 1909 bars mark the torsional 

| . movement during the test- 
4200 F B7 7425 1631 ing operations. 


(See example in Fig. 3, 
| page 543.) 


' Dynamic or Alternating-Stress Tests.—The following 
vests were made on an Arnold stress-strain machine under 
standard conditions—namely, burnished test-bars 6 in. 








long by in. diameter ; distance from zero of stress to 
plane of maximum stress, 3 in.; deflection at zero of 
stress, 2 in. each way ; rate of alternation, 650 per minute. 
The results are embodied in the following table. The 
grand means of each include twelve tests each. 


Table of Dunamic Stress Tests. 


Mark. | First Test. Second Test Mean. Grand Mean. 














256 








G1 254 258 

G2 | 258 230 244 | 

G3 | 250 2h2 251 246 
Glo | 268 232 248 r 

G% | 254 240 247 | 

Gs | 230 230 230 

B2 | 282 254 2638 

B38 | 244 264 24 

B5 | 286 280 283 e78 
B 2% 298 290 294 ; 
Bt. | 294 282 288 

B be | 248 274 261 





Fic.7. PHorocrarn (,;}; Scate) From Lares Incot 

(Fie. 4). Verticat Line Inpicates Apex oF 
ONE OF THE OcTAGONAL ANGLES IN WHICH 
Guost Lines Appear. Brack Disc Inpicates 
WHERE DRILLINGS WERE TAKEN. 


Curiously enough, the samples selected as having marked 
**ghost lines” give better results. The tests present 
nothing remarkable, being such as are generally given 
by a shaft forged from a large ingot and subsequently 
moderately annealed. The absence of over-annealing in 
the sense of too slowly cooling is evidenced by the stress- 
strain diagram already referred to. 

Conclusion.—An examination of the fractures of the 
whole of the test-pieces—namely, eight in tension, eight 
in torsion, and forty-eight in alternation—exhibi at 
the respective points of rupture no signs of cracking or 
opening due to “ ghost lines,” or to any other cause. I 
am therefore of opinion that no risk would be incurred by 
putting similar shafts into the vessels building. 

Examination of the *‘ Ghosts” ina Large Ingot as Cast.— 
Comparatively recently the author had an opportunity, 
quite unique in character, of ascertaining the exact nature 
of unforged ‘‘ ghosts,” some of which were about § in. in 
diameter and 9in. long. The details of the extraordinary 
circumstances in which these gigantic “ghosts” were 
obtained, to the number of perhaps fifty, are as follow :— 

A mild-steel chrome-nickel ingot, weighing (together 
with its feeding head) about 57 tons, was being cast, and 
the casting was just completed when a burst-out occurred 
at the bottom. The time record is as follows :—Casting 
was commenced at 8.57 p.m., steel entered the feeding- 
head at 9.23 p.m., and the casting was finished at 
9.28 p.m. The burst-out occurred five minutes later, at 
9.33 p.m., but was stopped at about 9.35 p.m. When 
cold it was found that the ingot was hollow for 21 in. 
down, having ‘‘ bled” about 17 tons of steel. The ingot 
was 60 in. octagon at the top by 46 in. octagon at the 
bottom and 156 in. long. A sectional elevation and plan 
of the ingot is shown in Fig. 4. On cutting off the 
hollow portion of the ingot and then cutting this por- 
tion longitudinally into four pieces, a most extraordinary 


discovery was made. In each oc angle was 
found a series of protruding frozen “‘ ghosts.” In Fig. 7, 
above, will be seen a reproduction three-sixteenths full 


size of these ghosts ; the vertical line indicated the apex 





of this particular octagonal angle. With so much mate- 
rial available, it was easy to make an exhaustive chemi- 
cal and microscopical examination of these “‘ ghosta,” 
some of which ware peptaane to an extent of gin. The 
surfaces of the steel free from ‘‘ ghosts” showed decisive 
projecting indications of octabedral crystallisation. The 
* ghosts” seemed to have caught on the angle where the 
body of the ingot turns upward to the feeding head, seem- 
ing to have been mechanically trapped on what may be 
termed a series of metallurgical futtock shrouds.* A 
complete set of “ghosts” from one angle was chipped 
away flush with the main body of the solidified shell of the 
ingot and was carefully an Drillings were also 
taken in a region free from “ ghosts,” as indicated by the 
black disc in Fig. 7. The results are embodied in the 
following table :— 








Element. Driltings. | “* Ghost " Chippings. 
per cent. per cent. 
Carbon .. 0.27 
Manganese | 0,68 0.57 
Silicon .. 0.168 | 0.215 
Sulphur | 0,087 | 0,167, 0.117, 0.076 ; mean 0.12 
0.028 0.084, 0.101, 0.090, 0.064 ; mean 0.082 

Chromium 0.75 | 0.74 

ickel 8.74 | 4.24 

| 


From the foregoing table it is obvious that the 
‘* ghosts ” are compound and variable segregates, marked 
segregations of carbon, sulphur, ph orus and nickel 

In the Jou of the Iron and 


ering taken piece. 
| Sveel Institute, No. 1, 1899, the author and Dr. McWilliam 


blished a paper on “‘ The Diffusion of Elements in 
ron.” They showed that at about 1000 deg. Cent. the 


‘elements of steel divided themselves into two groups 
e 


—namely, migratory and non-migratory elements. 
migratory group included the elements carbon, sulphur, 
— and nickel. The above table shows that the 
conclusions arrived at fora temperature of 1000 deg. Cent. 
also hold good for 1500 deg. Cent., at which temperature 
the steel is fluid. The chemical figures are somewhat 
astounding. It has been a generally accepted canon of 
metallurgical faith that “‘ ghosts,” being higher in carbon, 
sulphur, and phosphorus a the main mass of the steel, 
necessarily froze last. The data presented in this re- 
search, however, prove conclusively that the ‘‘ ghosts” 
freeze first at many degrees above the main-mass freezing- 

int, Protrusions of frozen “* ghosts,” some of them 9 in. 
ong, with projections into the fluid mass of § in., are 
facts which cannot be disputed, although opposed to 
génerally accepted theories. The viour of nickel 
would seem to be connected with a fact published before 
the Institution of Mechanical Engineers in March, 1914, 
by the author and Professor A. A. Read (ENGINEERING, 
April 3, 1914), that nickel when present up to, say, 5 per 
cent. does not associate iteelf with the carbon, but forms 
a definite alloy with iron corresponding to the formula 
Fe,Ni, and hence contains 13 per cent. nickel. This 
nickelide of iron has, as received from the rolls, a yield- 
point of nearly 60 tons per sq. in., a maximum stress of 
nearly 90 tons per sq. in., associated with an elongation 
on 2 in. of 11 per cent., and a reduction of area of 46 per 
cent. It is therefore perhaps the most remarkable 
metallic compound of iron. 

Micrographic Analysis of the Frozen ‘‘ Ghosts” and the 
Non- Steel in their Vicinity. Photomicrographs 
of 100 Diameters were Taken and are Reproduced, Figs. 5 
and 6, at 40 Diameters.—Fig. 5 is a transverse section of 
frozen ‘‘ghosts” which bad protruded into the fluid 
metal for 2 in. over a length of several inches, Fig. 7. 
The structure consists of dark-e'ching cells of chromi- 
ferous and anquemyeet pearlite, surrounded by 
thick cell walls of ferrite containing dissolved phosphide 
of iron. Throughout the latter are circular areas and 
streaks of sulphide of mange, the latter running like 
broken rivers down the middle of the cell walls. 

Photomicrograph Fig. 6 isa transverse section of the 
steel in the vicinity of the frozen “ghost.” The dark- 
etching areas are chromiferousahd manganiferous pearlite. 

he pale areas are ferrite crystals exhibiting very 
sparingly circles and streaks of sulphide of manganese. 
The structure, as was to be expected in so large, and 
hence slogly cooled, an ingot, is intensely crystalline. 

The Formation of ‘‘ Ghosts.”—In two pa on “* The 
Forms in which Sulphides may Exist in Steel Ingots,” 
re respectively in the Journal of the Iron and 

teel Institute, No. t, 1914 (Encingraine, May 22, 1914), 
and No. 1, 1915, the alithor and Mr. G. R. Bolsover 
showed the existence of a definite solution or compound 
of iron and sulphide of manganese, which appeared to 
freeze before the main mass of the ingot, and on cooling 
broke up into a mixture of iron and dots of sulphide of 
manganese. The composition of this mixture was tenta- 
tively suggested as 88 per cent. Fe + 12 per cent. MnS. 
Such a composition would be obviously of a relatively 
low specific gravity, and would tend to rise through the 
still unfrozen main mass of the steel. The author sug- 
gests that as this definite substance rises in a thick pasty 
or semi-frozen state it forms in different parts of the 
ingot nuclei which gather to themselves the migratory 
compounds of steel—namely, carbide, phosphide, and, in 
nickel steels, nickelide of iron. The author also suggests 
that the ex i ily gigantic “ghosts” present in 
each octagonal angle of the ‘‘ bled” ingot described in 
this paper were formed in the manner above enunciated. 

Finally, the author has cordially to thank Mr. G. R. 
Bolsover, Associate in Metallurgy ‘of the University of 
Sheffield, for the great care with which he has ascer- 
tained the chemical compositions of the “‘ ghosts” and 





* See important note in Appendix, page 544, 
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the adjacent steel. Also Mr. J. H. Wreaks, B.Met., Lec- 
turer on Metallography in the University of Sheffield, 
for the photomicrographs illustrating this paper. He 
also respectfully tenders to the Right Hon. the Viscount 
Chetwynd his gratitude to him for his great interest and 
invaluable help in one of the sections of this research. 


APPENDIX. 


Since formulating the futtock-shroud theory to explain 
the irregularly drawn-out nature of the ‘‘ ghosts” in the 
cast ingot, the author has made a further careful exami- 
nation of the “ghosts,” and has come to the conclusion 
that the true explanation seems to be that after casting. 
ab a position at the top of each ultimate ‘ghost line,” 
was a segregate of ney oe “ny 4 ~ +" in er} 
top photomicrograph of Fig. 1, page 542. en the rapi 
doaneuse rush of many tons of molten steel when the 
break-out took place acted upon each pasty and more or 
less globular in a manner similar to that of 
hammering or g. and drew them out into the 
elongated masses found grouped at each octagonal angle. 
The roughly globular rising masses of segregate all 
appear to have migrated into the angles, because the 
steel in those angles was at a a temperature than 
the steel on the slightly radial sides of the octagon, the 
reason of this being that the solidified white-hot steel at 
the angles was thicker than that on the sides of the 
octagon, and hence more effectively lagged the fall of 
temperature at the angles as compared with that taking 
place through the sides of the relatively cold mould. 








Tue Juprtee or Messrs. Davey, Paxman And Co., 
Limirep, CoLcnester.—On Michaelmas Day, Messrs. 
Davey, Paxman and Co., Limited, of Colchester, cele- 
brated their jubilee. The firm was inaugurated by 
Charles H. Davey, James N. Paxman, and Henry Davey, 
in 1865, in Culver-street, Colchester, and was removed to 
the present site in 1876. One of the founders, Mr. James 
Paxman, has occupied his position for half a century, and 
has completed seventy years of active work as an en- 
gineer. To commemorate the jubilee of the firm, al: 
employees of ten years’ service and upwards, numbering 
over 400, received a gratuity in War stock and a 
nas h of the founder and chairman. Mr. Paxman 
was a by his co-directors to sit for his portrait, which 
is now being painted by an eminent artist. 





Greeman Suirsurtpinc.—We read in the Revista 
Marittima that, ——. to reports received, there are 
under construction in Germany « certain number of 
steam-trawlers. The construction of ships to lace 
those captured ~ 4 the Allies is not very active, the 
merchant ships which have been Jaunched during the war 
are those only which were ordered before the commence- 
ment of hostilities. Owing to the requirements of the 
Navy, the German naval yards are prosperous ; it would, 
however, appear that the shipbuilding industries, and 
eepecially the smaller yards, suffer: from the great lack 
of skilled labour, the very great increase in the cost of 
material, and the difficulty of procuring the latter. 
smaller yards work, on an average, 56 hours per week ; 
the large shipbuilding yards, on the other hand, work 
day and night. 





An Inp1an AQugpuct.—The Gaulapar Aqueduct, which 
bas bi on opened by the Viceroy of India, carries a suppl 
of water for the irrigation of 7000 acres of Bhabar land, 
on the east of the Gaula, in the Haldwanitabsil. The 
aqueduct is an interesting work, as it includes probably 
the second largest reinforced-concrete arch in the world. 
Twelve concrete-arch bridges and aqueducts have re- 
cently been built in the Tarai estates by the Indian 
Irrigation staff, and the experience gained in their con- 
struction has enabled this much larger span to be suc- 
cessfully completed. The Ganlapar Viaduct was de- 
signed and carried out by Mr. W. L. Stampe, executive 
engineer of the Tarai and Bbabar Government estates. 
The designs were approved by Mr. C. H. Hutton, late 
Chief Engineer, Irrigation Branch, and the construction 
was commenced in November, 1914. 





Tue Mettino-Pornt or Tuncsten.—The intrinsic bril- 
liancy of tungsten filaments just before melting is, 


according to Irving Langmuir (?hysical Review, August, | j 


1915), 7200 international candles per square centimetre. 
This would, in accordance with the constants of Nernst, 
Pireni, Wartenberg, and Coblentz, correspond to a 
melting-point of tungsten of 3540 deg. Cent. absolute, 
imetead of the previously accepted value of 3200 
=. Cent. As the presence of minute amounts of 
hydrocarbon vapours (from the vaseline or stop-cock 
se) made these determinations somewhat doubtful, 
| ans ll recently re-determined the melting-point of 
toque by two methods. Ii first he determined 
the black-body en of large filaments in nitro- 
n, while estimating the emissivity of helically-wound 
laments of various sizes in vacuum and in nitrogen. In 
the second, he measured the brilliancy of a surface of 
molten tungsten, simultaneously determining the brilliancy 
of the image of a second surface of ten ten 
reflected in the first; thus he directly i 
reflectivity of the molten metal. For this purpose he 
made use of an alternating arc between tungsten electrodes 
in nitrogen; the ends of the two wires formed convex 
molten surfaces showing multiple reflections of the two 
electrodes which could be watched for an r or more. 
The resulting oe of three determinations 
were: 3549, 3532, and 3566 deg. Cent. absolute, the 
value 3540 being the most probable: 


The | be 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on some colonial and 


foreign engineering projects, taken from the Board of 
Trade Journal. urther information concerning theee 
jects can be obtained from the Intelligence 


ma Board of Trade, 73, Basinghall-street, London, 

Australia: It a rs from the Argus, Melbourne, 
that the Victorian Government has sanctioned a loan to 
the Melbourne City Council of 128,000. for public works, 
of which 85,6801. will be devoted to road improvement, 
and 35,370/. to abattoir extension. 


South Africa: With reference to a scheme for the dis- 
1 of sewage in the Cape Town suburbs, the Acting 

ritish Trade Commissioner in South Africa reports that 
it has been decided that no further sewage shall be dis- 
oo into the sea through the nt outfall at Three 
Anchor Bay, nor will the sewer be carried further into 
deep water, as outlined in the original scheme. It has 
now been agreed that the additional sewage covered by the 
scheme in question that was intended to be disc’ 
into the sea will be discharged, by the use of € 
pumping-stations, at the depositing site contemplated in 
the specification. This alternative will involve the ex- 
penditure of a further 11,0007. to 12,000/., and these works 
will now cost, rougbly, 500,000/. United Kingdom firms 
interested may consult the City Engineer’s plans and 
report at the Commercial Intelligence Branch. 

Colombia : The Diario Oficial, Bogoté, publishes a 
notice, issued by the Colombian Ministry of Public 
Works, oP ae plans for the construction of a section 
of the © das. Railway—viz., between Pereira and Puerto 
Caldas, on the Rio Cauca. Preliminary plans ted 
relative to the section between Pereira and a point 15 km. 
(about 9 miles) distant in the direction of Manizales, have 
not been approved. In regard to this latter section, the 
Ministry is of opinion that it is in the national interest 
that the line should pass through the town of Cartago. 





THe LATE Mr. ApotrHe Greiner, D.Sc.—At the 
time of going to press we very much regret to hear of 
the death of Mr. Adolphe Greiner, D.Sc., the President 
of the Iron and Steel Institute. Mr. Greiner was the 
genera] manager of the Cockerill Works, Seraing, near 
Liége, jum, which, early in August of last year, were 
invested by the German armies. According to news 


which was given by the acting President, Dr. Arthur 
, at the more recent meetings of the Institute, Mr. 
Greiner was tically a prisoner in his own house, and 


had fallen ill through strain and worry. We hope to 
give an obituary notice concerning him in our next 
issue. 





Proposrep WATERWAY BeTwkEN Norway AND SWEDEN. 
—The Swedish authorities have been urged to have an 
investigation made of a pro waterway between 
Sweden and Norwiy, through the Strém water-course 
and the Kvarnsberg waters. A connection like this 
tween Central North Sweden and Norway will, it is 
stated, realise the possibilities of Swedish exports via 
a Norwegian Atlantic port, at the same time as it 
will facilitate the transport of products from West 
Norway to North Sweden. The matter has obtained 
additional significance on account of the important ore 
deposits which have recently been found on the Nor- 
wegian side of the frontier, and not far from the Kvarns- 
berg waters. Ore deposits have also been discovered on 
the Swedish side, but they cannot be exploited unless 
improved means of transport are provided ; and in this 
connection, too, the new waterway will solve a difficult 
problem. 





ARGENTINE Economics.—The working expenses of the 
Buenes Aires Great Southern Railway in 1914-15 were 
at the rate of 60.44 per cent., as compared with 58.56 

cent. in 1913-14. The corresponding ratio upon the 
uenos Aires Western was 59.67 per cent., as compared 
with 58.82 per cent. Climatic conditions continued un- 
favourable in 1914-15 ; strict economy was brought to bear 
upon the general working of both undertakings, but 
there was again an unusually heavy rainfall, and in the 
care of the Buenos Aires Great Southern this occa- 
sioned serious floods over practically the whole system 
in the province of Buenos Aires, the railway being cut 
at no less than 154 places. In January an unprecedented 
flood also occurred in the valley of the Rio Colorado, 
through the bursting of a lake in the upper regions of 
the Andes, so that the Neuquen line was submerged 
to a depth of 12 ft. above the rail level. It is feared 
that the cost of repairing the damage caused by the 
floods in the province of Buenos Aires and the catas- 
trophe in the Rio Colorado ae will involve an outlay 
of upwards of 200,000/. for the renewal of bridges 
and permanent way. There were, also, heavy floods 
upon sections of the Buenos Aires Western system. In 
the course of 1914-15 the Buenos Aires Great Southern 
Railway opened 65 miles of additional line, carrying the 
total mileage worked to 3792 miles. The Buenos Aires 
Western aw also completed 34 miles of line upon 
the Valentin Gomez extension; works on a second section 


the | of 41 miles upon the same extension are aleo completed 


with the exception of station and other buildings. It is 
to be feared that the effect of the floods upon future 
of Argentine agriculture is not yet fully realised. The 
Buenos Aires Great Sou report t some of the 
low-lying districts were so heavily inundated that the 
area which could be sown for wheat was 25 per cent. less. 
Upon the whole, however, the new wheat crop has turned 
out better than been anticipated. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—A considerable amount of 
strength was developed in the G Pig-iron market 
last Wednesday afternoon, and 69s. 5d. per ton was realised 
for cash iron, 70s. one month, and 70s. 9d. three months, 
with the close above these levels. With cash sellers at 
69s. 10d., and one month at 70s. 3d., a gain of 6d. to 7d. 
per ton was shown on the day’s dealings. Another ad- 
vance took place on Thursday morning, when 4000 tons 
changed hands up to 70s. 61. cash and 70s. 9d. one month, 
with closing sellers at 70s. 7d. cash and 71s. one month. A 
smart reaction was recorded at the afternoon session, cash 
transactions being done down to 69s. 9d. cash and 
70s. 1d. one month. At these figures the turnover 
amounted to 3500 tons. This decline in values was 


only of a tem nature, however, for on Friday 
forenoon these quickly advanced again from 6d. to 
74d. per ton, iron being dealt in at 70s., with 


sellers at the close at 70s. 44d., up to 70s. 9d. being paid 
on forward account. The upward tendency was still 
noticeable in the afternoon, and business was transacted 
up to 70s. 6d. cash and 70s. 9d. one month, these further 

vancing at the close to 70s. 7d. cash and 71s. one 
month ; 70s. 9d. was realised for twenty-four days. Both in 
the morning and afternoon 3000 tons of Cleveland warrants 
were dealt in. Monday morning showed no slacking off, 
cash iron being done up to 71s. 34d. per ton, with one 
month’s at 71s. 84d., the closing figures being round the 
highest quotations, three months’ iron being nominally 
72s. Gd. per ton. The turnover was between 3000 and 
4000 tons. Prices were not quite so steady in the after- 
noon, and after being dealt in at 72s., one month’s iron 
was quoted by sellers at the close at 71s. — this 
figure showing an advance of 104d. per ton on day’s 
transactions, while cash iron quotation was71s. 6d. Quite 
a —— business of oy tons was done. an 
(Tuesday) forenoon a very firm tone again iled, and 
a further rise to 71s. 9d. cash and 72s. 1 


one month 
was recorded, sellers being over at these res at the 
close, with 71s. 104d. nineteen days. ‘I'ransactions 


amounting to 1500 tons were repor Prices were a 
trifle narrow at the afternoon session, the only dealings 
being for forward iron, which was done at 72s. 3d. to 
72s. 2d. one month, with sellers over at the close. The 
business done was confined to 2500 tons. A scarcity of 
sellers this (Wednesday) morning rushed up the prices of 
Cleveland warrants stil] further, and 72s. was conlieed for 
cash, and 72s. 3d. one month, while at the close sellers’ 
quotations stood at 72s. 44d. cash and 72s. 9d. one month 
—an advance of 74d. per ton. A turnover of 4000 tons 
took place. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia and the difficulty of obtaining adequate sup- 
plies have further leupeneedl the price, which again mar 
a record, the quotations for prompt delivery, Glasgow, 
being now 16/. 7s. 6d. to 167. 10s. per ton and for prompt 
delivery, Leith, 16/. to 167. 2s. 6d.—this latter rate being 
similar to last week. 


Scotch Steel Trade.—The most noteworthy feature of the 
local steel trade at the moment is the abnormally firm 
prices which now prevail, yet it is quite probable that 
these will not long remain at the same level, considering 
the difficulty which steel-makers in the West of Scotland 
have in keeping pace with ths demands of the military 
and naval authorities. Apart from this class of work, 
there is not much material available for ordinary 
customers, which, in a way, is unavoidable, considering 
how the British and French Governments are pressing 
for delivery of the material so urgently required for 
the prosecution of the war. All things taken into 
account, the present output may be looked upon as 
eminently satisfactory, »lthough arrears are still 
mounting up in a remarkable manner, which, of course, 
is not to be wondered at owing to the i scarcity 
of labour. Under the exceptional circumstances it is only 
natural that much general inconvenience should prevail ; 
but so long as Government does its part, the producers 
of the ni materials may be relied upon to do theirs. 
Prices as fixed the Steel Association are of little 
moment, as al y those in existence are much higher, 
and quite likely to rise. Boiler-plates for home delivery 
are steady at 127. 5s. per ton ; ship-plates are 11/. 53. or 
112. 10s.; and les are 117. 103. or 12/.—al) less 24 per 
cent. discount. port rates vary very little from these. 


Mallcable-Iron Trade.—Makers of malleable iron are so 
fully occupied with orders in the meantime that there is 
no necessity of them seeking for business, all grades being 
greatly in demand and prices firm. With such an excellent 

emand the difficulty of obtaining sufficient supplies of 
raw material from America is having a very serious 
effect on prices, which are still steadily creeping up ; 50 
much so, indeed, that various makers will only now quote 
against a definite specification. For home delivery 
‘*Crown” bars are now quoted 12/. to 12/. 10s., less 
5 per cent. discount, export realising 11/. 7s. 6d. to 
11/. 12s. 6d, per ton net. 


Scotch Pig-Iron Trade.—Excellent business continues 
to be done locally in the a trade, and there isevery 
expectation that even the high prices at present in vogue 

ill be greatly increased in the near future, the upward 
tendency being very a t. The strength which has 
been developed in all metals and the extraordinary 
demand are being reflected in the price of pig iron. 
During the past week seventy-one blast-furnaces have 
been in operation in , which is the same number 
as in the preceding week, and one less than at the 
corresponding period last year. The demand for hema- 
tite continues strong and =teady, and, as indicated » 


week ago, already a number of ordinary furnaces have 
been put on to the production of hematite, which has 
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made another advance in price during the past week. A OTES OLEVELAND Iron Ore by Canal.—S ing at a meeting of the 
fier one, for foundry, ion now, provala and forge| NOTES NORTHERN COUNTIES. Sharpuese Now Dooks and Gloucester and Birmingham 
still edvancing in price, and the following prices are now Mrpp.essnoucH, Wednesday. | said the Severn Commissioners had recently been ap- 


uoted :—Clyde, 863. per ton; Calder, Summerlee, and 
loan, 87s. 6d.; Gartsherrie, 88s. 6d. (all shipped at 
Glasgow) ; Eglinton, 82s., and Glengarnock, 87s. (both at 
Ardrossan) ; Dalmeliington, 86s. (at Ayr); Shotts, 85s., 
and Carron, 88s. 6d. (both at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Orders for house-coal are 
coming in rapidly, and collieries are greatly exercised to 
keep pace with the public demand. A very heavy tonnage 
of gas fuel is going to inland works, but the shortage of 
wagons and indifferent railway working are militating 
against lar delivery. One of the strongest features 
of the market is the local demand for manufacturing fuels. 
There is also an active inquiry for shipment. Output is 
committed for some weeks ahead. Cobbles and nuts are 
also in good demand at top prices. Slacks are a strong 
market, but supplies fall short of requirements. Coke 
has hardened, and presents a very firm a ce. 
Quotations :—Best branch hand-picked, 20s. 6d. to 21s. 6d. ; 
Barnsley best Silkstone, 18s. to 19s.; Derbyshire best 
brights, 17s. 6d. to 18s. 6d. ; Derbyshire house, 16s. to 


17s. ; best large nuts, 15s. to 16s. ; small nuts, 14s. 3d. | }; 


to 15s. 3d. ; Yorkshire hards, 16s. 6d. to 17s. 6d. ; Derby- 
shire bards, 16s. to 17s. ; best slacks, 11s. to 12s. ; seconds, 
9s. 6d. to 10s. 6d.; smalls, &s. to 9s. 


Iron and Steel.—A much stronger tone characterises 
the market for raw materials. The demand for the best 
steel-making irons grows week by week, and as producers 
are incurring additional costs in a variety of ways, they 

re asking higher prices. Those prices have not seriously 
restricted business. They have inspired a more cautious 
feeling among buyers, but, with urgent contracts to cover, 
the latter are not in a position to hold off the market for 
any considerable length of time. Much more encouraging 
reports come from producers of common irons. Order- 
books present a more hopeful appearance, and, quite 


apart from sales to other districts, a fair tonnage is leaving | 
increased cost of coke has helped to 


the furnaces. e incre 
bring about higher prices. Current 
West Coast hematites, 135s.; East Y 
127s. 3d.; Lincolnshire No. 3 foundry, 76s. 2d.; Lincoln- 
shire forge, 75s. 2d.; Derbyshire No. 3 foundry, 


71s. 6d.; Derbyshire forge, 70s. 6d., all delivered. ch 


A comparison with the market quotations of a year 
ago shows the extent of the rise in raw materials. At 
the end of November, 1914, West Coast hematites were 
quoted at 803., East Coast at 70s., Lincolnshire No. 3 
foundry at 56s. 8d., Lincolnshire forge at 553. 8d., Derby- 
shire No. 3 foundry at 55s. 6d., and Derbyshire forge at 
53s. 6d. Bar-iron makers in South Yorkshire are chargi 

the record price of 12/. net cash monthly, but would be 


badly off for orders were it not for the amount of work ' 


that has fallen to them in the way of rolling shell-steel bars. 
Sheets have moved up another 1/. to 15/., as compared 
with 9/. 10s. yearago. Prices of steel scrap of guaranteed 
quality have further advanced, the demand ha 


temporarily exceeded the supply. The labour problem is 
compelling special attention in the finished es. Scores 
of workmen have been imported from Holland, Belgium, 


Denmark, and Canada, but there is still ashortage of skilled 
mechanics to be madegood. Thelocal education authorities 
are helping manufacturers to the utmost of their — 
They have received 924 applications to leave school from 
boys under the statutory school-leaving age, and after 
satisfying themselves of suitability of the work 
offered and of the boys’ physical fitness to perform it, 
they have given their sanction in 719 cases. This will, 
in a short time, enable ne ip ee to transfer to more pro- 
ductive work a considerable number of men who, owing 
to the shortage of boy labour, have been engaged on 
petty duties. Female labour is also in greater demand, 
and the problem of the future supply is engaging special 
attention. A lot of work is being held up at the rolling- 
mills, owing to the scarcity of skilled workers, and in 
consequence all the manufacturing branches are suffer- 
ing. any more orders have been received for high- 
speed steel and special cutting-tools. Business in rail- 
way steel is rather more plentiful, and some good orders 
for tramway material have been taken in hand for Glas- 
gow and other provincial corporations. Wire-rope, wire- 
cutters, saws, rasps, drills, sheep-shears, sickles, and 
surgical instruments are also newly on order. Billets are 
scarce. Siemens acid are quoted at 15/., Bessemer acid 
at 13/. 10s., basic hard at 11/. 103., and basic soft at 117. 





TRADE with New ZeaLanp.—The Commercial Intelli- 
gence Branch of the Board of Trade is notified by His 
Majesty’s Trade Commissioner for New Zealand (Mr. 
W. G. Wickham) that the Wellington Chamber of Com- 
merce are ising an exhibition of goods of British 
manufacture, to be held during one week in February 
next. His Majesty’s Trade Commissioner suggests that 
British firms who are unable to supply the New Zealand 
market at the present time, either at all or on the same 


terms as previously, should endeavour to keep their | and 


names before the public, not only b icipating in the 
exhibition, but also by ca = ate cmniak in the 
local Press, telling the public, who are inclined to be 
sympathetic, exactly why their goods are not obtainable 
or why they are higher in price. His Majesty’s Trade 
Commissioner states that there is a marked tendency on 


the part of local agents to look to foreign countries as a 


source of su “he i i i 
roeeny od oe. urther information can be obtained 


» Co 
Board of Trade, 73, B 


Intelligence Branch, 


hall-street. T 
6 % 





uotations are :— 
oss hematites, | 22,295 





The Cleveland Iron Trade.—Values of Cleveland pig- 
iron continue to move steadily upward, and higher rates 


are now being than since 1900. In that boom 
year over 78s. was paid for No. 3, and there are traders 
who believe that * figure will again be touched in the 


near future. Buyers are much in evidence, and that 
they have confidence in the situation is shown by the fact 
that they do not hesitate to follow the rise. There is 
some outside speculative business in warrants, but so far 
such operations have assisted to s } 
situation, and genuine traders have little a ension 

the present gamble in warrants will detrimentally 
influence to any extent legitimate business. No. 3 g.m.b. 
Cleveland pig is firm at 72s. 9d.; No. 1, which is much 
less scarce than it has been, is obtainable at 75s. 6d., so 
tbat the difference between that quality and No. 3 is once 
more about normal; No. 4 foundry is 72s. 3d.; No. 4 
forge, 71s. $d.; and mottled and white iron, each 71s. 3d. 
There is still inclination to change certain furnaces making 
Cleveland pig-iron on to the production of the more profit- 
able hematite. 


Hematite Iron.—There is something of a lull in East 
Coast hematite pig-iron, but this is entirely due to the 
fact that there is practically none purchasable for de- 
ivery before March next. Merchants admit that they 
have none to dispose of, and producers declare that they 
have sold all they can make for the next few months. 
There are still inquiries in the market on Continental 


account for delivery over periods next year, but so far as| half 


is ascertainable, these have not as yet resulted in busi- 
ness. Buyers state that they could place orders at 1253. 
for delivery of Nos. 1, 2, and 3 over the second quarter 
of next year, but several makers name 127s. 6d., and even 
more. 


Stocks and a = ys of Pig-Iron.—Stocks of pig-iron | 8 
are low, and are being steadily drawn upon. Practically 


the only stock is No. 3 Cleveland pig in public warrant 
stores, where the quantity now held stands at 127,790 
tons, 1630 tons having been withdrawn to date this month. 
Shipments of pig-iron from the Tees are only on a mode- 
rate scale. To date this month they average 1062 tons 
per working day, the total despatches being returned at 
,295 tons. To the same date last month the loadings 
totalled 31,521 tons, or a daily average of 1501 tons, and 
for the corresponding part of November, last year, the 
earances reached 47,721 tons, or an average of 2272 tons 
per working day. 

Foreign Ore.—A by no means unexpected upward 
movement in foreign ore has occurred. Supplies on 
contracts are coming to hand very satisfactorily, however, 
and little effort is made to do iness. are not 
disposed to enter into contracts except on a sliding-scale 
freight basis. Market quotations under present condi- 
tions are based on 34s. ex-ship Tees for Rubio of 50 per 
cent. quality, but movements in freights alter the basis. 
Fixtures Bilbao-Middlesbrough can no longer be made 
at 17s. Offers to pay 17s. 3d. have not been at all eagerly 
taken, and 17s. 6d. is now demanded. Imports of foreign 


ving | ore to the port of Middlesbrough to date this month 


amount to 136,315 tons. 


Coke.—Scarcity of coke is keenly felt, and sellers with 
any to dispose of are able to command high rates. Defi- 
nite quotations are difficult to fix. The make promises 
to be increased next month by a few thousand tons per 
month, but fears are entertained that even this additional 
supply may not be equal fully to meet requirements. 
Durham ive blast-furnace coke, of average quality, 
delivered at Tees-side works, is quoted up to 
patent kinds are not so high. 


Manufactured Iron and Steel.—Government work con- 
tinues to absorb the attention of finished iron and steel 
manufacturers, with the result that ordinary commercial 
business is almost at a standstill. Prices all round are 
8 . Common iron bars are 12/.; best bars, 12/. 7s. 6d.; 
best t bars, 12/. 15s.; packing-iron (parallel), 8/. 10s.; 
packing-iron (tapered), 9/. 15s.; iron ship-plates, 11/.; iron 
ship-angles, 12/.; iron ship-rivets, 13/. 10s.; steel bars, 
13/.; steel ship-plates, 11/.; steel . goer 102. 15s.; 
steel boiler-plates, 12/.; steel strip, 11/. 10s.; steel hoops, 
12/.; steel sheets (singles), 12/. 10s.; steel sheets (doubles), 
121. 15s.; steel joists, 10/.; heavy steel rails, 10/.; and steel 
railway sleepers, 10/. 10s.—railway material net, and all 
other descriptions less 24 per cent. 


, but 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Tonnage arrivals have been a little heavier, 
as the result of more favourable weather conditions ; but 
the steam-coal trade generally remains quiet for loading, 
it being evident that considerably more tonnage would 
ed materially to reduce stocks, and place colliery 
owners in & | to restore regular working at the 
pits. There bas been a good demand for house coal for 
inland consumption ; coke and patent fuel have remained 
without alteration. The best Admiralty large steam coal 
has been, to some extent, nominal ; yy qualities 
have made 18s. to 19s. ; best bunker smalls, 11s. to 12s.; 
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proached by the Ebbw Vale Steel, Iron, and Coal Com 

y, Limited, with reference to the carriage of iron ore 
rom Northamptonshire to Newport. The Ebbw Vale 
Company intimated that the quantity proposed to be 
carried would amount to several thousand tons per week 
for some years, subject to a low rate of water carriage. 
It appeared that there were eight companies interested 
in the route from Wellingborough Repre- 
sentatives of these com were invited to meet, and 
it was found that there was a lion in the way—the rail- 
ways. He contended that this showed that the water- 
ways of the country should be free from railway domi- 
nation. 


Western Trade Matters.—Considerable excitement has 
been caused at Cardiff by Mr. McKenna proposing to 
levy a tax upon war pesllen realised on shipping sales. 
The tax is to be charged on the difference between the 
market value of vessels on June 30, 1914, and present 
actual sale prices. Ship-owners are ig by to resist 
the proposed impost, as they contend that is no 
precedent for it. freight rates continue to 
= Cargoes for Alexandria have been taken at 

iff at 50s. 6d. per ton, or 2s. 6d. per ton above the 
rates paid two or three weeks ago. A quotation of 5ils. 
per ton for Port Said has been noted at iff, and high 
terms have been accepted for other destinations. 
directors of the Newport, Abercarn, Black Vein Sveam- 
Coal Company recommend an interim dividend for the 
-year ended September 30 at the rate of 7} 
cent. per annum on the and 7 
= cent. per annum on the preference shares, payable 

7 1. A serious state of affairs has been occasioned 
in South Wales by extreme shortage of pit-wood. Sup- 
plies for collieries working coal for the gx f 
are secured by an arrangement existing between W: 
oy the Government; but the shortage has 
inflicted great hardships upon other colliery-owners, 
who are now called upon to pay 50s. ton ex shipping 
for such small quantities of pit wood as they can obtain. 
An impetus has nose gaven to the cutting of larch and fir 
plantations, but the shortage of means of transport, as 
well as labour for cutting, has hindered development in 
this respect. Efforts have been made by colliery-owners 
to reduce their pit-wood requirements as much as pos- 
sible by recovering previously-used wood for further 
service and also by ae concrete or other material for 
supporting pit roofs. Inquiries have been received for 
large deliveries of anthracite coal for Sweden. It is stated 
that these inquiries amount in the case of the Swedish 
Government to about 130,000 tons. It has been decided 
to communicate with the Swedish authorities and to point 
out that supplies to our Allies—France and Italy—must be 
curtailed i! shipments of anthracite to Sweden are 
undertaken at present. There are inquiries in the Swedish 
metal market for 20,000 boxes of tin-plates for the Extreme 
East. The directors of the Gwaun- Gurwen Colliery 
Company, Limited, recommend a dividend of 1/. per share 
upon the fully-paid ordinary shares and 9d. per share 
u the further ordinary 10s, per share paid. 

directors of the Hazelwood Shipping Company, 
Limited, recommend an interim dividend for the r) 
half-year at the rate of 20 percent. per annum. The 
directors of Thomas Smailes and Sons Steamship Com- 

, Limited, recommend a dividend of 20 per cent. 
or the past financial yesr. The directors make Ty 
ciation allocation of 20 per cent. and transfer 8 to 
the insurance account and 3000/. to the. reclassification 
and upkeep account ; a reliquat of 5673/. is carried to the 
credit of 1915-16. 





SHIPBUILDING AcTiviTy IN ScanpINavia.—Not only 
are new — started and old ones extended, but 
yards also change hands, no doubt with a view to in- 
creased activity. Thus the largest yard in Sweden—the 
Lindholmen yard, Gothenburg—has been sold, or, 
rather, the share majority in the concern has been sold 
by the Motala Company to a burg tleman for 
a sum of 2,000,000 kr. (about 112,500/.). ere are four 
slips, built in concrete on a rock foundation, where 
vessels cf 13,000 tons can be built. There is also a dry 
dock, which can accommodate ships 410 ft. long. The 
Motala Company has controlled the majority of the 
Lindholmen ever since 1858, but has now more 
especially gone in for locomotive building, and its yard 
has been specially busy with the construction of tug- 
boats. It co-operates with the Bergsund yard, whick, 
however, goes in for types of vessels different from those 
built at Lindholmen. 





Mining In Victrorta, AvsTRALIA.—The annual report 
of the Secretary for Mines for Victoria for the year 1914 
states that the gold yield amounted to 443,347 oz. 
or 413,218 oz. fine, valued at 1,755,236/. A decrease 
to be recorded of 21,714 oz. fine as com with the 
return for 1913. The production of coal, amounting to 
617,536 tons, valued at the mines at 288,534/., sho an 
increase of 23,624 tons over that of 1913. The demand for 
antimony, on account of the war, was ible for in- 
creased attention being given to the lodes containing this 
metal. The Costerfield Company secured 2439 tons of 
concentrates, worth 29,350/., from 7600 tons of ore. The 
concentrates assayed about 48 cent. of antimony, and 
oz. of gold ton, and employment was given to about 
men. Fifty-two and a half tons of tin ore were won, 
valued at 4955/. Various other mineral substances were 





produced, such as gypsum, 1077 tons; diatomaceous 
earth, 1000 tons; asin, 808 tons; magnesite, 23 tons ; 
and manganese, 20 tons. 
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SHELLS FROM AUSTRALIA.—Aoccording to a report 
received through the High Commissioner for Australia, 
substantial progress is being made by manufacturers with 
the preparations for shell-making. High-explosive shells 
will, it is very probable, be turned out in Australia very 
soon, and shipments to Europe are expected to com- 
mence about the end of the year. Further orders have, 
it is understood, been placed abroad for machinery, and 
the aggregate of the Australian orders to date will, 
according vo good authority, fall little short of 200,000/. 
Other manufacturers are bi making lathes in their 
own workshops, but these will not be of the automatic 
type, and will require skilled labour. The conditions 
laid down by the Federal Government fix the period of de- 
livery as expiring on March 31, 1916. Manufacturers are 

ing exception to that limitation, it being claimed that 
the shells made prior to that date would not be suffi- 
cient to enable the initial expenses to be spread over a 
period long enough to leave any margin. Some machine- 
shop owners, who have contemplated laying out a con- 
siderable sum in new machinery, have deferred doing so 
nding an extension of this date, or some other basis 
ing arrived at. One suggestion put forth is that, as 
the Imperial Government has notified its desire for as 
many shells as — manufacturers should be in- 
structed to go » on the understanding that the 
Government will give three months’ notice when no more 
shells are required. The manufacture of gauges is now 
well in band. 








Fie. 6. 105-Mm. Gun in Freine Position. 

THe Sierra Leone GoverRNMENT RaiLwar.—The 
report on the accounts and working of the Sierra Leone 
Government Railway for 1914 gives the following infor- 
mation :—The revenue received and accounted for to the 
Colonial Treasury amounted to 150,058/., as against the 
estimate for the year of 185,000/., being a decrease on the 
estimate of 34,9430. The expenditure paid and accounted 
for amounted to 194,808/., as against the estimate of 
218,406/., showing a saving of 23,5987. The earnings of 
the railway amounted to 143,250/., and the working 
expenses to 100,154/., leaving a balance of earnings over 
working expenses of 43,096/. The working expenses per 
mean open mile amounted to 326/. 15s. 4d., and the 
working expenses per train-mile to 5s. 7.93d. 





InpiAN Rattway DeveLopmMENnt.—The length of line 
worked by the South Indian Railway Company on 
behalf of the Government of India at the close of March, 
1914, was 1455 miles—viz., broad gauge, 446 miles; metre 
gauge, 910 miles ; and narrow gauge, 99 miles. The com- 
pany also worked 308 miles of metre-gauge lines for 
owners other than the Government of India—viz., Pondi- 
chéri Bar rm 8 miles; Karakkal (French), 15 miles; 
the Tanjore District Board, 112 miles; Travancore 
branch (partly owned by the Indian Government), 108 
miles ; and Shoranur and Cochin line, 65 miles. The new 
route develo by the South Indian Company between 
India and Ceylon via Dhanesh-Kodi and Talemanaar, 





| which was opened for traffic in March, 1914, is in an un- 
satisfactory condition. The management of the Ceylon 
Government railway has refused to allow goods traffic to 
be carried, on the mr A of an insufficiency of trucks. When 
the route between Tuticorin and Colombo was closed in 
September, 1914, by the withdrawal of the British India 
Steam Navigation Uompany’s steamers for Government 
service, the new route was opened for goods traffic, but 
then only for traffic.to and from Colombo, and even to 
Colombo only in limited quantities. More recently, in 
consequence of an outbreak of cholera at Dhaneshkodi, 
the traffic has been further limited by restrictions main- 
tained long after the outbreak was over. In other direc- 
tions the action of the Ceylon Government railway 
authorities has oe conditions on the steamer service 
which are not calculated to lead to a healthy develop- 
mentof the route. The South Indian Railway Company 
has some 87 miles of line now under construction for the 
Coimbatore District Board, the Travancore State, and the 
Tanjore District Board. Schemes for further new lines 
have been under discussion, but ety has been retarded 
by the war. The capital outlay of the South Indian 

mpany in 1914-15 was 326,630/., of which 156,319/. was 
expended on addition to rolling-stock, and 170,311/. in 
strengthening and improving lines and increasing facili- 
ties for working traffic. Provision had originally Leen 
made for an expenditure of 501,867/., but the outbreak of 
war necessarily led to all work being deferred which could 


possibly be postponed, 
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Tae IxstirvuTion OF MecuanicaL ENGInters: £uerFIRLD Meetixe, 
—¥riday, November 26, at 2. A meeting will be held, by 
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Member, Superintendent of the William Froude National Tank. 
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5 p.m., a5 the Imperial College of Science, Imperial Institute- 
road, South Kensington, S.W. Agenda :—1l. ‘On Obtaining 
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K.O.M.G., late Governor of Jamaica. Sir Henry A. Blake, 
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“* Insects and War,” by the Master of Christ’s College, Cambridge 
(Arthur Everett Shipley, 8c.D., F.R.S.). Sir William J, Collins, 
K.C.V.0., M.S., F.R.O.8., will preside. 
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Lloyd-Davies, M. Inst. O.E. ‘‘ Galvan Port, Bahia Blanca, Argen- 
tine,” by Mr. Charles A)fred Trery, M. Inst. O.E. On the con- 
clusion of the business of the ordinary meeting, a special general 
meeting of corporate members will be held. 
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by Mr. W. E. Adeney, D.Sc., F.LC. 
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at Caxton Hall, Westminster. A paper entitled ‘‘The Modern 
. of Water-Power,” by Mr. Alphonse Steiger, M. Inst. 
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ENGINEERING AND ECONOMICS. 


Some years ago it became a fad with a certain 
class of historian to write history with as little 
mention as possible of what are commonly regarded 
as outstanding personalities. Such, it was pleased 
to assume, were to be considered merely in the 
light of flies on the wheel, fireflies it might be, but 
flies nevertheless, attracting attention solely by their 
brilliancy, and without material influence on the 
march of events. This method of regarding the statis- 
tical average as all-important, and the individual 
as uniformly insignificant in comparison with the 
mass, appears to be the accepted policy of academical 
economists, and is largely responsible for the errors 
of much of the legislation which has, in certain 
cases, so severely handicapped the creation of 
‘wealth in this country. Popular writers and 
eloquent politicians may on occasion even employ 
the term just mentioned, but they seldom appear 
to realise that it is more than a mere mode of 
speech, and quite commonly speak and act as if 
wealth were of a purely material origin, self- 
existent in limited quantity. ‘‘ The moral of that 
is,” said the Duchess to Alice in Wonderland, ‘‘ the 
more there is of mine the less there is of yours ;” 
and much of the legislation on economic problems 
seems to have been based on this aphorism from 
the famous nursery classic. 

Probably no section of the community realises so 
directly as the engineer how much thought and 
anxiety are involved in effecting any material 


9|increase in the wealth of a country. Mr. J. C. 


Sparks needed accordingly no apology for making 


4 economics the main theme of his invaluable presi- 


dential address to the Institution of Electrical 
Engineers last week. No department of enter- 
prise has been more seriously injured than that 


3 
i of the electrical engineer by the no doubt well- 


meaning, but ignorant and short-sighted, politi- 


553 | cians responsible for the Act of 1882 and by much 


subsequent legislation on the same lines. It is 
not as if data were lacking for the laying of a 
course at once prudent and profitable to the nation 
at large. As Mr. Sparks pointed out, quite similar 


5 | problems had arisen years previously in connection 


with gas undertakings, and had been very satis- 
factorily overcome by establishing a fair division 
of the profit of improvements between the supplier 
and the consumer. The fact, however, that certain 





the enterprise, as well as for the mere material 
handed over, rankled with the politicians, who 
saw as little reason why they should. pay for the 
thought needed to overcome initial difficulties and 
make good unavoidable errors during the process 
of an as an American publisher of the 
old school did for the wey of a royalty to 
Charles Dickens. Both looked on exchangeable 
values as essentially material, both in origin and 
outcome, and this view, unfortunately, was that 
adopted by Parliament. 

veryone knows what happened. Parliament 
having decided that thought and enterprise were 
to reap no reward if directed along a certain line, 
the creation of wealth along this line ceased, to the 
very serious loss of the ‘nation at large. In the 
end, grudgingly and most inadequately, the original 
Act was amended, but the injury done has never 
been made good. The hostile spirit, moreover, re- 
mained and prevented, and to a very large extent 
still prevents, the adaquate development of the 
resources of the country. The one idea Parliament 
clung to was that so far as legislation and obstruction 
could serve, no one, no matter what his courage and 
ability, and no matter what risks he ran, or what 
the benefits conferred on the community by his 
success, was to reap any large reward for the services 
rendered. Ins of providing for a fair division of 
the profite, arising from the steady advance of know- 
ledge, between the supplier and consumer by the 
method which had proved so successful in the case of 
the gas companies, it was decided to try to help the 
consumer to avoid a fair payment for pioneering 
work by encouraging competition, granting but 
limited areas of supply, and prohibiting combina- 
tions. The idea was, in short, that the competitor 
with the worse system would be squeezed out at the 
expense merely of the unlucky investor, and that 
the community would avoid all payment on account 
of unsuccessful pioneering. e result has been 
most unfortunate. Instead of the whole country 
being divided up into a limited number of large 
areas, each supplied from a few conveniently-situ- 
ated central stations, there are in the London area 
alone twenty-eight separate supply undertakings, in 
addition to ten traction supplies. Of the forty-eight 
power-stations, many of them are co situated that 
they have to rely on cooling-towers for their con- 
densing water. This involves a steady loss, owing 
to the lower vacuum available, due not merely to 
the higher temperature of the condensing water, 
but to the extreme difficulty of keeping the con- 
denser-tubes free from deposit, whic may easily 
double the normal resistance to the transmission of 
heat from the steam to the water side of the tubes. 
There is a further loss due to the greater head 
against which the circulating water has to be 
pumped. Mr. Pearce has estimated that, even with 
cheap coal (we believe at 9s. a ton) and highly 
efficient turbines. the cost of operating a 90,000-kw. 
station is 14,0001 per annum more with cooling- 
towers than with an unlimited supply of condensing 
water. 

The importance of the savings to be effected by 
an amalgamation of areas was soon realised, and 
Mr. Sparks paid a well-deserved tribute to Mr. 
Ferranti for work done in this connection. Not 
merely was Mr. Ferranti the first to detect that the 
true path of _ lay in the adoption of large 
power-stations feeding sub-stations over long 
transmission lines, but in the invention of the lead- 
covered paper-insulated cable he went very far to 
render it practicable. The full merits of, the plan, 
however, only became adequately realisable om the 
introduction of the Parsons steam-turbine and 
three-phase transmission, the development of the 
latter being mainly attributable to the genius of 
Mr. C. E. L. Brown. All attempts to apply these 
sound principles to the supply of the Metropolitan 
area have, nevertheless, failed, owing to the violence 
of the ignorant, but passionate, opposition of a cer- 
tain section of politician economists, who, in cases, 
resorted to a process of “lobbying,” hitherto un- 
heard of outside Washington. Theintroduction of this 
unedifying feature into home politics was excused 
on the ground that those exerting the pressure had 
no direct pecuniary interest in the results of their 
action, but as Parliament has provided in its Com- 
mittees for the due hearing of all reasoned argu- 
ment for or against schemes of public utility, the 
excuse appears far from —— for the intro- 
duction of a highly objectionable procedure. The 
Merz Bill, as Mr. Sparks recalls, failed to pass 
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solely owing to the fact that by the time it had 
got through Committee but three days were left 
for the final stages. Under the circumstances, the 
period was too short, and London suffered in 
consequence. 

Mr. Sparks, in another part of his address, called 
altention to the fact that, unless profits are made, 
funds will not be forthcoming for the necessary 
development of an industry. We may note that 
ignorant objection is often taken to the rate of 
profits secured (in normal times) by certain arma- 
ment firms, but there is no department of engi- 
neering in which larger sums have to be adventured 
in risky, and always very expensive, experiments. 
If fairly high profits be prohibited, either by cir- 
cumstances or hostile legislation, experiment will 
cease, and the primacy of our naval products be 
rapidly abolished. The evil effects of a low rate 
of profit has been remarkably demonstrated in the 
heavy electrical trades. Almost all the minor inven- 
tions in lamps, fittings, and the like, are importa- 
tions, although our success in other departments of 
engineering proves that this phenomenon is in no 
way due to a lack of native talent. No British 
electrical manufacturing firm has, in fact, been in a 
position to develop the tungsten-filament lamp, of 
which the present highly efficient form is directly 
attributable to the great financial success of the 
General Electric Company of America. 

After all, the average capital invested in the 
manufacturing industries of this country is only 
about 2001. per head employed, and the average 
return, taken over a period of years, has certainly 
not exceeded 5 per cent. The share of labour has 
therefore been out of all comparison greater 
than that of capital. Of course, individual 
firms are, fortunately for the country, much more 
prosperous than the above figures would represent, 
and probably the rate of dividend is distributed in 
somewhat the same way as are individual incomes. 
In the latter case it has been found that the number 
of individuals enjoying a certain income varies 
according to an exponential law, the number 
increasing enormously as the limit is lowered, and 
conversely. 

A large dividend means, in the first place, capa- 
city on the part of the management of an under- 
taking, and is followed by a disposition to venture 
somewhat freely into the paths of experiment, along 
which progress lies. Only a firm with shareholders 
ame more than contented can, for example, 
afford to risk such a sum as the 40,0001. ventured in 
the electrification of the Simplon Tunnel. Here it 
will be noted the railway was a Government line, 
but the whole risk of the new departure had to be 
shouldered by a private firm. In similar fashion, 
whilst the courage and enterprise of the late Mr. 
Bryan were deservedly commended when he decided 
to adopt the Humphrey pump at Chingford, the 
conditions imposed on the contractors by the 
Metropolitan Water Board were of the most 
onerous character. Struggling firms can never 
venture such risks, and, as the two cases quoted 
show, public authorities will not shoulder them, a 
fact which is in accord with the general experience, 
that no important technical improvement is to be 
credited to any state railway, telegraph, or tele- 
phone system. The academic economist who con- 
tributes glowing articles in favour of nationalisation 
and municipalisation in general never faces this 
inconvenient fact; but if, as we contend, mind is 
the principal factor in the creation of wealth, it is 
all-important. 

As Mr. Sparks further pointed out, the advan- 
tages of centralising power-plants are steadily in- 
creasing in accordance with the remarkable improve- 
ments effected in generating machinery. ‘T'urbo- 
generators of 30,000 kw. and 35,000 kw. output 
have already been produced in America, and, as 
Mr. Sparks states, no upper limit fixed by mecha- 
nical or electrical considerations can yet be set. 
One limit to size is, however, fixed by the loading 
gauge, which, in the case of 3ritish railways, limits 
the size of a drum to 8 ft. 6 in., and of a disc to about 
13 ft.-in diameter. This limit is likely to be a per- 
manent one. Another, which, however, constantly 
tends to rise, is due to the high cost of very large 
forgings and castings, and of the heavy machines 
necessary for handling them. In general, the larger 
a prime mover the less its cost per unit of power, 
but this rule tends to fail at extreme dimensions. 
Even now it is perhaps open to question whether 
in this country the cost of two 15,00U-kw. turbo 
generators would exceed the cost of one of 
30,000 kw. 





The increase of dimensions is, Mr. Sparks pointed 
out, as important a factor in decreasing cost in the 
boiler-room asin the engine-room. A modern boiler 
may evaporate 50,000 lb. of steam per hour at 
200 Ib. to 250 lb. pressure, and superheated 
200 deg. to 250 deg. A few years back the ere 
tion per unit was one-twelfth to one-tenth of the 
above figure, and the working pressure was only 
80 Ib. to 150 1b. The adoption of mechanical stokers 
has made it possible to burn small coal economically. 
The general result is that the space per unit occu- 
pied by the boiler plant and accessories is only 
one-fifth of what it was thirty years ago. For 
further economies in this connection Mr. Sparks 
looks forward to the use of gaseous fuel derived 
from producers fitted with by-product recovery 
plant. This, however, is only possible in the case 
of very large installations, and, in fact, is rapidly 
becoming one of the strongest arguments in favour 
of central power-stations feeding very large areas. 

Colonel Crompton, speaking in 1894, when each 
watt-hour was developed at a cost of 100 to 150 
B.Th.U. in the small stations then in vogue, 
anticipated a time when this re might be 
reduced to 36} B.Th.U. In actual practice large 
power-stations supplying a diversified demand now 
give. — Sparks stated, 1 watt-hour for but 20 to 

5 B.Th.U. 





THE USE OF ALLOY STEELS. 


A CHARACTERISTIC feature of engineering practice 
during the past few years has been the constantly 
increasing use of special steels. The process is 
likely to continue as experience is _ in the 
treatment of these peculiar alloys in the workshop. 
The workshop difficulties, in fact, still form the 
principal bar to the use of much harder and stronger 
steels for bridge-work. Their use for this pu 
is in no way new. Captain Eades employed a high- 
quality chrome steel for the arches of his famous 
bridge at St. Louis, and turned the difficulty of 
machining material of this kind by the inge- 
nious device of using the metal rolled to the 
shape of a barrel-stave. These staves were then 
packed into a shell of wrought iron, which 
served mainly to hold the staves together, whilst 
the latter took the major portion of the arch 
thrust. Very considerable difficulty was en- 
countered in securing an adequate degree of accu- 
racy in the rolling operation, and the expedient 
has never been repeated. The bridge has, however, 
proved perfectly successful, confirming once more 
the well-established reputation of statically inde- 
terminate structures for excellent behaviour under 
traffic. The St. Louis arches are, in fact, indeter- 
minate in the highest degree, being without hinges 
either at abutments or at the crown, and the great 
rigidity thus secured is no doubt largely responsible 
for their success. 

With the great improvement in shop methods 
and appliances effected of late years it is natural 
that bridge engineers should again have their 
attention directed to certain great advantages to 
be secured by the use of harder and stronger mate- 
rials. The matter has been much more urgent in 
America than in this country, where the necessity 
of erecting bridges of really large span seldom 
arises, and it is very natural, therefore, that the 
lead in the adoption of the new alloys for struc- 
tural purposes should have come from the States. 

A most valuable and exhaustive inquiry into the 
possibilities of nickel steel as a structural material 
was contributed to the Proceedings of the American 
Society of Civil Engineers in 1909 by Dr. A. J. 
Waddell, the well-known American bridge engi- 
neer. In this paper the author showed that nickel 
steel was in every way suitable for bridge-work, 
and that provided it could be purchased at a fair 
price, its adoption, at least partially, would be 
economical, even in spans of as little as 30 ft. In 
the case of large spans, the advantages of the 
material are perhaps best illustrated by Dr. 
Waddell’s conclusion that the cost per foot of a 
nickel-steel bridge of 1800-ft. span would be the 
same as that of a carbon-steel bridge of 1600-ft. 
span. In making this estimate, Dr. Waddell took 
into account, not merely the extra cost of the steel 
due to its nickel content, but also the additional 
cost of working the metal in the shops. His view, 
arrived at as the results of a vast number of experi- 
ments and most detailed inquiry, was that the 
nickel steel delivered at the bridge site should not 
cost more than 1.5 cents (#d.) per pound more than 
the carbon steels ordinarily used. 








In a paper read before the recent International 
Engineering Con at San Francisco, Dr. Waddell 
returns to the subject and records his disappoint- 
ment that greater progress has not been w*de in 
the more general adoption of nickel steel. This 
he attributes in the main to the disinclination both 
of steel-makers and bridge-builders to depart from 
their previous practice. That Dr. Waddell’s estimate 
of the extra cost was not much amiss is, however, 
shown by the fact that the nickel steel used for 
the new Free Bridge at St. Louis cost but 1.65 cents 

r pound more than carbon steel would have done. 

or nickel steel having an elastic limit of 55,000 lb. 
- sq. in., as adopted for the harbour bridge at 

vana, Dr. Waddell has, however, had to pay 
an increased cost at the rate of 2.5 cents per pound, 
and under these conditions, he states, there was 
little or no saving in cost as compared with the 
use throughout of ordinary structural steel. 

To meet the exigencies of shop practice Dr. 
Waddell proposes to use three different qualities of 
nickel steel, having the following characteristics :— 





Percentages. 
Ingredients. r 
Rivet Steel. |Piate-and: Shape pve Bar Steel. 
Nickel .. 3.50 (3 25 to 8.75), 3.50 (3.25 to 3.75) 4.25 (4.0 to 4.5) 
Carbon -- 0.15 (0.12 ,, 6.18))0.38 (0.34 ,, 0.42) 0.45 (0.4 ,, 0.5) 
Phosphorus .. 0.03 max. 0.03 max. 0.03 max. 
Sulphur of 0.04 ,, 0.0L ,, 0.04 ,, 


Silicon el Eo 0.04 4, 0.04 5, 
Manganese .. 0.60 (0.55 to 0.65) 0.70 (0.65 to 0.75) 0.80 (0.75 to 0.85) 





One of the difficulties met with in the more 
general adoption of nickel steel lies, Dr. Waddell 
states, in the steel-maker’s fears of the difficulty in 
disposing of rejected material. He suggests that it 
may prove possible to reduce the cost by adding the 
steel in the form of ferro-nickel, which, if practic- 
able, should, he considers, lead to the alloy steel 
replacing ordinary carbon steel even for bridges of 
the shortest span. One American firm is, he ob- 
serves, now supplying, under the name of ‘‘ Mayari ” 
steel, a metal smelted from a Cuban ore, obtainable 
in large quantities, which contains both chromium 
and nickel. This Mayari steel assays 1 to 1.5 per 
cent. of nickel and from 0.20 to 0.75 of chromium. 
It is thus a low nickel-chromium steel, and has 
been adopted for the superstructure of a bridge 
over the Mississippiat Memphis. The material, in 
the form of plates, has a tensile strength of from 
90,000 Ib. to 99,000 lb. per sq. in., with an elastic 
limit of from 56,000 lb. te 64,000 Ib. per sq. in. 
Eye-bars of the steel had a tensile strength of 
88,200 Ib, with an elastic limit of 51,700, the 
elongation on 20 ft. being 12.7 per cent., and the 
reduction of area 42. This material, Dr. Waddell 
states, has considerable advantages over ordinary 
structural steel, but he concludes that it is less 
valuable for bridgework than steels with a higher 
nickel content. Taking 1800 ft. as the present 

ractical limit of span for a carbon-steel cantilever 
ridge, the use of nickel steel would, Dr. Waddell 
states, raise this limit to 2300 ft. " 

Other high-quality steels have also been investi- 
gated by Dr. Waddell, and, in particular, carbon 
steels electrically refined. There are now being 
manufactured on a somewhat large scale 10,000 tons 
of rails of this material, having been rolled by the 
Illinois Steel Company. Such steels, Dr. Waddell 
holds, may prove very serviceable in bridgework, 
but he inclines to the opinion that still better 
results may be obtained by adding nickel to the 
steel after the latter has been electrically refined. 

As his criterion for estimating the value of steel 
for structural purposes, Dr. Waddell has selected 
the elastic limit, and perhaps this policy is legiti- 
mate for his immediate purpose. It would, how- 
ever, be very rash to assume that this limit in all 
cases measures the structural value of a material. 
Indeed, many of the nickel steels, giving excellent 
results in tensile tests, have proved to be of very 
indifferent quality as estimated by the notched-bar 
test. No doubt steel-work in bridges, and in struc- 
tural work generally, is less severely tried than in 
almost any other application of the metal. It is 
probably for this reason that basic steels, largely 
rejected for boiler and shipbuilding purposes, are 
quite commonly used for beams and girders, as also 
for rails. : : 

Mysterious failures of steel plates in boiler 
works and shipyards are by no means uncommon, 
in spite of the very great care taken to ensure the 
high quality of the materials used. There are, on 
the aan hand, very few cases on record of similar 
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failures of bridge steel, although the care taken in 
its selection is certainly not greater than that invari- 
ably exercised in shipbuilding and in boiler-making. 
In fact, it is probable that the severest strains that 
come on a boiler or ship-plate in service are moderate 
compared with what it has to undergo in shaping 
and fitting it into place. It is no doubt considera- 
tions of this kind that led the British Standards 
Committee to omit all mention of the elastic limit 
from certain of their standard specifications for 
steel. From a scientific standpoint, the elastic limit, 
as determined by the usual works tests, is without 
physical meaning, having no necessary relationship 
to the safe working | that may be imposed on 
the metal. In fact, the works elastic limit is 
invariably an artificially raised one, which would 
not be maintained were the metal subjected to 
repeated alternating stresses. Nevertheless, for the 
large, though limited, field of employment Dr. 
Waddell has in view, these considerations are of 
less importance, since but little structural steelwork 
is subjected to alternating stresses, and artificially 
raised limits are more likely to be retained. 

The matter has been very well put in a paper on 
the ‘‘ Choice of Steel,” recently read before the 
Institution of Automobile Engineers by Mr. J. H.S. 
Dickenson. The steel parts of a motor-car may, he 
observes, fail through fatigue, through abrasion or 
crushing, or through shock. A steel with a large 
elastic range will withstand fatigue well, but may 
be quite unsuitable for use in subject to 
shock. In fact, where the material has to with- 
stand merely a certain limit of stress, it may safely 
be of a somewhat hard character ; but where de- 
struction is to be feared from “strain” rather than 
‘* stress,” the use of a soft and ductile material is 
essential. Of course, no material whatever will 
permanently resist repeated violent deformations ; 
but a ductile metal will yield and flow without 
serious injury under an accidental shock or blow 
which would cause a harder material to snap off 
short, like a carrot. 


over 300 million sterling, and an annual subscrip- 
tion by the firms joining the Association of ll. 
r 10001. would give an income of 300,000I. 
er proposals of a kindred nature have been 
made, some embracing the whole world as the field 
of exploitation, and others China, Russia, and 
separate countries. It would be a great pity, we 
think,. if effort were dissipated in multiplication of 
associations ; so that, while commending for con- 
sideration the elaborate proposals of the Man- 
chester Engineers’ Club, we make this reserva- 
tion: that in such propagandist movement an 
essential to success is absolute unity of action. At 
the meeting of the Engineers’ Club at Manchester 
this was recognised, and arrangements were made 
to enable their undertaking to expand from a local 
to a national scheme. 
The scope of the Manchester proposals is sug- 
gested by the character of the committees pro- 
. The General Purposes Committee is to be 
concerned with freight rates and arbitration in 
labour and other disputes. The Intelligence Com- 
mittee is intended to collect, analyse, and dis- 
tribute technical and commercial information and 
Government papers which may lead to the deve- 
lopment of business, and also to arrange confer- 
ences on all subjects affecting trade, as well as to 
arrange for special propagandism in particular 
fields of industry or in specific cases. The Com- 
mittee of Production is, obviously, to be concerned 
with industrial and labour economics, and to en- 
courage the production of manufactures not pre- 
viously entered upon, and yet marketable through 
the Association. e Inventions and Patents Com- 
mittee is to consider recommendations regarding 
patent law, designs, and trade-marks. The Pub- 
licity Committee is for the dissemination of intelli- 
gence and the arrangement of exhibitions where 
necessary ; the work of translating and adaptation of 
members’ catalogues for foreign markets comes 
within their purview. The Finance Committee 
will deal not only with the affairs of the Associa- 
tion, but will take up the question of the better 
financing of the industry, both in manufacture and 
in relation to home and foreign countries. The 
Education and Research Committee is to cultivate 
a closer contact with the governing bodies of schools 
and colleges, as well as to encourage research, while 
the Parliamentary Committee will attend to all 
legislative matters, as well as to questions arising 
between the industries and Government depart- 
ments. 




































































ORGANISING BRITISH ENGINEERING 
INDUSTRY. 

WE are glad that engineers are giving serious 
consideration to the problem of ensuring not only 
the return of commercial and industrial equili- 
brium, but the quick expansion of our export 
trade, after the termination of the war. This is 
the more necessary, as the financial conditions 
imposed, even with the maximum of military 
success, will be a serious handicap to the nation 
and to industry. The burden, in consequence of 
the war, can only be met without serious hardship 
by great expansion of our export trade. There have 
been repeated articles in our columns to show that 
already the Germans are organising their industries 
in order to recover the export trade which they 
have lost through the ‘‘silent pressure” of the 
British Navy ; and it is incumbent upon everyone 
associated with our trade to take measures, not 
only to cultivate new markets, but to meet the 
threatened competition in every part of the world. 
To effect this purpose, a higher degree of co-opera- 
tion and organisation is n in the future 
than has characterised our methods in the past. 

We are therefore glad to learn of schemes to 
this end, and one of them worthy of close study 
is that elaborated by a special cormittce of the 
Engineers’ Club, of Manchester, which has gone 
into the question very carefully. Their report, 
the outcome of a year’s consideration, was eub- 
mitted to the club at its meeting on the 19th inst. 
The contention is that the time has come for a 
spirit of conference and co-operation to leaven that 
British independence which, despite its fine quali- 
ties, has hitherto hampered combined action. ‘This, 
it is urged, can be achieved by a voluntary 
organisation of the whole industry, based upon the 
recognition of the interests common to competing 
firms and common also to employer and employed 
—an association on a ‘‘non-trading and non-inter- 
ference-with-price basis,” to speak with a powerful 
collective voice on matters with which Parliament 
is concerned, to assist the Government in questions 
connected with industry and commerce, and to 
represent the industries and governing bodies of 
universities and technical colleges. The Association 
would assist members equally, without distinction, 
in the obtaining of business, and would generally act 
in the furthering of the interests of the industry 
as a whole. It is noted that the capital invested 
in British engineering industry is estimated at 





NOTES. 
PeemissisLt WuHeet-Loaps on Hicuways. 


Mii has pointed out that in the ultimate every 
outcome of human activity is merely an alteration 
in the position of things ; and this is true whether 
the alteration be the transposition of the atoms 
of reagents, or the transportation of a 30-ton boiler. 
The immense improvements effected in recent 
years in mechanical transport have directed 
attention to the inadequacy of our roads, and 
very various opinions have been expressed as 
to how the difficulty should be faced. In some 
quarters it is urged that the proper solution 
consists in the prohibition of mechanical trans- 
port altogether; in others, that the whole cost 
of reconstruction should be borne directly by 
motor-proprietors, who reap, it is claimed, the 
whole of the benefit. The problem is, no doubt, a 
complicated one, but all experience demonstrates 
that the above contention is wholly unfounded. 
Every improvement in means of transport is of 
direct benefit to every class of the community. In 
practice this has long been recognised in manufac- 
turing districts. In areas devoted to the produc- 
tion of heavy traction-engines, for example, the 
restrictions on the weights of these vehicles are 
commonly treated as a dead letter, with the tacit 
consent of the wey and road authorities. At the 
same time, whilst it is sound policy for communi- 
ties to provide roads fit for the traffic offering, 
motor-builders may well be urged to adopt methods 
of construction which will injure road surfaces 
as little as possible, and the wheels and treads 
fitted to many heavy motors and tractors have been 
deservedly criticised. In a paper recently read 
before the Institution of Municipal and County 
Engineers, Mr. A. E. Collins, M. Inst. C.E., says 
that he finds that an ordinary cart-wheel, 5 ft. in 
diameter, with 2}-in. steél tyres, does not unduly 
damage a road when loaded to 8.4 cwt. per inch 
width of tyre. He finds that, on the average, 





the chord of contact of such a tyre with a mac- 
adam road in average condition is about 1 in., 
so that the load carried may be reckoned as 8.4 cwt. 
per sq. in. of contact. The versed sine of the chord 
of contact is 0.0042 in., and taking this as basie, 
he gives the following table of permissible loads 
for wheels of different diameters :— 





| Allowable Approxi- 
| Ch Contact Area mately Equally. Distri- 
Diameter of | Length Inches per bu Load per Inch 
Tyre | Versed Sine per Width of Tyre at 8} Owt. 
Inch Width 
0.0042. of Tyre. per Sq. In. in assumed 
: Contact. 








ft. in. } cwt. 

1 0.448 0.448 3.781 
2 0.634 0.634 5.283 
3 0.772 0.772 6.4838 
4 0.898 0.898 7.488 
5 | 1.000. | 1.000 8.400 
6 | 1,098 1,0¥8 | 9.149 
7 | 1.188 1.188 9.900 


Iron or steel rims should, he considers, be limited 
toa width of 9 in. unless the wheels are so arranged 
as to be able to adapt themselves to the constant 
variations in the camber of the roads. 


ELECTROPLATING wiTH CoBALT. 


In our issue of October 29 we referred, on page 
452, to the remarkable results which Messrs. 
H. T. Kalmus, C. H. Harper, and W. L. Savell 
obtained at Queen’s University, Kingston, Ontario, 
in electroplating with cobalt solutions. Mean- 
while the report on this research, which Dr. 
Kalmus presented to the Department of Mines of 
has come into our hands, and a few 
additional remarks on these experiments will be 
welcome. All the cathodes to be used were 
thoroughly cleansed ; plates, e.g, were smoothed 
with an emery wheel and finished with a buffing- 
wheel, the grease and adhering material were then 
washed off in diluted caustic solution, and finally 
the plate was rinsed in diluted hydrochloric acid 
or potassium cyanide solution, Whenever possible 
the electrolysis was started with a high electro- 
motive force, which was then gradually reduced, 
in order to obtain well-adhering deposits, as is 
the practice with nickel baths; the plated article 
was, after removal from the baths, washed in 
cold water, then rinsed in boiling water, and 
dried in hot sawdust. The application of high- 
current densities, upon which we dwelt in our pre- 
vious note, was partly possible, because the best- 
answering cobalt salts are readily soluble in water. 
There is little difference in the solubility of the 
nickel and the cobalt sulphates ; but the double 
cobalt - ammonium sulphate Co(NH,),(SO,), is 
more than twice as soluble as the corresponding 
nickel salt, or CoSO,(NH,),80,. Of this anhydrous 
salt, the solution I. b, which gave excellent deposits, 
contained 145 grammes, which would be equivalent 
to 200 ——- of the ordinary hydrated salt, 
CoSO, .(NH,),.8O,,6H,O. This concentration is 
equivalent to 3 per cent. of metallic cobalt ; com- 
mercial nickel baths are less concentrated as rds 
the essential metal. No additions were made to 
this reagent, which, in the ageing tests—continued 
electrolysis for up to 170 hours—remained neutral 
or turned very faintly alkaline ; distinctly alkaline 
baths did not answer. Cobalt-ammonium sulphate 
in other concentrations, or with additions of citric 
acid, boric acid, &c., further cobalt sulphate, 
together with ammonium tartrate, ammonium 
chloride, magnesium sulphate, boric acid, or cobalt 
—— cobalt-ethyl sulphate, and other salts 
id not give so much satisfaction as the I. B solu- 
tion. e other superior solution, XIII. B, con- 
sisted of 312 5 grammes of CoSO, and 19.6 grammes 
of NaCl per litre of water, to which boric acid was 
added nearly to saturation; the boric acid was 
evidently dissolved separately, for the total bath 
volume is stated to be approximately 14 litres ; 
the statement that the South should be 1.24 
at 15 deg. Cent. is more definite. This bath 
—substantially a saturated solution of cobalt sul- 
phate—was strongly acid, and remained so in the 
ageing tests run at severe current densities. We 
mentioned that the experiments were fully con- 
firmed by the plating trials performed by Mr. 
W. 8. Barrows, the experienced foreman electro- 
plater of the Russell Motor-Car Company, of 
‘Toronto ; some of these trials were left to men 
without any experience. Mr. Barrows speaks of 
wonderful efficiency and economy, gicat constan 
of the baths, and excellent results ubtained wit 





both these baths ; we must say, however, that the 
particulars given by him and by Dr. Kalmus do 





$50 


ENGINEERING. 





[Nov. 26, 1915. 








not always indicate success, and that they do not 
explain the success or non-success. With solution 
I. B, electromotive forces of 1 or 2 volts, with 
XIII. B of 5 or more volts, seem to have given 
most satisfaction. A thin coating of cobalt proved 
mechanically quite equal to a thick coating of nickel. 
Solution I. é Stowell of current densities of 42 am- 
peres per sq. ft. of cathode area ; steel tubes, plated 
at. 27 amperes per sq. ft. for two hours, were drawn 
down from 1 in. diameter to £ in. without injuring the 
deposit. With the XIII. B solutions, densities of 
150 amperes per sq. tt. proved quite reliable, which 
was fifteen times the rate considered advisable for 
nickel baths. In fact, in plating brass automobile 
trimmings a density of 244 amperes per sq. ft. was 
used. ‘war iron castings with raised designs were 

lated in bath XIII. B for one minute and then 

urnished with 4-in. steel balls for a quarter of an 
hour without the slightest injury to the cobalt 
coating. In the case of a die the current density 
was first 15 amperes per sq. ft., while the cathode 
was moved ; this was redu to 9 amperes after 
10 minutes, and the die was then kept inthe bath 
all night, the perfect deposit attaining a thickness 
of #;in.—a very extraordinary result. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

An ordinary general meeting of this Institution 
was held on Friday last, the 19th inst., at the 
Institution of Civil Engineers, Great George-street, 
Westminster, the chair being occupied by the 
President, Professor W. C. Unwin, ERS. The 
customary business of the meeting was first trans- 
acted, and then the President stated that, as a 
result of the October examinations, twelve candi- 
dates had that set for associate member- 
ship, and twelve had passed the graduates’ exami- 
nation, a result which, in view ot the times, must 
be considered satisfactory. 

Professor Unwin then announced that the meet- 
ings would, in consequence of the darkness and 
interruption of suburban traffic, be held at 6 P.m. 
in future, instead of 8 p.m. It had been arranged 
that tea should be available at 5 30 r.m. on the day 
of meeting, and to ensure the minimum of difficulty 
in getting home the meetings would be closed at 
7.30 p.m. precisely. 


CuemicaL anD MecuanicaL Reations or Iron, 
MoLyBpENUM, AND CARBON; AND ‘* GHOST 
Lines” 1n Larose Street Foreinas. 


Two papers were down for reading and diecussion, 
the first being entitled ‘‘ The Chemical and Mecha- 
nical Relations of Iron, Molybdenum, and Carbon,” 
by J. O. Arnold, D.Met., F.R S., of Sheffield, and 
A. A. Read, D.Met., F.1.C., of Cardiff; and the 
title of the second being ‘*‘ The Cause and Effect of 
‘Ghost Lines’ in Large Steel Forgings,” by J. O. 
Arnold. Both these papers were read in abstract 
by Professor Arnold, who explained that Professor 
Read had intended to read the first paper, but his 
duties as a recruiting officer at Cardiff, and as 
organiser and chief inspector of munitions, had pre- 
vented hisattendance. We reprint these papers in 
full in another part of this issue. 

Following the reading of the papers, Professor 
Unwin pro a vote of thanks to the authors, 
the vote being carried by acclamation. The Presi- 
dent next announced that he had received a com- 
munication from Sir Robert Hadfield expressing 
regret that urgent war work precluded him from 
attending the meeting, and stating that he hoped 
to send in a contribution to the discussion. 

The discussion on the paper was meagre, resolvi 
itself into a series of questions. Mr. L. Pen 
was the first speaker. Referring to the paper by 
the joint authors, he considered that its scientific 
value was extremely high ; it completed a brilliant 
series of researches and rounded off existing know- 
ledge of the four steels which had been investi- 
gated at Sheffield. He thoaght, however, that in 
the difficult times now before Europe the country 
best able to apply its scientific knowl would suc- 
ceed best, and, for that reason, it would be a great 
benefit to all if Dr. Arnold could say whether 
molybdenum steel held out any — of being 
more useful in the arte than any of the other steels 
which the professor had investigated. The harden- 
ing properties of molybdenum were, as had 
mentioned in the ps , very high, and the speaker 
would be glad to know whether it was likely to be 
more useful in that direction than either vanadium 
steel or tungsten steel. In the course of his 





researches Dr. Arnold had, perhaps, found that 
molybdenum steel had other characteristics, such, 
for instance, as making the steel more resistive to 
corrosion ; or the steel might be useful in other 
directions than those with which the author had 
dealt. 

Professor Robert H. Smith inquired whether 
Dr. Arnold could say that there was any hope of 
discovering the cause of the chemical instability of 
molybdenum steel, referred to in the paper, and 
what were the prospects of finding a remedy. 

Mr. E. R. Dolby raised the question of one or 
two ‘* ghost lines” being present in thin laminz, 
desiring to know whether the laminw would be 
liable to fracture along the ‘‘ ghost lines” rather 
than anywhere else. 

Mr. Mark H. Robinson called attention to the 
excellent way in which the first paper was written — 
its extreme clearness and its interesting nature, 
even to those who had no technical knowledge of 
the subject. 

Dr. Arnold then replied to the discussion. Deal- 
ing with the question raised by Mr. Pendred, he 
did not consider that the future of molybdenum 
steel was bright. The metal had had a very good 
chance, but there had been a been a lot of trouble 
with it, owing to its curious unreliability as an 
element of steel. There was no doubt that it was 
at least twice as powerful as a hardener as tungsten, 
but it was not nearly so reliable. If tungsten were 
properly used, the results could be exactly antici- 

ted, which was not the case with molybdenum ; 
in fact, he believed that there had been very 7 
losses and disasters in connection with the reckless 
use of molybdenum, and it had fallen very much 
into disuse. Nevertheless, a small proportion of 
it, to replace tungsten, was very valuable indeed. 
The general opinion of tool-steel makers with regard 
to molybdenum appeared to be this: that when a 
good molybdenum tool-steel was obtained there was 
nothing to beat it, but it was never known when 
a good molybdenum steel would be obtained ; there 
might be four or five bad samples to one good one. 
This unreliability of molybdenum (except in very 
small quantities) had, according to his experience, 
led to its passing very much out of use. 


corrosion, and, in this connection, the speaker 
would say that one of his demonstrators was now 
working on a whole series of these steels, and 
making a complete set of corrosion tests. He 
was not yet in possession of the molybdenum 
results, but he might say that the greatest anti- 
corrosive element so far discoverod was chromium ; 
a 15 per cent. chromium alloy rendered a mild 
steel ane incorrodible. Later on, the whole of 
the researches would be published—both those 
which he had carried out for the Iron and Steel 
Institute and the four which he had conducted 
for the Institution of Mechanical Engineers—in 
a separate paper, which would show the exact in- 
fluence of the elements on the corrosive properties 
of the bars. The speaker was afraid he had not 
quite followed the question put by Mr. Robert H. 
Smith in relation to chemical instability, but he 
would say that the difficulty he had found with 
steel was mot so much the chemical instability as 
the thermal instability, by which, and by its 
hardening, the value of tool-steel was determined. 
Many of the members would have seen a turn- 
ing tool running ona very hard bar, with the edge 
of the nose of the tool at a temperature of 700 deg. 
Cent.—a nice red heat. He had himself run suc’ 
tools experimentally for as many as 8 or 9 minutes 
on such hard steel—of course, running dry. That 
thermal stability was the property mainly of 
tungsten hardenite ; iron hardenite broke down 
long before red heat was reached ; it broke down 
at 300 deg. or 350 deg. Cent., its thermal stability 
being so small. It was true that the chemical and 
thermal stabilities went pretty much together. 
The most unstable daniel was the iron carbide, 
one of the most stable was a. and the most 
stable of them all was the molybdenum. The great 
thing to be aimed at in tool-steel was the highest 
possible thermal stablity, which meant the greatest 
— working power, the highest speeds and the 
iggest cuts. In reply to Mr. Dolby, as to the 
effect of stress on the ‘‘ ghost lines,” he would sa 
that his experience, in the case of ‘‘ ghost lines ” 


been | running longitudinally, was this, that if the stress 


were at right angles, as in an alternating stress, the 
ical effect would amount to nothing. The 


tary of the Institution had inquired as to 
the hardness of the ‘ ghost lines.” Of course, 





these lines were really softer than the main portion 
of the steel, but they were all broken down by the 
streaks of sulphide of manganese, which constituted 
the mechanical weakness—a mechanical weakness 
very little felt with transverse stress, but which, he 
believed, would be very dangerous in the case of a 
longitudinal stress. He spoke, however, with 
caution on that point. With a longitudinal stress, 
as in the case of a gun, he regarded ‘‘ ghost lines” 
asa very positive source of danger ; but he would 
have no fear whatever in the case of a transverse 
stress. In the case of a shaft the lines, where 
they ran parallel with the shaft, would have a 
cross-stress, and would not be important. In a 
paper he had read before the Institution of Naval 
Architects he had given a series of alternating tests 
at right angles to the “‘ ghost lines” of sulphide 
of manganese and parallel with them, and the 
value was only about half when the tests were made 
parallel with the run of the ‘‘ghost lines.” Ifa 
rectangular lamina had ‘‘ ghost lines” running 
longitudinally, it would break a more 
easily than crosswise, by reason of the broken 
streaks of sulphide of manganese, like (as Captain 
Sankey here suggested) perforated paper. 

The proceedings were brought to a conclusion by 
the President’s announcements that the papers 
under discussion would.again be read and discussed 
to-day (November 26) at Sheffield, and that on 
Friday, December 17 next, the first meeting under 
the new arrangement for 6 p.m. would be held. 
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Water Supplies; Their Purification, Filtration, and 
Sterilisation: A Hand-Book for the Use of Local and 
Municipal Authorities. By Samvurt Ripgat, D.Sc. 
(Lond.), and Eric K. Ripgat, B.A. (Camb.), Ph.D. 
(Bonn). London: Urosby Lockwood and Son. 274 
pages. [Price 10s. 6d.] 

ALTHOUGH only twelve years have passed since the 

publication of the second edition of ‘* Water and 

its Purification,” by Dr. 8S. Rideal, the improve- 
ments in methods of filtration and sterilisation 


.| have in that period been so numerous that many 
Pendred ‘had alluded to the important point of |p 


rocesses now widely used are either not mentioned 
in the book or are referred to merely as interesting 
laboratory experiments. 

In preparing a re-modelled work on water puri- 
fication under a slightly modified title, Dr. S. Rideal 
has secured the collaboration of his son, Dr. Eric K. 
Rideal, and the joint authors have compressed into 
274 piges a vast amount of information of great 
interest and value to engineers and others con- 
nected with water supplies. 

The general ordering of the book under 
the following headings :—‘‘ Pure Water and the 
Inorganic Constituents of Natural Waters,” ‘‘ Im- 
purities,” ‘‘ Sources of Supply,” ‘* Distribution,” 
** Storage,” ‘‘ Preliminary Purification,” ‘‘Sand 
Filtration,” ‘* Mechanical Filtration,” ‘‘ Softening,” 
** Sterilisation,” and ‘‘ Analysis.” 

The chapter on ‘‘ Distribution’’ contains some 
interesting historical references to ancient water- 
works, but is otherwise chiefly confined to con- 
sideration of the corrosive influence of acids, &c., 
on pipes and fittings, and obstructions in pipes due 
to morganic, as well as to animal and vegetable 
contaminations. 

In discussing the effect of storage in changing 
the character of a raw water, the authors refer to 
a statement that the chief difference between 
British and Continental practice in water purifica- 
tion is that the former relies more on imenta- 
tion and storage, and the latter upon filtration or 
some other process. They consider that neither 
is reliable without real sterilisation, and what they 
have to tell us about all methods of purification is 
of extreme interest ; but in this matter they are 
referring to engineering practice, and they appear 
to miss one important point. No engineer has 
ever yet constructed, or ever will construct, 4 
storage reservoir for the sole purpose of rendering 
an impure water potable. The first business of the 
engineer is to provide an abundant and regular 
supply of a water which, if not already pure, can 
be rendered ag for — and industrial 

urposes by simple means at moderate expense. 
y In the great plain of Northern Europe many 
rivers supply an abundance of water at all seasons 
of the year, but it is usually of such a character 
that no amount of storage would render it suitable 
for public supply. In such cases the work of the 
engineer is confined to filtration and distribution, 
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and although sterilisation may undoubtedly assist 
purification and provide an additional safeguard, it 
can never do away with the necessity for filtration 
in the case of a turbid river water. British prac- 
tiee varies with the nature of the country, and in 
the case of those towns where river water of suit- 
able character is available it is rarely that another 
source of supply is adopted. Where impounding 
reservoirs are pn they a. “; ~ 
the purpose of providing a constant supply of a 
pms daily quantity atall seasons. London affords 
an instructive instance of the necessity for storing 
water from a navigable river, for the purpose of 
securing a regular supply in dry seasons and for 
avoiding the use of water. But in recent 
years difficulties have occurred in connection with 
the London supply owing to odour and taste 
directly traceable to storage. Dr. Houston’s re- 
port for 1913, quoted by the authors, refers to 
complaints from consumers on this point, and the 
trouble was repeated in the early months of 1914 
and again in the present year. At the same time 
Dr. Houston showed that storage effected a great 
bacterial improvement in the water. 

The physical and chemical changes, and the 
effect on bacteria, due to storage on a large scale 
are fully considered, but, as preliminary, purifica- 
tion, filtration, and sterilisation are dealt with 
in separate chapters. The authors are evidently 
agreed that storage in itself cannot be considered 
as a sufficient means of purifying water. 

Under the head of ‘* Preliminary Purification,” 
the effect of the various chemicals used in the pro- 
cess is fully dealt with. A quotation from a work 
of Roxburgh, published in 1795, shows how easy it 
is to draw wrong conclusions from hasty observa- 
tion, and incidentally draws attention to a point of 
great importance in connection with water supplies 
in tropical countries, which appears to merit more 
attention on the part of water engineers than it 
has hitherto received. The quotation, which refers 
to the natives of India, is as follows :—*‘ The 
natives never drink clear well-water if they can get 
pond or river water, which is always more or less 
impure.” At the present time one of the greatest 
difficulties with which medical officers of health 
in the tropics have to deal is the habit of the 
natives of drinking water from deep wells in the 
hot weather. In the winter months the natives 
appreciate and use the water from public supplies, 
as it can be obtained with less effort than is re- 
quired to draw water from a well; other con- 
siderations do not trouble them in the least. But 
in the hot weather they can only be prevented 
with the greatest difficulty from using water from 
wells which are in many cases polluted directly 
from the surface drainage of crowded cities. This 
is on account of the comparatively low tempera- 
ture of the well water, as the water from river 
supplies in the tropics is maintained at a tem- 
perature of 80 deg. Fahr. or over, except during 
the short cool season. 

Any system of reducing the temperature of large 
volumes of water by 10 deg. or 20 deg. Fahr., 
which could be worked at a reasonable cost, would 
be readily adopted in hundreds of large towns, and 
would prevent the spread of many water-borne 
diseases by checking the use of water from polluted 
sources, 

_ The most important subject of filtration is con- 
sidered in two chapters, one dealing with ‘‘ Sand 
Filtration” by the slow-speed open sand-bed, in- 
cluding also the modern expansion of the system 
into multiple filtration. The other chapter deals 
with rapid or *‘ Mechanical Filtration.” The prin- 
ciples of both systems are discussed at length, and 
the vital difference between the two is shown to 
be that, while the former is a natural process de- 
pending for its success on the presence of various 
organisms, and on chemical changes effected by 
bacterial action, the latter is an artificial process 
depending on the use of chemicals, and it is rightly 
suggested that the term “inorganic filters” might 
be used in connection with the system in pre- 
ference to that usually applied to it. 
The terms ‘sand filtration” and ‘‘ mechanical 
filtration,” though very generally adopted, are 
certainly misleading. Sand i is the filtering medium 
usually employed in both systems, and while 
mechanical appliances are frequently used for clean- 
ing open sand filters and pre-filters, some rapid 
filters, such as those cleaned b reversing the 
direction of the flow of water or by the use of a 
steam jet, cannot be correctly described as mecha- 
nical filters. The suggestion of the authors to 


apply the more scientific terms ‘‘ organic filtration ” 
and ‘inorganic filtration” is one which might be 
adc with advantage. 

e nature and properties of colloids are clearly 
described, and much information is given as to th 
composition of the film of ve, &c., which eeu 
on the surface of open sand filters when the water 
is insufficiently clarified previous to filtration. 
While the beneficial effect of the presence of certain 
organisms within the sand-bed is ised by the 
authors, they are evidently of opinion that the 
surface film of algic growth is necessary in the 
process of filtration, and they go so far as to suggest 
that certain species of alge should be cultivated 
on the filters by inoculating the surface with active 
growths. They refer to the green alga Hydro- 
dictyon as suitable for cultivation in this way, 
though this is a very local species, and is extremely 
rare in England. It is a floating organism formin 
a bag about the size and shape of a hen’s egg, and 
consisting of a net of hexagonal meshes, and it is 
not easy to see how it can assist in forming a film 
on the surface of the sand, at any rate while ‘in a 
living state. 

Particulars are given of the working of several 
types of rapid or mechanical filters, and *‘ the 
catastrophes from haphazard working ”’ are shown to 
be due to ignorance of the nature of the coagulants 
and precipitants used, and to lack of knowledge 
of the varying effects of the reagents owing to the 
different chemical composition of the raw waters 
they have to deal with. 

The chemical changes brought about during the 
process of softening by the Clark, Porter-Clark, 
and other well-known systems are clearly described, 
and an interesting explanation of the recently- 
introduced ‘‘Permutit” system shows that the 
process ‘‘is really an application and artificial 
acceleration of natural processes that have always 
been going on in various parts of the world.” 

The authors are strongly of opinion that modern 
hygienic requirements demand sterilisation in addi- 
tion to clarification, and they devote 58 pages to 
detailed descriptions of the various chemical and 
electrical processes for accomplishing complete 
sterilisation a from clarification. 

This is, perhaps, the most interesting part of the 

book ; but we look in vain for any information as 
to the combined cost of establishing and working 
any of the systems described. en it is con- 
sidered that sterilisation must be supplementary 
to, and cannot supersede, filtration, it will. be 
seen that complete sterilisation, however desir- 
able it may be, can only be attained by increas- 
ing the cost of supply. Recognising this, the 
authors fall back on the system of dual supply 
—asterilised water for drinking purposes, and un- 
purified water for non-domestic use. In this 
country it is practically impossible to obtain water 
in sufficient quantity for the supply of a town of 
even moderate size, which is suitable physically for 
general use without filtration in some form. The 
system of dual supply has probably been considered 
in all its aspects by every water authority. It has 
been tried by some, but is almost universally con- 
demned as presenting greater danger from water- 
borne disease than any other; for no system of 
control can be devised which can prevent the 
frequent use of unpurified water for potable pur- 
poses under the dual supply system. 
It is here, perhaps, that the authors offer the 
only serious ground for criticism by water engineers 
and managers. The book is exceedingly well ar- 
ranged and indexed, and from the fact that the 
index to authorities quoted contains no less than 
254 names, it will be understood that it is a valuable 
book of reference and a complete bibliography of 
modern works on the subject of water purification. 
In addition to a well-arranged general index, a 
bibliography is given, at the end of each chapter, 
of the more important works quoted by the 
authors. 

Careful reasoning a ees by established fact is 
as conspicuous throughout the book as an absence 
of dogmatic assertion. The book should be studied 
and kept for reference by everyone connected with 
public water supplies. 





Inpian Coat-Mininc.—Important changes have taken 
lace since the Jharia coal-field has been developed, and 
y @ territorial redistribution made’ in 1912 the Ranee- 

gunge and Manbhum districts are no longer in the same 
provinces. Under these circumstances, it is now pro- 








posed to revive a scheme for the formation of a separate 
coal-fields district, with headquarters at Asansol, 


dent of the Institute, in 
Greiner. 
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ARRANGEMENTS OF THE IRON AND Street InsTiTvTe 
FOR 1916.—The Council of the Iron and Steel Institute 


announce that the annual] meeting has been fixed to take 
place on Thursday and Friday, May 4 and 5, and the 
autumn meeting on Thursday and Friday, September 21 
and 22. Both meetings will kind 

at the rooms of the Institution of Oivi 
George-street, 


held, permission, 
‘ f | Engineers, Great 
Westminster. Sir William Beardmore, 
inducted into the chair as the new Presi- 

succession to Dr. Adolphe 
Tbe Bessemer Gold Medal for 1916 


will be 


% ill be 
presented to Mr. F. W. Harbord. Honorary Consulti 
Metallurgist to the Ministry of Munitions. hice ton 


decided not to hold an annual dinner next year. 
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INDUSTRIAL NOTES. 


Ix connection with the new system, under which a 
man may join the Army Reserve and be placed in his 
proper group, local tribunals will be set up to con- 
sider applications in the case of men who are indis- 
p2nsable in industry, or who, for other special reasons, 
wish to have more time before they are called up for 
military service than would be afforded if they are 
summoned to the Colours with their group. 

To deal with such questions, the elected local 
authority has been requested to appoint a committee, 
ordinarily consisting of five persons, to form the local 
tribunal. 

A claim for postponement may be made either 
because a man is considered by his employer to be 
individually indispensable in a business, the con- 
tinuance of which is important in the interests of the 
community, or for reasons, business or domestic, per- 
sonal to the man himself. A claim is to be made by 
filling up a form showing the grounds on which it is 
put forward, and the fact that such a claim has been 
made will prevent the man in question from being 
called up for military service until his application has 
been decided. The local tribunal will send the claim 
to the military representative in the locality, who 
will have the assistance of an advisory committee 
composed of persons conversant with local industries 
and local conditions of life, and representing both 
employers and employees. If they and the military 
representative consider the claim is a reasonable one, 
they will inform the local tribunal that itis assented to, 
ant the man will be placed ina later group. If it is 
thought that the claim requires further investigation, 
the local tribunal will fix a date for hearing and 
deciding the claim. A man cannot be put back more 
than ten groups on any one claim; but if, a reason- 
able time after the claim has been decided, the claimant 
makes an informal application to the military repre- 
sentative, and he and the advisory committee think 
that adequate reasons have been shown, the man may 
be placed in a still later group without the necessity 
of any further formal claim. 

Provision is made, in case any party is aggrieved by 
the decision of the local tribunal, for an appeal to a 
Central Appeal Tribunal. 

A number of occupations, lists of which are being 
supplied to local tribunals, have been scheduled as 
being vitally important at the present time for war 
work or for other essential requirements, including 
the export trade. Men of military age engaged in 
any of these occupations who present themselves for 
attestation and are physically fit, are to be placed in 
their group in the Army Reserve, but will not be 
called up for military service unless it has been 
decided by competent authority that it is no longer 
necessary in the national interests to retain them in 
civil employment. Men with authorised war-badges 
will be dealt with in the same way. 

Special forms for making claims to the local tri- 
bunals may be obtained from them or from the 
recruiting officer. 





The Minister of Munitions has appointed Sir Henry 
Babington Smith, K.C.B., Chairman, Mr. Harold 
Brown, and Mr. William Cash to be the Board of 
Referees for the purpose of Section 5 of the Munitions 
of War Act, 1915, and the rules made thereunder, 
relating to the limitation of the profits of controlled 
establishments. 





In their quarterly report for July to September, 
the Ship-Coustructors’ and Shipwrights’ Association 
state that their income from all sources during the 
quarter has been 18,917/. 16s, 8d., whilst the outlay 
has been 16,476/. 123. 2)d., or a net gain on the 

uarter of 2441/. 4s. 54d., which, added to the reserve 
und of 168,869/. 1s. 5d. at the beginning of the 
quarter, brings the reserve fund at the end of Sept- 
ember up to 171,310/. 5s. 10}d. The total member- 
ship of the Association at the end of the quarter was 
29,402 





The following remarks are taken from the sixty- 
fifth quarterly report, to September, 1915, of the 
General Federation of Trade Unions :— 

** The General Federation, like all other trade-union 
organisations, has many difficulties ahead. How far 
these will be overcome depends upon the intelligence 
and loyalty of the members. Internal dissension will 
only accentuate the wy a which confront the trade- 
union movement. Only by united and combined effort 
can the working classes mitigate the consequences of 
the greatest war the world has known. Those who are 
preaching disunity are advocating suicide. Up to 
the present the financia! position of the Federation 
has not been adversely affected by the war. When the 
annual bslance-sh»et was published there was a re- 
serve of 76 0:8/. 17s. 5d. Since then the income has 
exceeded the expenditure by 28,766/., so that the 
reserve on September 30 was approximately 105,000/. 
Daring the pet quarter contributions have totalled 
17,058/. 103. 34., an increase of 524/. 3s, 10d. over the 





paid also have increased ; 
while the total for the June quarter was 1301/. 5s. 5d., 
in September it had more than doubled, reaching 
2969/. 6s. 3d. The membership, as shown by the 
returns to date, is 1,043,252. e increases in the 
cost of food and fuel are being felt by all, but they are 
felt most by those who do not, and who, in the nature 
of thiags, cannot, receive any compensation in the 
shape of increased wages. The miner, the munition 
worker, and certain other specialised trades may 
secure, temporarily or otherwise, more or less com- 
mensurate advancements in wages, but there are 
hundreds of thousands engaged in businesses or pro- 
fessions which no longer show a profit, and which are 
only kept going by withdrawals from capital. The 
problems arising out of increased prices are common to 
all, but the plight of these most unfortunate ones 
appeals with special force. . . .” 


June quarter. Benefits 


The war bonuses paid to the textile operatives in 
Germany, says the 7'extile Mercury, continue to differ 
in degree and in kind from those paid to our own. 
The bonus known in oe praen ay oayes is a payment in 
excess of wages, but that made in ——s is in sub- 
stitution for wager, and is made, not by the employer 
(who contributes merely one-sixth), but by the munici- 
— and Government. Living prices are high in 

varia, but they do not constitute the only difficulty. 
There is s painful shortage of work, and the question 
is not one of how to enable the workpeople to live up 
to their customary standard or beyond it, but of how 
to —~ the breath of life in them. The method 
adopted is to make a conditional allowance for every 
hour the operative is off work. A 4d. an hour is 
allowed to the child worker, 2d. an hour to the married 
woman, and 3d. to the married man. The totally un- 
employed have thus to look forward at the week-end 
to relief at the rate of 1s. 8d. to 2s. 6d. per working 
day, if they are adults. The money is paid them on 
condition that they agree to accept any suitable work 
that is offered, so that this rate of relief sets the stan- 
dard of payment in the alternative employments into 
which Augsburg operatives might be dratted. 

We may say that a large proportion of the textile 
workers thus have to satisfy themselves with half- 
wages or so at a time when money buys about half 

uantities of commodities of reduced quality all round. 

ing that the excuse of shortage of money is denied 

by so many official protestations, this scale is perhaps 

to be taken as indicative of official German generosity, 
and of the general blessings of German rule. 





According to the Yorkshire Post, Lord Murray of 
Elibank, Director of Recruiting for Munitions Work, 
has told a representative of the New York Times that 
‘*ships, guns, armour, shells, rifles, bullets are pouring 
out of the factories in an unending stream—a stream 
destined to increase steadily every month until Ger- 
many finds herself overwhelmed. Men are working 60, 
70, even in special cases 100 hours a week. The work 
they are turning out is the best work in the world. They 
have awakened to the fact that, as Mr. Lloyd George 
said, this is an engineer’s war. The engineering resources 
of Britain have been harnessed ina remarkable manner 
for the production of munitions of war. Countless 
workshops are busy day and night, and over a million 
men and women are engaged in them. A rapid con- 
struction and extension of factories, the assembling of 
machines and workers, the bringing together of the 
raw material—all done by the Ministry of Munitions 
within recent months—constitutes a record in the 
achievement of engineering that is unrivalled. 

** In the area, for example, there are now 500 
workshops, old and new, busy on shells and other 
munitions. At the outbreak of war there was not a 
single munition factory. In another part of England 
a large armament firm is now employing about 60,000 
persons, including 6000 women, and before the war 
they were only employing a negligible fraction of 
these numbers. Or take the case of a filling factory 
in Scotland. It covers 200 acres, it has 11 miles of 
trolley lines which take the material to the different 
shops, and it takes 22 miles of heating pipes to warm 
the buildings: The erection of this vast and entirely 
new establishment was only begun six weeks ago, but 
so rapid has been the — that it will be ready 
for occupation next month. These are only a few 
instances of the sort of thing that is going on all over 
the country, and constitute the amazing engineering 
record referred to. 

‘*There is one other outstanding factor which has 
impressed me very much,” adds Lord Murray, ‘‘and 
that is the indomitable spirit and energy with which 
the workpeople, male and female, en; in these 
works apply themselves to their tasks. In particular, 
the enthusiasm of the women is unbounded. From all 
quarters we have reports from works m of the 
extraordinary zeal and suc%ess with which women 
have taken up the different branches of the munition 


work. Yet very many of these works managers were 
8 ly prejudiced against female labour a few 
months ag». A third feature of outstanding import- 





ance is the manner in which there has been brought 
together a staff of iness men comprising a large 
number of the ablest engineers in Britain. They are 
working in the Ministry of Munitions, giving their 
services, without payment, to the State, and driving 
forward this enormously successful engineering work. 
It has all been a wonderful experiment.” 


According to the local Press, there isin the Rochdale 
cotton trade such a scarcity of labour that both the 
employers and representatives of the men’s trade 
unions have held a meeting to consider the situation. 
Following this meeting an appeal has been issued to 
former female operatives, asking them to resume work 
in the card-room, ring-spinning room, reeling, winding 
and warping-room, and weaving-room during the time 
the war lasts. The appeal states: ‘*... We feel 
sure that there are hundreds of skilled women cotton- 
workers at home with time to spare who, if they were 
convinced that their work would help to win the war, 
would at once render their services in the department 
of the mill in which they are skilled. We therefore 
earnestly and confidently appeal to you to offer 
yourself for work in the mills and so do your bit in 
this time of national crisis. By so doing you will 

ive valuable help to the lads at the Front, and in 
uture will be able to say that in the time of the 
nation’s need you did your best to keep the old flag 
flying... .” 


The Coal Conciliation Board for England and North 
Wales met in London on Thursday, the 18th inst., 
and, after discussion, it agreed to an increase in the 
wage rate of 5 per cent., which is to be paid from the 
second pey-day in December. The advance is to be 
= on the new wage standard ~ from the war 

mus which was given by Lord Coleridge. The 
decision was in the following terms :— 

That an advance in wages of 5 per cent. upon the 
basis rate of 1911 be paid to all underground workmen 
and those on the pit-banks and screens manipulating 
coal, such advance to be paid from the second pay-day 
in December, 1915. 

It is that the war bonus given as from 
May 5 last shall not apply to the amount by which 
wages are increased by this resolution. This means 
that from the above pay-day the war-bonus addition to 
the total wages will work out at and be 14.8 per cent., 
as equivalent to 154 per cent. on the wages which 
ruled on May 5, 1915. 

Lord Coleridge having given the ‘‘ war bonus” on 
the total wage then paid, and not on the standard, the 
raising of the wage by 5 per cent. disturbs the 
percentage, but not the value of the war bonus to the 
men. The new advance of 5 per cent. to the men is 
the equivalent of 74 per cent. on the old standard, and 
its value in cash to the men and boys employed ranges 
from about 2d. to 44d. per day on datal wages. 


The September reports from 30 of Holland’s 35 
organisations state that 12,319 members were mobi- 
lised, 9998 were out of employment, and 398 had 
work for less than three days in the week ; in the 
case of many others the hours were shorter than 
usual, and the amount of unemployment was on the 
increase as compared with the preceding month. 


The Swedish stone industry has suffered severely 
on account of the war, and if in the Blekinge dis- 
trict all the stone industry undertakings, as it is 
feared, have to discontinue work, 11,000 men, or 
one-fourteenth of the entire population of the pro- 
vince, willbe idle. Assisting committees have been 
organised. 


The Danish Centralarbeids-Anvisningskontoret, the 
central employment bureau, has issued its report for 
the year 1914-15, the first year after the new law 
came into operation. The central bureau comprises 
two sections: the one is the former municipal employ- 
ment bureau in Copenhagen, the other acting in con- 
junction with the unemployment funds. At both 
sections employment during the year was found 
for 19,456 men and 14,317 women ; the applicants at 
the former section numbered 26,121 men and 17,659 
women, whilst at the latter, from August 1, 1914, 
to March 31, 1915, there were re 37,834 men 
and 3790 women unemployed. The war had made its 
influence felt, but, on the whole, the fluctuations 
resulting therefrom were not of any great moment. 
———— a war has v sugesetahiy 

our ex of m machinery, y have 

held u toteny thaw might pechags have been expected. 
The value of the ex for October was 43,429/., as com- 
ared with 72, in October, 1914, and 80,537/. in 
Bovober. 1913. The largest shipments for October, this 
year. were made to South Africa, and represented a value 
of 18,711/., as compared with 28,252/. and 29,103/. in the 
ing months of 1914 and 1913. The ate 
shipments to October 31, this year, were ued 2b 

















488,082/., as compared with 718,764l. in the first ten 
ae of 1914, and 886,266/. in the 
ts) . 


first ten months 
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NOTES FROM THE UNITED STATES. 
PHILaAveE.pHia, November 10. 

On account of high and advancing Psa several 
large prospected enterprises, involving the use of iron 
and steel, have been indefinitely pee. but there 
are enough new enterprises that will be ed to 
completion to absorb all possible mill surplus. Pig- 
iron has taken another start; last week sales ap- 
proached closely to 500,000 tons, and if all the sales 
were reported this would be a low estimate. Durin 
October Southern furnaces alone sold 225,000 tons ; 
Youngstown, 75,000 tons of basic ; and three other con- 
cerns, 75,000 tons of basic. All pig-iron prices have 
been advanced. The steel mills on munitions are 
packed full for fully three months, and there are 
inquiries for over 400,000 tons that cannot be placed 
for early delivery. Italy is pushing negotiations for 
100,000 tons of steel for munitions, to be delivered 
early next summer. — is inquiring for large 
quantities of material. Inquiries at Pittsburg mi 
call for 75,000 tons, and at Youngstown mills for 
80,000 tons. Railroads are unable to place all the 
orders they would like to give. It is stated to- 
day, not on official authority, that the Pennsylvania 
Railroad car orders, instead of being limited to 9000 
cars, as stated last week, will reach 20,000, to meet 
1916 requirements for its entire system. There is a 
mob of wire buyers to place ordera for wire; but the 
earliest possible deliveries are April next. 

Exports continue to be delayed for want of ships, 
and munition output is now in full swing, which is 
filling side tracks at various points ; all sort of devices 
are being applied to interfere with the exportation 
of military supplies, but the Government forces are 
everywhere overcoming all plans and efforts at ob- 
structions. An enormous volume of munitions will be 
exported before the close of the year. New works are 
being hurried to completion to manufacture supplies ; 
in fact, enormous activities are in progress which 
are not made public. Advances have been forced 
in all lines excepting rails within the past week, but 
these advances, of course, will affect only future busi- 
ness, on which deliveries for the most part will be 
made after April, 1916. War demands to cover all 
of 1916 requirements are appearing on all sides ; every 
thing in steel is most urgently wanted. Rifle manu- 
facture includes contracts running into something far 
in excess of five million. There are no means of veri- 
fying the most of the statements made as to reported 
contracts and pending inquiries, but it can be 
assuredly stated that the United States productive 
capacity will be strained throughout 1916. 





EMPLOYMENT FOR DisaBLep Soipiers.—The Auto- 
mobile Association is instituting arrangements whereby 
military motor-car drivers, discharged from the Army 
through wounds or illness as unfit for further military 
service, may re-enter civil employment. Application 
must be by letter —_ to the Secretary, Automobile 
Association and Motor Union, Fanum House, Whitcomb- 
street, London, W.C. 

ARGENTINE IRRIGATION.—Irrigation works, which“ the 
Buenos Aires Great Southern Railway Company is 
carrying out on behalf of the Argentine Government in 
the valley of the Rio Negro, have advanced appreciably 
during the past twelve months, although the number of 
men has been reduced. In September, 1914, 2078 men 
were employed upon the works, while in June, 1915, only 
527 men were similarly employed, as it was considered 
advisable to proceed more slowly on account of prevalent 
depression. A considerable part of the main and secon- 
dary canals are ready to be brought into service, and a 
barrage across the Nenquenm at Cordero, which is being 
constructed by the Argentine Government direct, is well 
advanced. A continually increasing area of land is every 
year being put under cultivation by means of the old 
toca Canal, which has its intake on the Nenquen, near 
& point where the Buenos Aires Great Southern main line 
crosses the river. Another small privately-constructed 
canal, with its intake halfway up the Nenquen between 
the Cipoletti and the Cordero stations, is also assisting 
irrigation. But the two canals are too small to irri- 
gate the whole of the irrigable area; moreover, they 
labour = disadvantage, as their ate Som = 
river are only temporary and they are li to 
damaged by the emallest ood. From the nature of the 
case, no attempt is made to control 
in the rivers, with the result that disastrous overflows, 
such as that of 1899, when the Nenquen extension was 
partly opened for traffic, sweep over whole irrigated 
‘res, undoing the work of years. After the great floods 
in the Rio Negro Valley in 1899, the Argentine Govern- 
ment employed Signor Cipoletti, an eminent Italian 
irrigation engineer, from Lombardy, to report upon the 
question of controlling floods. In the course of his in- 
‘estigation, Signor Cipoletti discovered that there 
existed close to the Rio Nenquen, near the Cordero 
station, @ great natural depression, covering some 76 
Square miles, with its bottom many feet below the level 
es the river. It had evidently been a lake at one time, 
out when Signor Cipoletti found it it was completely dry, 
with no signs of water in it. At the suggestion of Signor 


Cipoletti, the water of the river can be at any time turned 


into the lake by si i ; 
sag; thisaes On y lowering the sluices of the bar- 


alto as a reservoir, 


not only as a flood-controller, but 





THE THEORY OF THE CAPILLARY TUBE. 


At the meeting of the Royal Society held on the 18th 
inst. a paper was read by Lord Rayleigh, O.M., F.RS 
on the «Theory of the Capillary Tube.” The author 
stated that in a recent paper Richards and Coombs com- 
ment on deficiencies in the mathematical treatment of the 
capillary tube. some of which it is here atvempted to 
remedy. In the best experimental arran ib a wide 
and a narrow tube are connected below, and the difference 
between the levels of the lower parts of the two meni- 


| scuses is measured. In the interpretation of the results 


for deducing the surface tension of the liquid, two pro- 
blems arise :—(1) How to allow for the weight of the 
meniscus in the narrow tube, and (2) to find what diameter 
is necessary for the wide tube in order that the elevation 
due to curvature of the liquid surface may be neglected. 

The first problem was considered by Poisson, but his 
results in the only really important case—viz., when the 
liquid wets the walls of the tube—have been disputed. 
Poisson’s formula is here confirmed and extended. If r 
denotes the radius of the tube, h the measured height of 
the meniscus above the truly plane level, T the surface 
tension, g gravity, and p the density of the fluid, 

2T r r2 ad 
——. =h+~——0.1288 — +0.1312 —, 
gp.r ° 3 h ¥ h2 

an approximation which should suffice for experimental 
pu It may be remarked that the first two terms 
on the right correspond to the assumption of a spherical 
surface, which is legitimate when r is small enough. 
_ Acompletely adequate solution of the second problem 
is more difficult; but it is easy to show theoretically that 
such diameters as are sometimes used for the wide tube 
(2.5 cm. or 3 cm.) are quite insufficient, at any rate in the 
case of water, a conclusion reached also by Richards and 
Coombs in direct experiment. It appears further that 
the widest tube used by theee observers (3.8 cm.) would 
be insufficient to take advantage of the actually achieved 
delicacy of reading. An approximate calculation of the 
diameter necessary for this purpose gives 4.7 em. 








FRIED. KRUPP DURING A YEAR OF WAR. 

Tue report of the firm of Fried. Krupp, Essen, has 
this year awaited with natural interest, and it must 
te admitted that there was some cause for the interest 
taken, inasmuch as the company’s profits during the 
first year of the war have been double those of the pre- 
ceding year, and the German ar cannot be con- 
sidered to exaggerate when they call the result 7 
The meeting was held on November 9, and 
although the profits would have allowed of a dividend 
of 24 per cent., the former dividend of 12 per cent. was 
maintained. 1t should be remembered that the share 
capital in the meantime has been increased from 
180,000,000 marks to 250,000,000 marks. of which increase 
35,000,000 marks have been paid in. The Board 
fessed to apply the extraordinary profits to strengthen- 
ing the reserve, more especially to welfare institu- 
tions for the employees, in which respect the firm of 
Fried. Krupp always has been to the fore, 30,700,000 
marks being applied for these latter purposes. The 
German companies have for years adopted a policy of 
consolidation, which been still more manifest where 
exceptional war profits have been available. In the case 
of the Krupp firm the regard for the shareholders has 
caused no difficulty, as they exclusively consist of the 
members of the Krupp family. 

The following table gives some particulars about the 
profits and their application :— 


| 


1913-14. | 











—_— 1912-13. 1914-15. 
marks | marks | marks 
Carried forward from previous | 

year oe ee “ -. 6,608,017 | 6,926,334 | 9,385,346 
Various revenues --| 1,688,235 | 2,051,550 2,505,930 
Working profit .. .- 49,825,718 |54,004,570 | 113,229,822 
Interest we .| 8,886,200 | 2,283,668 | 3,142,068 
61,903,170 65,266,122 128,263,161 

— 1912-13. | 1918-14. | 1914-15. 

marks marks | marks 
Taxes .. .. .. — ..| 5,686,276 9,858,249 | 10.717,965 
Workmen’s insurance .. .| 5,159,042 5,708,984 6,802,282 
Welfare expenditure .. . | 7,918,865 | 8,878,831 | 15,891,956 
Profits carried forwaid.. .. 48,128,087 10,830,558 | 95,850,958 





61,903,170 65,266,122 | 128,763,161 





Application of Profits. 
—_— 1912-18. | 1913-14. | 1914-15. 
Bane +“ marks marks marks 
5 cent. reserve .., 1,831,753 | 1,695,211 4,823,281 
Speci Sad ee 2,000,C00 | 2,000,000 | 3,000,000 
vidend in per cent. .. i 14 12 12 
Dividend in amount... .. 25,200,000 21,600,000 | 25,800,000 
8 writing-off and renewa) a ~ 5,000,000 
ar claims and damages ae — | _ 10,000,000 
For welfare purposes .. .| 7,000,000 | 6,000,000 16,000,000 
Krupp fou: ion eo — | _ 20,000,000 
General war provision .. _ _ 8,700,000 
Commissions .. én 168,000 150,000 ? 
Carried forward .. ? 


..| 6,926,334 9,385,317 





It will appear from the above figures that the special 
reserves have been increased by 1,000,000 marks, that 
a sum of 5,000,000 marks has been additionally reserved 





for special writings-off and renewal purposes, Further, 


, | extra sums of 3,000,000 marks 





5,000,000 marks have been set aside for war aid during 
the current year, and a like sum provided for larger 
workmen’s houses for families with many children. Two 
. respectively to the 
pension fund and the invalids’ home, and 10,000,000 
marks are reserved for possible claims and damages 
arising from the war. With remunerations to the Board 
and an ample sum carried forward, both in the aggregate 
amounting to some 10,000,000 marks, there remains 
available profits of 47,400,000 marks, which, according to 
the customary practice, would have justified a dividend 
of 24 per cent. ; but as the Krupp family does nob desire 
to draw any higher divid during the year than 
before, it has been decided to pay the same dividend 
as during the previous year—12 per cent.—and apply the 

men 


to general war aid It may - 
tioned here that, although the Westphalian Wire In- 
dustry Company in Hannu could not, ere ps | to the 
agreement, claim this adjustment, a dividend of 24 ) ed 
cent. will he accepted as basis in connection with this 
concern, Of the available balance, 20,000,000 marks go 
to the formation of a Krupp foundation in connection 
with the National Institution for the Families of those 
— in the War, wealay ae tad poe to Severe 
are purposes, es; y the help © eastern dis- 
tricts. The board remarks that it has taken the above 
steps on account of the large orders from the departments 
for the army and navy amounting to almost two and a half 
times the corresponding turnover at home and abroad for 
the previous year, and the profits have risen in propor- 
tion. On the other hand, the ever-increasing claims 
upon the capacity of the firm necessitated extensive en- 
largement of the works and the erection of new buildings, 
the cost of which mostly will fall upon the current year, 
1915-16. For this reason, a further increase of the work- 
ing capital is necessary, and the remaining half of last 
year’s increase of capital—that is, 35,000,000 marks—will 
now be paid in, 
In the balance-sheet, fixed property, after writi 
off amounting to 37,950,418 marks, figures at 241,666, 


marks. 
Marks. 
Workshop tools and transport means 7,025,163 
Stocks, f finished and finished 
goods ane 285,244,856 


(About 77,000,000 marks more than last year) 


Patent and royalty account ... 2 
Cash and Reichsbank account 4,130,932 
Bills of exchange ie 2,777,041 
Stocks with fixed interest 85,511,038 
(About 20,000,000 marks more than last year) 
Other stocks and shares 24, 285,672 


(The pension fund for officials and workmen of the 
Krupp concern amounts to 60,850,725 marks, in abso- 
lutely good securities ; but they are kept se te and do 
not appear in the balance-cheet of the firm. 


Marks. 
Bank credits ... * = 32,723,125 
Credit in public savings-banks 11,345,313 
Sundry debtors ‘ie oa 105,611,360 


(Just double the —— figure for the preceding 
year. 


The balance-sheet shows a total of 763,101,851 marks, 
against 616,418,383 marks for the preceding year. On the 
debit side there appears :— 


Marks. 
Share capital paid 215,000,000 
Ordinary reserves 12,884, 986 
Special reserves ies 20,000,000 
Renewal reserves, &c. ais iid 5,000,000 
Delcredere and guarantee funds ... 18,201,024 
Funds for welfare purposes 20,959,033 
Loans ... _ ini its 49,407,930 
Credits of employees... = 33,175,196 
Credit of saving institutions 11,560,584 


On these two latter items interest 
at 5 per cent. per annum is paid. 
Owing on account of deliveries 156,931,689 
(46,000,000 marks more than last year) 
Other creditors se i -» 111,349,734 
Owing on freights, duty, &c, ... 60,389,196 
The board has made known that during the current 
year substantial sums will also be specially applied for 
the benefit of officials and men on account of the 
exceptional conditions prevailing, and in the meantime 
12,000,000 marks is ear-marked for such purposes. It 
would be interesting to know to what the sum of 
10,000,000 marks for war claims and damages refers. 





Cocoa From British Cotonizs.—A large rtion 
of the world’s cocoa is grown within the Briti mpire. 
In the current number of the Bulletin of the Imperial 
Institute, Uganda is mentioned as one of the British 
possessions where cocoa may now be planted with a 
reasonable certainty of being remunerative. A sample 
from the Government tation at Kam has been 
examined and approved at the Imperial Institute, and 
has met with a good reception from manufacturers and 
brokers in this country. There seems every reason, 
herefore, why Uganda cocoa should be readily saleab) 
in the United Kingdom at a good price. It is much to 
be regretted, in view of the present urgent per 
limiting the imports of manufactured goods, that large 
quantities of cocoa grown in British Colonies should go to 
foreign countries to be exported thence to the United 
Kingdom in the form of nor is it a v 
why the chocolate now imported cannot be manuteotured 
in this country. 
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ABSOLUTE VISCOMETER. 


Tue instrument described below was designed with 
a view to making the absolute viscometer more gene- 
rally useful. The chief objection to the usual type 
of this instrument for commercial use arises from the 
excessive time occupied in passing the fluid under 
test through it when the viscosity exceeds about half 
of one absolute unit. 

Osborne Reynolds has shown that where, is the 
radius of the tube, v the mean velocity of the fluid, 
d ite density, and » the viscosity, 

rd 700 is tha limiting condition to ensure 
non-turbulent flow. 


From this it will be seen that the velocity v of the 
fluid through the capillary may vary directly as the 
viscosity 7, and consequently the operating head as v” ; 
whereas with the usual t of instrument, in which 
the mean head is constant, the velocity is inversely pro- 
portional to the viscos: 7 

The obvious method of reducing the time ocoupied 
in testing the more viscous fluids is so to construct 
the instrument that any desired head (between limits) 
may be obtained. In addition, the time required for 
reducing the observations will be lessened if the 
adjustable head is constant during a test. 

n the instrument illustrated in Fig. 1 these results 
are attained: (1) by using a mercury column which 
may be adjusted to produce the desired head and 
transmitting the pressure by means of air to the sur- 
face of the fluid in the viscometer burette ; and (2) by 
a device which automatically keeps the head of mer- 
“2 constant during an experiment. 

he instrument consists of three essential elements 
—viz., the viscometer burette, the adjustable constant- 
head apparatus, and the pressure-gauge. The visco- 
meter burette, as illustrated in Fig. 1, consists of two 
glass vessels A and B (shown to a larger scale in 
Fig. 2), of equal internal diameter and suitable length, 
connected at their lower ends by means of a wide- 
bore tube C and also a capillary D of suitable dimen- 
sions for the desired purpose. 

The selected capillary has ground tapered ends 
which fit into the ground ends of the other portions 
of the burette, all ground joints being made to a stan- 
dard size and taper, 80 as to be interchangeable. The 
three portions of the burette are held firmly together 
by the brass clips and tension-rods R. 

The measuring burette is furnished with two plati- 
num wires sealed into its wall, and so bent that a 
portion of each wire lies approximately on the axis of 
the tube. ‘he capacity ¢ the burette between the 
platinum points is determined from the weight of mer- 
cury required to fill the space between them. A glass 
tap is provided at the air inlet to the burette to oon- 
trol the starting of a test. The whole of the burette 
is immersed in water contained in a glass tube (see 
Fig. 1) which his a brass bottom, the joint between 
the brass and the glass being made by means of a 
rubber ring. A brass cap with the requisite slot for the 
insertion of the burette and holes for a thermometer, 
stirrer, and extension E to the measuring burette is 
provided. The burette ig suspended on the cap by 
means of a short length of rubber tube, which encircles 
the tap just below the plug. A Bunsen burner is 
provided for heating the water in the container. 

The adjustable coastant-head apparatus consists of 
two glass vessels, the lower one F furnished with a 
tap at the top, and the upper one G suspended by 
means of a spring from a hook attached to a sliding 
clip H, which can be clamped at any desired height. 
Through the outer end of the clip a glass siphon-pipe 

to the bottom of the vessel G, when the latter 
is at ite highest point—viz., against the clip H. The 
siphon is connected to the lower vessel by means of a 
piece of thick-walled rubber tube. The strength of 
the spring is so adjusted that ‘as the mercury flows 
from G to F the former will rise, so that the surface 
of the mercurg in it is at a constant height above that 
in F. If the vessels are of equal internal diameter, 
this is attained when the elongation of the spring is 
equal to twice the added height to the column in & 

The pressure-gauge K is of the ordinary (J pattern, 
with mercury as the working fluid, and a millimetre 
scale between the limbs. A three-branch pipe con- 
nects the burette, pressure- , and constant-head 
apparatus, the coupling being effected to the burette 
and gauge by a short length of stout rubber tube. 

The instrument must be set up vertical. The fluid 
to be tested is fed into the burette A by means of a 
pipette, which is marked to indicate the current quan- 
tity of fluid. As the fluid flows into A the vessel F is 
removed from the socket I and raised sufficiently 
above G to reduce the air pressure in B and draw the 
flaid into it and well below the point of the lower 
geuge-wire in A. The tap is then closed and the 
pressure apparatus adjusted to give the desired pres- 
sure. The tap is then opened, and the time between 
the contacts of the fluid meniscus with the ends of the 
gauge wires in A taken by means of a stop-watch or 


vther su.tsble chiynograch, The burette is easily 





cleansed by removing it from the water-bath and 
rinsing with a mixture of alcohol and ether. 

If the quantity of fluid put into the burette is such 
that when it is at the same level in both legs it is also 
midway between the platinum points, for commercial 
purposes, no correction need be made for the fluid 
head in the burette or for the density of the fluid 
(unless it be mercury), provided the constant pressure 
be not reduced below 3 cm. of mercury. 

If a higher degree of accuracy be desired, the initial 
fluid head in the burette may be adjusted to com- 
pensate for the variation in the total head caused by 
the changing levels of the fluid in the limbs of the 
burette. With fluids such as mineral oils, which have 
a coefficient of expansion, the increase of H due 
to this cause is sufficient if a suitable air pressure is 
used for each temperature at which the fluid is tested. 

Where P is the air pressure expressed in the same 
unite as the fluid h H, D the distance between the 
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Fig. 2. 


platinum points, H the initial fluid head, Q the 
volume passed at the time ¢, A the area of each 
burette cross-section, v the velocity of the fluid, and 
K a constant of the instrument, 


aQ 2 H+P_ 
dt Kya? - K 7 vind (1) 

A a 2¢t 
QA a4 P(1—e va) (2) 


If the head H be so chosen that the effect of the 
fluid head ia the burette will cancel out, then 


Pt 
Q= K 7 Ub Q=DA. 


tune” 
* =. 
For substituting for ¢ in equation (2) we get 
a 
7 8b . (8) 
(, —a F 


Values of H for given values of D and P (expressed 
in om. of same fluid) :— 


D. P. H. 
cm. cm. om. 
2.5 500 2.502 
2.5 50 2.543 
2.5 5 2.910 


If in equation (2) H be taken as the only variable, 
then the error introduced by making the initial head 
equal to D, instead of its correct value as given by 
equation (3), is given by the expression :— 


(H + P)-(D+P) , 100 error in per cent. 





H - RP Vv. . . . 
ariation in 
D. P. Total Head = Byror per 
per Cent. 
2.5 500 1 0.00765 
25 bu 9.52 0.0793 
2.5 6 66.66 6.171 


If absolute values are required, the usual correct- 
tions must be made for the energy of efflux of the 
fluid and the indeterminate distribution of velocity 
over the cross-section at the inlet end of the 


“—ey- 

e instrument was used by the inventor, Mr. 
W. Stone, chief electrical engineer of the Victorian 
Railways, Australia, for testing the viscosity of lubri- 
cating oils, and with it the viscosity curve of an oil 
which varied from 7 c.g.s. units at 13 deg. Cent. to 
0.06 c.g.s. units at 100 deg. Cent. could be taken in 
one hour. In these teste the pressure P was varied 
from 45 cm. to 5 cm. of mercury, the maximum head 
being equivalent to about 7 metres of the oil tested. 
The temperature was varied from about 13 deg. to 
100 deg. Cent., and five points on the curve were 
determined, for all of which check readings were 
taken. The dimensions of the capillary tube used 
were : length, 15 cm. ; radius of bore, 0.0419 cm. The 
capacity of the burette A between platinum points 
was about 2.5 cub. cm., and A was about 1 sq. om. in 


section. 

A constant-head 5 ee similar in principle to 
the above was used by Mr. Stone some years ago in 

riments on the flow of water through small tubes. 
ith the apparatus then used, the water pressure 
could be maintained constant within about ;,; in. for 
any desired time. The vessel G was about 3 in. in dia- 
meter, and the spring so adjusted that the level of the 
water in the vessel did not vary whether it was full 
or nearly empty. An approximately steady supply 
to the vessel G was provided, and the posen Maw an | 
—— only corrected for the small variations in 

8 supply. 


e 





FEED-WATER CIRCULATOR. 

WE illustrate herewith the ‘‘ National” patent 
circulator, the object of which is to raise the inlet 
temperature of the water which enters economisers, 
and thus to prevent the external wasting of the 
economiser-pipes. The water, on entering the econo- 
miser, should be at a temperature of above 100 deg. 
Fahr., otherwise a portion of the flue -gases in 
contact with the economiser-pipes coudenses on the 
external surfaces of the pipes and sets up a wasting 
action, which leads to costly pipe renewals. Corrosion 
due to damp brickwork also progresses more rapidly 
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when the temperature of the feed-water at the inlet 
end of the economiser is low. The circulator is manu- 
factured by the National Boiler and General Insurance 
Company, Limited, Manchester. It is mounted in the 
feed-pipe, between the feed-pump and the bottom 
branch-pipe of the economiser. As will be seen, the 
inlet from the pump is at the top, and the outlet to 
the economiser at the bottom of the circulator. A 
pipe connects the circulator to the top branch-pipe of 
the economiser, and by this means the circulator auto- 
matically draws hot water from the top branch-pipe 
into the cold feed supply, thus raising its temperature 
and preventing a chilling effect on the economiser- 
pipes. Access to the nozzle is obtained by removing 
the bolted cover shown in our illustration. 





AGricoLTURAL Macuinery.—The war haé ‘severely 
crippled our exports of agricultural machinery, and the 
depression appears, if anything, to be g more 


acute, the value of the shipments in October having been 
only 16,236/., as compared with 25,025/. in October, 1914, 
per | 130,892. in October, 1913 ; while for the ten months 
ended October 31 the aggregate value was 248,527/., 25 
compared with 1,110,535/. and -1,489,737/. in the corre- 





sp nding peri ds uf 1914 and 1913 respectively. 
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THE CHEMICAL AND MECHANICAL RE- 
LATIONS OF IRON, MOLYBDENUM, AND 
CARBON.* 


By J. O. Arnoup, D. Met., F.R.S., Professor of 
Metallurgy in the University of Sheffield, 
and A. A. Reap, D. Met., F.1.C., of Cardiff, Professor 
of Metallurgy in the University of Wales. 

Summary of the Work of ious Investigators. —Thomas 
Blair, of Sheffield, stated fn 1894 that — cent. of molyb- 
denum rendered steel hopelessly red-short. Carnot and 
Goutal isolated from molybdenum steels residues corre- 
sponding to the formulze Fe;Mo, and Fe;C, Mo. C( Comptes 
Rendus, 1898, vol. cxxv., page 221). M. illiams 
obtained Fe,C, Mo,U in the electric furnace (Comptes 
Rendus, Octuber 3, 1898). j 

J. A. Mathews states that molybdenum steels contain- 
ing from about 1 to3 per cent. molybdenum were red-short, 
but does not attribute this red-shortness to molybdenum 
(Journal of the Iron and Steel Institute, 1902, No. 1, 
page 188). Moissan obtained in the electric furnace a 
definite carbide of molybdenum, Mo,0 (‘* The Electric 
Furnace,” 1904, page 105). Guillet, on investigating a 
series of molybdenum steels containing up to about 
15 per cent. molybdenum, comments on their red-short- 
ness (Revue de Métallurgie, 1904, page 390). 

E. Vigouroux found four compounds of iron and molyb- 
denum corresponding to the formule Fe.Mo, F+e3;Mop. 
FeMo, and FeMo, (Nature, vol. lxxiii , 1906, page 600). 

In addition to these, T. Swinden, of Sheffield, has pub- 
lished a research on ‘‘Carbon and Molybdenum Steels” 
(Carnegie Scholarship Memoirs, vol. iil., 1911, pages 66 
to 124). With one exception, the papers referred to in 
the foregoing bibliography only touch the fringe of the 
real question at issue. Dr. Swinden’s paper, however. 
will for all time remain a storehouse of knowledge of the 
influence of molybdenum on steel up to a certain point. 
That he failed to reach the goal of definite conclusion is 
not the fault of the indefatigable and comprehensive 
investigations he so patiently and accurately carried out, 
but of circumstances he could not reasonably be expected 
to forecast, and which the authors evaded, perhaps more 
by luck than management, as will be seen later on in this 
report. Y 

Hilpert and Ornstein obtained a series of carbides by 
heating powdered metallic molybdenum with methane. 
At 800 deg. Cent. (1472 deg. Fahr.) they found the com- 
position varied from MoU to Mo,Cs, but at 1000 deg. 
Cent. (1832 deg. Fabr.) they obtained Moissan’s carbide 
Mo.C (Chemical News, August 23, 1913, pyge 96). 


Tue AvTsors’ MotyspENuM STE Ls. 


Method of Manufucture.—The steels were manufactured 
in the ordinary commercial way, in the experimental steel 
works of the University of Sheffield, by the white crucible 
process with coke fuel. The materials used were Swedish 
**Lancash” bar-iron, Swedish white iron, and com 
mercially pure molybdenum metal, all charged and 
melted together. A few minutes before teeming, small 
quantities of metallic manganese and aluminium were 
added. The ingots, weighing about 36 lb. each, were 
cast into moulds about2in. square. Thecold ingots were 
reheated and hammered into bars ? in. round. All 
hammered soundly,+ but as the molyodenum increased, 
an increase in hardness was observed by the hammerman, 
who also reported the evolution from the yellow-hot sur- 
faces of the higher molybdenum ingots of yellowish-white 
fumes, no doubt MoO,, which deposited as a sublimate 
on the bammer and tongs. 

Method of Annealing.—The bars were annealed with a 
batch of files by gradually heating in a gas-fired furnace 
for a period of about 8 hours, till a temperature of nearly 
800 deg. Cent. was reached. They were kept at about 
this heat for an hour, and were then cooled down for a 
period of about 24 hours. 

Chemical Analysis.—The chemical compositions of the 
series are embodied in Table I., annexed, the analyses 
being made on the last turnings from the carbide bars. 

Mechanical Tests; Static Results.—The tensile test- 
pieces were turned from the annealed ?-in. round bars to 
2 in. parallel and 0.564 in. in diameter, or } sq. in. in 
area. The figures registered on a 50-ton Buckton single- 
lever machine are set forth in Table II., annexed. 

All the tensile tests give similar results, excepting the 
low yield-point of 15314 and the distinctly hi = maxi- 
mum stresses registered by steels 15254 and 1526a, 

Alternating Results.—The dynamic tests were made on 
an Arnold stress-strain machine under standard con- 
ditions—namely, on polished test-bars, 6 in. long and 
4 in. in diameter ; the vertical distance from the zero « f 
stress to the plane of maximum stress was 3 in.; the 
deflection at the zero of stress was # in. a side, the rate 
of alternation being 650 per minute. The results regis- 
tered are embodied in Table III. 

The excessively poor results seb forth in Table III. 
fully confirm Dr. Swinden’s conclusion that annealing 
seriously deteriorates the mechanical properties of molyb- 
denum steels. 

Lathe Report. —The turning report states that no differ- 
ence was noticed in the turning characteristics of the five 
steels. All were found to be slightly hard, but tough. 
The word “‘ tough” has reference to the capabilities of the 
steels to turn off in long spirals from the cutting edge of 
the turning tool. 

Method Used for Separating the Carbides.—The isolation 
of the carbides was carried out essentially as described for 





* Paper read before the Institution of Mechanical 
Engineers, Friday, November 19, 1915 

+ The red-shortness observed by Blair, Mathews, and 
Guillet and Portevin was obviously due to fatal quantities 
of dissolved oxygen derived from the imperfectly reduced 
molybdenum metal employed in making their joys. 


the determination of the carbides of ten steels.* It 
was found, however, that with steels high in molybdenum 
so stable was the double carbide obtained that within 
wide limits the strength of the electrolyte and the current 
density per sq inch of anode were matters almost of 
indifference. — instance, pha mem 9 _ of specific 

vity 1.04 with a current density of 1.25 amperes per 
ag oon practically the same results as those obtained 
with an acid of specific gravity 1.02and a current density 
of 0.18 ampere. The electrolysis throughout was there- 





results obtained are embodied in Table IV., and shown 
graphically in Fig. 1. 
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(4582.8) Molybdenum in Steel -Per Cent, 
Tasie I. 
guckanane 
No. of Steel. C. | Mo. | Si. | Mn.) P. 8. Al. 
pc. p.c. .c. | pc | pc. | p.c p.c. 
1531.4 0.78 2.43 / 0.078 | 0.25 0.018 | 0 026 
1530 0.75 | 4.95 | 0.066 | 0.24 0.017 0.081 6 oy 
1529 a | G71 | 1015 | 0.071) 0.23 0.016 | 0.036 4 OF 
1525 4 0.79 | 15.46 | 0.084 0.22 0.016 0,042 UNGEF- 
1526. 0.82 | 20.70) 0.098 | 0.21 0.017 0.046 
Tasur II. 
| = e 
° 
- - 33 38 
No. of Steel.) O.| Mo. | 36 E$ &a\ 85 Fracture. 
28 a5 Ss Bs 
m a? im? ae 








|p.c. p. c. tons per tons per p. c. 

| 8q. in. sq. in. 
15314 (0.78 2.43 25.24 45.80 15.6, 29.1 V.F. 
15304 (0.75; 4.95) 38.28 49.82 11.6 19.9 F.O, 
15294 =|0.71 10.15 38.84 49.16 11.6 23.5 R.C. 
8.0. 
F.C. 


> 
° 


1525a = |0.79| 15.46 41.00 55.26 14.5 24.9 
15264 (0.82, 20.70, 39.64 63.72 13.6 19.3 


* Very fine crystalline. t Fine crystalline. 
{ Rather coarse crystalline. § Somewhat crystalline ; radial. 
|| Fine crystalline. 
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Alternations Endured 
Molyb- ’ 
Steel No. Carbon. dooum. 


lst Test. 2nd Test. Mean. 








per cent. per cent. 
a. 





15314 78 2.43 96 100 98 
15304 0.75 4.95 x2 46 39 
1529 4 0.71 10.15 44 56 50 
1525 a 0.79 15.46 64 42 58 
15264 0.82 20.70 32 42 37 


It will be seen that, at about 18.25 per cent. of molyb- 
denum, free carbide of iron disappears and a double 
carbide of iron and molybdenum obtains, which, ex- 

in its lowest terms, corres is to the formula 
Fe,Mo;0, and has been so written in Table IV., page 556. 
It is, however, probable that the constitutional formula 
of this remarkable compound is Fe,Mo,0>. 

Ferro-molybdenum carbide is obtained as a fine grey 
powder insoluble in strong boiling hydrochloric acid solu- 
tion. It is not attracted by the magnet, whereas the 





* Proceedings of the Institution of Mevhanical Engi- 
neers, 1914, page 223, et seq ; ENGINEERING, March 27 and 





April 3, 1914. 





fore conducted under the conditions last named. The | blished b 


residue from steel 15314 of formula 6 Fe,O + Fe;McsC 
was found to be strongly magnetic. e remarkable 
chemical stability of the double carbide under electro- 
lysis is shown by the results of experiments made on 
steel No. 1526a, containing 0.82 cent. carbon and 
20.70 per cent. molybdenum, in Table VI., page 556. 

Methods Emplo for the Analysis of Carbides.—The 
fact that molybdic oxide in sulphuric acid solution is 
quantitatively reduced to the uioxide by passing the 
solution through a column of zinc was esta- 
i Randall.* 1t has also been shown by Edgait 
that such solutions are not reduced at all by — 
dioxide. As ferric salts are quantitatively redu by 
both of these reagents to the ferrous condition, the deter- 
mination of iron and molybdenum occurring together in 
the same solution can be readily effected. e following 
method, which was thoroughly tested by means of 
synthetic mixtures of varying and known proportions 
of iron and molybdenum, was finally used for the analysis 
of the carbide residues. 

The residue was first treated with concentrated hydro- 
chloric acid, which exerted no appreciable action even 
when heated ; the addition of a few drops of concentrated 
nitric acid to the hot solution resulted at once in com- 
plete decomposition of the carbides, accompanied in, at 
apy rate, two instances in the lower molybdenum range 
by the separation of carbonaceous matter. If perfect 
solution resulted, 5 cub. om. of concentrated sulphuric 
acid were added, and the mixture slowly evaporated until 
thick fumes of sulphur dioxide were evolv lentifully. 
If carbonaceous matter se ted, it was filtered out, 
after dilution, washed, and ignited. The residue thus 
obtained, less than a milligramme in weight in each case, 
was added to the filtrate, which was taken to SO, fumes 
as before. The residue was taken into solution in warm 
water, a solution of potassium permanganate added until 
& permanent colour was obtained, then dilute ammonium 
hydrate until a slight permanent precipitate was formed, 
and finally, excess of a saturated aqueous solution of 
sulphur dioxide. The solution was slowly brought to the 
boiling point, and, when colourless, or nearly so, indi- 
cating complete reduction of the iron, was treated with 
about 2.5 cub. cm. of concentrated sulphuric acid for each 
100 cub. om. of solution. When the sulphur dioxide was 
completely expelled by boiling (assisted by the passage of 
a vigorous current of carbon dioxide), the solution was 
titrated with a decinormal solution of potassium perman- 
ganate, whereby the iron was determined. 

The titrated solution was then cooled to room tempera- 
ture, and passed through a Jones reductor of amalga- 
mated zinc, being preceded by 100 cub. cm of 2.5 per 
cent. sulpburic acid, and succeeded by the tame amount 
of the reagent, followed finally by 150 cub. cm. of water. 
The reduced solution and-washings were received in a 
pressure flask attached to an aspirator or filter-pump, and 
containing 20 cub. cm. of a solution of ferric alum made 
by dissolving 125 grammes of the solid in 1000 cub. cm. 
of 2.5 per cent. sulphuric acid. The liquid was then 
titrated again with permanganate, the amount of which, 
less the former reading, gave that due to a reduction 
from MoO, to Mo,0,, from which the actual weight of 
molybdenum is calculated. 

As a check on the above method, the carbide residue in 
one case was decom as above, the acid solution run 
in drops into a solution containing a large excess of 
sodium hydrate, and the ferric hydrate filtered out. This 
was re-dissolved in hydrochloric acid, reprecipitated in 
the same way, and washed. 

The molybdenum in the combined alkaline filtrate was 
precipitated as lead molybdate. and the iron in the 
residue determined volumetrically after dissolving from 
the filter (see 15314*, Table IV., page 556). 

In Dr. Swinden’s series of molybdenum steels, already 
referred to in the bibliography, taking two steels marked 
by him 11 and 16, which are capable of reasonable com- 
parisons with two of the authors’ alloys, the results 
obtained by Swinden, calculated with the authors’ for- 
mula, are embodied in Table VIL, page 556. 

Thus the accuracy of Dr. Swinden’s analvtical results 
(with the single exception of the carbon of No. 16, which 

eoretically is decidedly low) is confirmed by the authors’ 
results obtained from somewhat similar stee ~_- 
however, me gop 7 4.95 and 10.15 per cent. molyb- 
denum. Had the authors p= at about 8 per cent. 
molybdenum, Dr. Swinden’s highest centage, the 
would have found themselves in exactly the same diffi- 
— as that encountered by him in interpreting his 
resulte. Fortunately, the authors carried their molyb- 
denum beyond the complete replacement point of Fe,0, 
and so obtained the key to the position by isolating a 
pure double carbide of iron and molybdenum, thus find- 
ing & reliable datum point for their calculations. (See 
Appendix II., page 557.) 

Is the Curbon in Quenched Steel in Solid Solution as 
Carbon or as Carbide ?—In the Journal of the Iron and 
Steel Institute, No. 1, 1910, page 176, the authors showed 
that a hard steel containing 1.07 per cent. carbon and 
13.38 per cent. manganese, in which, from the micro- 
structure (see Photomicrograph No. 3, Plate VILI., of the 
Journal above quoted, and Fig. 6, page 627, of vol. lxxxix., 
of ENGINEERING), the carbon in eome form was obviously 
mainly in solid solution, gave on electrolysis about 75 
cent. of the total carbon in the form of a true double 
carbide of iron and manganese (3 Fe,U, Mn,C). 

On the other band, ae carbon steel, containing 
about 0.9 per cent. carbon, yields on electrolysis a flocou- 
lent car us residue containing only about 1 per 
cent. Fe;C. This must be due either to the car 
existing in a solid solution in the elementary condition, 
or to the dissolved carbide being in such a fine state 








* American Journal of Science, vol. xxiv., page 313. 
+ Ilid,, vol. xxv., page 332. 
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of division that its iron dissolves in the ene oo 
The remarkable chemical stability of the le 
and molybdenum found in this research sug- 
gested to the authors that it would be well to make some 
experiments on drastically hardened bars of the double- 
carbide steel, containing 0.82 per cent. carbon’ and 20.70 
per cent. molybdenum. The results obtained with the 
standard electrolyte and current density already described 
will be found in Table VIII. : 

An inspection of the results in Table VIII. will show 
that, in these drastically quenched steels, an average of 
about 61 per cent. of the total carbon was obtained from 
solid solution, and that the average composition of the 
residues approximated the formula, Fe;Mo,0 ; hence it 
may now be taken as t the carbon in hardened 
steels exists in the form of carbide in solid solution. __ 

The Transformation of Ferro-Molybdenum Pearlite 


of the steels in the authors’ double-carbides research 
series. The authors have already published sufficient 
rege pre and recalescence data to prove that the harden- 
ing of steel is unconnected with the alleged allotropy of 
iron. In a paper on ‘The Chemical and Meehanical 
Relations of Iron, Vanadium, and Carbon,” published 
in the Journal of the Iron and Steel Institute, No. I., 
1912, page 225 (ENGINEERING, vol. xciii., page 784), the 
authors showed, in the case of a vanadium steel contain- 
ing 1.07 per cent. carbon and 10.30 per cent. vanadium, 
that on heating from 500 - to 1210 deg. Cent. (932 deg. 
to 2210 deg. Fahr.), only the abs on point Ac. was 
ted, its maximum appearing at 826 deg. Vent. 
1519 deg. Fahr.). On cooling from about 1200 deg. Cent. 
2192 deg. Fahr.) to 500 deg. Cent. ay ‘ahbr.), 
presented its top peak at 830 deg. Cent. (1526 deg. Fabr. f 
and its lower peak at 816 deg. Cent. (1501 deg. Fahr.). 





into its Hardenite.—As will be seen in the photomicro- 





When the steel was quenched in cold water from tempera- 


























TABLE IV. 
© Sg —E. = 

P 4 E S32 “sé & $ ey , Ansurene of Conus | ain 

Z g.; 3e 5.4% 22By 4 3% B85 Conepenting 2 te 

3 23 2a g33 eg Cia i af . ormu “ —— 

a ga 5 * |< @ gS 3 LoAas 3d 0 Fe. Mo. | ©. Fe Mo. 

| pe. | pe, rms. | grms. pc. | pe p.c. p.c. | p.c. | p.e. 

1581a* | 0.78 2.48 F476 | T0028 95.7) 95.61 5.56 76.21 17,34 | 
1581a"| 0.78 248 | 6.876 | 0.9150 96.02 | 9340 5.47 | 75.46 17.54 
158lat | 0.78 | 243 | 6.890 | 0.8042 94.10 1. 5.49 | 75.84 17.62 
Mean | 0.78 2.43 | 7.081 | 0.93876 95.27 93.45 5.51 | 75.24 17.50 6 Fe,C + Fes3MosC 5.43 | 75.94 | 18.68 
1630a | 0.75 | 4.95 7.3626) 08682 77.78 85.82 5.46 | 61.81 32.66 | 
15380a | 0:76 4.95 7.3754 | 0.8625 78.64 83.89 5.38 | 61.28 33.25 
Mean | 0.75 4.95 | 7.3690 0.8653 78.16 | 84.85 5.42 61.54 32.96 7 Feg0 +3 FesMce,0 +20} 5.37 | 62.43 | 32.20 
16294 | 0.71 | 10.15 | 8.6620| 1.5794 | 97.88 94.54 3.64 4192 653.86 
15204 | 0.71) 10.15 8.5190 | 1.5348 95.04 94.08 3.71 42.23 53.56 
Mean § 0.71 | 10.15 | 8.5406 | 1.5568 96.46 94.31 3.67 42.08 68.71 | FesC + 3 FegMos0 + Cg 3.76 | 42.04 | 54.20 
16254 0.79 | 16.46 | 8.7680) 2.3028 | 99.65 95.10 2.86 37.00 58.66 | 
15256, «079 | 15.46 = 8.9280) 2.2265 94.75 90.61 2.87 36.88 58.74 | 
Mean 0.79 | 15.46 | 8.8480) 2.2646 | 97.20 92.85 2.865 25.94 58.70 Fe30 + 8 Fe;Me;9 2.77 | 38.40 | 58.80 
1626, , 0.82, 20.70 | 10.0882| 3.0496 87.16 94.41 2.56 37.40 59.67 | 
15264 | 0.82 | 20.70 | 10.0884| 3.0582 88.04 94.62 2.56 37.21 60.12 
Mean | 0.82 20.70 | 10.0883 | 8.0389 | 87.60 94.51 2.56 | 37.30 59.90 Fe;Mo30 2.56 35.84 





* Fe and Mo determined by the volumetric Loren described in the chemical section. 
separation with NaHO, the molybdenum being weighed as lead 


+ Fe and Mo estimated by the ordinary gravimetric 
molybdate. 
t Resulting from the internal el 


61.60 
! 





tion of some of as electropositive FesO in the true formula 


lectrolytic decom 
8 Fes0 + FesMo30, containing C 4.76, Fe 66.67, Mo 28.57 per cen 


Sy ——a 
Mo 49.00 per cent. 


Taste V.—Percentage Ratios of Fe,C and Fe, Uo,C. 


Molybdenum in Steel. | FeO in Residue. | PegMox0 in Residue. 





per cent. per cent per cent. 
2.46 69.76 30.24 
4.95 53.57 46.43 
10.15 20.41 | 79.59 
16.46 6.12 | 93.58 
20.70 0.00 100.00 


graphic section, opposite, the discovery of true ferro- 
molybdenum steels has added three new micro-constituents 
to the annals of steel metallurgy—namely, ferro-molyb- 
denum pearlite, ferro-molybdenum hardenite, and ferro- 
molybdenum cementite. The set of experiments re- 

ed in Table IX. shows aay the thermal amplitude 
of the transformation of ferro-molybdenam pearlite into 
its corresponding hardenite. The trials were made on 
discs of steel § in. in diameter by } in. thick, heated in a 





from the decomposition of some FesO0 in the true formula 2 FesO + 3 FesMce;0; C 3.40, Fe 47.€0, 


tures of te. 1000 deg., and 1050 deg. Cent., it remained 
quite soft to the file. The reason for this was found in the 
fact that the carbon change-point Ac, took place ata white 


heat, say about 1400 deg. t. en quenched from 
this temperature, micrographically structureless vanadium 
hardenite was obtained, and it was found to be probably 
the hardest metallic substance known, being certainly as 
hard as topaz and possibly as hard as corundum—the latter 
is 9 on Moh's mineral scale, diamond, the hardest substance 
known, being 10. Unfortunately, vanadium hardenite 
ee eee te Sea oe oot aay ical use, a 
‘act determined on the lathe, and repo to one of the 
authors by an ex-student of Sheffield University, who is 
now metallurgist to a Sheffield steel firm. It may be, 
however, that this fault can be removed by suitable heat 
treatment. Upon this matter the authors have not yet 
been able to find time to experiment. 
General Survey of the Constitutions of the Four True 
Steels in their Normal and Hardened Conditions.—The 
approximate compositions of the pearlites and hardenites 









































TABLE VI. 
Ourrent Analysis of Carbide 
Specific ; Weight of | Percen Percen Theory. 
ravity | Density, Amount "Ggiide | of Tota ot To aeemnen | , 
of HO per oa. In. Dissolved. ,Pesidue | Molybdenum Carbon in . 
Used. of Anéde. Obtained. | in Residue. Residue. ©. Fe. Mo. ©. Fe. | Mo. 
| grammes mes | } r cent per cent per cent per cent per cent r cent 
1.04 1.25 5.8434 1.7515 | 86 86 99.03 ant P3782 P5082 e 56 | 35.84 ¢ 6 
1.02 0.18 8.9360 2.6812 86.48 96.83 2.65 | 37.60 59.68 , . F 
TABLE VII.—Two or Dr. Swinpen’s Experiments. 
Composition of Analysis of © wbide. Th 
Mark. Steel. | ’ Corresponding Approximately to | ened 
a } Formu es caercrnees quae stems 
Co. | Mo. Co. Fe. | Mo. C. Fe. Mo. 
—— — | —_ ——— — pines — oman — 
per cent. percent. | percent. per cent. r cent. percent. percent. per cent. 
ll 0.865 4.002 6.47 6900 | 26.53 8 Fe,;C + 2 FesMo30 + O* 5.54 70.30 24.16 
16 0.775 7.847 3.60 56.62 39.78 8 FeyO + 2 FesMo; C 4.05 56.91 39.04 


* Due to the internal electrolytic Gomnpeiies of some Fe;0 in the 





true formula 9 Fe;0 + 2 FegMos0 = C 5.16, 


72.3, Mo 22.54 per cent. 


salt bath to the various temperatures and quenched out 
in cold water. 

Table LX. thus shows very clearly that the transforma- 
tion of ferro-molybdenum pearlite to its hardenite 
somewhat coincides with the transformation of tungsten 
pearlite to tungsten hardenite.* The transformation 


seems to begin somewhere upwards of 900 deg. Cent. 
(1652 deg. Fahr.), say at 925 deg. Cent. (1697 deg. Fahr.), 
and is evidently about completed at 1100 deg. Cent. 


= deg. Fahr.), the amplitude of the transformation 
ing roughly about 175 deg. Cent. (315 deg. Fahr.) (for 
an early stage of this tion, see Fig. 4, opens 

Absorption and Curves.—These curves will 


be included in a separate paper dealing with the whole | noth 


of the Institution of Mechanical i- 





* 


Proceedings a 
neers, 1914, page 244 ; ENGingeRine, vol. xcvii., page 





of the four true steels—namely, iron steel, vanadium 
steel, tungsten steel, and ferro-molybdenum steel, now 
known to metallurgical science, are set forth in Table X. 

From the foregoing constitutional table it is clear that 
all the four true steels therein formulated belong to a 
single genus, the individual members of which Png 
startling differences. But throughout the series is 
found a soft pearlite which, over a certain of tem- 
perature, transforms to its hardenite. These lenites 
a a in hardness from 7 to 9 on Moh’s mineral 

ie— 


c t is, from quartz to corundum. respec- 
tive hardnesses are in properties of the respective 
definite solid solutions of their carbides, and this 


ing is known. Neither is it known why, relatively to 
the diamond or corundum, quartz is soft. Mi i 





have not yet discovered the molecular configurations which 
determine these differences. If the authors may venture 


so doing heme to So miees 6 the members of the Insti- 
tution astounding differences which may exist in the 
animate world in the members of one ‘genus, the ornitho- 
logical genus Erithacus may be quoted. There are three 
members of this genus—namely, the red-throated robin, 
the blue-throated robin, and the nighti 2. So in 
true steels there exist in the inanimate world, iron steel, 
vanadium steel, tungsten steel and ferro-molybdenum 
steel, all members of one genus, in spite of their startling 
individual differences. 
Tassie VIII.—Electrolysis Experiments on Four Quenched 
Bars of Stecl No. 1526 containing 0.82 per Cent. Carbon 
































and 2'.70 per Cent. Molybdenum. 
| | = 
3 |f3/-./82 
\@ |$5\6 263 ) 
o3 lIsselso Analysis of Carbide 
pee 2 5 Bsc. Residue. 
Heat Treatment. | °-¢ s° jastigs . 
22 | 28 Sesiies 
3 2S §>5\$32 
gf | 53 bs5\853| 
B48 | Se SR0|S02) © | ve. | Mo. 
First Pair. grms.| grms. |pe| pel pe. 
Heated to about | } 
oe 
eg. r. | | 
@ vacua and |8.5524 1.9006) 62.94 | 69.66 | 2.57* | 38.21 {58.62 
quenched out in | | | } | pom 
water of 40 deg. 7.9830 1.3198; 47.30 | 44.35 | 2.20* | 40.34 67.21 


Cent. (104 deg. 
Fabr.) | | 
| 

-_ 
'a.4210|1.2400) 63.57 | 68.96 | 2.55" | 36.64 60.24 
$.6498/2.0490) 68.80 | 74.01 259* 86.75 \60.371 


om al 
| 


Second Pair. 
Heated to about 
1200 deg. Cent. 
in vacuo, and 
quenched out in 
whale oil of 15 
deg. Cent. (59 
deg. Fahr.). 


| | | 
' ! | 





* Theory : C, 2.56; Fe, 35.84; Mo, 61.60 per cent. 
+ These carbides were non-magnetic. 

TasLe [X.—Quenching and File Hardness Experimenis 
on Steel No. 15254, containing 0.79 per Cent. Carbon 
and 15.46 per Cent. Molybdenum. 

The ratio of the carbides in this steel is FegMo,0 93.58, and 
Fe;C 6.12 per Cent. 


Water-Quenching File and Hammer-Test Indications. 








Temperatures. 
deg Cent. | deg. Fahr. 
855 1571 Filed easily ; quenched discs not brittle. 
990 1814 Filed ; discs not brittle. 
1060 1940 Filed with difficulty; discs rather brittle. 
1125 2057 Dead hard to file; discs very brittle. 
1180 2156 Ditto Ditto 





Practical Sheffield steel metallurgists, who have been 
consulted by one of the authors, estimate from lathe and 
drill e iences that roughly the steel-hardening power 
of molybdenum is from two to three times as great as 
that of tungsten. Theoretically, — the empirical 
data given in the hardenite column of Table X., one atom 
of carbon is about 2.28 times as powerful in producing 
hardenite in true ferro-molybdenum steel as it is in form- 
ing the hardenite of true tungsten steel (see calculations 
in Appendix I.). Thus theory and ice agree when the 
theory is right. When theory practice do not agree, 

is wrong. - Unfortunately, molybdenum is much 
more erratic in its behaviour than tungsten, and. the latter, 
though the less powerful element, still sits unshaken on 
its throne, because of its reliable behaviour. Theauthors 
present a clue in this research to the irregular behaviour 
of molybdenum by calling attention to the astoundingly 
poor - 7 properties of molybdenum steels com- 
pared with corresponding steels containing tungsten 
Also it is shown in Table 1X., above, that high molyb- 
denum steel quenched out at a | we 2 hardening tem- 
perature is very brittle. It is therefore clear that so 
powerful a steel-producing element should be- used 
sparingly, one See percentages. With low per- 
centages, it undou ly exerts a beneficial influence on 
certain classes of steel when used cautiously, either per se 
or to replace about 24 times its percentage of tungsten. 


Ponts OF RESEMBLANCE AND OF DIFFERENCE BETWEEN 
THE ACTIONS OF TUNGSTEN AND MOLYBDENUM ON 
Sree... 


Resemblances.—Molybdenum resembles tungsten only 
in the following item :—The thermal transformation of its 
pearlite to enite presents in its thermal range a very 


considerable likeness to the transformation of tungsten 
pearlite to tungsten hardenite. 

Differences.—The differences between annealed tungsten 
and molybdenum steels (both with reference to steels 
which are molybdenum steels in the sense that they con- 
tain molybdenum, or that they are true molybdenum 
steels, containing over 18.25 per cent. molybdenum) are 
very remarkable. (a) Molybdenum does not, like tung- 
sten, form a single carbide, but a most remarkable double 
carbide with iron. It is non-magnetic, in spite of the 
large quantity of iron involved in its composition, and is 
+o chemical stability when attacked by the less 

isi 


0: acids. (b) In their mechanical erties, 
annealed molybdenum steels are distinctly inferior in 
i statically 


ductility to corresponding tungsten steels, w 
tested in tension, and their inferiority under alternating 
Stresses is very marked.* (c) Tungsten carbide com- 
pletely replaces carbide of iron when about 11.28 per 

* Proceedings of the Institution of Mechanical Engi- 
neers, 1914, pages 231 and 232; ENGINEERING, vol. xcvii., 











page 434, 
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TABLE X. 
: | l eae 
P Approximate | 
—— Approximate | Approximate Per- | Empirical Com-|°°™ ~og Temperature of | Tnermal 
Name of (True) Pointe. Pearlite Formulx/centage Compositions| positions of sent of Carbon Change- | Amplitude 
Steel. Cashes . of rated of Saturated | Hardenite Fe.0 b Points on of uge- 
ra as Steele. Steels. (Saturated Solic | skeus Heating. Range. 
— | Solutions). 
ams: cs 0.89 (21 Fe + Fes) Fe 87 FesC 18 } Feo, U - About 729 deg. C. Fre ame | 
leg U. 
j se 0.88* | (72 Fe + VC) Fe 94.5 VyC3 5.5 Fey V4 Cet 4.70 per 1400 ,, Unknown, 
wee (26 Fi wo) wo 12 F se , cont Vo mabe 
te es 0.72 e+ Fe 88 1 ‘€o9g WOT 11.28 per Begins about 850 ut 
———— | | cent. W  deg., §complete|'250 deg. C. 
| | about 1100deg. C 
Ferro - Molybde- 0.71 (24 Fe + FesMo30) Fe 70.5 FesMogO 29.5 | Feoy Fes Mo3Ct | 18.25 4 Begins about 925) About 
num | cent. Mo deg. C., complet | 175 deg. OC. 
about 1100 deg. O. 











* In the Journal of the Iron and Steel Institute, 1912, No. 1, pages 224-225, the authors, in describing Photomicrograph 
No. 3, Plate XXIV., which has reference to a steel containing 0.93 per cent. C. and 5.84 per cent. V., wrote :—‘ This section con- 
sists largely of sorbitic vanadium lite overlaid, however, by irregular meshes apparently of vanadium ferrite—in other 
words, the steel is not saturated.” It has since been found that the hes are vanadi ce tite and that the steel is 
really supersaturated. 2 

+ When the alloying element is in excess of the plete displ t point, this iron will be alloyed or combined with 
some vanadium, tungsten or molybdenum, as the case may be. 








TABLE XI.—ANALysis AND Evecrro.tysis or Dr. Swinpen’s Bar No. 16. 


The bars were electrolysed for 15 hours with a eurrent density of 0.18 ampere and a voltage of 1.0 rising to 1.6 between 
the extreme terminale. The specific gravity of the dilute hydrochloric acid electrolyte was 1.02. 





Molyb- | Weight Weight of Percentage of _ Percentage | Analysis of Carbide 
Residue. 


stee) | C8FP°" Genum | of Steel Carbide | Total Molyb- lof Total Car- Corresponding Theory. 
No. | gesel in Dis- | Residue denum in Car- | bon in Car- | — to the Formula ~~ 
Steel. | gteel. | solved. | Obtained. bide Residue. [bide Residue! ©. | Fe. Mo. Co. Fe. | Mo. 























p-c. p.c. gr. | gr. | pc. pc. p.c. pc. | pc. | pc, 
16 do |; 288 ss 1.4515 92.72 95.01 | 4.14 61.40 asi 4 FesMogC + 4 } 4.10) 5.01 | 44.94 
i} on: | & 8.5410, 1.4412 92.92 98.69 | 4.11 61.52 | 48.62\| Fes0 + O° oe . 
i ! 











Cent. (1814 deg. Fahr.), and the pearlite to hardenite 
transformation obviously taken place to a consider- 
able extent. 

Photomicrograph Fig. 5 (1526a): ©, 0.82 per cent.; 
Mo, 20.70 per cent. Etched in boili ium picra‘e. 
Dark areas, segregated ferro-molybdenum cementite, 
together possibly with some pong Fe,0. Ground 
mass, molybdeniferous ferrite and some ferro-molybdenum 
eorbitic pearlite in which the double carbide has not 
segregated. 

Conclusion.—The authors, having now completed their 
work on the double carbides of steel, again thank 
the Council for their financial help. They venture to 
suggest, however, that the unravelling of the varying 
mysteries of the carbides of tungsten and molybdenum, 
nickel and cobalt forms a record not cauestey of the 
traditions of that Institution under whose auspices Abel 
and Deering in 1885 placed in position the foundation- 
stone of modern scientific steel metallurgy—namely, the 
definitely ascertained existence of the compound carbide 
of iron, Fe,O0, or a multiple thereof. 

au would also tender their sincere thanks to 
Mr. F. Ibbotson, B.Sc., B.Met., Senior Lecturer in 
Metallurgical Chemistry at the University of Sheffield, 
for his tient and accurate chemical work ; to 
Mr. F. Knowles, B.Met., Senior Lecturer in Metal- 
lorgy in the University of Sheffield, for his always 
reliable services in connection with the metallurgy, 
mechanical, and heat treatment branches of the research ; 
also to Mr. F. C. Thompson, M. Met., B.Sc., Demon- 
strator in Metall phy, for his help in connection 
with the micrographic work, and also (in conjunction 
with Mr. L. Aitchison, M. Met., Demonstrator in 
Metallurgical Chemistry) for his careful work in check- 
ing the numerous calculations in chemical arithmetic 
involved. 

Finally, the authors would thank Mr. J. Harrison, 
Engineer to the Metallurgical Department of Sheffield 





e Resulting from the internal electrolytic decomposition of one molecule of electro-positive F;0 from the true formula 
4 FegMosC + 5 Fe,0 = 0 3.90, Fe 54.54, Mo 41.55 per cent. 


Fie. 3. ANNEALED. 0.75 per Cent. Carpon ; 4.95 Per CenrT. 
MotyspenumM. EtcHep with Picric Acip. Maenirirp 400 


DIAMETERS. Cent. (1814 Dec. F 


SIDERABLE TRANSFO 
Irs HaRpENITs. 


Resemblances _ be- 
tween Molybdenum 
and Vanadiwm.— 
As high vanadium 
facilitates the 
gation of vanadium 
cementite, so very 
high molybdenum 
seems to cause 
ferro - molybdenum 
cementite to segre- 
gate more readily in 
ee steels -" 
photo - mic » 
Fig. 5). aN 
molybdenum hard- 
enite also resembles 
that of vanadium in 
brittleness when 
quenched above its 
complete transfor- 
mation tvempera- 





. ture. 
Fic. 5. ANNEALED. 0.82 PER Cent. CaRrpon ; 23.70 per Cent. Motys- Mrcacenaruns 
DENUM. Ercuep wit Sopium Picratr. Maonirirp 250 Diameters. ANALYSIS. 
Photomicrograph 


: ig. 8, 

comt. of the element is present. Molybdenum replaces| 1530): C, 0.75 per cent. ; Mo., 4.95 por cent. Etched 
free carbide of iron when about 18.25 ex cent. is present, | with picric acid in alcoholic solution. —The pale ground 
rr unlike tungsten, it combines with a large proportion | mass is electro - negative sorbitic ferro - molybdenum 
of : 6 carbide of iron, forming a very stable double car-| pearlite. The dark areas are ted Fe,U, which is 
bide. (Indeed, the major part of this double carbide can’ electro-positive to the more stable ferro - molybdenum 
- a by electrolysis from its solid solution in| pearlite. There are also a few white areas, apparently 
non ened steels almost to theoretical formula.) (d) Unlike | ferro- molybdenum cementite. 

ungsten steels, molybdenum steels liberate their double Photomicrograph, Fig. 4(.525a): heated and quenched ; 


carbide pure with a weak electrolyte and low current | C, 0.79 per cent.; Mo, 15.46 per cent. Etched with picric 
— (e) Molybdenum does not appear within the | acid in aloshalto solution. Park ground mass, rh army 
— tested by the authors to form a definite molybdide | positive ferro-molybdenum 
- e:W, which mene, : the definite tungstide of iron negative ferro-molybdenum 
abies than wa _— orm when the tungsten reaches | quantity of 


lite. White areas, electro- 
lenite (mixed with a small 
iron hardenite).—This micro-section was 
quenched in cold water from « temperature of 990 deg. 








University, for the great care he has taken in preparing 
the Guanes test-pieces required for the investigation, 
, and in keeping clear their identity throughout. 





Fie. 4. 0.79 per Cent. Carson ; 15.46 per Cent. Motyspeaum. 
Maceniriep 250 Diameters. QuencnEep sy Water From 990 Dec. 


AuR.). ErcHep with Picric Acip. Sows Con- 
RMATION OF FerRo-MoLtyspENuM PEARLITE INTO 


APPENDIX I. 

Calculations of the theoretical hardenite producing 
powers of carbon in true tungsten steel and in true ferro- 
molybdenum steel respectively :— 

O= a) _ 184 W 
C = 12!) ~ 456 Fe,Mecs. 
Hence the gross power of Mo = ed = 2.48 times that 


of W. 

Then the actual power of Mo = 2.48 — 0.20 (for two 
extra atoms of Fe converted into W hardenite), or 2.28 
times the power of W. 

Atomic weights: C = 12, Fe = 56, W = 184, Mo = 96. 

Formula for tungsten hardenite, (Fe.,WC); for ferro- 
molybdenum hardenite, Fe., Fe;Mo,0. 





APPENDIX II. 


In view of the low carbon result in the carbide from 
bar No. 16, the authors, to clear this matter up, com- 
municated with Dr. Swinden, and he kindly sent them a 

iece of the original rolled and reeled §-in. diameter bar. 

is was moderately annealed, and the analysis was made 
on the last turnings from the §-in. diameter carbide 
bars. The results obtained by electrolysis are embodied 
in Table XI. 





Tue Wuate-Ouw Inpustry.—The whale-oil industry is 
every year ming more important ; in 1914 the world’s 
pee amounted to an aggregate of 750,000 barrels. 

ailing from almost all parts of the globe. At the same 
time as the production has inc so have the uses to 
which whale oil is put. Ib is used for lubricating, often 
mixed with mineral oils, also for the treatment of leather 
in the tanneries, in the iron and steel industry for harden- 
ing processes, in the textile industry, for the manufacture 
of artificial rubber, for lighting purposes, in the soap 
industry, &c. Large ——- are also used for glycerine 
manufacture, whale oil thus being a factor in the manu- 
facture of explosives. 





558 


ENGINEERING. 





[Nov. 26, 1915. 








**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED 
OATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification Drawings is stated 
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illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators rd nape ce dee yee 
obtained at the Patent Office, Sales 
Chancery-lane, W.C., at 


. 


a 
of a Complete Specification, 

‘atent O, to the grant 
ce notes atthe Patent Oo of epoction to tha ve 


ELECTRICAL APPARATUS. 


The British Thomson-Ho Com- 
—— {ims London. (General Electric Company, 
Schenectady, U 8 A.) Resistance Termi- 


nals. (2 Figs.) December 10, 1914.—The present invention 
relates to resistances consisting either partly or wholly of 
elemental silicon, and comprises particularly an electrical current 
connection or terminal therefor. In accordance with this inven- 
tion, a terminal is provided consisting of a refractory silicide, such 
as an alloy of silicon and aluminium. The resistance illustrated 
comprises a core 1 consisting of graphite or other like highly refrac- 
tory conductor with a rising voltage-ampere c' teristic, and 
a shell or coating 2 of silicon. At the end of the resistance is a 
cap 3, consisting of cast iron, steel, or other refractory metal or 
alloy, which can be run at low red heat without excessive de- 


= SENSE 


(aa 






terioration due to oxidation. If desired, an asbestos washer 4 
may be placed between the cap 3 and the resistance to make a 
mechanical fit. Into this space between the cap 3 and the re- 
sistance is cast the refractory alloy of silicon and a metal, prefer- 
| aluminium. This alloy is made by adding aluminium to 
molten silicon, until a homogeneous mixture is made. A similar 
alloy of copper, or even iron, may be , but these alloys or 
silicides, whatever they may be termed, have the disadvantage of 
slowly disintegrating into the form of a powder. Any suitable 
mechanical current con may be made tothe cap38. Due 
to the fact that the filling is cast into contact with the sili- 
con, it conforms closely to the surface configuration of the silicon, 
and thus prevents the formation of the superficial film of oxide. 
(Accepted September 8, 1915.) 


14,125/14. Sir A. T. Dawson and G. T. Buckham, 
London. 8 “Motors. (8 Figs.) June 11, 114. 
—This invention relates to electrical apparatus for transmitting 
and receiving signals, and is intended particularly for use in con- 
nection with the transmission of orders or information respecting 
the working of guns. The type of electrical apparatus to which 
the present invention relates comprises a transmitting switch 
controlling a number of electric motors so energised that the 
armatures perform intermittent or a movements, which 
are imparted to counting or indicating mechanism. The step- 
by-step electric motors employed are of the kind in which the 
armature comprises an even number of pairs of unwound pole- 
pieces, and in which an odd number of pairs of field magnets 
are energised in diametrical rs and in a certain order by 
current supplied preferably on the three-wire system. Accord- 
ing to the present invention, the windings of the field magnets 
are 80 arran: as to reduce as far as possible the self-induction 
of the circuits. With this object the field-magnet windings of 
each diametrical pair of magnets, instead of being connected in 
series as is usual, are connected in parallel, the separate field 


Fig.2. 









r’ 


J ves) ec 
windings having also a common junction, so as to provide a con- 
necting path for the working current on the alternate steps. 
Owing to the number of parallel connections of the field magnets 
obtained at any step, the self-induction of the motor is reduced, 
and the current “builds up” at each step rapidly, and thus 
affords reliability anda high working speed. Three pairs of field- 
magnet windings are represent d by a, a, b, b, and c, ¢ respec- 
tively, and the three wires by which they are supplied with 
current are design: X, Yand Y!. The windings a, @ are con- 
nected together in parallel, the windings }, b in parallel, and the 
indings c,cin parallel. All the windings have a — 
common junction at A; the other ends of the pair of windings 
@, @are connected to the wire X, and similar connections are 
made between the two pairs of windings >, 6 and c.c, and the 
wires Yand Y! respectively. The wires X, Y and Y! are con- 
nected to brushes z, y and y! ere. which bear against 
the surface of the transmitting switch. e transmitting switch 
is in the form of a rotary drum adapted to produce twelve a - 
step movements of the motor to one rotation of the s' 
The surfece of the drum may be considered as bei 
posed of two complete conducting rings d and k, 
intervening conducting rings ¢, f, and g, each composed 
of two approximately semi-circular arcs, the ends of which 
are separated from one another by insulating portions 





com- 
three 





ad, a, fi, fi, and gi, gy! respectively, the insulating por- 
tions being in st; or relationship, and connec 
to one another by arcuate lating portions 1, m,n respec- 
tively, as shown In the developed view, Fig. 2. The ring d and 
one set of the semi-circular ring sections ¢, f, and g are formed 
integrally or are electrically connected together, and the ring k 
and the other set of ring sections are also formed integrally or are 
The rings d and & are in per- 


iP Fig. 2 and by 
imagining the drum surface to be moved upwards step by step in 
the plane of the paper, while the brushes z, y, y! remain sta- 
tionary, the successive states of excitation of the field magnets at 
each of the twelve steps can readily be ascertained. It will be 
observed that for one step the two windings of one pair of 
magnets in parallel with one another are connected in eeries with 
the other four windings all in parallel with one another, and for 
the next step the two windings of one pair of field magnets are 
disconnected in such a manner that the disconnection is in the 
nature of a short-circuit, so that the induced currents on break- 
ing the tions are opposed to one ther and do not affect 
the main current. (Accepted September 22, 1915.) 





GUNS AND EXPLOSIVES. 





14,222/14. Sir A. T. Dawson and G. T. Buckham, 
London. Sighting Apparatus. [7 Figs.) June 12, 1914.— 
In tion with ord sighting apparatus it is usual to 


provide means whereby, when the trunnions of a gun are inclined 
to the horizontal as a result of the gun-carriage resting on 
uneven ground, the sight will be deflected to compensate for the 
lateral error which would otherwise occur. In addition to this 
error there is, however, a further error which, as is well under- 
, affects the laying of the gun for range, this error resulting 
from the fact that the angle between the axis of the gun and the 
sight-line—i e., the angle of the tangent elevation—when 4° 
lected on to a vertical plane is less when the trunnion axis is 
nclined than when it is level, and therefore less than the angle 
col ding to the range registered on the range-dial or its 
equivalent, and the chief object of the nt invention is to 
devise improved means for correcting this error. According to 
this invention, means are provided for automatically correctii 
the angle of tangent elevation either by directly adjusting this 
angle or by varying the reading of the range-indicating device, 
the amount of such correction being dependent upon the inclina- 
tion of the gun trunnions and the range of the object. The 
drawings illustrate a constructional form of the invention for 
directly varying the angle of tangent elevation. A is one of the 
gun-trunnions, and B represents a cam ; C is the sight-bracket, 
which is capable of being rocked about a longitudinal axis c to 
bring it into the vertical position when the trunnions are in- 
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clined. D is the sight-carrier, and d represents the projection 
thereon for co-operating with the cam B. The cam B in the 
example shown is rotatably mounted on the sight-arm B* (moving 
only during the pointing of the gun) near the rear end of the 
carrier D, and is connected by a link D! to an arm or bracket A! 
on the gun-trunnion A. This cam is so formed that when the 
sight-bracket O is adjusted to the vertical position (assuming the 
gun to be already elevated for range) the sight carrier D will be 
rocked about a transverse pivot d!, Fig. 1, to increase the angle 
between the sight-line and the axis of the gun ; and when the gun 
is being elevated for range (assuming the trunnions to be inclined 
to have been accordingly adjusted to a 
vertical position) the cam will rock the ht-carrier D in the 
ae 3 direction to the movement of elevation of the gun. 

hen the trunnions are horizontal, the projection d on the 
carrier D will rest on a portion of the cam B which is concentric 
with the axis of rotation of the cam, so that no correcting move- 
ment will then be given to the carrier D during the ranging of 
the gun ; when there is no angle between the sight-line and the 
axis of the gun the projection d rests on a portion of the cam 
which is concentric with the axis c of the sight- bracket, so that 
in this case no correcting displacement will be given to the 
carrier D asa result of the adjustment of the sight-bracket © to 
ite vertical position. The cam is symmetrical on both sides of a 
vertical plane passing transversely through its centre. It will 
ther fore be seen that whether the bracket O, in being adjusted 
to its vertical position, moves laterally towards or away from the 
axis of the gun, the cam B will effect the same correction in the 
angle of tangent elevation. (Accepted September 22, 1915.) 


20,892/14. R.H.S. Bacon, Coventry, and J.H. 
Warwick. Ordnance Projectiles. (1 Fig.) October 12, 
1914.—In Specification No. 7350, of 1914, the applicants described 
the combination of a time-fuze. a charge of high explosive, such as 
tetryl, adapted to be expicded by the time fuse, and a separate 





and larger charge of high explosive adapted to be detonated by 

the first charge. According to the present modification or im- 

nee co in — invention, the applicants combine with the 
above-named a percussion arrangement so that the 

lle may burst on graze independently of the uevhee. | ~~ 

insert in the hole connecting the fuze proper with the detonating 





charge a centrifugal bolt, which renders the fuze safe until the 
projectile leaves the gun. a is the body of the fuze containing 
time-rings b and a percussion pellet ¢ of ordinary construction. 
Into the body screws a steel gaine d, into which gaine is 
screwed a diaphragm eé. charge f of high 
explosive, as trinitropheny)methylnitramine or tetryl, in the 
middle of which are pellets g of wder. In front of this is a 
wad h, which is kept in place by screw-plug i, through which 
is formed a paseage to enable the flash from the percussion or 
time arrangements to reach the pellets g. In frontof this again 
is another plug j, containing a centrifugal safety bolt k. The pas- 
sage I between the bolt and the explosive is closed by a disc m. 
Should either the time or percussion arrangement be premature], 
ignited, the lis completely blocked by the bolt k. When, 
however, the shell is fired centrifugal action causes the bolt to 
move out of the passage. Subsequently the pressure set up |, 
the time or percussion arrangements pierces the disc m and the 
flash is then enabled to pass to and explode the charge. Behind 
the diaphragm e¢ is a second charge of high explosive, such as 
tetry], the front portion being formed of loose explosive n, while 
the rear portion is composed of compressed explosive 0, the two 
being separated by a wad p and held in place by a plugy. The 
explosion of the charge / is sufficient to perforate the diaphragm 
eand to detonate the charge n, 0, the detonation of which is 
sufficient to explode or detonate the charge of the shell. (Ac. 
cepted September 22, 1915.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


19,800/14. Aktien Brown, Boveri et 
Cie., Switzerland. Thrust-Bearings. (10 H9s. 
November 3, 1913.—This invention relates to thrust-bearings, and 
consists in a thrust-bearing of which the bearing surface is 
bedded on a medium, such as steel balls. rollers, sand or like non- 
cohering solid bodies as distinguished from, say, rubber, which, 
with regard to the transmission and distribution of the pressure 
as well as the movability of the separate parts, acts like a liquid, 
and owing to the size of its separate parts does not necessitate 





/9800.) 
liquid-tight jointe, nor does it involve the other disadvantages of 


a liquid. a denotes a vertical shaft which reste on a conical 
journal-pin c rising above a plate b, the lower surface of which 
slides on a ring d comprising a number of blocks. The bearing 
member f consists of a cylinder provided with an annular 
channel g filled with steel balls or the like. The outer rim A of 
the bearing member is provided with gaps at certain places with 
which engage projections i on the blocks (to prevent rotation 
thereof). A forcing-screw k serves for setting or adjusting the 
ring d. (Accepted September 22, 1915.) 


1159/15. John Holroyd and Co., Limited, and V. 
Gartside, Rochdale. Milling-Machines. [5 Figs.) 
January 25, 1915.—This invention relates to the outer end of 
machine-tool mandrels employed to carry work or cutters in mill- 
ing-machines where an outer mandrel-support is used. According 
to this invention, a taper sleeve is provided to fit internally the 
taper outer end of the mandrel and be prevented from rotation 
thereon, and to fit externally the taper socket in the outer 
bearing and be rotatable therein, so that the sleeve may be em- 
ployed to mount a number of mandrels of different diameters. 
Or a number of taper sleeves are provided all of which fit ex- 
ternally the taper socket in the outer bearing and are rotatable 
therein, but each of which has internally a different sized taper 
hole and means to prevent relative rotation between it and the 
mandrel, so that the sleeves may be employed to mount mandrels 
having outer ends of different sizes. Or a namber of sleeves fitting 
in one another are provided, the largest of the sleeves rotatably 
fitting in the taper socket in the outer bearing, whilst the in- 
ternal taper holes thereof are of such size as to fit different sized 
outer ends of the mandrels, and the said taper sleeves and man- 
drel ends are so formed as to prevent rotary movement between 
them, so that the said sleeves may be employed to mount man- 
drels having outer ends of different sizes. The taper outer end a 
of the pte Be b is provided with a taper sleeve c fitting into the 








bearing d. The bearing d may be either driven tight into its 
housing or be a sliding fit therein. The sleeve c (see aleo Fig. 2) 
has a slot ¢. which is engaged by the tongue h, so that the sleeve 
is positively driven by the mandrel. By inserting the usual tool 
in the slot ¢ the sleeve c may he loosened and removed from the 
mandrel. The sleeve c, being larger externally than the taper 
outer end a, gives a larger bearing surface, and is therefore less 
liable to wear. One sleeve c fits a number of mandrels having 
different diameters, but equal taper outer ends, so that which- 
ever mandrel is used, the bearing surfaces will always be the same 
Where a number of mandrels having a large range of diameters 
are to be employed, in lieu of one sleeve c, two or more sleeves 
may be provided, each of which has the same external dimen- 
sions, but will fit the taper outer ends of two or more mandrels 
which have identical taper outer ends, and the diameters of 
which only vary within small limits. For example, the sleeve ¢, 
shown in Figs. 1 and 2, is employed for mandrels of larger dia- 
meters, and the sleeve /, shown in Fig. 3, is employed for man- 
drels of smaller diameters, which of nevessity have a smaller taper 
outer end. By employing two or more such sleeves, having vary- 
ing internal taper holes, the number of the different surfaces 

in the socket of the bearing d is less than the number of 
employable mandrels, whilst the taper outer ends of the latter 
may always be ie of sufficient strength for the respective 





For example, a range of mandrels of from Sa to 2 ip. 
ie1n) be used by the aid of two sleeves. (Accepted tember 8 
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SCHNEIDER FIELD-GUNS. 
(Concluded from page 535.) 


The 75-Mm. Light Field -Gun.—The 75-mm. 
(2.953-in.) light field-gun, which we illustrate in the 
views, Figs. 7 and 8, on the present page, and in 
Figs. 9 and 10, on page 560, was designed by Mesars. 
Schneider to meet a programme drawn up by the 
French War Ministry. 
examined by the French Army Arsenal at Bourges, 
where it was put under most severe tests, and since 
then it has been adopted in the French Army. 
When hostilities commenced all the horse artillery 
divisions were armed with guns of this type. 

The gun-tube is of quenched and annealed steel; 
it is 25 calibres in length, and has twenty-four 
right-hand grooves of uniform twist. The gun-tube 
is strengthened at the breech end by an increased 
thickness of metal and by a breech-jacket. The 
breech-block is eccentric, with interrupted thread, 
and it screws into the tube. The lugs for the 





When first built, it was | fas 


has an operating tongue which engages a groove 
made in the eye of the carrier. The rack-bar is in 
the upper part of the carrier and remains engaged 
with teeth cut in the rear upper portion of the 
breech-block. It is made with a groove, into which 
enters an operating catch located on the lower sur- 
face of the horizontal arm of the operating-lever. 
A spring-bolt in the carrier holds the rack-bar 
t. 


The extractor consists of a double-pronged fork 
which acts round a horizontal axis-pin ; the two 
prongs take the shape of the cartridge-case and 
jam between the flange of the latter and the rear 
face of the tube. The horizontal axis-pin is located 
in the lower rear part of the tube, and its right- 
hand end, fitted with a toggle, is actuated by a 
striker on the hinge-bolt. The means of safety 
against hang-fire consist of a safety catch located in 
the rear face of the tube, and under the action of 
a spring, which tends to drive it into a notch 
cut in the rack-bar, thus holding the rack-bar 





the empty cartridge-case several yards to the rear. 
In order to load the gun, the cartridge is driven 
without any special precaution over the smooth 
sector at the lower part of the breech-seating, 
which forms a loading-tray. It suffices that the 
projectile be only partly home, the breech-block 
on closing acting in all safety asarammer. The 
breech-block is easily closed by bringing back the 
lever from right to left. In the first period of this 
operation the rack-bar acts upon the breech- 
block and carrier. The former enters the seating, 
and the carrier presses against the rear face of the 
gun. As soon as contact is established, the rack- 
bar catch frees the rack-bar, which, being still 
under the action of the lever, causes the breech- 
block to turn home in its seating, when the 
safety - catch enters the notch in the rack-bar. 
From this instant the breech can only be opened 
by acting separately upon the safety device or 
after the round has been fired in the normal way. 

For firing the first round, the firing-rod is 
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hinge-bolt are formed on the jacket. The breech 
mechanism, of the Schneider system, consists of 
the breech-block containing the firing - pin, the 
carrier which turns round the hinge-bolt, and the 
operating gear. The breech-block is of steel, having 
two smooth and two threaded sectors. The firing- 
pin has an eccentricity of 5 mm. (,*; in.) as rega 

the axis of the breech-block, and the point is pro- 
tected by a bush screwed into the breech-block. 
The carrier has on the right-hand side a toe-piece, 
through which passes the hinge-pin; it is made 
in front with a thick boss, on which the breech- 
block bears and slides during the closing and 
opening operations, the bearing of the breech- 
block being further ensured by threads on the 
front of the carrier, cut to the same pitch 
as the threading of the breech - block. The 
breech mechanism comprises an operating lever 
and a rack-bar. The horizontal arm of the 
former is provided with a handle containing 
sprue catch, this latter acting on the bolt which 
clamps the lever on the carrier ; the vertical arm 
forms the hinge-bolt of the breech mechanism, and 


In Firtne Position. 


fast. For practice firing the safety device is 
put out of action. Firing is by striker and re- 
peating ; the firing-pin above referred to is actu- 
ated by a hammer which pivots on a horizontal 
pin-bolt on the rear face of the gun. A stud on 
the hammer-arm is made to enter a cut in the 
carrier, and a corresponding one in the rear of the 
breech-block when this is screwed home. The 
firing-gear is completed by a rod for firing, located 
on the right-hand side, provided with an operating- 
handle and a lanyard ; the rod is connected with a 
a return spring and is fitted with a pawl which acts 
on the hammer. 

When a round is fired, the gun recoils, the safety- 
catch above referred to enters its recess and bends 
its spring by inertia, and thus frees the rack-bar ; 
the safety-catch remains in its recess under the 
action of a flat spring on one of its sides, and the 
breech can be opened for a following round. The 
breech is opened in one single action by operating 
the lever of the breech mechanism from left to 
right ; shortly before the opening of the breech is 
ce pleted, the extractor comes into play and ejects 





operated by the lanyard ; the following rounds are 
fired by acting upon the rod-handle. The rod on 
sliding causes the hammer to strike the head of the 
Gring-pin, the point of which strikes the percussion- 
tube. 


Altogether the Schneider breech-block arrange- 
ment combines strength with great simplicity of 
action. It-can be removed and taken to pieces 
without the aid of any tool. The breech-block 
cannot unscrew on firing the gun, since the 
operating lever is clamped on the carrier, and can 
only be released by pressing by hand upon the 
said lever and exerting at the same time a tractive 
effort. Safety against premature firing, which 
might be caused by the breaking of the firing-pin 
point, the fragment projecting outwards, is en- 
sured by the eccentricity of the firing-pin ; this 
arrives directly in the rear of the percussion-tube 
only after the complete closing of the breech. 
This arrangement allows the breech-block to act, as 
above stated, in all security asarammer. Firin 
cannot, either, take place before the breech-bloc 
is completely home, owing to a catch on the 
hammer-arm, which prevents all contact between 
the hammer-head and the head of the striking-pin 
until it can engage the notch cut in the rear face of 
the breech-block, which is only possible when the 
breech-block is completely home. We have re- 
ferred above to the means of safety against hang- 
fire. For the road, the hammer is immobilised by 
a safety-bolt. There is, further, no fear of shear- 
ing the cartridge-case, as occurs with the wedge 
breech-block. The screw breech-block is also 
lighter than the wedge type, and offers a much 
greater resistance to bursting of breech, owing to 
the large bearing surface of the threads and a 
better Sivision of stresses. 

The gun-tube is connecte@ to the sledge ; the 
latter is made with slide-shoes, which fit on the 
paths of the cradle, on which the gun and sledge 
combined slide on recoil and running-up. The 
gun-tube is held fast in the sledge by a rear 
screwed connection and a front and rear collar. 
The recess forthe recoil buffer and recuperator is 
bored in the sledge. The recoil buffer absorbs the 
recoil energy ; it consists of a cylinder on the lower 
right-hand side parallel with the gun axis, a piston, 
and a counter-rod. The cylinder is closed in the 
rear by a screwed plug, and in front by a cover, 
through which runs the hollow rod of the piston. 
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This rod is held on the head-plate of the sledge, 
and is fitted at its rear end with a piston, in which 
ports are cut which communicate with the central 

e of a counter-rod. The counter-rod, which 
is inside the piston-rod,*runs through the piston, 
and is screwed on the rear plug of the cylinder ; its 
section increases from the rear to the front with a 
view to give a constant braking action. The cylin- 
der is filled with a mixture of water and glycerine. 
When the gun is fired and during its recoil the 














cylinder and the counter-rod are drawn by the 


Fig. 9. 





and two reservoirs. The cylinder is closed in the 
rear by a screwed plug, and in front by a cover; 
it is to the left of and parallel with the recoil 
buffer, and is in constant communication by means 
of passages with its two reservoirs, which are in 
front on the upper part of the sledge and lel 
with the recoil buffer and recuperator cylinders. 
The piston-rod is held on the front of the cradle, 
and is fitted in the rear with a piston. The cylin- 





der, passages, and half the capacity of the receivers 
contain a mixture of water and glycerine ; a body 
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recuperater has led to the use of a governing device. 
This device is made up of a valve at the front 
end of the counter-rod, of two longitudinal grooves 
of varying section cut in the inner surface of the 
piston-rod, and of vents cut in the wall of the 
piston-rod close to the piston. The governing 
device acts as follows :—During recoil the liquid 
which is compressed in front of the piston enters 
partly into the piston-rod and flows in the annular 
space between the rod and counter-rod ; it raises 
the valve at the end of the counter-rod, and occupies 
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sledge, whilst the piston and piston-rod connected 
to the cradle remain staticnary. The liquid, which 
is compressed between the front face of the piston 
and the front cover of the cylinder, tends to flow 
to the space in the rear of the piston. The ports 
in the piston offer a to its flow, the counter- 
rod gradually throttling their section ; there thus 
occurs & wire-drawing of the liquid, which absorbs 
a portion of the energy of recoil, the remaining 
portion being stored vy a recuperator. When 
recoil is deadened, the gun and sledge run up again, 
the liquid flowing back in the reverse direction. 
The air-recuperator is entirely independent of 
the recoil buffer. It consists of a cylinder, a piston, 


of air at a given initial pressure is above the liquid 
in the receivers. During recoil the cylinder is dis- 
placed on the fixed piston, and the liquid it contains 
is driven into the receivers, where it further com- 
presses the body of air. When recoil is spent the 
expansion of the air causes the liquid to flow back 
in the cylinder, in which it acts both on the piston 
and on the front end of the cylinder, running it up 
with the whole recoiling mass to firing position. 
The power of the recuperator is more than suificient 
to run up the gun whatever be the firing angle, or 
to overcome any resistance which may be caused by 
the presence on the slide-paths of dust or other 





foreign bodies. The excess of power in the 
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in front of the valve the space formerly occupied 
by the counter-rod. On running up, this same 
liquid, under pressure owing to the resistance of 
the counter-rod in the piston-rod, closes the valve, 
and has no other issue to flow back to its former 
space apart from the two grooves, whose section 
decreases progressively. The wire-drawing of the 
liquid thereby forms a brake which moderates the 
running up. Finally, the section for the flow being 
rendered nil before the complete return of the 
liquid, an hydraulic buffer is thus formed. ‘ 
In the Schneider recuperator the elastic spring 
formed by the body of air referred to does away 
with all long and difficult dismounting operations 
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such as take place when metallic springs are re- 
sorted to. It also renders unnecessary the provi- 
sion of cumbersome and heavy spare parts. The air- 
recuperator can be adjusted at the Front with the 
air-pump carried with each gun ; further, it takes 
up but little space, and this fact, combined with its 
arrangement, protects it, like the recoil buffer, 
from the enemy’s shots. The cradle on which rests 
the recoiling mass is a simple dished steel plate, 
U-shaped, strengthened by transverse plates, as 
shown in Fig. 9. gat ae 

The elevating mechanism is fitted with indepen- 
dent line-of-sight—i.e., which gives separately the 
angle of sight and the angle of elevation correspond- 
ing with the range.* This newconception was applied 
in the first instance to the French 75-mm. field- 
gun, and it immensely increased the value of that 
weapon. At a time when Messrs. Krupp con- 
tinued to use their ordinary line-of-sight, Messrs. 
Schneider, in France, foresaw the very great ad- 
vantages of the independent line-of-sight, and 
adopted it systematically. The mechanism for 
giving the angles of sight comprises a gear on the 
left-hand side which acts on two toothed sectors 
connected by a transverse stay which carries 
the elevating-nut of a screw, on the head of 
which rests the cradle. The range mechanism is 
operated by a crank on the right-hand side, the 
crank-handle containing a catch-bolt which engages 
the catches cut round a circular groove, and frees 
the gear from the influence of the vibrations due te 
firing. The gear acts by means of bevel pinions 
on the screw above referred to. Any action on the 
screw in question results in a corresponding rota- 
tion of the cradle round the trunnion axis, one 
angle being recorded on the sight-bar, the other on 
a dial which is connected to a toothed shaft fitted 
on the right-hand side sector, and to a pinion 
fitted to the same elevating-socket as the dial. 

For traversing, the gun-carriage is shifted on the 
wheel axle, and made to pivot on the trail-spade as 
acentre. On the rear side of the axle is cut a 
rack, which engages an endless screw, the latter 
being operated by toothed pinions and a hand- 
wheel on the left-hand side (see Fig. 10). In order 
to remove all strain from the gearing when wheeling 
the gun, the gear is provided with a spring nut, the 
shoulders of which—under the action of a cam 
operated by a crank, also located on the left-hand 
side—enter notches cut in the axle. Two steel 
rings lined with leather washers are provided on the 
outside ends of the axle seats, riveted to the carriage 
cheeks with a view to remove foreign bodies from 
the axle, which might interfere with the traversing 
action. Traversing is recorded both by the gonio- 
meter of the sighting. gear and by a graduated strip 
fitted to the axle. 

The Schneider traversing-gear has the advan- 
tage of maintaining the carriage axis in the direc- 
tion of recoil, thus doing away with any lateral 




































































made with the notches above referred to ; it ends at | recorded on a graduated slip on the axle and on 
each end in conical journals. The wheels consist | the goniometer. The sighting-gear, of the Schneider 
of a wooden felloe of large diameter, fitted with a | type, contains a device or correcting the inclination 
steel tyre and connected by twelve wooden spokes | of the trunnions—one for the angles of sight and 
to a steel boss lined with braes. The spokes are | one for the angles of elevation—a panoramic sight 
connected to the felloe by steel shoes, and to the | with finder, and two goniometers for measuring the 
boss by two discs. zenithal and azimuthal angles of the t. 

The brake has two brake-shoes, which are _ The trail-spade is in two parts : a fixed one, which 
operated from the right-hand side by a crank, a| is used when the gun is on rocky ground or 
threaded lever, and a link. The men are rotected inst a rear support, and a movable one formed 
by a steel shield 3.5 mm. (0.137 in.) thick, which | of a wide plate, which can be turned down on the 
is proof against rifle and shrapnel balls. It is| trail, and is used, together with the fixed part, 
fitted on the axle-sheaths and on the carriage head-| when the gun is on loose nd. The —- 
late ; it is lengthened by a lower plate on hinges. | axle, wheels, brake, and shield are generally simi 

or the road, the gun is connected up to a limber | to those of the 75-mm. gun. 
formed of a dished chassis, on which is riveteda| For the road, and with a view to better balance 
limber-box provided with a rail and seats for the|the load, the sledge is drawn by hand towards 
gunners. The harness for the team is on the French | the rear of the cradle, where it is maintained in 
artillery pattern. position by two bolts, the cradle being also 

The main features of this gun are its great | clamped to the carriage. This requires, also, the 
mobility combined with high power. Its mobility | unhitching of the buffer and running-up rods, 
is due to its limited weight and to the large dia-| which, in the firing position, are conn to the 
meter of the wheels. Its power results from the | cradle head-plate. in this connection a s cial 
fact that it can fire from 25 to 30 rounds per minute, | safety device is provided, which locks the . 
due to the ease with which the breech is operated, | gear and prevents all firing, should the rods in 
to the simplicity of the loading and aiming opera- | question not have been fitted up again when the 
tions, to the stability of the gun when firing and | gun is being placed in battery. All these arrange- 
its regular running up by reason of the perfection | ments show that ev detail has been carefully 
of the recoil mo Bn te and to the facility with | thought out beforehan ‘ and in the course of the 
which it can take new aims over a wide field owing | present war the gun in question has given abundant 
to the independent line-of-sight and the sliding of | proofs of its accurate working, efficiency, and 
the carriage on the axle. All these facilities have | endurance. 
been fully proved in the course of the numerous 
engagements of the present war. 

The 105 - Mm. Field - Gun.—The question of 
using heavy field artillery in war was still an open 
one when hostilities commenced last year. Not- 
withstanding the fact that Messrs. Schneider had 
been in a position for many years past to supply 
the French Army with both short and long guns, 
105 mm., 120 mm., 150 mm., 210 mm., 240 mm., 
and 280 mm. (4.134 in. up to 11.024 in.) in calibre, 
with which they had armed several foreign Powers, 
the French Army had only a few long 105-mm. 
guns, which had been used in the manceuvres of 
1912, and the adoption of which had recently been 
decided upon. 

The 105-mm. gun we illustrated in our last issue 
is 28 calibres in length. Its thickness increases 
from the muzzle to the breech, and it is fitted with 
a breech-jacket. The jacket is connected to the 
sledge in front by a shoulder-piece, and in the 
rear by a threaded connection. The connection is 
—— by a spring-key device. The breech 
mechanism is of the Schneider eccentric-screw type, 
with interrupted threads. It differs from that of 
their 75-mm. gun in a few accessory details only. 
In the breech gear of the 105-mm. gun, the hori- 
zontal arm of the operating lever contains an oscil- 
lating arm, provided on ite right-hand side with a 
component force and consequent loss of aim. All| clamp which holds the breech-block when open, 
the toothed gearing is protected by casings. The | the arm being operated by a spring-bolt in the 
sighting-gear is of the French official type, with operating-handle, which also acts on the locking- 
goniometer and collimator ; it is on the left-hand| bolt of the carrier in the closed position. The 
side, on a support which turns round the trunnion | fork-shaped extractor of the 75-mm. gun is in the 
axis with the moving mass. 105-mm. gun replaced by an extractor having a 

The carriage is built up of two dished steel plates | finger, this being operated round a vertical avis 
joined and stayed together by upper and lower | pin from the shock of a shoulder on the heel of the 
plates and by head and rear plates. The cradle|carrier. In the 105-mm. gun, the breech gear is 
trunnions are carried on the head-plate through completed by a device for retaining the charge 
the intermediary of trunnion bed - plates. The when firing under high angles of elevation. There 
head-plate is continued on each side of the cheeks | is also a loading-tray, which is raised and lowered 
by two brass sheaths, in which slides the axle. by a link fitted to the left-hand end of a horizontal 
The rear plate ends in a trail, and a wide trail. | shaft located in the rear face of the gun, the shaft 
spade, having an upper plate provided with two | being operated by the action of a catch, which is 
handles, and the joint of a hand-spike, which can | on its right-hand end, and is connected with the 
be brought down upon the trail. On the carriage | hinge-pin. The safety devices and their action are 
cheeks are fitted the aiming-gear, a seat on the| the same as in the case of the 75-mm. gun, as are 
left-hand side for the gunner who lays the gun, | also the firing device, the sledge, and cradle. 
and one on the right-hand side for the man at the| The elevating mechanism is fitted with the ordinary 
breech, and whence the cradle is clam to the | line-of-sight, which is justified in the case of a gun 
carriage for wheeling the gun. The axle is straight, | of this calibre. It consiste of two identical toothed 
of forged steel, and hollow over its whole length. | sectors, placed symmetrically under the cradle, and 
It is provided with the lateral aiming-rack, and is appear by « hand-wheel on the left-hand side. 

—_— he action is recorded on the device giving 
the angles of sight and angles of elevation. 
The traversing mechanism is similar to that of the 
75-mm. gun, and in order to facilitate the sliding of 
the carriage on the axle and its pivoting on the 
trail-spade as a centre, the carriage rests on the 
axle through the intermediary of two rollers and a 
suspension formed of Belleville springs. The gear 
has two hand-wheels combined together, and which, 
by toothed pinions and an endless screw, act upon 
a rack cut in the rear of the axle. Traversing is 































































ELECTRIC WELDING-MACHINE. 

IN our issues of January 15, January 29, and Feb- 
ruary 12, 1909, we illustrated and deecribed & number 
of electric welding-machines constructed by the 
British Insulated and Helsb Cables, Limited, of 
Prescot, Lancashire. The machines all worked on the 
system devised by Elihu Thomeon, in which a current 
of electricity is passed from the one piece to be welded 
to the other across the joint between the two. As the 
greatest electrical resist indeed practically all 

e resist occurs at the joint, the evolution of 
heat is limited to that spot. The metal is rapidly 
raised to a red or white heat, and is, at the same time, 
— or rolled into contact, a perfect weld being 

ormed between the two pieces. An alternating 
current is used, as its voltage can be varied at will by 
means of a transformer. The voltage is very low, 
while the current is naturall high, as the heating 
effect depends entirely on the amount of current 
passing. 

Electric welding-machines are of three kinds : butt- 
welding, spot-welding, and —ealing, and they 
were developed in the order named. All three were 
dercribed in our previous articles, but since that date 
alterations and improvements have been introduced. 
The latest form of machine is that illustrated over- 
leaf It is designed for dealing with sheet brass, and 
is so efficient that a welded sheet may be “spun” 
with the same ease and certainty as a homogeneous 
sheet, and without any seam or joint being visible on 
close inspection. This is a wonderful result when we 
remember that braces is an alloy in which one con- 
stituent—zinc—can be easily driven off by sublimation 
without the copper being melted. 

The machine in question is listed by the makers as 
their ‘‘ No. 60” oalien ~ will .-- with brass sheets 
up to 3 in. aggregate thickness. © general outline 
of the machine will be sufficiently clear from Fig. 1, 
overleaf. The machine is power-driven, the power bein 
about 4 horse-power, being trantmitted from the 
belt-pulley, running at 140 revolutions per minute, 
through a three-stepped cone to the back shaft. This 
back-shaft continues to revolve while the machine is 
under belt, and from it power is transmitted to the 
revolving electrodes as and when the operator desires 
by means of suitable gearing and foot- " 

The top electrode (Fig. 1), cireu in shape, is 
carried in an arm projecting from the top of the 
machine, and is connected to the back shaft above 
referred to by suitable ing. The motion of this 
electrode is controlled by the left foot-pedal. The 
bottom electrode, circular in shape, and carried by 
& casting bolted direct to the face-plate, is also con- 
nected by gearing to the back shaft and is under the 
control of the right foot-pedal. The arme, or stakes, 
as they are called, carrying the electrcdes are of 
various sizes and design to suit the icular class of 
work the machines have to do. The machine illus- 
trated has stakes for welding brass tubes 5 in. in dia- 
meter and 8tin. long. This is, however, by no means 
the limits fora machine af this description. 

These machines are extremel simple to operate, 
and, indeed, sre usually m by female or other 
unskilled labour. The operator is seated, and con- 
trols the “at” yon with the right and left feet re- 
spectively. e modus operandi is as follows :—The 
article to be welded is placed on the bottom electrode, 











* The angle of sight is the le formed with the hori- 
zontal plane by the line joining the — with the gun 
muzzle, whilst the angle of elevation is t which has to 

e formed by the axis of the gun and the former line in 
order that the projectile may reach the target. This 
latter angle is a function of the range or distance of the 
target from the gun. It is given by the firing-tables ; it 
18 independent of the angle sight in usual practice ; but 
ee bigh angles of sight, such as when firing 

reraft, this in lency ceases, ing- 
tables have to be adjus' accordingly, tt at 
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CONTINUOUS ELECTRIC BLUE-PRINTING MACHINE. 
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Fie. 4. 


WE illustrate above the Wickes continuous blue- | 


printing machine ; a very good idea of the compact- 
ness and general appearance of the machine is 
given by Fig. 1. It is claimed that the current used 
is considerably less than that of other electrical blue- 
printing machines ; another advantage is that the 
— expensive and fragile glass cylinder is dispensed 

The main point of interest is the rinting-cylinder, 
Fig. 3, which surrounds a phat et mercury-vapour 


lamp. The cylinder, which is stationary, is composed 


of longitudinal and spirally-disposed wires, woven 
right-handed at one end of the cylinder, and left- 
handed at the other end. This gives a desirable ironi 
or spreading effect to each side of the tracing, 

so ensures perfect contact between the tracing and 
the printing paper. The contact between the traci 
and the paper is maintained by means of a wide, 


| continuous belt, Jesing sened the feed-rolls and 
er. 


the printing-cylin e light from the mercury- 
a am. ‘asson through the wire cylinder, and 
e trac 


vapour lamp 
then through tracing to the sensitive paper. The 
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Fig.2. 


"Lighting Element 


“Spiral Cylinder 











fug.3. 





arrangement greatly reduces the distance between 
the lamp and the paper, the actual distance between 
them being only 2in. Another advantage claimed is 
that the wires obstruct less light than a glass 
cylinder, The machine is. driven by an electric- 
motor, through a diso-friction drive, as shown in 
Fig. 4, which allows a wide range of speeds to suit 
Gifferent tracings and sensitive emnisions. The gear 
ratio is altered by a screw which moves the motor 
radially over the surface of the disc. 

In front of the machine and just below the feeding- 
table, Fig. 2, there is a light-tight compartment, 
which provides ample storage for three or four rolls 
of printing-paper. In continuous printing, the paper 
passes from the storage compartment over the feeding- 
table, thence down to the feeding-rolls. Thence the 
blue-print paper and tracing travel round the printing- 
cylinder ; the tracing is then either delivered to the 
operator or it can go on with the blue print into the 
storage compartment in the rear of the machine, as 
desired. The machine will print from tracings 2 in. to 
48 in. wide. 

The machine, which is manufactured by Messrs, 
Wickes Brothers, Saginaw, Michigan, U.S.A.. is being 
handled in this country by Mr. F. A. Perry, 63, Queen 
Victoria-street, E.C. 





Cxromic Iron Ont.—The production of chromic iron 
ore and its prices have fluctuated greatly during late 
years. The chief sources sare Greece, New Caledonia, 
Rhodesia, Russia, and Asiatic Turkey, and the war 
has closed some of them. In New Caledonia and 
Rhodesia the production had risen to above 60,000 long 
tons in 1913, as we see from J. 8. Diller’s compilation on 
the Mineral Resources of the United States, 1914 
(Paper I. : 1 of the United States Geological Survey). In 
Russia the output had kept fairly steady at about 20,000 tons; 
in Greece it had varied between and 11,000 tons; in 

and also in India, it had decreased from 6000 and 
7000 tons to a few hundreds in Canada and to 3000 tons in 
India. Statistics about Turkey were uncertain. In 
the United States the uction has never been 

The maximum of tons was obtained in 1894, 
but the production dropped rapidly to a few hundreds 
and less; in 1913 it was 255 tons, in 1914 once more 
better—591 tons. The main source of the a 


8 | chromic iron ore is Shasta County, in California. 


Baltimore district, o y the centre of chromite ore. 
had lost all importance, but Baltimore is still the centi a 
for the uction of chromium chemicals. A develop- 
ment of other sources in the United States is qupested, 


in view of the restricted imports. 
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INDUSTRIAL NOTES. 


A ConrERENCE was held last Tuesday in the Wesleyan 
Central Hall, Westminster, and was attended by 
the Minister of Munitions and representatives of the 
trade unions whose members are affected by the 
Munitions of War Act, 1915. Its object was to 
suggest amendments to the Munitions of War Act 
in view of the Amendment Bill shortly to be intro- 
duced by the Government. Fifty-five of the am 
cipal trade unions were represen The Right Hon. 
A. Henderson occupied the chair, and Mr. Lloyd 
George was accompanied by Dr. Addison, Dr. Macna- 
mara, Sir H. L. Smith, Mr. Beveridge, and Mr. 
Wolff. Mr. Clynes, M.P., and Mr. F. 8. Button 
addressed the Conference in criticism of the Act. 

Mr. Lloyd George, who had a cordial reception, 
in the course of his reply to these criticisms, said 
that he was in favour of the principle of many 
of the proposals which had already been presented 
to him by the representatives of the trade unions ; 
those he could not agree to he promised should 
have his close and sympathetic consideration. The 
Government desired the Act to work smoothly 
and satisfactorily. In the speeches that had been 
made it appeared to have been overlooked that 
while the Munitions of War Act interfered to some 
extent with the liberties of the workmen, the Minister 
of Munitions possessed extensive powers over con- 
trolled establishments which cut quite as deeply 
into the rights of private employers as any provision 
affecting workmen. He presumed that there was no 
desire on the part of the trade union to repeal the = 
of the Act affecting employers. One chief object of the 
Act was to give State control over unlimited com- 
petition—a principle that many Labour men had been 
advocating for a long time, during the ress of 
this war more things had been done to fart er the 
principles of the Labour movement than the propa- 
ganda of a generation had been able to secure. 

It might seem hard that a workman could not leave 
one shop to go to another, but the same restriction 
applied to the soldier who might object to storm 
the Hohenzollern Redoubt, and prefer to go to some 
place behind the fighting line. If this war was a 
just war, if we were fighting for humanity and for 
the overthrow of the domination of a military caste 
in Europe, it was not for men to stand out at such 
a time for the right to leave one shop to go to another 
when the whim seized them. He noticed that most 
of the amendments were in the direction of what 
might be called reciprocity. There was a feeling that 
if a workman could not ye ae. his employer with- 
out a certificate from a tribunal, the employer ought 
not to be able to discharge the workman without a 
similar certificate. He hada deal of sympathy 
with that, and the point would be considered. 

There were also matters affecting the powers of the 
Ministry in enforcing recommendations u con- 
trolled establishments. The constitution of Munitions 
Tribunals was also a matter worthy of consideration. 
He could only state that when the deputation ap- 
pointed by the Conference met him in the evening 
with the Conference’s recommendations they would 
sit down and seriously consider how best the wishes 
expressed might be met. 

The TO) ls of the Conference were brought 
before the inister the same evening by a Committee 
elected by the Conference, consisting of the following 
representatives:—The Right Hon. A. Henderson ; 
A. Wilkie, M.P. ; C. W. Bowerman, M.P.; J. Hill; 
F. Smith; W. Thorne, M.P.; F. Sharp; F. Button ; 
F. Chandler ; W. F. Dawtry ; Miss MR Macarthur, 
and W. Mosses. A discussion took place on the more 
important proposals agreed to at the afternoon’s 
conference. 

Mr. Lloyd George promised a full consideration of 
the various points submitted to him, and it is under- 
stood that a further conference with the Committee 
will be hel before the final draft of the Amendment 
Bill is decided upon. 





In the course of Tuesday’s Conference the following 
demands, according to the Glasgow Herald, were put 
forward on behalf of the trade unions :— 

1. That no imprisonment shall take place for 4 
refusal to pay any fine under the Act. 

2. That there shall not be any change in workshop 
regulations, and no rules («ther than the model rules 
of the Ministry of Munitions) shall be posted or en- 
forced by employers or taken cognisance of by a 
munitions tribunal unless they have been to 
by the trade unions and employers concerned. 

3. That apprentices shal! be allowed to leave a firm 
when their time is out. 

4. That workmen’s panels shall be selected by the 
trade union and the workpeople concerned. 

5. That in all munition areas local joint committees 
equally representative of employers and employed 
shall be establiehed, to meet at least once a fortnight. 

6. That local committees shall report to the Minister 
of Munitions all cases in which either side considers 
that the rules concerning limitetions of profits in 








controlled establishments are being evaded, or that 
Government work is being put aside in favour of 
private work. 

7. That no matter within the jurisdiction of a local 
Munitions Tribunal shall be brought before a Muni- 
tions Tribunal until it has been referred to the local 
committee for settlement. 

8. That local committees shall enforce payment of 
the trade-union district rate of wages for each class 
of work. 

9. That the employer shall be required to pay out- 
of-pocket e and time lost in cases where a 
workman summoned before a tribunal by his employer 
has his case dismissed, or where an appeal by the 
workman for a leaving certificate is successful. 

10. That all proposals to abrogate or vary trade- 
union regulations or workshop customs, or to import 
new classes of labour, shall not come into operation 
until approved by the local committee or the Minister 
of Munitions. 

11. That leaving certificates shall be granted more 
easily, and that workmen shall not be dismissed at a 
minute’s notice. On an appeal to a tribunal being 
successful, either side to be required to give six weeks 
notice before the engagement shall terminate. 

12. That the Minister of Munitions shall have power 
to prescribe by order minimum rates of wages, allow- 
ances, and conditions of employment, or premium 
bonus for female workers. 

13. That one at least of the assessors in a Munitions 
Tribunal dealing with cases in which women are con- 
cerned shall be a woman. 

14. That Board of Trade arbitration shall be referred 
for settlement on a request from either party to a 
dispute. 





A further conference on demands for increases in 
wages and economy in consumption was held on Wed- 
nesday, which was addressed by the Prime Minister, 
the Chancellor of the Exchequer, and the President of 
the Board of Trade. At the close, the following re- 
solution was — 

‘That, having heard the very important state- 
ments presen to the Conference by the Prime 
Minister, the Chancellor of the Exchequer, and the 
President of the Board of Trade, we hereby resolve to 
arrange for an adequate number of copies of the 
official report of their spseches to be supplied to the 
members of all trade unions, and to commend to their 
earnest and favourable consideration the appeals con- 
tained therein.” 

We deal in our leader in the present issue with both 
Tuesday’s and Wednesday’s conferences. 





The Board of Trade has issued an amendment having 
reference to the supply of coal, in which it is stated 
that in order to maintain a regular and uninterrupted 
flow of coal, industrial consumers should wherever 
possible contract for their requirements and not trust 
to the open market. 

An Order in Council has been signed by the King, 
and is proclaimed in Tuesday’s (azette, prohibitin 
the importation into the United Kingdom of al 
machine-tools and parts thereof, excluding small 
tools, except such as are imported under the licence 
of the Board of Trade. 


The report for October issued by the United 
Pattern-Makers’ Association states that the pattern- 
making trade was in much the same situation as that 
which obtained in September. The fact that the 
branches showing the largest unemployed roll described 
trade as indicated that the largest proportion of 
idle members were out of work for ne reasons, 
and probably they would have f work by the 
time the report reached the hands of the members. 
Sheffield seemed to have the largest number of a 
floating membership, work there, so far as the Asso- 
ciation was concerned, being uneven and spasmodic. 
Birmingham also showed somewhat fluctuating con- 
ditions, and it was rather remarkable that the two 
chief munition-manufacturing centres, where whole 
factories were at a standstill fur lack of skilled labour, 
should afford such scanty and uncertain employment 
to the pattern-making trade. The general state of 
trade, however, was » and on the whole the 
members were fully employed, with every prospect of 
remaining so for a considerable time to come. 

It would be extremely interesting to learn the 
number of members who obtained employment at 
trades outside their own owing to the war conditions 
now prevailing. This information would assist in 
oe proximately the conditions the Associa- 
tion will with at the termination of the war. 
— — are asked to state the number of 

eir mem engaged in (1) aero construction, 
(2) shell-turning, and (3) other pote. word operations. 
Only a return was wanted of those who were working 
away from the trade all the time, and not of those 
who had left the trade for causes apart from the war. 








With reference to the paragraphs we published on 





pages 268 and 295 ante, dealing with the invitation 
which was extended to Mr. Lloyd G to attend 
the Bristol nee of the Trade Union in 
September last, and with his speech before the members 
of the Congress, on the suspension of trade-union 
regulations during the war, we are informed that 
the Amalgamated Society of Engineers has recently 
issued a statement to the effect that :— 

1. The society has removed all overtime restrictions 
in regard to the production of war material, and did 
so in the early days of the war. 

2. The society has adopted the Treasury agreement 
by a large vote of the members, and has loyally ob- 
served the terms of the agreement in rd to the 
non-stoppage of work and the settlement of disputes. 

3. The society has to the introduction of 
semi-skilled workmen doing skilled men’s work, and 
unskilled and female labour doing semi-skilled men’s 
work in the manufacture of shell and fuses. 





Last Friday, November 26, Sir George Askwith, 
acting as independent chairman of the Scottish Coal 
, awarded the Scottish miners an advance of 6} 

per cent. in wages. This is equivalent to 3d. per day, 
and brings the miners’ wages up to 83. 9d. - The 
standard wage in the Scottish covl-field being 4s. per 
day, wages are now 118? per cent. above the standard. 





We are informed that, following upon a conference 
between representatives of the British Steel Smelters’ 
Union employers with regard to Sunday work 


for increasing steel supplies for munitions, it has been - 


agreed that the men shall work three eight-hour shifts, 
during the week-end, which gives an interval of 
10 hours each Sunday—that is to say, there will be 
no work from 2 p.m. to midnight on Sundays. The 
men are to receive time and a half for one of the shifts, 
and double time for the other two shifts. A small 
committee of three from each side has been set up 
= oe with the details and the working of the 
scheme. 





The members of the Northumberland Miners’ Associa- 
tion have decided, by 22,900 votes to 1360, to raise their 
contributions from 6d. to Is. per fortnight, with a 
corresponding increase for half-members. The officials, 
seeing the difficult financial position of the Association, 
had repeatedly — such an increase, but hitherto 
without success. Previous to the three-shift strike, in 
1910, the Association had a balance of over 156,900/. 
That strike cost 83,000/., the national strike of 1912 
left the Association heavily in debt, and it has at the 
present time a bank overdraft of between 14,000/. 
and 15,000/. 





From the information collected each month as to 
the retail prices in Sydney, New South Wales, of food 
and groceries, it appears that in August of this year 
prices were 39.4 per cent. higher than in July last 
year, 396 per cent. higher than in August of last 
year, and 12.5 per cent. higher than in July of this 
year. 


An emphatic denial, says the High Commissioner 
for Australia, was given recently by the Federal 
Attorney-General to the statement of Mr. W. L. 
Baillion, chairman of directors of the Amalgamated 
Zinc (De Bavay’s), Limited, that business in metals 
has been held up by the Government. 

“«There is absolutely no truth in the statement,” 
said Mr. Hughes. ‘The position is that no metals 
can be shipped from Australia unless and until the 
approval of the Imperial Government has been ob- 
tained. Permission had been given for the export of 
12,000 tons of zinc concentrates to America, and it 
was given immediately on the receipt of a cable mes- 
sage from the Imperial Government stating that there 
was no objection to the shipment.” 





Tae InstiruTIoxn or Monicipat ENGinegrs. — On 
June 30, 1914, the roll of the Institution was 895, con- 
sisting of 704 members, 124 associate members, and 6/7 
students. On June 30, 1915, the roll was 842, consisting 
of 672 members, 127 associate members, and 43 students. 

the year 47 members, 15 associate members, and 
3 students were elected, while 6 associate members were 
transferred to membership, and 7 students transferred to 
associate membership. e losses resulting from death, 
resignation, erasure by change of appointment, and other 
causes amount to 85 members, 13 associate members, and 
20 students. 





Opgnines FoR British Trapg.—Since the outbreak 
of the war Ramey: have been received in the Coni- 
mercial Intelligence Branch of the Board of Trade from 
a large number of firms in all parts of the United King- 
dom who wish to get into communication with United 
Kingdom manufacturers or producers of various classes 
of goods which have previously been obtained from 
Germany and Austria. Hungary. United Kingdom firms 
interested in any of the inquiries are invited to write to 
the Director of the Commercial Intelligence Branch of 
the Board of Trade, 73, Basinghall-street, London, E.C., 
with a view to being placed in communication with the 
inquirers. 
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MACHINERY OF WESTERN AUSTRALIAN GOVERNMENT MOTOR-SHIP “KANGAROO.” 
CONSTRUCTED BY MESSRS. BURMEISTER AND WAIN (DIESEL SYSTEM) OIL-ENGINE COMPANY, LIMITED, ENGINEERS, GLASGOW. 


Fig.l. SECTION AT FRAME 25. LOOKING AFT. 
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WESTERN ‘AUSTRALIAN GOVERNMENT 
MOTOR-SHIP ‘* KANGAROO.” 
(Concluded from page 470.) 


In supplement to the illustrations and description 
of the new motor-ship Kangaroo, which has been 
purchased by the Western Australian Government for 
the carrying of produce from Western Australia to 
this country, upon the advice of the Agent-General, 
Lieut.-Colonel the Honourable Sir James Newton 
Moore, and the technical guidance of Sir J. H. Biles 
and Co., we publish this week drawings of the internal- 
combustion engines by which she is propelled. The 
engines are of the Burmeister and Wain Diesel design, 
operating on the four-stroke-cycle principle, and have 
been constructed by Messrs. Burmeister and Wain 
(Diesel System) Oil-Engine Company, Limited, of 
Glasgow. This is the sixth vessel engined by this firm, 
which, as is now well known, is associated with Messrs. 
Harland and Wolff, Limited, of Belfast and Glasgow, 
and is influenced in its technical and manufacturing 
work by that enterprising and progressive epirit which 
ever characterises Lord Pirrie’s management. We 


Mississippi—in our issue of February 19 last (see 
ENGINEERING, vol. xcix., page 209), and, while many 
of the details of the design of the Kan ’s engines 
correspond generally with those of the prototype, 
— modifications, dictated by experience, have 
made. 

An interesting feature, however, is the general 
arrangement of the machinery in the ship, in order to 
attain the highest degree of accessibility and con- 
venience for overhaul, so that the drawings illus- 
trative of the disposition of the various units of the 
machinery, published on the two-page plate accom- 
panying this issue, and on this page, will be studied 
with interest. They embody the teaching of an 
experience greater perhaps than that of any other 
merchant motor-ship-building firm, because, in addi- 
tion to those vessels already completed, the firm have 
five more in hand, while the parent company in Copen- 
hagen have just completed their seventeenth inoten-chip, 
all with engines on the four-cycle system. They have 
also no fewer than twenty-seven ships on order with the 
same —_ machinery, independent of engines of 
similar design in hand and projected by various com- 
panies in different parts of the world working under 
their licences. Moreover, the company for which the 
Kangaroo was built has shown a marked preference 
for this type of engine, oe experience in sea 


working has been utilised in design. 
The 


is propelled by twin-screws, the pro- 
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pellers being driven by independent six-cylinder 


engines. Each of the cylinders has a diameter of 
mm. (22.05in.), the stroke being 760mm. (29.92in.), 
and the designed power for each set when running at 
140 revolutions per minute is 1125 indicated horse- 
power, making a total of 2250 indicated horse-power. 
As we have said, the —_ follows closely that of 
the main engines of the Mississippi, and as in our 
—— article we dealt very fully with the 

evelopment of the various parts, and described them 
and gave sectional drawings, it is not necessary 
here to enter into details. One notable change is the 
introduction of a distance-piece between the bottom of 
the cylinder and the framing to form a tray, with a 
packing through which the piston-rod works. This dis- 
tance-piece serves to check heat radiation and to pre- 
vent grit and dirt and carbonised oil mixing with the 
lubricating oil in the working parts. The enclosed type 
of framing has been adopted in association with forced 
lubrication. The pistons are oil-cooled, the lubri- 
cating oil paesing through the crank and connecting- 
rod to the piston-rod crosshead, and through the 


piston-rod to the piston, after which it drains back to | &c 
illustrated the first of the engines built—that for the | th 


e crank-case 
piston. 

Reversing is effected by means of a small motor of 
the rotary type, on the spindle of which is an arm 
operating on the worm-wheel of the manceuvring-shaft, 
which makes one complete revolution for each reversal 
of the main engine, thereby withdrawing the lever 
push-rods from the came. hen these are quite clear, 
the cam-shaft is moved in a forward or aft direction, 
bringing the reverse cams into position. By the time 
this is effected the manceuvring-shaft has completed 
its revolution and brought the push-rod rollers on to 
the new set of cams, when the engine is ready to run 
in the opposite direction. The fore and aft movement 
of the cam-shaft is effected by a drum with a spiral 
groove, connecting to a sliding-block fixed to the cam- 
shaft. Each main engine is fitted with a governor to 
prevent any excessive increase in the speed. 

General sections and plan of the machinery on the 
ship are given on the ae plate, Fig. 6 being a 
longitudinal rection, and Fig. 7 a plan ; Fig. 8 isa 
half. section through the main engine-room, Fig. 9 a 
part section showing the arrangement of the pump, 
main switchboard, and immediate-supply oil-tanks on 
the forward engine-room bulkhead, while - 10 isa 
plan at the oil-tank level. On this psgo there is a 
section through the engine-room, showing the arrange- 
ment at the after bulkhead of the engine-room. It 
will be seen that the general-service pumps, common 


rough a rigid pipe fixed to the 





to all ships, and in this case electrically driven, are 












arranged close to the bulkhead at the forward end of 
the engine-room ; the switchboard platform is above 
them. Between the two main engines is the hori- 
zontal 10-ton fuel-oil —-. In each wing of the 
engine-room there is a 200-brake-horse-power Diesel 
engine, driving a 100-kw. dynamo and a three-stage 
air-compressor, both compresor and dynamo being 
mounted on the main shaft. In the extreme star- 
board wing there is a transformer, refrigerator, and 
evaporator, and a condenser, together with a motor- * 
driven 11-kw. dynamo for supplying current for light- 
ing and deck machinery in harbour. In the port win 

there is an electric motor-driven sir-compressor onl 
a repair-shop, while at the extreme after-end is a 
ballast-pump. Fitted in a recess, and between the 
main thrust-shafts, is a small donkey boiler, which is 
used exclusively for heating passenger and cther 
accommodation in the ship, while arranged conve- 
niently around the bulkhead in this recess are the 
supply oil-tanks, as shown in Fig. 11. Suspended to 
the main deck on both wings of the engine-room aft 
are the manceuvring-sir reservoirs, feed-water tanks, 


The fuel-oil is stored in the ‘tween bottoms 
under the various holds, the total capacity, on a basis 
of 38 cub. ft. per ton, being about 800 tons, while 
under the motor-room accommodation is provided in 
the ’tween bottoms for lubricating oil. is lubri- 
cating oil is circulated by means of separate electric- 
ally-driven pumps, through the oil-cooler and filter, 
and then direct to the engine, subsequently draining 
back to the well in the engine bed-plate, thence to 
the tank in the ship’s double bottom. This tank acts 
in iteelf as an effective cooler. The fuel-oil for the 
engines is pumped from the between bottoms to the 
large settling-tanks fitted on the forward bulkhead 
(Figs. 9 and 10) by the rotary daily-service pump, of 
10 tons capacity, fitted between the main engines. ‘he 
fuel-oil pump is packed with leather. The two supply- 
tanks referred to are cylindrical and have a capacity 
of about 5 tons. An ent is made for drain- 
ing at regular intervals any water that may be mixed 
with the oil, Underneath the settling-tanks is a 
cofferdam, so that no oil can possibly escape to the 
main switchboard below. 

For supplying the compressed air for injecting the 
fuel-oil, as well as for starting and manwuvring the 
engine, there is a high-pressure com r driven 
direct from the forward end of the main crank-shaft. 
This is designed to take air, either from the independent 
compressors, or from the reservoirs already referred 
to, at a ure of 20 atmospheres, and to increase 
this to atmospheres for oil-fuel injection. The 
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MACHINERY OF MOTOR-SHIP 


“KANGAROO ;” 


DETAILS OF AUXILIARY SETS. 


CONSTRUCTED BY MESSRS. BURMEISTER AND WAIN (DIESEL SYSTEM) OIL-ENGINE COMPANY, LIMITED, ENGINEERS, GLASGOW. 
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design of this high-pressure compressor was full 
described in our article on the Mississippi. A small 
emergency air-compressor in the port wing of the ship 
is also designed to compress air up to 60 atmospheres, 
and this also discharges into the air-bottles alongride 
the main engine-room, as shown in Fig. 8 in the two- 
page plate. For supplying air at 20 atmospheres 
pressure there are, as already mentioned, two three- 
stage independent Diesel-motor-driven compreseorr, 
one on the port and the other on the starboard side. 
The air for manceuvring, or for the supply of the high- 
pressure compressor, is taken direct from the reser- 
voirs, although arrangements are made for supply 
direct from the independent compressors for 
purposes. The compressor is driven by a four-cylinder 
Diesel engine, of which drawings are reproduced on 
this and the opposite page (Figs. 12to 16). The cylin- 
ders are each 325 mm. (12.79 in.) in diameter, and have 
& stroke of 440 mm. (17.33 in.). They are designed to 
develop 200 brake horee-power, and the general 
design is well shown in the drawings reproduced. 
These engines correspond in their general features to 
the main propelling engines, but are not reversible. 
They are also of the enclosed type, but in this case each 
engine has a self-contained pump for supplying forced 
lubrication to the bearings; the pistons are not cooled. 

_ The bed-plate, of cast iron, fixed to the steel fourda- 
tion on the ship’s bottom, is made sloping to the 
forward end of the engine, where the strainer for the 
lubricating-oil pump is placed, ending there in a small 
well for the lubricating oil. The frames are made in 
one casting, with large doors on both sides for easy 
access to the crank and bearings. The cylinders are 
made in separate castings and kept in place with long 
holding-down bolts going through the frames as near 
the bearings as possible, thereby avoiding any tension 
strain brought through the frames, as well as avoiding 
the bending strain in the bed-plate. 

The cylinders have looee liners. The covers, as 
shown in Fig. 16, are special castings, and in these are 
placed the several valves : exhaust, A ; inlet, B ; fuel, 
C; and starting, D (Fig. 13). As regards the starting- 














valves, these are only fitted to the two centre cylinders, 
The fuel-valves are of the company’s patented down- 
ward-opening type. There is a special fuel-pump, F 
(Fig. 14), for each cylinder. The governor, which is 
placed on the top of the vertical shaft and arranged to 
regulate the suction-valve of the fuel-pump, is con- 
nected by a patent device of Burmeister and Wain’s, 
so that one or two cylinders can be put out of action 
entirely automatically, according to the varying load 
of the engine. This device makes it possible to have 
very exact regulation for all the different loads of the 
engine. 

At the forward end of the engine there is a two-stage 
air-compreeror for the injection air. This has trunk 
pistons. The suction-valves for the two low-pressure 
pistonr are Corliss valves, driven by a small crank 
from the crank-shaft. The low-pressure delivery-valve, 
as well as suction and delivery-valves for low pressure 
and high pressure, are automatic spring-valves. The 
cooler for the compressor is fixed to the frame on the 
back of the compressor. There is a medium-pressure 
cooler and a high-pressure air-cooler. 

On the side of the frame is placed the oil-cooler and 
filter F (Fig. 14) for the lubricating oil, through which 
the cooling water is before going into the engine. 

Between the auxiliary compressor and the engine 
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driving it there is mounted, on the same shaft, the 
main electric generator, which at the full speed of 225 
revolutions has an output of 100kw. By this arrange- 
ment of utilising the one Diesel engine for driving com- 
pressor and dynamo, fuel-oil is economised. A special 
coupling is fitted, which is easily connected or dis- 
connected. Thus, in port especially, the full power 
of the auxiliary Diesel engine is available for elec- 
trieally driving the winches for the numerous derricks 
with a the vessel is fitted, - for the —— 
special lighting necessary for the disch or in 
of ca ‘ On the other hand, when, =n there 4 
less demand for electricity for such power purposes, 
a greater demand is placed upon the compressor for 
ship-propelling purposes. The 11-kw. Tuxham motor 
at the after end, on the starboard side of the motor- 
room (Fig. 7), is of the hot-bulb type, and is installed 
as a stand-by for lighting purposes when the ship is 
lying in harbour and other auxiliaries are not work- 
ing ; this is notably the case when no cargo-winches 
are being used 

As regard the pumping-plant, it is, as the following 
list shows, very complete :—One 150-ton rotary bal- 
last-pump ; two 20-ton pluoger-pumps for the bilge ; 
one centrifugal ranitary-pump of 50 tons capacity ; 
two centrifugal cooling-water circulating-pumps of 
50 tons capacity each ; two lubricating oil-pumps of 
the plunger type, of 30 tons capacity each ; one ro 
daily-service pump of 10 tons capacity for fuel oil. 

The position of these is clearly shown on the plan 
(Fig. 7) on the two- 

The small verti iler located aft in the tunnel 
recess has 80 sq. ft. of heating surface, and is intended 
exclusively for supplying steam for heating purposes. 
The repair-shop on the port side of the machinery 

is fitted with a lathe and drilling-machine, 
ari ven from a countershaft operated by an independent 
electric motor. From this same countershaft there is 
actuated, as is clearly shown in Fig. 7, the small 
emergency ot gg already referred to. 

During the trials, when the ship was at light 
draught, the full power was developed with the 
engines running at 144 revolutions per minute, and 
the total consumption of oil-fuel for main and auxiliary 
engines was then 0.292 Ib. indicated horse-power. 


late. 





The speed of the ship at light draught was 11.2 knots. 
| Daring the trial trip the performance of the machi- 
nery satisfactorily met the stringent a of 
the naval architects for the owners (Sir John H. Biles 
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combustion of the fuel, a fact which is further estab- 
lished by the low rate of oil consumption. 

It —_ @ matter of interest “ a & mea- 
sure of the manceuvring capacity o main i 
there is on record 9 ious 4 where a ship ft 
with twin-screw engines of the same type, operating 
under severe conditions in harbour, has e about 
240 mancuvres in 14 hours, after which there was 
an ample reserve of manceuvring air. This is i 
interesting, as many people seem to doubt that the 
Diesel motor will be capable of extensive manceuvring 
such as described. 





NOTES FROM THE UNITED STATES. 
PHILAVELPHIA, November 17. 

PLANs are under consideration in the Pitteburg dis- 
trict for the expansion of steel production facilities. The 
United States Steel Corporation alone contemplates 
outlays that will te 10 million dollars. It is 
stated that the total —— contemplated will 
reach 25 million dollars. Expansion is contemplated, 
and in many plants is in progress. The most serious 
aspect of the entire situation is the possibility of a 
shortage of pig-iron, even at an assured production 
capacity of 40 million tons per annum. An output of 
approximately 38 million tons has been a ly 
reached. The Steel Corporation proposes to build 
two blast-furnaces of enormous capacity in the Chicago 
district ; nearly all pig-iron consumers are in the 
market for supplies, some of the orders being for large 
lots. Quotations have been again advanced at all 
points, which seems rather to stimulate than to 
depress demand. Warehouse supplies of finished pro- 
ducts are being rapidly depleted. Production has 
been temporarily interfered with by serious conflagra- 
tions at Bethlehem, Eddystone, and Trenton. \. 
building is already aie rapid progress. The 
Bethlehem plant will rebuild its destroyed portion 
in two months. Everywhere extreme precautionary 
methods are being enforced. 

Only a minimum of European business has been 
P , because of over-sold conditions. French agents 

ave failed to place an order for 25,000 tons heavy 
rounds for two or three months’ delivery even at an 
offered premium of 15 dols. a ton ; orders for 20,000 
tons boat steel have just been placed in the Kast, and 
as much more has n ordered for boats for the 
Standard Oil Company. The railroads have ordered 
this week over 100,000 tons rails; car orders for the week 
total 10,000. Inquiries are pending for 35,000 more. 
A var shortage exists in certain sections. Heavy steel 
plate demand has swamped the market. There are 
urgent inquiries for export for over 100,000 tons. 
Ordinary iron bars are being used in place of steel 
bars in extreme cases. Billets are up to 45-48 ; open- 
hearth rolling steel, 35; basic open-hearth, 
Extended facilities will be available to a considerable 
extent before next spring, but limited by a pig-iron 
production of 40,000,000 tons maximum ; owing to 
the crowded condition of <a @ combination of 
oil, timber, and coal interests been formed with a 
capital of 8,000,000 dols. to build ships, to be known 
as the Standard Shipbuilding Corporation ; the concern 
has purchased Shooter’s Island, on the border of the 
bay surrounding New York City ; already the pro- 
spective concern has been offered shipbuilding con- 
tracts that ag te 8,000,000 dols. in value ; they 
could add to it if they tried. Exports have assumed 
astonishing proportions, 175 vessels having cleared 
for, Europe in October with munitions and sup- 
plies. 





Tue Inspection or ENGINEERING MarTeriaL.—On 
November 25 Mr. R. D. Summerfield read a paper on 
“The Inspection of ing Material” before the 
Birmingham Association of Engineers. He divided his 
subject into: (a) The necessity for inspection; (b) the 
re ap hee buyer ; (c) the benefit to the contractor ; 
(d) the a of Soapoceien 5 (2 She Snapester ; ond (7) 
specifications and inspection. Mr. Summerfield has 
a wide experience of inspection, and his remarks were 
based on personal knowledge. His account of the tricks 
practised on inspectors by dishonest persons were very 
interesting. 


to the Institution of Munici the 27th 
and Coke Company to restrain the Woodford and 
fabric road reinforcement on the 
structed by the gas company of reinforced concrete 6 in. 
found that the reinforced concrete was cut through in a 


Ferro-Concrete Roaps —In his presidential address 
on 
ult, Mr. H. C. Adame, Inst. C.E., said that a 
High Court action was recently brought by the Gas- 
Light y to 
Wanstead Urban District Councils from using wire- 
ground that its use 
would be a serious hindrance to the company in getting 
down to their mains. Experimental lengths were con- 
thick and ordinary concrete 12 in. thick, upon which at 
a later date workmen were put to open thruugh. It was 
shorter time than the thick bed of ordinary concrete, and 
the gas company thereupon withdrew the action. 


Y}nut or washer be h 





Siz,—With reference to the les article on this 
accident, which appeared in your issue of the 19th ult., 
it may be of some interest to have the views of a locomo- 
tive engineer of nearly fifty years’ experience in regard 


to this design of crank-pin washer. 
In the ment shown in Figs. 1 and 2, which 
is believed to the form of washer which caused the 


accident, it is obvious that when new, and the washer 
is scre home to the collar, the split-pin hole in 
— See oS eae may be quite fair and the 
id tight. Afver 
time, however, wear must take place ; 
being fair when the washer is screwed the 
collar, and the pin is driven through the r and 
crank-pin, the washer is slacked back slightly from the 
collar of the crank-pin, and is free to move backwards 
and forwards on the crank-pin by the friction of the side 


a very short 
the hole not 
right up to 
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rod. By this movement the split-pin is quickly cut 
——. between the washer and crank-pin at point 
and B. 


In the case of 400 ines in my charge, the crank-pins 
of which were fitted with screwed washers and aglib las 
as shown in Figs. 1 and 2, the engine failures on the road 
were so numerous that I had all the crank-pins altered 
to the arrangement shown in Figs. 3 and 4, and the 
trouble then ceased entirely. 

It will be seen in the arrangement shown in Figs. 3 and 
4 that the taper-pin should have two-thirds of its diameter 
at the centre in the crank-pin and one-third in the washer. 
When the taper-pin is driven in tightly and split, no 
movement can take place between the crank-pin and 
washer. In addition to this, the amount of metal in 


. | shear is much greater than in the arrangement shown in 


* ¥ 1 and 2. 

It will be noted from Fig. 5 that the split-pin is put in 
with the larger end towards the centre of the axle, so 
that centrifugal force always holds and tightens it in 


position. 
Yours truly, 
A. B. 


THEORETICAL EFFICIENCY OF THE 
DIESEL CONSTANT - TEMPERATURE 
CYCLE, TAKING THE SPECIFIC HEAT 
TO BE A LINEAR FUNCTION OF THE 
TEMPERATURE. 

To THe Enrror or Ene G. 
Siz,—Referring to Prof K. Tak a’s letter in 
your issue of the 26th inst., I was interested to see his 
calculations on the effect of specific heat variation on the 








= the Diesel constant-tem ture cycle. His 
result that the efficiency of this dete! higher than that 


of the constant- cycle (with the same ratio o 
compression, cut-off ratio, and suction temperature) is 
perhaps what one would be inclined to expect. Whether 
we ought to go in for the Diesel tant-temperature 

cycle in modern Diesel engines is another matter. 
Professor Takemura’s remark that the less the cut-off 
ratio the smaller the difference efficiencies of 
the two Diesel cycles (under the above conditions) may be 
anticipated from the fact that the smaller the cut-off 
ratio the more nearly the two cycles tend to differ 
infinitesimally from perfect Carnot . working be- 
tween tem ture its T, and Such perfect 
of course, would involve infinitesimal 


transfers of heat. 

The point of interest in these calculations is, 
of course, that the variation of specific heats causes the 
efficiencies of Diesel engines to look less favourable than 


they actually are. 
Yours faithfully, 
November 30, 1915. 8. 








PgRsoNAL —For family reasons the business of Messrs. 
McKechnie Brothers, copper-smelters, metal-refiners, and 
manufacturers, of Rotton Park-street, Birmingham, 
been converted into a private limited company, as 
McKechnie Brothers, Limited. 


Ni 
H 


has | less than at the corresponding date a 





Glasgow Pig-Iron Market.—Cleveland warrants made 
a further advance last Wednesday afternoon, and at the 
close sellers quoted 72s. 74d. per ton cash, and 73s. dne 
month. On Thursday morning a slight irregularity in 
Price was noticed, cash business being done at 72s. 9d. 
and 73s., while one month’s iron, after realising 73s. 74d., 
was dealt in at 73s, 3d. in the same position, and closing 
sellers’ quotations were 73s. cash, 73s. 6d. eighteen days, 
and 73s. 44d. one month. Sellers’ prices were lowered 
at the afternoon session, although a transaction at three 
months was put through at 74s. The close showed a 
decline of 2)d. to 44d. per ton over the day’s dealings, 
sellers’ prices being quoted 72s. 10d. cash and 73s. 3d. one 
month. Over the day the turnover amounted to 4500 
tons, Friday morning’s market was firmer, and Cleve- 
land warrants regained what had been lost the previous 
day, wy ty = to 73s. cash, with sellers over at this 
figure at the close, while one month’s iron was quoted 
74s, per ton. On forward account various odd dates were 
re 0}d. to 73s. seven days, and 73s. 74d. Feb- 
ruary 15,1916. Dealinge amounting to 3000 tons took place. 
In the afternoon cash sellers’ iron dropped again to 
72s, 9d., closing at this figure, one month’s iron closing 1d. 
below the morning’s level. For twenty days 73s. 24d. 
and 72s. 11d. were quoted. A business of 2000 tons was 
done. Quietness prevailed when the market resumed on 
Monday morning, and at 72s. 6d. per ton cash and 
yay one — 1000 —. of gen me warrants were 

tin, these res being closing sellers’ quotations. A 
further decline of 4 4d. per ton took place in the afternoon, 
but no business was done. This depression, however, was 
only temporary, for on Tuesday morning strength was 
regained, and a small business, amounting to 2000 tons, 
was transacted up to 72s. 4d. per ton and 72s. 6d. 
one month, with closing sellers 5d. up at 72s. 7d. cash and 
73s. one month. In the afternoon another drop in price 
took place, and business was quite at a standstill, closing 
sellers’ quotations being 4d. per ton below the morning’s 
level. Narrow movements marked this (Wednesday) 
forenoon’s market, the transactions being limited to ten 
and twelve days’ deliveries. At the close sellers were 
quoted 72s. per ton cash, 72s. and 72s. 2d. seven days, 
72s. 3d. twelve days, and 72s. one month. 


of Ammonia.—With the difficulty of obtaining 
adequate supplies of sul y of ee a: rise 
in price is reported, and for prompt delivery, ‘ow, 
the record rate for this year been reached—16/. 5s. 
ton ; while for prompt delivery, Leith, the rate is now 

61. 10s. to 162. 15s. per ton. 


Scotch Steel Trade.—Despite the efforts of the steel- 
makers in the West of Scotland, it would almost seem as 
if the demands of Government would never be satisfied, 

icularly in rene of shell-bars for munitions, &c. 
ith all the available t being employed on war work, 
it is practically impossible for any of the controlled estab- 
lishments either to quote for or to undertake any ordinary 
mercantile orders, so that much of the work, both for 
home and abroad, which cannot be accepted locally has been 
placed meantime with American firms. While prices are 
still rising, in many cases these are a matter of arrange- 
ments, the quotations of different firms varying consider- 
ably ; but there seems bo be no finality in regard to the 
upward tendency. Constructional work of all grades is in 
such urgent demand that every possible machine and mill 
is not only running full time, but practically day and night, 
without cessation. The great bulk of this is for our own 
or the Allied Governments, who have caused all the 
activity for the past nine or ten months. Angles are in 
particularly heavy demand, and the record price of 11/., 
obtained some weeks ago, has now been left a long way 
behind, and to-day 11/. 15s. to 12/., less 24 per cent., is as 
easily got as was a much lower figure ; boiler-plates are 
121. to 12/. 10s.; and ship-plates, 11/. 5s. to 111. 10s. 
per ton—less the usual percentage. For export, prices 
are much on the same level. 

Malleable-Iron Trade.—The continued activity in the 
malleable-iron trade is ing it more and more im- 
possible for makers to meet all the demands put upon 
them, as in most cases they are still working short- 
handed, and consumers are constantly pressing for 
delivery of material. Deliveries of raw material from 
America are still most irregular, the price of the finished 
article, therefore, being considerably stronger. Despite 
the prices, however, there is no cessation of the demand, 
the urgency being such that these must be paid, no 
matter how heavy they are. ‘‘Crown” bars are now 
127. to 12/. 10s., less 5 per cent., for prompt home delivery, 
and rather less for export. 


Scotch Pig-Iron Trade.—The most noticeable feature 
in the pig-iron trade at the moment is the demand for 
and continued s' of hematite, which has now 
reached 125s. per ton, while forge and foundry grades are 
even higher in price. In the Glasgow market a record 
was established towards the end of the week, when pig- 
iron warrants touched the highest price which has been 
recorded for fifteen years. This is all due to the exces- 
sive demand oe the requirements of the 
Government, which, i of decreasing, are daily on 
the increase. Good sales are also being made on home 
account, and even the enhanced rates are not debarring 
~~ yt, AN ee 

i ers. is every prospect of this 
tendency continuing, at least for some time, showing 25 
it does the strong tone now so apparent in the iron and 
steel trades. The number of blast-furnaces in operation 
is still eeventy-one, the same number as last week, .~ = 
ear ago. C 
of makers’ (No. 1) iton have advanced during the pss? 
week, and are now quoted as follow :—Clyde, 89s. per 
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; Calder, Summerlee, and Langloan, 87s. 6d.; Gart- 

pro P 88s. 6d. (all at Glasgow) ; Eglinton, 82s., 

1 87s. (both at Ardrossan); Dalmellington, 
86s. (at Ayr); Shotts, 87s. 6d. (at Leith). 


Scotch Shipbuilding.—No more conclusive proof of the 
concentration of the shipyards on naval contracts could 
be put forward than the particularly small output of 
mercantile work during the month of November, which, 
with the solitary exception of April and May, is the 
lowest record for year. While the utmost activity 

revails, it is far from advisable that any details should 

published, so that the statistics given are not nearly 
so unsatisfactory as may appear at the first glance. 
During the month there were launched from the ship- 
yards on :— 


Vessels. Tonnage. 
The Clyde .. oe oe os 3 7270 
The Forth .. we oe a 1 250 
The Dee os ss oe ee 3 628 
Total ‘ 7 8148 


For the eleven months just ended the Clyde output has 
consisted of 75 vessels, of 211,877 tons, which falls short 
of the previous year by 131 vessels and 228,887 tons, and 
of 1913 by 163 vessels and 416,939 tons, but little or no 
importance need be attached to these figures, as, 
included in the statistics for 1914 must be reckoned six 
months, and in 1913 twelve months, of Government 
work. Naturally, the circumstances of the war have con- 
siderably decreased the mercantile output. Only one 
contract was put through during November, this being 
for two steamers, of about 280 tons each, which are to be 
built for Messrs. Howden Brothers, Larne, by Messrs. A. 
Jeffrey and Co., Alloa. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBrovucH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron quota- 
tions are somewhat unsteady, due to slight fluctuations in 
pig warrants, brought about by the operations of outside 
speculators. The general situation, however, is thy, 
and some of the producers are inclined to ignore move- 
ments in warrants. Up to 73s. has been quoted this week 
for No. 3 g.m.b. Cleveland pig, but business has been done 
at 72s. 9d.,and second hands are now pre to dispose of 
the ruling quality at 72s. 6d. No. 1 is ing less and 
less scarce, and 1s now quoted at 75s. to 75s. 6d., so that 
the difference in values between that quality and No. 3 is 
once more about normal; No. 4 foundry is 72s.; No. 4 
forge, 71s. 6d.; and mottled and white iron, each 71s. 
All the foregoing quotations are for early delivery. 


Stocks of Cleveland Pig-Iron.—Makers’ stocks of Cleve- 
land pig-iron are understood to be small. Official returns 
published this week show that at the end of November 
the quantity of No. 3 Cleveland pig beld in the public 
warrant stores here stood at 126,831 tons, 2589 tons 
having been withdrawn during the eleventh month of 
the year. There are warrants in circulation for 112,300 
tons. 


Hematite Iron.—There is tically no East Coast 
hematite pig available for for delivery before the 
second quarter of next year. Many makers -have com- 
mitted themselves as far ahead as they care to and are not 
disposed to quote at all just now. A sale to France, 
delivery in April, has been made this week. ucers 
who can be induced to quote name 130s. for Nos. 1, 2 
and 3, delivered April and onward. 


Foreign Ore.—A by no means unexpected upward 
movement in foreign ore . Sellers are very 
cautious in their dealings, and will not do. business unless 
they can arrange steamers, and the freight market is 
uncertain. Quotations are based on a minimum of 35s. 
ex-ship Tees for Rubio of 50 per cent. quality. Freights 
Bilbao-Middlesbrough are up to 18s. 6d., at which figure 
fixtures have been made. The imports of foreign ore to 
o = of Middlesbrough during November amounted to 

, tons. 


_ Manufactured Iron and Steel.—As regards the finished 
iron and steel industries, manufacturers are kept as busy as 
ever on Government work. Quotations all round are very 
strong. Common iron bars are 12/.; best bars, 12/. 7s. 6d.; 
best best bars, 12/. 15s.; best best best bars, 13/. 2s. 6d.; 
iron ship-plates, 11/.; iron ship-angles, 12/.; iron oT. 

+ see! 


rivets, 13/. 10s.; steel 13/.; steel ship-plates, 
steel ship-angles, 10/, 15s.; steel boiler-plates, 13/.; s 
sheets (singles), 12/. 10s.; steel sheets (doubles), 12/. 15s.; 
steel strip, 11. 10s.; steel hoops, 12/.; steel joists, 11Z.; 
heavy steel rails, 10/.; and steel railway 100. 10s. 
—railway material net, and all other descriptions less 
24 per cent. discount. 


Shi of Iron and Steel.—Shipments of iron and 
steel from the Tees during November were only moderate. 
Those of pig-iron were given at 48,036 tons, as com 
with 61,815 tons for the previous month and 66,013 tons 
for November last year. Of last month’s pig-iron clear- 
ances 44,382 tons went abroad and 3654 tens to coastwise 
customers. France was once more the largest receiver, 
taking 23,486 tons, whilst Italy was sent 9192 tons ; 
Sweden, 5470 tons ; and Japan, 3783 tons. Loadings of 
manufactured iron amoun to 7055 tons, of which 2638 
tons went to foreign ports and 4417 tons coastwise, India, 
with an import of 2442 tons, being the largest customer. 
Steel shipments reached 29,105 tons, 27,772 tons going 
ae and 1333 tons coastwise. France was by far the 

importer, receiving 20,611 tons, other principal 
cnstomers J : ; i ; 
Natal er bing apan, 2729 tons; India, 1994 tons ; and 


Ironworkers’ Wages.—The accountants to the Board of 


Conciliation and Arbitration for the manufactured iron 
ne gat sued Ge ene an 
average net selling price of iron 
and angles for the two months ending October 31 last 
at 81. 193. 9.03d. per ton, as compared with 8. 18s. 8.40d. 
for the previous two months, and in accordance with 
sliding-scale arrangements wages for December, 1915, 
and January, 1916, will be the same as prevailed during 

the preceding two months. 

Middlesbrough Shi; ? Association.—The Middles- 
brough Shipbrokers’ Association has been formed for the 
protection of the interests of shipping agents, as well as 
to stimulate the advancement and development of the 
port of Middlesbrough. The members, comprising nearly 
all the local firms, are strongly of opinion that the Govern- 


ment should t a charter to the Association. Mr. B. O. 
Davies, of firm of Messrs. John M. Lennard and 
Sons, Limited, has been elected president, and Mr. J. 


W. Brown, of the firm of Messrs. Hanson, Brown, and 
Co., Limited, is acting as hon. secretary. 





NOTES FROM SOUTH YORKSHIRE. 
HEFFIELD, y- 
house 
_is on the En ys in 
obtaining the necessary supplies. I railway 
; gons are aggra- 
vating lent demand prevails 
for all kinds of steam coal. The difficulty is not 
to dispose of the output, but to obtain sufficient 
supplies to meet the requirements of consumers. Rail- 
way companies = Yorkshire steel manufacturers 
are negotiating for increased tonnage. ex 
account the demand is fair, but the scarcity of shi. 
ing tonnage makes regular iness a somewhat 
Fifftoul’ matter. Slacks now occupy an exceedingly 
strong position. mers are pressing for extra 
supplies to carry them over the approaching Christmas 
holiday period. Cokes are in demand, and prices 
are firm with an upward tendency. Steel coke is offered 


best nuts, 15s. to 16s.; small nuts, 14s. 
to 15s. 3d. ; Yorkshire hards, 16s. 6d. to 17s. 6d. ; Derby- 
shire bards, 16s. to 17s. ; best slacks, 11s. to 12s. ; secon: 


9s. 6d. to 10s. 6d.; smalls, 88. to 9s. 


. Iron and Steel.—Manufacturers are ry bigger ton- 
nages of raw material to augment contract deliveries, the 
latter having fallen short of requirements in consequence 
of the influx of orders on both war and commercial 
account. The question of the renewal of contracts is 

ing almost general attention. Producers are firmly 


market conditions, are anxious to secure a share of the 
restricted output, and are gradually falling into line. 
Hematites are a strong market. Prices have advanced 
2s. to 36., West Coast sorts > uoted at 140s., East 
Coast at 113s., and specials at to 152s. 6d. The 
improvement in common irons is maintained, but there is 
no sign of further . wx Lincolnshire makers are 
asking 76s. 2d. for No. 3 foundry, and 75s. for forge. 
Derbyshire foundry is quoted at 7: 
at 7ls. 6d. Sora SS ae ee, eS 
1s. to 2s. higher. ices of finished iron are no easier, 
and business is slow. Heavy deliveries of ee 
have this week been made at the leading . 
neering works for installation in the new turning 
and drilling-shops. An effort is being made to get 
extensions into working order for the 
beginning of the new yuo or in the early spring. A 
much bi output of munitions of various classes is 
anticipated within the next three or four months. The 
enlistment of men in the engineering works continues, 
but their places are rapidly being filled by mechanics 
returned from the Front the training camps, and by 
women and girls. All de ents in the heavy and 
light trades are working full time. The latest bookings 
include railway -—-. tyres, fish-bolts, and saws for 


India; crushing grinding: and drills for 
South Africa; farm fnplementa snd sbeopaboar for 
Australia ; and tools, steel, and wire for and 


ica. The file works have more orders on hand 
than at any other period during the year. 
dozens are speci in the most recent orders from 
Government engineers. Steel billets have advanced 10s. 
to 12. Siemens acid are quoted at 15/., Bessemer acid at 
141., basic hard at 12/., and basic soft at 11/. 10s. 


2s. 6d., and forge 





NOTES FROM THE SOUTH-WEST. 
Cardif.—The cont tendency of the steam-coal trade 
has been firm, colliery-owners confidently as © 
further improvement. Tonnage arrivals have been - 
ably substantial, and there were sufficient steamers in 
dock to enable shipments to be made on a heavy scale. 
While there are still large stocks of coal standing, and 
sellers for immediate delivery were willing to — 
previous prices, enhanced figures were quoted for t 
first half of December, and some colliery-owners have 
even declared that their order-books are already suffi- 
ciently well filled to place them in an independent a 
tion for the whole month. The best Admiralty 
steam coal is, to some extent, nominal ; 
scriptions have made 19s. to 


12s, to 12s. 6d.; and smalls, 
The coat ion teen 





household 
good households have realised 21s. 





of after the engine was shut down, 
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and Oo., Limited, have 
terim dividend at the full rate for the 


the 6 per cent. 





Tue AERONAUTICAL PRODUCTION Commitrer.—This 


;| Committee announces that with the assistance of scien- 


tific, industrial, and financial experts, and by concentrat- 
ing its activities on the ground not covered by the 


Government, it will help the aeronautical ind to 
produce with much greater rapidity. Torun the whole 
work of isation with full effect the Committee 
requires This relatively small sum, spent in the 


per way, will have a far-reaching influence on the 
uration of the war. To make up the amount required 
for this work, the Committee invites 5000 suitable persons 
to become members of the Institute, at a subscription of 
one guinea each, or a smaller number to make donations. 
The Institute is equally a scientific and technical, and 


: ;. | educational and patriotic o on, and as open to 
eee So cussent cates, ond commana, Gone) SS | ho petite te | and the eeronactical world in patti. 
vailing because of the ibility of » sudden in | cular. Its address is temporarily at 39, Victoria-street, 


Westminster, 8.W., where all inquiries will be answered. 

The freat urgency of the matter demands prompt action. 

The following eminent French aeronautical experts have 

ex their desire to give the benefit of their active 

c0-0} tion to the Aeronautical Production Committee 

of Aeronautical Institute of Great Britain, with a 
isting their British coll ; , 


in efforts 
speed production to a maximum :—M. 
founder and 


ap air-craft 
ffel, engineer (officer Legion of Honour, 

and Past-P; ide 2 of the Bostety at Oh oo 
tory, resident i ivi i- 
neers of France); Professor Lucien Marchis, Professor 
at the Sorbonne, Professor of Aviation at the Faculty 
of Sciences of Paris ; Professor u, of the Institut, 
Member of the Académie des Sciences, Professor at the 
Ecole “yy = and at the School of Mines; Com- 
mandant director of the Ecole Superieure d’ Aéro- 
nautique et de Construction Mécanique. 


CRACKED AND Sxizep Pistons In Diese. Encines.— 
At the November meeting of the Diesel Engine- Users’ 
Association, held at the Institution of Electrical Engi- 
neers, Mr. J. M. Ferguson laid stress on the great 
supertanse of aiteg sevtal of So cpanel quelly peer 
sary os eee of Diesel i Mr. P. Smith 
remarked eee eee cracks in Dieeel 
engine-pistons was & core trying to expand, 
but being restricted in so doing by a comparatively ocld 
and very stiff ring of metal surrounding it. In cooling, 

) the core did not quite 
Silay pqpeantic cits chante bating anti conan the 
progressive wi ternate heating i e 
stresses became higher until fracture Ant gy 
makers were endeavouring to find i 
which would not “grow” on sepentes beating and oo 
ing. Such an iron was very pure, in manganese 
low in silicon, and being Pal i igi 


mainly of Swedish origin, was 
therefore eal Sealeahle of the present tiene. 
He then described his arrangement of a renewable core 
in the pi -head, which he consi provide a 





as well as in the piston. or inner 
portion, is fixed on to a recess in the piston-head by a 
gas-tight joint well removed from the region of highest 
temperature, and is surrounded by a separate ring. The 
core is free to expand laterally and longitudinally, and 
the ring is similarly unrestricted. To a any ten- 
dency to crack in remaini piston- 
head ie sree wit contens fs oo is ppt, 
le . 
of Se ee ee & removed -« ~~ = 
av or out. next b- 
ing will be beld on Decem re 
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AUTOMATIC SAW-SHARPENER FOR BAND, FRAME, AND CIRCULAR SAWS. 
CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, ENGINEERS, NEWARK-ON-TRENT. 























We illustrate, above, a new automatic saw-sharpener 
lately brought out by Messrs. A. Ransome and Co., 
Limited, of Newark-on-Trent, which appears to be 
a distinct advance on former machines of the same 
type. It is adapted to sharpen band, frame, and 
circular saws, there being edjustmenta which enable 
it to bring out the best shape of tooth in each variety 
of saw. Fig. 1 shows the machine in connection 
with a band-raw. The blade is supported on two 
cast-iron flanged pulleys carried on circular — 
along which they can be adjusted to suit — length 
of saw. Further, the pulleys have a vertical adjust- 
ment for saws of different widths from 34 in. to 9 in., 
or from 6} in. to 12 in. Immediately under the 
grinding-wheel the saw is supported by two hardened- 
steel rollers, with guides at the top to hold the saw 
rigid against the action of the grinding-wheel. 

Fig. 2 shows the machine arranged for frame-saws. 
It is provided with a bracket carrying a pair of sliding 

















clamps and a bar, and these will accommodate frame- 
saws of any width. 

Circular saws, when being sharpened as shown in 
Fig. 3, are supported on a self-centring arbor, the 
height of which can be adjusted for saws of different 
diameters up to 72 in., and which is provided with 
self-centring cones to suit saws with centre holes up 
to 2 va in a. “ - 4 eieiail 

tever the type of saw, the teeth are mn 
and gulleted by means of as grinding-wheel, 12 in. 
in diameter, which automatically sharpens the whole 
rofile of the wheel at one operation. 8a 
is fed forward under the grinding - wheel by a 
hardened-steel finger which is furnished with a fine 
screw adjustment for mm the tooth exactly 
to the required position. is finger is mounted 
on a slide which has an adjustable stroke for the 
different spacing of teeth. There are two rates of 
feed, one of 20 teeth per minute for large saws, and 





one of 40 teeth per minute for small saws. The wheel 
grinds the teeth either straight across for ripping saws,, 
or at any desired bevel for cross-cut saws. The } 
wheel spindle is provided with a swivelling motion for ; 
setting the wheel to any angle. The wheel is also | 
adjustable across the saw, so as to give a slight bevel 
to the top of the tooth if required. When the tooth is 
in position, the wheel is lowered into the gullet by 
means of a cam. This sharpens the front of the tooth. 
The wheel is then brought under the action of 4 
“former,” which guides it, making the back of the 


w | next tooth therequired shape. The sawis fed forward by 


the tooth which is actually being ground by the wheel. 

A fan removes the emery dust from the metal hood, 
the latter acting as a guard. The weight of the 
machine is 14 cwt., A the power required is one 
horse-power. Simple machines for one or two types 
of saw are also e for works which have not all 
three patterns of sawing-machines. 
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FRIDAY, DECEMBER 3, 1915. 


THE WHOLE DUTY OF WORKERS 
TO THE STATE, 

Tue Government have once more recognised the 
necessity of stimulating the workers of the country 
in the performance of their whole duty to the State. 
There were on Tuesday, and again on Wednesday, 
conferences attended by delegates from fifty to sixty 
trade unions—numbering nearly a thousand, and 


representing over four million workers—to hear | bee 


the views of the Government on questions affect- 
ing the problem of war munitions and the general 
economic situation, and to formulate some method 
of engendering among their membersa fuller realisa- 
tion of the need for every man to do his best in 
respect of production, of avoiding demands for 
further increases in the rates of wages, and at the 
same time of limiting the consumption not only of 
imported goods, but of home manufactures, in order 
to meet financial conditions. It would be idle to 
deny the opportuneness of such a vigorous campaign 
of enlightenment upon these points amongst the 
working classes, and also among those more fortu- 
nately situated financially. But, as the Prime Minis- 
ter puinted out, the Government have made arrange- 
ments for the compulsory exaction by taxation of 
a large proportion of the surplus cash of those 
with higher incomes, and now he, with his col- 
leagues, forcefully pleaded for a voluntary con- 
tribution by workers of a large part of their surplus 
earnings, not by means of taxation, but by savings 
and by their investment to assist the prosecution of 
the war. 

Throughout all the vicissitudes of the military 
operations there has been continuous confidence in 
our ultimate triumph. Never was this confidence 
greater than at the present time. We have all the 
essential resources. We need but the will to 
utilise these resources to the fullest conceivable 
Where the will of the individual fails, it 
must be stimulated by forceful leading, and it is 


577| gradually being recognised that without greater 


leverage it is not ible to bring each and all to 
realise that the individual will must be merged in 
the recognition of the whole duty of all to the 
State. The Munitions Act has proved a source of 


580 | irritation to many workers ; it imposes considerable 


limitations upon employer as well as employed The 
former has willingly subjected himself to the State 
in respect of contracts, prices for Government 
work, and the amount of profit which can be 





earned, and he has tried to do everything possible 


to reduce irritation amongst the workers. As Mr. 
Lloyd George stated at the Conference, the workers 
fail to see that while their liberties are necessarily 
interfered with by the withdrawal of the restric- 
tions due to trade-union regulations, the Ministry 
of Munitions extensive powers, which have 
cut quite as deeply into the rights of private em- 
ployers as any | mecha affecting workmen, The 
workmen now demand an amendment of the Muni- 
tions Act, to modify the removal of the restrictions 
of trade-union rules, and to increase the liberties of 
workers, particularly in the direction of freedom of 
movement from one works to another. But, as the 
Minister of Munitions said, the same restrictions 
apply to the soldier who might object to storm the 
Sichesdion Redoubt, preferring to go to some 
place behind the fighting-line. The trade-union 
spirit is only quiescent, and emerges almost daily 
in many of the munition works. There seems to 
be a lack of that governmental control which is 
essential to the development of the will to succeed. 
For this reason alone many would welcome the 
compulsory attestation of all of military age. By 
selection all could then be divided into two classes, 
one being those indispensable to the manufacture 
of war munitions and of articles and works n 

to increase our exports; the other would be those 
whose services could not contribute directly to 
munitions or indirectly to winning money to carry 
on the war. Obviously their duty would be to add 


to the necessary number of fighting men. In this 
latter category it would be possible gradually to 
embrace men who had not the will to do their best 


in manufactures for the prosecution of the war. 
The new campaign to promote aay in- 
a ted at Wednesday's conference by the Prime 
Minister, the Chancellor of the Exchequer, and 
the President of the cong) of ers 18 = 4 
rtant of the process of quickening the wi 
Saar the worker. The Prime Minister and 
the Chancellor of the Exchequer dwelt logically 
and forcibly on the evil to the State of the almost 
continuous demand for increased wage. The former 
pointed out that since the war began official returns 
through trade unions showed that about 44 million 
workers had had their rate of wage in to an 
extent averaging 3s. 6d. per week, and are, distinct 
from total earnings, apart altogether from millions 
of others who ond not be brought within official 
cognisance. On the other hand, the cost of living 
had increased on an average in the ratio of 30 per 
cent., and to this extent the value of the wage had 
n decreased in purchasing power. This dimin- 
ished purchasing value of the sovereign is a great 
hardship to many workers, clerical and professional 
men, ie income has remained stationary or has 
declined. The Chancellor of the Exchequer stated 
that the demand for higher rates came mostly 
from the trades engaged in manufacturing goods 
essential for war. In peace times it might be 
possible to dispense with the goods, but they 
must now be sent to our sailors and soldiers. The 
State could only pay by borrowing, by charging its 
future with a load of debt which must be met now, 
and must increase taxation now and in the future. 
Every new demand involves a greater mortgaging 
of the future, and must recoil on labour, The 
demands for increased wage by munition workers, 
and the tendency to increased expenditure on their 
part, had the further effect of increasing the selling 
rice of all commodities, so that any extravagance 
y those prospering at the moment was doing grave 
injustice to others whose income had not been 
increased. No one disputes that it is reasonable for 
the prosperous working man for the moment to 
desire extra comforts for himself and his family ; 
but there is the duty to the State to be con- 
sidered. The extra demand tends not only to reduce 
exports, but to increase imports, so that the 
national exchequer is the poorer. But there is an 
equally grave disadvantage in the fact that an 
excessive demand, for, say, pianos and brass bed- 
steads, monopolises the work in home manufactures 
of men who might otherwise be employed in the 
direct prosecution of the war. Moreover, as Mr. 
McKenna pointed out, if the money were saved 
and loaned to the State at a liberal rate of interest 
a double advantage would accrue ; because in the 
meantime interest would be earned, and ultimately 
the same additions to the comfort-contributing 
items of the household could be purchased at a very 
much reduced rates when commercial conditions 
were more normal, and when it would be desirable 
to stimulate trade in peace times and to develop 





anew the export trade. The President of the 
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Board of Trade established the fact that there was 
excessive expenditure by a comparison between the 
consumption to-day and that of the period 1872-76, 
when wages were at an abnormally high level. 
We are now consuming per h per annum 
90 Ib. of sugar as against 50 lb. then, double the 
quantity of tea, 50 per cent. more of tobacco, 
tive times the amount of cocoa, 11 to 12 _ cent. 
more meat, and 8 to 10 per cent more wheat. 

Mr. McKenna’s contention was that we were 
moving in a vicious circle to the danger of the 
State, because increases in the rate of wage 
resulted, by reason of unnecessary augmentation 
in consumption, in higher prices and a greater cost 
in living. If this latter again were to be the 
excuse for a further increase in wage, the worker 
could not conceivably be any better off, because 
the extra wages would be swallowed up by addi- 
tional cost of living. Until the worker realises, 
especially at the present juncture, that there must 
not be excessive or lavish expenditure, it will 
be impossible for the national finance to return to 
a stable condition. At the Conference the question 
was raised as to whether labour was not being 
asked to contribute more than capital ; but the 
Prime Minister, as well as the Chancellor of the 
Exchequer, showed that this was not so. In the 
first place, the income tax was now three times 
that exacted before the war, and super-tax had been 
increased to a corresponding extent. Everyone 
—manufacturer, trader, commercial agent, even 
the shopkeeper—will have to hand over practically 
one-half of profits in excess of those made prior 
tothe war. Nearly 2000 factories, including engi- 
neering, shipbuilding, and other works, were now 
controlled by the Ministry of Munitions. In their 
case the additional profit which can be earned is 
almost infinitesimal and is rigidly controlled by the 
Government. There were those at the Conference, 
however, whoseemed to think that the forfeiture to 
Government of even half the excess profit in ‘‘ con- 
trolled” works was too little, and that the whole 
of the excess should be confiscated. The Chan- 
cellor of the Exchequer, however, pointed out that 
in addition to the half there was the usual income 
tax to be paid, and that it would be contrary to 
all commercial soundness, and inimical to the 
State, to take all the profits. Ultimately profit 
earned is added to the capital available for the 
development of manufactures. We would also put 
forward the plea that without profit advancement 
in science would be greatly limited. Thus, with- 
out reasonable profit, as Mr. McKenna pointed 
out, the very industrial life of the State would 
be severely crippled. It cannot, therefore, be 
urged that a greater burden is being cast on the 
working classes, icularly when they are asked 
not to give to the State any part of their extra 
earnings, but only to lend their money at a sound 
rate of interest. 

The claim of the Government for a higher sense 
of duty to the State on the of the workers 
was further —— by evidence that in other 
directions the Government had interfered, in the 
interests. of the nation, in many departments of 
commerce. It was shown, for instance, that im- 
mediately on the outbreak of war the large retail 
stores of London were forcibly persuaded to resist 
the temptation to advance prices because of the 
panic demand for household supplies, and this 
regulation of prices, the President of the Board 
of Trade told the Conference, was being quietly 
pursued down to the smallest retailer. Again, an 
enormous fleet of merchant ships has been com- 
mandeered by the Government, who are paying 
rates little more than one-third those realisable by 
vessels of neutral countries. A direct result of 
this acquisition of shipping was that the great 
world combines supplying chilled meat were forced 
to sell to the British Government at very reasonable 
prices, since they could not have their meat trans- 
ported to this or allied countries in the absence 
of available ships with refrigerating holds. Asa 
consequence, the price of meat has been kept as 
near the normal price as possible, and the British 
Government are responsible for the supply not 
only of this country, but for the whole of the 
French Army. Surely a Government which thus 
limits the freedom of commercial action of ship- 
owners and others is entitled to appeal with con- 
fidence to the workers to exercise will power 
alike as to the extent of their manuf i 
effort and the limitation of consumption. By the 
purchase’of wheat in all markets, by the limita- 
tion of the price of coal, and by the legislative pro- 





hibition of increase in rents for workmen’s houses, 
or the foreclosure of mortgages to enforce higher 
rates of interest, the Government have also given 
evidence of their desire to meet the oe 
in every possible way, and to conserve the nial 
stability of the country. They have done this with 
a larger measure of prescience and acuteness than 
was shown by the Germans in fixing maximum 
prices. There was a delightful innuendo in the 
remark, by the President of the Board of Trade, 
that every buyer favours a maximum, while every 
seller wants an unlimi ice, because the 
trade unionist is certainly not the least active in 
the dissemination of such principles. Had the 
Government fixed, say, 30s. quarter as the 
maximum selling price of wheat in this country, 
and the general price throughout the world had 
gone to Gbs., as was quite within reason, neutral 
countries, to whom we look for —— would 
not have sent their wheat here, and we should 
have starved. All these decisions, and a great 
many of the actions taken, had necessarily to be 
carried out secretly, so that the working man, 
like others, could not be cognisant of all that was 


being done by the State in his interest, and the} has 


fact that the cost of living in this country has not 
advanced in any degree comparable with that in 
Germany should be comforting to the worker, and 
should assist those delegates who were present at 
the Conference, in their propagandist movement 
amongst those they represent, towards a higher 
sense, in each and all, of their duty to the State 
and the forcible exercise of that will to conquer. 
In view of our immense resources, such exercise of 
will is alone necessary to the attainment of a 
complete and lasting peace. 





RAILWAY DEVELOPMENT IN AFRICA. 


One need not assume the réle of the prophet in 
—— that the outcome of the war will bea 
uller realisation of the immense potentialities of 
the African Continent, regarding which no one 
had a bigger p or a greater faith than Cecil 
Rhodes. To him is due, in large measure, our 
reawakening to the ful conquest underlying 
the Im rial idea. e succeeded, too, in pointing 
a moral and directing attention to our broadened 
destiny by his work in South Africa. One cannot 
help recalling that it was because of his Imperial 
statesmanship that Germany did not achieve her 
fullest ambition in securing the great tract of 
upland which separated German West Africa from 

erman East Africa; and it should be remem- 
bered now when, with the taking of these two 
Germanic colonies, Britain will be enabled to work 
out with greater freedom of action the development 
of the African continent in association with Allies 
equally capable with us of appreciating the funda- 
mental and indispensable conditions conducive to 
prosperous colonisation. 

The problems associated with this work of deve- 
loping the resources of Africa are, therefore, of 
special interest at the present time, and the 
lecture delivered on Monday last at the Royal 
Geographical Society, by Sir Charles Metcalfe, 
Bart., on ‘*The Railway Development of Africa, 
Present and Future,” was opportune, because 
the industrial and commercial advancement of 
Africa are dependent, in a very large measure, 
— railway communication. Furthermore, Sir 
Charles is perhaps the best qualified authority 
on the subject, because for the past twenty-seven 
years he has devoted great engineering experience 
and immense en towards the development of 
African ines. the need for these can be appre- 
ciated by a glance at the physiographic features 
of the continent. On the east and west coast 
there are great mountain barriers, with a central 
plateau, running for thousands of miles, at an 
altitude eminently suitable for the white race. The 
rivers, especially south of the equator, are few, 
and offer little opportunity for navigation far into 
the interior, owing to the rapids and falls from the 
central plateau. at the natural wealth and agri- 
cultural possibilities justify railway extension is 
demonstrated not only by the evidence of early 
workers, but by the steady development in pro- 
duction of diamonds, gold, copper, tin, iron, and 
coal, as well as such products as oil, rubber, 
cocoanut and a great wealth of tropical fruits. 
Present experience shows that there is only need 
for the po eer of the white colonist to utilise 
native labour, and of railways to convey the pro- 
ducts to the coast, to ensure a great advance in the 





material prosperity of the colony. The work of 
Cecil Rhodes offers guidance and encouragement to 
the statesman of to-day, while to the financier 
there is the splendid example of Mr. Alfred Beit, 
who left two millions of money in trust for the pur- 
pose of financing Rhodesia, the cumulative interest 
to be utilised for further railways. 

Sir — Rye tng = his lecture, very 

y entered a plea for the re ition of the 
roan ter changing the gauge of the South African 
railways from 3 ft. 6 in. to 4 ft. 84 in. It is a 
remarkable fact, which he did well to recall, 
that the first railway—the 50-mile track from Cape 
Town to Wellington—was laid about sixty years 
ago, under the direction of the late Sir Charles Fox 
as consulting engineer, with a gauge of 4 ft. 8} in.; 
but in 1873, when the newly-formed Government 
of Cape Colony took the line over, it was, through 
an act of short-sighted engineering or statesman- 
ship, converted into a 3-ft. 6-in. gauge, and this, 
unfortunately, has continued to be the main-line 
gauge in South Africa. This decision has handi- 
capped the advancement of the continent enor- 
mously, because the limitation of s and load 
greatly lessened the value of the railways in 
earning power and their capability of giving a 
larger return on capital cost with minimum freight 
rates. The difference in first cost of the respec- 
tive gauges is small, but the advantages of the 
wider gauge as the country becomes opened up must 
have a far-reaching effect. Co uently, it were well 
that the change in gauge should be made before 
further and larger developments have been effected. 

There is no doubt that the union of the South 
African countries had an important influence in 
the development of the interior railways. As Sir 
Charles stated, difficulties of access locked up the 
African Continent, and there was too long a contest 
between the different countries as to which of the 
**locks should be removed to give entrée to the 
central plateau. In 1874 the commencement of a 
line north from Port Elizabeth was made, in 1876 
one from East London, and in 1878 one from 
Durban. The Cape Town to Kimberley line was 
added to section by section, and reached Beaufort 
West, in the Karoo country, in 1880. There were 
two lines from the coast completed to De Aar 
Junction, 500 miles from Cape Town, on the same 
day (March 31, 1884), without intermediate traffic 
to justify the duplication of routes, and by 
November 28, 1885, communication was com- 
pleted to Kimberley. The discovery of gold at 
Johannesburg involved further development, but 
political conditions caused a check and it was not 
until 1892 that the railway reached Germiston. 
Rhodes formed the British South African Com- 
pany in 1889, and the railway north of Kimberley, 
via Vryburg, was commenced. It was not until 
1896, after the Matabele rebellion, and after rinder- 
pest had caused such ravage among the cattle of the 
country, that freight from Mafeking to Buluwayo, 
a distance of 600 miles, was costing 2001. a ton, that 
Rhodes at last succeeded in extending the line to 
Buluwayo, through the exertions of the contractor, 
Mr. George Pauling, who has done so much for 
the railway development of South Africa. From this 
time forward the line has travelled northwards, 
reaching, in 1904, the Zambesi River, which is 
spanned close to the Victoria Falls. Since then 
the railway has been extended through North- 
West Rhodesia, past the lead and zinc mine of 
Broken Hill and the Bwona M’Kubwa copper- 
mine, for a distance of 507 miles, to the Congo 
border, which was reached in 1909. Thence it was 
extended through the great copper districts of 
Katanga, passing from Elisabethville to Kambove 
through 100 miles of copper-mines, from which it 
is now 100 miles distant. Thus the line from 
Cape Town stretches northwards 2500 miles. At 
the same time various railways have been con- 
structed in the Orange Free State and the Trans- 
vaal, opening up and developing these districts. 
Under the administration of the British South 
African Company there are now 2465 miles of 
railway, under the Government of the Union of 
South Africa about 8500 miles, and to this there 
is now added about 1400 miles in German South- 
West Africa. 

As regards the Trans-Continental line from the 
Cape to Cairo, Sir Charles Metcalfe also gave some 
interesting particulars. The Germans in Kast 
Africa laid their line from Dar-es-Salaam through 
Tabora to Ujiji, half way up Lake Tanganyika, 4 
distance of 1263 km. (778 miles), in 1914, and over 
this line the material for the extension of the Cape 
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to Cairo line was agreed to be taken, by arrangement 
with the German Government. In British East 
Africa a metre-gauge line has also been constructed, 
via Nairobi to a Victoria Nyanza, a distance of 
582 miles, and was completed in 1902. In Nyassa- 
land a 3-ft. 6-in. gauge line was constructed from 
Port Herald to Blantyre, and was last year 
extended down from the Zambesi River at Chindio, 
while the Portuguese at the same time are making 
a line from Quilimane to the Shiré River. To the 
north of Quilimane the Inhamacurra and M‘Cuba 
Railway, 50 km. (31 miles) in length, has been 
built to 0.75-metre gauge. From Jinja, on Lake 
Victoria Nyanza, the Busoga Railway to Namasagali, 
a port on Lake Cioga, a distance of 61 miles, was 
opened in 1914. This line has been made to open 
up cotton districts. A branch line has also been 
made connecting the great soda lake of M i with 
the Mombasa Railway near Kiu, and a line been 
made from Nairobi to Thika, towards Mount Kenia. 
In French Somaliland a line of metre gauge was 
commenced in 1897 by a private company from the 
port of Jiboutil, and reached Diré Daoua, a dis- 
tance of 192 miles, in 1902. This company was 
finally taken over by the French Ethiopian Com- 
pany in 1909, and the railway has now been ex- 
tended to Adis Abeba, in Abyssinia, a further 
distance of 300 miles. At this point the line is at 
an altitude of 7732 ft. In Italian Somaliland a 
short line of 94 miles has been made from Massowa 
inland through Asmara to Cheren. 

The Soudan line fills another important gap in 
the Trans-Continental railway. Except between 
Assouan and Wady Halfa, a distance of 210 miles, 
where the traffic is carried on the Nile, the rail- 
way extends from Alexandria to Kosli. Thus the 
State Railways of Egypt total 1828 miles of 4-ft. 
8}-in. gauge, and 137 miles of 3-ft. 6-in. gauge. 

The lecturer dealt also with the various railways 
in all parts of Africa, whether British or foreign 
territory, and further gave information - 
ing the work recently done. He showed that 
during this year the Union of South Africa has been 
constructing 810 miles of local railways, of which 
300 miles are in the. Cape Province, 163 miles in 
the Orange Free State, 212 miles in the Trans- 
vaal, and 135 miles in Natal. In Rhodesia there 
are about 550 miles of local lines projected. From 
the port of Beira a line is proposed to Chindio, on 
the Zambesi River, to connect Blantyre and Lake 
Nyassa with that port. From the harbour of 
Mokambo Bay, close to Mozambique, a line is 
projected to the Namuli Mountains and Nyassa- 
land. From Port Amelia, on the south shore of 
the tine harbour of Pemba Bay, a line is pro 
to the southern end of Lake Nyassa. A line from 
Karonga, on the north end of Lake Nyassa, to 


Kituta, on the southern end of Lake Tangan-| be 


yika, practically along the Stenenson Road, the 
boundary between North-East Rhodesiaand German 
territory, has also been mooted. 

The German East African projects were a line 
from Kilwa Kivinja to Wiedhafen, on the north 
end of Lake Nyassa ; a railway from Bismarckburg, 
near the southern end of Lake Tanganyika, to 
Kilossa ; and an extension from Moschi to Nassa, 
on Lake Victoria Nyanza, in order to tap the 
traflic now going by the Mombasa Railway. Also 
a line from Tabora to the Kagera River, in the 
Ruanda Province, with a branch to Mulesi, on the 
southern end of Lake Victoria Nyanza. In British 
Kast Africa a line is being surveyed from Nakuru, 
on the Mombasa Railway, towards Buraga. 

From Itala, on the coast of Italian Somaliland, 
@ line has been projected to Adis Abeba, in 
Abyssinia, from which point an extension is pro- 
posed to Gambela, a town on the River Baro, 
leased to the Soudan Government. The River 
Baro is navigable for a few months, and is used for 
trade between Gambela and Khartoum. From Diré 
Daoua a branch is proposed to Harrar. From 
Asmara, in Eritrea, a line is projected southwards 
to Adis Adeba and one from Gasmn to Agordat. 

In the Soudan a line is to be built from Thamian, 
* point on the Suakin-Berber Railway, to Kasala, 
with a probable extension to Gedaref and Senaar, 
and also an extension from El Obeid to El Fasher, 
in the province of Darfur, and a line of 50 miles 
has been surveyed from Suakin to Tokar. 

_ In Tripoli some extensions of the existing short 
lines are projected, and two large schemes are 
talked of, the one from Tripoli to Lake Chad, and 
another from Bengasi towards the Oasis of Kurfara. 

In Algeria it is pro to connect the iren 

mines of Ouenza and Bou Kadra with Bone Har- 





bour, and there are proposals for extending the 
line from Constantine and Biskra and Tonggourt 
southwards to Wargla, and from Algiers to El 
Golea and from Oudjda to Fez, of which is 
already built. A railway has also been authorised 
from Tangier to Fez. 

The French proposals in West Africa are a line 
joining the railway in Senegal from Dakar to 

yes with the line from Conakry, in French 
Guinea. Also extensions from Bamako, on the Niger 
near Koulikoro, to Bougouni, and from Kankan to 
Bougouni; an extension from Bougouni to Boromo 
and QOuagadoudou on to Ansonga; a line from 
Kankan to Dimbokro on the Abidjan - Bouaké 
Railway ; an extension from Bouaké to Boromo, 
and a line from Ouagadougou to Parakou, on the 
ge extension of the line from Savé to 

aya, on the Niger, and also a short connection 
between Porto Novo and Kotonou. In the Gold 
Coast, a junction between Kuforidua and Kumassi 
has been projected, and also a cross-line joining 
the two railways from Sekondi and Accra on the 
6th parallel North. In Togoland there was a pro- 
posed extension from Atakpame to Sansane Mango. 

In British Nigeria there is the proposed exten- 
sion from Enugo-Engwo to Kaduna. 

In the Cameroons the Germans had ones « 
line which left the existing railway at the Njong 
River, and went in a north-easterly direction 
through Bertua, Kunde, and Bibene to Lake Chad, 
with several branches east and west. There is also 
a projected line from Bertua to Singa, on the 

i River, and another from Njong River 
south-west to Wesso, on the navigable Sango 
River. 

In the French Congo there is a scheme for a line 
of 310 km. from Ndjole, on the Ogowe River, to 
Kandjama, and also for a line, 348 km. (220 miles) 
in length, from Bengui to Fort Crampel, connecting 
the Ubangi and Shari Rivers. 

In Belgian Congo it is pro to extend the 
Bomba-Lukula Railway to Buku Dungu. There is 
also a big project of a line from Stanleypool via 
Lusambo to Bukama, with a branch to Kabalo, and 
another from Kabalo on to Lake Mweru. There is 
also an alternative route surveyed from Dolo to 
Bukama. From Stanleyville a line has been sur- 
veyed to Lake Albert Nyanza, and also a line to 
connect this railway with Lake Tanganyika. 

In Portuguese West Africa an extension is pro- 
posed of the Loanda-Malange Railway to the 
Kassai River, on the frontier of the Congo territory. 
Further down, on the 12th parallel, the Benguella 
Railway, which has reached the high plateau, is 


posed | being extended over a level stretch of country to 


the frontier of the Belgian Congo, where it will be 
linked up with a line of the same gauge that is to 
constructed from Ruwe and Kambove, the 
centre of the copper and other mineral deposits of 
Katanga. It is also proposed to extend the 
Mossamedes-Lubango Railway to the Cubango 
River. 

In German South-West Africa a line was pro- 
jected from Otjiwarongo, on the Swakopmund- 
Otavi Railway, across the Cunene River to Great 
Fish Bay, in Portuguese Angola, 
been completed, a also a branch from Windhoek 
to the East to Gababies. 

Broadly, there remains only 550 miles of rail- 
way, not in progress, to complete the line of com- 
munication by rail or steamer from Cape Town to 
Alexandria and Port Said. This part not yet in 

rogress is from Stanleyville, Lake Albert, and 
rom Dufile to Rejaf, near Gondokoro. A short 
connection between Port Said and Jerusalem 
would link up the railway from South Africa 
to Asia Minor. Sir Charles thinks it is almost 
certain that a railway will be made from Stanley- 
ville to Lake Chad, and already French surveys 
have been made from Algeria to Lake Chad, so that 
even across the Sahara Desert it may be possible 
to reach Cape Town by rail. If a tunnel is made 
from Ceuta to the Spanish coast it will be possible 
to travel overland from any part of the Continent 
of Europe to the Cape of Good Hope. 





ENGINEERING SCHEMES IN 
PARLIAMENT. 

Notices of schemes for public works are this 
= nearly as scarce in the Gazette as are snakes in 
a The oe and pet mse 
, however, are a 1 or powers to strengthen 
So Ubealte Coen aieey tdlae. Sie peuticeiaen 
of the character of the proposed works are, how- 


rt of which has | Li 





ever, to be’ gleaned from the Gazette. The North 
British Company in their Bill propose to stop up 
a number of level-crossings aan ts divert certain 

. They also seek authority to acquire the 
Whiteinch Tramway. The Board of Trade publish 
a notice granting to the Great Northern Railway 
an extension of time for works in Nottinghamshire 
and Yorkshire authorised in 1911. The Cardilf 
Railway Company also seek extensions of time for 
purchase of lands and extension of works, whilst 
the Alexandra (Newport and South Wales) Docks 
Railway seek to transfer to the Harbour Commis- 
sioners the onus of maintaining one of the channels 
into the port. 

Tramway schemes are also conspicuous by their 
absence. The Metropolitan Electric Tramways Com- 
pany ask for an extension of time for the exercise of 
powers acquired in 1911, 1913, and 1915. Private 
promoters seek to construct light railways in Loa- 
tock, near Manchester, having junctions with the 
Trafford Park lines and with the No. 4 line of the 
West Manchester Light Railway at Davyhulme. 
Some modifications in the authorised Dearne Dis- 
trict (West Riding) Light Railways are sought by 
the local authorities responsible for the scheme. 
The work proposed involves the construction of 
about 1% miles of new tramway at Worth-upon- 
Dearne and Bolton-upon-Dearne, but lines (18) 
and (19) of their Order of 1915 are to be abandoned. 

Only one electric lighting Order has been applied 
for ; private promoters seeking powers for Church 
Stretton. Gas Bills are more numerous, but 
largely financial in character. A Provisional Order 
for Bangor, County Down, Ireland, which is applied 
for by the Urban District Council, appears to be 
the sole new application. The Folkestone Gas and 
Coke Company seek to acquire the undertakings of 
the Hythe and Sandgate Company and of the 
Eltham Valley Company. Another consolidation 
is to be. effected by the Hirwain Gas and Coke Con- 
sumers’ Company, being taken over by the Aber- 
dare and Aberaman Consumers’ Gas Company, 
whilst the Uxbridge Gas Company seeks to acquire 
the undertaking of the Eton Gas Company. 

Authority for adjustment of boundaries with the 
Gas Light and Coke Company is sought by the 
Hornsey Gas Company. The Newcastle-on-Tyno 
and Gateshead Gas Company seek to extend their 

resent limits of supply in the Hexham district of 
Northumberland and in the Chester-le-Street area 
in County Durham. A purchase Bill is promoted 
by the Urban District Council of Droitwich. 

There is also very little activity in the depart- 
ment of water-works engineering. The Tynemouth 
Corporation seek to extend their limits of supply 
to Ashington and to acquire the existing works of 
the Ashington Urban District Council and of the 
Ashington Coal Company. This will necessitate 
the construction of a new service reservoir at 
Cocklebank and the laying of some miles of main. 
The Burnley Corporation ask for an extension of 
time for the completion of the Hurstwood reser- 
voir and accessory works, and the Corporation of 
Wakefield propose in their Bill certain modifica- 
tions in plans already authorised. The Oxygrain, 
i ve, and Booth reservoirs, authorised in 
their Act of 1889, are to be abandoned, and in 
substitution therefor two other reservoirs across 
the same streams as the foregoing, but at different 
sites, are to be constructed, and the existing Green 
Withers reservoir enlarged by raising the bank 
2 ft.6in. An enlargement of their Reva reservoir 
is pro by the Yeadon Water-Works Company, 
who also seek to uire the undertaking of the 
Guiseley Water- Works Company. 

The Swansea Harbour Trustees are promoting a 
Bill authorising them to postpone the redemption 
of certain mortgages falling due during the war or 
shortly after it. The Ryde Corporation seek to 
acquire the Ryde Pier, whilst the Official Receiver 
= authority to sell the pier at Weston-super- 

are. 





THE LATE MR. ADOLPHE GREINER, 
D.Sc. 

As announced in our last issue, Mr. Adolphe 
Greiner, D.Sc., the Director-General of the Société 
John Cockerill, Seraing, near Liége, Belgium, and 
the President of the Iron and Steel Institute, died 
on November 20, at his residence in Seraing. Dr. 
Greiner was the eldest son of Mr. Gustave Greiner, 


ivate secretary to King Leopold I., and was 
rn at Brussels, on December 7, 1843. He was 
educated at the Liége School of Mines. He entered 
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the Cockerill Works in the year 1864 im the capa-| At the autumn meeting in 1913 of the Iron and ‘of this nature. After the total stoppage of the 


city of chemical engineer in the steel works 


laboratory ; later, in the year 1869, he was 
appoin the chief of the steel works depart- 
ment. In 1887, Dr. Greiner was selected as 


Director-General of the company, in succession to | 


the late Baron Sadoine, and he held that ition 
until the time of his death. Under Dr. Greiner's 
directorship the Cockerill Company had a most 
remarkable development. In the earlier period of 
his career in the steel works the company adopted 
the Bessemer process, then the basic processes ; of 
late years they put down a plant for the electric 
process of steel manufacture. 

Dr. Greiner’s name will always be associated 
with the direct utili- 
sation of blast-furnace 
and coke-oven gases 
for power production 
in iron and_ steel 
works. In this con- 
nection, Dr. Greiner’s 
chief and more direct 
aim was the cheapen- 
ing of methods of 
manufacture, with the 
object of placing his 
works in a_ better 

ition to compete 
in the world’smarkets. 
Another and most im- 
portant result of his 
work in this line is 
the attendant saving 
in mineral fuel, which, 
it cannot be too often 
emphasised, is far 
from inexhaustible. 
This question of the 
direct utilisation of 
waste gases in gas- 
engines was taken 
up at the Cockerill 
works in the com- 
mencement of 1895, 
and the Cockerill 
engineers, under Dr. 
Greiner's sanction, 
selected for the pur- 
— the Delamare- 
ebouteville simplex 
engine, which had 
given satisfactory re- 
sults when working 
with poor producer 
gases, and which was 
then the largest type 
of -engine in the 
market. The first 
engines driven with 
blast-furnace gas built 
at Seraing were most- 
ly trial engines ; they 
were used for supply- 
ing motive power to 
various departments 
of the works, and ran 
with unpurified gas. 
One of these earlier 
engines, developing 
600 horse - power, 
commenced running 
at Seraing in 1899, 
and was coupled toa 
blowing - engine ; no 
further cleaning of 
the gas was carricd 
out than the usual 
methods in use when 
the is burned under steam-boilers. Dr. Greiner 
and his engineers continued working at the problem, 
and in a comparatively short time the construction 
of waste-gas engines formed an important speciality 
of the company’s engineering department. The 
presence of dust in the gas led to difficulties in 
several instances in regard to engines destined for 
foreign establishments ; in this connection we may 
state that the blast-furnace at Seraing do not 
contain more than from 0.25 to 0.50 gramme of dust 
per cubic metre, whilst the gases at other works 
which were in the market for the Cockerill gas- 
engine contained ten times that proportion. Clean- 
ing the gases became a necessity very generally, and 
for the last fifteen years Messrs. Cockerill have 
combined a cleansing plant with their gas-engines. 


Steel Institute, held in Brussels, it was stated that 
up to that date hundreds of gas-engines, developing 
in the aggregate over 200,000 horse-power, had been 
built at Seraing. 

The key-note of Dr. Greiner’s presidential 
address to the Iron and Steel Institute at the 
spring meeting of last year was the utilisation of 
the by-products of steel manufacture, a subject 
which he said had largely occupied his mind during 
the last few years, and the importance of which 
was greatly on the increase. On that occasion he 
reviewed the value of some of the by-products of 
coke-ovens, blast-furnaces, and steel works. With 
reference to this same question, our readers will 





Tue Late Dr. AnoLpHe GREINER. 


remember that Dr. Greiner's last contribution to 
the Proceedings of the Institute was a paper that 
was read on his behalf at the spring meeting held 
in London in May last. It dealt with the heating 
of a Siemens-Martin furnace by means of tar. We 
give the opening paragraph in full, since it illus- 
trates Dr. Greiner's work, his character, and the 
difficulties he had at the time to contend with. 
He said: ‘‘In the month of May, last year, when 
I presented to the members of the Institute a note 
on the by-products of metallurgy, and dwelt on 
their actual and prospective utilisation, I was far 
from foreseeing the unhappy circumstances—such 
as those from which we are all suffering at the pre- 
sent moment—which would compel the Cockerill 
Company to face the solution of a great problem 


works entailed by the foreign occupation, and, 
once the preliminary period of disorganisation had 
, it appeared to us that we had a pressing 

duty before us, that of helping the working-class 
population around us to the utmost extent of our 
power to earn its livelihood. For this reason I 
decided at once to undertake the manufacture of a 
portion of the orders we carried on our books, so 
far as circumstances would allow.” He had as 
sole resource the tar from the coke ovens, which he 
used with a hot-air blast in a small 12-ton furnace. 
We do not remember Dr. Greiner ever taking 
part in the hair-splitting theoretical discussions 
which now form such a characteristic feature 
of the Iron and Steel 
Institute’s proceed- 
ings. He, however, 
frequently took part 
in the discussions and 
invariably put for- 
ward in the most 
kindly spirit points of 
great practical value. 
At meetings of the 
Institute and of the 
International Asso- 
ciation for the Test- 
ing of Materials he 
frequently referred to 
the definition he gave 
as early as 1870 to 
the effect that ‘‘ iron 
is a non-molten and 
malleable metal; cast- 
iron a molten but 
non-malleable metal ; 
and steel a molten 
and malleable metal.” 
He was a frequent 
and regular contri- 
butor to the Rerue 
Industrielledes Mines, 
one of the most in- 
teresting Continental 
technical reviews, 
published in Liége. 
In this he published, 
in 1898, an exhaus- 
tive memoir on the 
progress achieved in 
the knowledge of the 
internal structure of 


steel. 
But the Cockerill 
Works under his 


directorship did not 
acquire renown in 
metallurgy and the 
construction of gas- 
engines only. They 
developed so as to 
form one of the most 
important engineer- 
ing establishments of 
the Continent in the 
construction of steam- 
engines, locomotives, 
steam-turbines, wa" 


material, guns, *" 
moured turrets, sud 
ammunition. ‘They 


built at their Hobo- 

ken shipyard, and 

engined at their Sera- 

ing worke, several of 

the Ostend - Dover 

steamers, the latest 

being the Jan Breydel 

and Pieter de Coninck, of which we gave an illus- 

trated description at the time (see EnGineErine, 

vol. xc., e 84). The Cockerill engineering dis- 

plays at the various Belgian and Paris exhibitions 

were among the most remarkable and interesting ; 
they invariably won the highest distinctions. 

When handing Dr. Greiner the Bessemer Gold 

Medal, at the spring meeting, 1913, of the Iron 

and Steel Institute, the chairman, Dr. Cooper, 

expressed the hope that he would be spared for 

many long years to enjoy his distinctions and to 

‘render the Institute the same valued assistance 

|and support in the future as he had done in the 

| past. Bat this was not to be. When war broke 

out, and when the German armies entered Belgium, 

they soon invested Seraing and the Cockerill Works, 
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and they elected domicile in Dr. Greiner’s residence, 
keeping him practically a prisoner. We may men- 
tion incidentally that the Germans stole, among 
other valuables belonging to him, his Bessemer 
Gould Medal, and we refer our readers to the 
remarks made on this point in Sheffield at the 
recent meeting of the Institution of Mechanical 
Engineers by Sir Robert Hadfield, which we publish 
on the present page. ; oe 

Dr. Greiner was of a most kindly disposition, 
always ready to help; he was regarded in every 
circle with esteem and affection. We are not 
aware that he ever acted as umpire in any conten- 
tion; but if he did, we feel sure that he carried 
with him the most sincere regard of the party he 
adjudged to be in the wrong. He was a most 
capable engineer and metallurgist, and in the work 
of building up Belgium after it has been rid of the 
foul flood which has inundated it, his services 
would have proved invaluable. We associate our- 
selves fully in the sympathy which is extended to 
his family and to his country in their loss by his 
untimely death. 





NOTES. 
AnoTHER Patent Law AMENDMENT. 

Section 27 of the Patents and Designs Act, 1907, 
provided that at any time, not less than four years 
after the date of a patent, any person could apply 
to the Comptroller of the Patent Office for the 
revocation of a patent on the ground that the 
patented article or process was manufactured or 
carried on exclusively or mainly outside the United 
Kingdom. This Section was hailed by patent law 
reformers as a great step in advanoe, and its pro- 
visions were going to do wonderful things for 
British trade. Since the commencement of the war 
the manufacturing conditions of the country have 
been entirely changed ; this is due to the difficulty 
of obtaining labour and material, and also to the 
fact that many manufacturing establishments have 
been taken over by the Minister of Munitions, and 
are now employed on work entirely foreign to their 
ordinary business. In view of these circumstances 
the Government has just passed an amending 
Act, which is known as the Patents and Designs 
(Partial Suspension) Act, 1915, which suspends the 
operation of Section 27 of the Patents and Designs 
Act, 1907, during the continuance of the present 
war and for a period of six months thereafter. 
In reckoning the period of four years within which 
the manufacture or exploitation of a patented 
article or process must be commenced, the period 
during which Section 27 is suspended is not to be 
taken into account. By this amending Act patentees 
are relieved of a very onerous liability, and the Act 
has, no doubt, been passed to relieve their anxiety. 
We do not think they need have been anxious, 
because if they could have given satisfactory reasons 
why the patented article or process was not manu- 
factured or exploited, the Comptroller would not 
have revoked the patent, and the Comptroller 
would, no doubt, have held that the present state 
of affairs was a satisfactory reason why a patentee 
had not been able to carry out his obligations. ; 


Tunesten-Arc Lamps. 


The carbon filament has had to give way to the 
metallic tungsten filament after a useful life of 
thirty-four years, and from a communication con- 
tributed by Messrs. E. A. Gimmingham and S. R. 
Mullard to the December issue of the Journal 
of the Institution of Electrical Engineers, it looks 
almost as if the tungsten arc were to drive the 
carbon arc out of the field after a career of about 
one century. Gimmingham and Mullard have 
experimented in the research laboratory of the 
Edison and Swan United Electric Light Company 
at Ponders End. Their new tungsten-arc lamps 
closely resemble incandescent lamps in appear- 
ance, and, like the half-watt lamp of two years ago, 
they have bulbs charged with nitrogen or argon. 
But an are requires a striking mechanism, and that 
fact recalls the Nernst lamp and the Wehnelt 
cathode. In the first lamp constructed the two 
electrodes—a globule of fused tungsten and a brush 
of tungsten wires—were, in the extinguished lamp, 
in contact. The lead to the (positive) globule con- 
tained a thin expansion strip of molybdenum and 
copper, welded back to back, and in series to this 
and close to it, a spiral of tungsten or molybdenum. 
The continuous current passing through the spiral 
heated it and the strip, and the strip warped and 
separated the electrodes until they were arrested 





by a stop. The electrodes were apt to stick, how- 
ever, and to sputter when separated. Hence 
thermoionic currents were tried to start an alter- 
nating - current arc across the gap — which is 
vertical in all these lamps—between the always 
separated electrodes. At firat a fine filament of 
tungsten was used for producing the ionising 
current. As these filaments did not last long, they 
were coated with mixtures of the rare earths. 
These lamps would burn 200 hours, instead of the 
100 hours of the first type, but would not re-strike 
then. Hence a short pe eager and con- 
tinuous currents were again resorted to. This 
lamp requires three leads in the bulb, two posi- 
tive and one negative. A coated filament is 
stretched horizontally between two opposite poles ; 
the tungsten pole is a little above the filament, and 
attached to the middle (positive) lead through the 
expansion-strip. Outside the bulb this positive lead 
comprises the coil of an electromagnetic switch 
(already used in the previous type) and a resist- 
ance. The current first through the ioniser 
circuit (the coated filament), and only a small por- 


tion flows through the arc circuit ; when this latter | P: 


current increases in intensity, the cut-out operates, 
the ionising circuit is broken, and the arc is struck; 
the arc heat warps the expansion-strip, and the arc 
is shifted over to a position above another, inactive, 
portion of the filament. On switching the lamp 
off, the electrode returns to its original, active, l- 
tion with respect to the filament. In this mat 
all the light practically comes from a small globule 
of fused tungsten, 0.1 in. in diameter. In another 
type for high candle-power the ex ion-strip is 
again dispensed with. The three leads are main- 
tained ; the filament is opposite the plate-shaped 
electrode, which is so attached to a bent wire that 
the electrode is raised, when the arc is burning, up 
to a portion where the filament opposite is stouter 
and inactive. With the aid of change-over switches 
other arrangements have also been made. The 
current curves of the new lamps resemble those of 
carbon arcs, but the tungsten arcs are more stable for 
variations in the voltage. The efticiency is about 
0.5 watt per international candle, and the lamp 
may be worked at 0.3 watt before sputtering occurs; 
the curve of candle-power/current is a straight 
line. Thus the new arc-lamps have the advantages 
of the tungsten-filament lamps. They require no 
regulating device ; with flat electrodes 500 and 
1000-can yas lamps have been constructed; 
the bulbs of the 500-candle lamps are only 4 in. 
in diameter ; there are no parts to obstruct the 
light as in carbon arcs, and the lamps burn quietly 
without requiring attendance. The photographic 
spectrum extends much further into the ultra. 
violet than with metallic wire filaments, Nernst, 
and acetylene lamps. Five-hundred-candle lamps 
decreased by 10 per cent. in brilliancy after burn- 
ing 500 hours. There is not much demand for 
very brilliant arc lamps, except for searchlight and 
signalling. But the small heat radiation from the 
small electrode area would fit the lamps also for 
cinema work, uniform screen illumination, photo- 
graphic purposes, &c.; the electrodes may be given 
desirable shapes. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
In accordance with the announcement made on 
page 550 ante, a meeting of this Institution was 
eld on Friday, November 26, in the Ma pin Hall, 
Sheffield, Mr. James Rossiter Hoyle, Vice-Presi- 
dent, occupying the chair. 


CHEMICAL AND MecuanicaL Rexations or Iron, 
MoLyspENUM, AND CaRBON; AND ‘‘ GHOST 
Lines” 1x Larce Street Foreinas. 


The two papers, having the above titles, which were 
read and discussed at the London meeting, held on 
Friday, November 19, were read in abstract by 
Dr. Arnold. Wereproduced these papers in full 
in our last issue, on pages 542 and 555. 

The discussion was opened by Sir Robert Had- 
field, who, before touching on the subject of the 
papers, referred in very feeling terms to the sad loss 
which the Iron and Steel Institute had experienced 
in the death of their president, Dr. Adolphe 
Greiner. He (the speaker) spoke of the kind 
manner in which Dr. Greiner received the Insti- 


tute in Brussels and Seraing on the occasion of the 
summer meeting of 1913, and the pride with which 
Dr. Greiner exhibited to the members his Bessemer 





Gold Medal. This, said Sir Robert, had been won 


by brain power and hard work ; it was stolen by 
the ‘‘abominable Huns,” and the Council of the 
Institute at their autumn meeeting of 1914 had 
voted another to — it. Ona motion of the 
Chairman, the mem rose in their places as a 
sign of mourning for the esteemed President of 
the companion institute. 

gee with the two papers, Sir Robert stated 
that, while he much regretted that owing to pressure 
of war work he was not able to be present at the 
reading of Dr. Arnold’s two very valuable papers in 
London, he was glad in a way, because it had 
brought him that evening among many old friends, 
and enabled him to see what excellent work 
the Institution was doing in Sheffield. He thought 
it was very creditable to the district to see such 
a large audience present in the middle of a gigantic 
war. Professor Arnold’s papers were always 
interesting because they always had some useful 
bearing, founded as they were upon observations 
and research with practical aims and objects in 
view. That was an end which was often, unfortu- 
nately, not kept in sight.by some observers. Even 
rofessor Arnold’s opponents admitted that his 
work was most thorough, and after knowing Pro- 
fessor Arnold personally for some twenty-five years 
he could confirm that fact. He more often referred 
to Dr. Arnold’s meee than to those of any other 
professor, because they were based upon sound and 
correct work. Not long ago he was eng with 
Professor Arnold in military operations ting to 
munitions, and found him ectly accurate. Sir 
Robert added that he had felt very much upset to 
notice in The Iron Trade Review, of Cleveland, 
U.S.A , an article by Mr. George F. Comstock con- 
taining the following statement : ‘‘. . . the publica- 
tion of the paper by Professor J. O. Arnold and 
G. R. Bolsover entitled ‘ How Sulphides May Exist 
in Steel Ingots’ seemed rather surprising in a prac- 
tical journal like The Iron Trade Review because of 
the purely academic interest of the matter pre- 
sented, and the misleading nature of some of the 
statements. It is such articles as thie that hinder 
the spread of confidence in the value of metallo- 
graphy among practical men, and give rise to the 
view that the microscope for the examination of 
metals is an interesting toy, of no practical use.” 
He (Sir Robert) thought that was a very unfair 
comment to be made in a journal on the other side, 
especially when the article added, further, that ‘in 
the first place, one wonders what kind of crucible 
steel they make in England if it contains four or 
five-tenths of a per cent. of sulphur.” It was im- 
possible to imagine any sensible, practical journal 
putting forward such a statement. That was — 

e specially referred to his friend Dr. Arnold’s wor 
that evening, and the fact that such a large audience 
was then present showed what the members thought 
of him in Sheffield. 

He could not speak with very much experience 
on the manufacture of heavy ingots such 5 aon 
referred to in the paper on ‘‘ Ghost Lines ;” but 
there was no doubt as to the tangible existence 
of ‘‘ghosts.” It was satisfactory to find that 
Professor Arnold did not think the presence of 
‘* ghosts” of any vital importance, though in gun 
steel their absence was more desirable than their 
presence, owing to the enormous scoring action of 
the hot gases from the explosives which pro- 
duced what was known as erosion. When it was 
borne in mind that gun-tubes had to stand a stress, 
as Sir Andrew Noble ha pointed out, of 25 tons 
per square inch at 3000 deg. Cent., he was sure 
the members would it was very important 
indeed that such tubes should be the very best 
possible uct of Sheffield. The particular results 
descri by Professor Arnold were most inter- 
esting, and it seemed to him that the author had 
most accurately explained the origin of the curious 
results that had been obtained. Personally he 
could not help thinking that, terrible as war was, 
it was teaching metallurgists a great deal. It would 
produce a great many changes ; particularly it 
would make engineers a little more willing to try 
new things. He could not help thinking that 
engineers would have to face before long the pro- 
duction of gee for withstanding greater 
pressures and higher temperatures thau had to be 
dealt with at the present time. Many of Dr. 
Arnold’s valuable papers went in that direction, 
as they showed the members how to make steel 
which would stand much higher temperatures than 
those hitherto obtained. 

He would like to remind the members of a very 





interesting paper, which seemed to him to bear 
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upon the subject, which was read before the Iron 
and Steel Institute at the Sheffield meeting in the 
autumn of 1905, by Captain H. G. Howorth, R.A., 
on ‘‘ The Presence of Greenish-Coloured Markings 
in the Fractured Surfaces of Test-Pieces.” Oaptain 
Howorth was at that time in charge of the Govern- 
ment Inspection Office in Surrey-street. He de- 
scribed in his paper how certain forgings showed 
the presence of incipient flaws which might under 
violent alternating stresses develop into cracks. 
He (Sir Robert) fully admitted that the type of 
imperfections described by Dr. Arnold were not 
of that nature. Dr. Stead, in the discussion on 
Captain Howorth’s paper, stated that the presence 
of silicate of manganese in steel was what might 
naturally be expected, because of the reaction be- 
tween silicon, ma‘ ese, and oxide of iron, which 
was known to result in the formation of that com- 
pound. It was generally assumed that it floated 
to the top of the metal and escaped in the slag; 
but that it did not do, and apparently it did not 
actual'y separate until long after the mould had 
been filled with steel. 

With regard to the second paper, he desired to 
add that not many years ago he made some experi- 
ments which he intended to publish, but never 
found time to do so, on the effect of molybdenum 
upon iron, and he thought in many ways they bore 
out what the authors had pointed out in the paper. 
He made a series of steels, and would hand the 
results he obtained to the Secretary for the Journal 
of the Institution. The experiments dealt with the 
influence of molybdenum upon iron in the presence 
of very little carbon, and, so far as he was aware, 
nothing of the kind had previously been published. 
His specimens ranged from 0,14 per cent. molyb- 
denum up to 23.75, and in none of them did the 
carbon exceed 0.1, so that a very good chance 
existed of knowing what the effect was of the 
molybdenum present in the specimens. There was 
no other element present to a serious extent to 
interfere with the molybdenum. Manganese in no 
case exceeded U.1. ‘I'he elastic limit seemed to 
rise very little with the increase of molybdenum. 
His (Sir Robert’s) specimens were all of cast 
material. In the same product forged somewhat 
different results were obtained. In the sample 
containing 0.1 per cent. carbon and 0.24 per cent. 
molybdenum the results were 25 tons elastic limit, 
26 tons tensile, 37 por cent. elongation, and ball 
hardness 92. Taking 12 per cent. molybdenum 
and 0.09 per cent. carbon the elastic limit was 
28 tons, with 14 per cent. reduction of area, and 
ball hardness 170. That was a very small increase 
in the elastie limit, considering the very great 
difference in the percentage of molybdenum. In 
the annealed condition the hardness was not very 
dissimilar ; it was nearly the same, and the elastic 
limit was not very much increased. On the whole 
it did not appear that the effect of molybdenum 
was very important in itself. He thought the 
members would that it was used merely as a 
modifier of the carbon present. 

Dr. Thomas Swinden, who followed, thought 
that both papers were of the greatest possible 
importance, both from the theoretical and prac- 
tical stand 
his remarks to the one on molybdenum. He 
wished, in the first place, to thank the authors for 
the very appreciative references they had made to 
his (the speaker’s) work. The authors referred to 
one of his (Dr. Swinden’s) papers published in 
1911. He desired to point out that a sequel to 
it was published in 1913, entitled ‘‘A Study of 
the Constitution of Carbon and Molybdenum 
Steels.” The paper also had an appendix on the 
mechanical properties of some low molybdenum 
alloy stecls, which he thought was of some interest 
from a practical standpoint. Dealing with the 
mechanical properties, his own figures bore out 
very largely those dealt with in Dr. Arnold’s 

r, and also the figures mentioned by Sir 
Re rt Hadfield. None ot his (the speaker’s) steels 
were so low in carbon; but he wished to point 
out that even in steels containing an appre- 
ciable amount of carbon similar conclusions might 
be obtained. For example, two steels, both con- 
taining 0.44 per cent. of carbon and res vely 
1.05 and 81 molybdenum, in the annealed state 
gave almost identical tests. The yield-point was 
18.3 tons in one case and 17.2 in the other. In the 
normal state the yield-point was 37.8 tons in the 
first case and 38.1 in the second. In the rolled 
condition the influence of molybdenum was v 
marked, the tensile strength being 54.4 tons wit 


int, but. added that he would confine | 880 





1 per cent. molybdenum and 96 tons with 8 per 
cent. The authors had stated that ‘* with low per- 
centages it undoubtedly exerted a beneficial in- 
fluence on certain classes of steel.” The infer- 
ence, he presumed, was there made that with 
fairly high percentages bad results must neces- 
sarily occur. That was rather over-stating the 
case, because with 8 per cent molybdenum it was 
possible to get very good mechanical properties, 
although not a steel of commercial -value, use 
the cost of molybdenum would be too high, and 
the same results could be obtained in a very much 
cheaper manner. 

He wished to ask Professor Arnold if there was 
any proof of Fe,C being decomposed oye oped 

inter-action with another carbide or double car- 
bide under the conditions of the test. That was a 
point which, to his mind, was of the very greatest 
interest, because if such action took place it was 
very important to know to what extent it did so, 
since the effect was an absolute governing factor 
in the ultimate analysis. The authors had de- 
scribed Fe,Mo,C as a remarkable compound ; he 
thought it must be recognised that it was, be- 
cause it was taken as an axiom that carbon steel 
contained Fe,C, and that particular compound 
was Fe,C with three molecules of molybdenum 
combined. That, from a purely chemical stand- 
point, was a very remarkable thing. He would also 
very much like to hear Professor Arnold’s opinion 
as to what influence might be attributed to the 
various elements and how such a compound could 
exist in a stable form. As illustrating the stability 
of that compound, it was mentioned in the paper 
that it was absolutely insoluble in hot boiling 
hydrochloric acid. But that in itself, as Professor 
Arnold no doubt knew full well, was no absolute 
proof, since metallic molybdenum was not soluble 
to any appreciable extent in hot boiling hydrochloric 
acid if it was not oxidised. It therefore raised the 
important — Was it possible that instead of 
being Fe,Mo,C it might be Fe,C with metallic 
molybdenum! That might sound a very far-fetched 
suggestion, in view of the very thorough research 
which the authors had carried out, but it was one 
which he thought was worth considering. He ex- 
lained that if there were, say, six molecules of 

e,C and one molecule of Fe,Mo,C, the chemical 
results of the carbide analysis would be equally 
well explained by taking seven molecules of Fe,C 
and three molecules of metallic molybdenum. 

With regard to the recalescence data, they would 
be awaited with the greatest interest, because they 
had to be explained on the results of the carbide 
analysis. A very great advance would no doubt 
have been made when those curves were completed 
and the explanations were forthcoming. Calling 
attention to the extensive series of curves, some- 
thing like 200 in number, of molybdenum steels, 
which he published in 1913, he stated that in 
one of them a steel containing 0.87 per cent. of 
carbon and 1 percent. of molybdenum, which, accord- 
ing to the authors’ analyses, would contain in the 
carbide about 80 per cent. of Fe,C, if cooled from 
about 800 deg. Cent., gave a normal point corre- 
sponding to Ar, at about 710 deg. If heated to 
deg., no point occurred at the normal tem- 
perature, but one occurred at about 580 deg., 
which was almost equal in magnitude. The tem- 
perature at which that changing point was going 
to occur could be controlled by controlling the 
initial temperature between 800 deg. and 900 deg. 
If the steel was heated to 880 deg., according to 
the conclusions in the paper, the change from 
carbon molybdenum pearlite into carbon molybde- 
num hardenite had not begun to take place ; that 
began at about 900 deg. What, then, was the 
change which took place at 580 deg.? What was 
the change which took place at 710 deg.. wken 
cooled from 800 deg. originally? If cooled from 
880 deg., 80 per cent. of Fe,C was present, 
was not the normal Ar, found? It would Le very 
interesting to know exactly what was the reaction 
taking place at the low temperature. In con- 
cluding his remarks, he sneell Poibener Arnold 
would not take what he had said as cavouring of 
hypercriticism. It was not that for one moment. 
He was a student anxious to learn all the facts. 

Captain Jackson, who spoke next, stated that 
the Admiralty were greatly troubled in the matter 
of ‘‘ghost lines” in connection with heavy gun- 
forgings ; they did not like to reject a costly piece 
of steel on a suspicion only. There was a e 
reserve of stre in the guns when they left the 
works: guns while in the service had been struck 


Why |i 





on the outside ; the shock did not affect the test, but 
a part of the reserve of strength which they had was 
gone. Professor Arnold dealt with the situa- 
tion as it obtained with propeller shafts, and he 
(the speaker) would like to have his opinion as re- 
gards gun forgings. When a ‘‘ ghost line” existed 
in a forging it generally extended over the whole 
length, and it, presumably, had existed also as a 
** ghost ” intheingot. It was mostly outside rather 
than inside the piece. But the absence from the 
inside, on the other hand, was perhaps not real : 
it was said to be absent from the inside, perhaps, 
only owing to the difficulty of examining the inside 
of the piece. In the case stated by the author, an 
ingot had bled and several ‘‘ ghosts” were found 
in the top portion; but the author did not say 
why he identified the excrescences as the cause of 
** ghost-lines ” subsequently appearing in the forg- 
ing. The analyses in the paper did not, he 
thought, compare favourably ; in the table giving 
the analyses of drillings taken in a region free from 
** ghosts,” and those of ‘‘ghost” chippings, he 
would have expected to find a greater proportion 
of silicon in the latter, but the silicon Sel lctoeneed 
in a lesser proportion than sulphur and phosphorus. 

Mr. E. H. Saniter, whose remarks closed the 
discussion, found the papers of very great interest, 
andcongratulated the Institution at having had them 
for their proceedings. ‘* Ghosts” were an annoy- 
ing feature. It was most difficult to know why 
they occurred in one ingot and not in another. 
With reference to the “‘ ghost line” in a propeller 
shaft referred to, he quite agreed that it had no 
detrimental effect. In the matter of guns, he could 
say, to comfort the previous speaker, that although 
the ‘** ghost-line” might — be a long one, it 
was not very deep. In regard to the freezing out 
of the sulphide of manganese, there was one difti- 
culty in his (Mr. Saniter’s) mind in this connection, 
and that was that the manganese was not found to 
segregate in steel in proportion to the sulphur. 
Professor Howe's ‘‘land-locked theory” Pome sam 
to him (the speaker) as an explanation of the 
occurrence. He could not accept that the ‘‘ ghosts” 
found by Professor Arnold had frozen out ahead 
of the purer steel. He asked whether the ‘‘ ghost ” 
was in the chilled and not in the bricked head 
[Professor Arnold replied in the chilled portion. | 
Freezing in two directions was what Professor 
Howe had called the ‘‘land-locked theory.” He 
(the speaker) had found ‘* ghosts” quite close to 
the angles of the ingot. 

Professor Arnold, in replying briefly to the dis- 

cussion, expressed his pleasure at the criticisms 
which had so put forward, and at the friendly 
spirit which had ruled throughout. The information 
given by Sir Robert Hadfield was very valuable in- 
formation ; it applied to almost pure iron containing 
molybdenum, and would form an important annexe 
to his (Professor Arnold’s) work. He ho Dr. 
Swinden did not consider that he doubted his (Dr. 
Swinden’s) results, and felt sure that when all the 
recalescence work in hand was completed it would 
sweep away all points on which uncertainty still 
existed, and result in complete agreement being 
reached. In regard to the carbides question, he 
confirmed that taking quenched carbon steel con- 
taining about 0.9 per cent. of carbon he had got 
out on electrolysis practically all the carbon as 
Fe,C. The excess carbon was electro-negative. 
They had found a flocculent carbonaceous mass 
containing only about 1 per cent. of Fe,C. He 
quite agreed with Dr. Swinden’s remarks that the 
hot acid test was no proof. His (the author’s) com- 
pound was not maznetic ; if there had been carbide 
of iron and metallic molybdenum, the specimen 
would have been attracted by the magnet. In 
reply to Captain Jackson’s remarks he would say 
that the parts of ingots containing ‘‘ ghosts” were 
cut away and scrapped. Pieces of the ingot show- 
ing where the ‘‘ ghosts” had occurred were in the 
lobby, and were examined by the members. 
On a motion of the Chairman, a hearty vote of 
thanks was awarded to the authors for their 
interesting contributions, and to the University for 
the loan of Mappin Hall. 





_ Mgcwanicat Power 1n DanisH Inpustry.—Accord- 
ing to recent statistics, the number of concerns in Den- 
mark using mechanical power, and the aggregate capacity 
of such power, was as under :— 


1897. 1906. 1914. 
Number of concerns using 
anical power... 8,256 6,735 15,579 
Number of power-engines 4,479 8,615 23,705 
Aggregate capacity 48,057 113,336 230,455 
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American Eppa it Electrical Sapiens, Senet 
by a sta specialis Haroup Penp itor-in- 
Chief. New York: John Wiley =a ten, Inc. ; 
London : Chapman and Hall, Limited. [Price 2is. net. ] 

In setting about the compilation of a new hand- 

book dealing with engineering matters, there must 

be considerable difficulty in deciding what is likely 
to be the most useful way to arrange the material. 

In one valuable and well-known example the 

matter is divided into some twenty sections. One 

of these, dealing with electric generators, consists 
of ninety-five pages of small type. This section is, 
to all intents and purposes, a short treatise on its 
subject, and anyone wanting information on one 
point only must either read through the whole 
thing or use the general index. In Molesworth’s 
classic pocket-book a different method is used. The 
sections are much shorter, and deal in general 
with specific points. We are not clear, however, 
which system has been followed in arranging the 
sequence of the sections, and to use the book one 
must again —— the index. In thenew ‘‘ Ameri- 
can Hand-Book for Electrical Engineers ” a further 
system has been tried, and an alphabetical arrange- 
ment followed in the order of the sections, which 
are each comparatively brief, and, in general, con- 
fined to a single feature. The idea, no doubt, is 
to make the book more easily used for reference. 

The alphabetical sequence may at times be useful, 

but we fear a very brief acquaintance with this 

book has suggested that it may have weaknesses. 

The first reference is ‘* Abbreviations and Symbols,” 

the second is ‘‘ Acids.” It would appear that 

‘* Accumulators” might be expec to come 

between them, but it does not. A reference to 

the index gives us ‘* Accumulators, see Batteries, 

Storage,” which is all right; but if one must go 

to the index like this, it is fair to ask if the encyclo- 

predic arrangement is of any value. 

The only really successful use of the alpha- 
betic arrangement in a book of this class which 
we know is in Mr. Hobart’s ‘‘ Dictionary of Elec- 
trical Engineering.” Here there is no index. 
Either the subject required, or a cross-reference to 
it, will be found in its alphabetical position. Mr. 
Pender, the editor of the new American hand-book, 
is “firmly convinced that it (the encyclopedic 
arrangement) is the rational arrangement.” We 
suggest that if this be so or not entirely depends 
on what one is trying todo. If one’s publication 
is to approximate more or less to a dictionary, 
with an enormous number of headings, the alpha- 
betic arrangement may be valuable. But if one 
wishes to produce a work consisting in effect of a 
collection of brief articles dealing each with one 
branch of its subject, then it would appear not to 
matter much what the arrangement is, since one 
must use the index to look up any detail of 
one of those branches. As a fair example, one 
may take ‘‘Scott Connection,” quite a likely 
reference for a user to require. It will not be 
found under ‘‘S” in the alphabetic arrangement, 
and reference to the index shows that it is in- 
corporated in the article on ‘* Transformers.” 
It is quite easy to find, but one can hardly 
see that that ease is in any way due to the fact 
that ‘‘ Transformers” is preceded by ‘‘ Towers for 
Transmission-Lines,” and followed by ‘‘ Transient 
Klectric Phenomena.” 

It is for quite other reasons than the encyclo- 
predic arrangement that we would praise this book. 
The most important is that the subdivision of the 
branches of work dealt with has apparently been 
carried as far as possible. Some sections must, of 
course, be fairly comprehensive. That on ‘‘ Trans- 
formers,” for instance, covers 33 pages ; but it is 
clearly impossible to subdivide this subject to any 
great extent if the book is to be of much value to 
designers aud users. A useful division has, how- 
ever, been made by dealing with instrument trans- 
formers under a separate heading. This strikes us 
as very sound, and is characteristic of the book. 
Most of the sections are comparatively brief and 
specific. One, for instance, gets ** Poles for Over- 
head Lines,” ‘* Potentiometers,” ‘* Power-Factor 
Indicators,” &c. These are the sort of articles 
which are wanted in a work of reference. A useful 
‘eature of this aspect of the book is thatall theoretical 
discussions have been segregated into separate 
articles. This heige to render the sections dealing 
with machines an appliances more specific. Other 
useful features consist of cost data and biblio- 





graphies given with most of the articles. We 
cannot pretend to indicate the contents of the book. 
It runs to some 2000 pages, and covers, not only 
electrical engineering, but civil and mechanical 
engineering, in as far as they usually come within 
the province of the electrical engineer. It repre- 
sents the collection of an amazing mass of infor- 
mation and should be of t value, not only to 
American engineers, to whom it is particularly 
addressed, but also to those of this country. A 
glance through it might suggest to some of our 
politicians and others that there is more in engi- 
neering than they at present appear to think. "By 
way of criticism we would suggest that the curves are 
in general rather small. The pages are about 4 in. b 

7 in., but in no case, as far as we can see, has a full 
page been utilised for a curve. Mostly they occupy 
a space about 2in. square. This criticism applies 
to most hand-books, not only the one we are deal 
ing with. An able designer once suggested to us 


that the most useful reference book for an engineer | Th 


would be one containing curves only, with brief 
descriptions of their use, the curves, of course, 
being large enough and accurate enough to be 
a from. There is probably something in the 
idea. 
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IRON AND STEEL IN GERMANY. 
Tue Rhbenish-Westphalian iron-market is stated to 
continue in a somewhat unsettled condition, and the 


iving way. The reduction of 5 cent. agreed u in 
the production of the her oon aa selled ive elbetmant, 
which only referred to Thomas iron, of 
duction is only some 60 per cent. 
prevent over-production, the more so as 
ments lack any means to com 
eos . é 
latest happenings 

phasise, as did the temporary 
ment, the oft- ted view that a 
mental renewal of the unions within 
industry is not to be reckoned upon. 
of cessation of membership of the Steel Union, which 
have been received by this combine, are not meant to 
take effect as long as the war | and are not looked 


upon as legal by the union, the plainly enough 
how far remo a oodles of the » Paar 
interests within the iron mining industry still seems 


to be, and to what extent the concerns apparently 
are bent upon securing for themselves full freedom of 
action after the war. A striking instance of this is the 
action of the + Thyssen concera; the Deutscher 
Kaiser works belonging to this concern has given notice, 
which the Steel Umion refuses to accept, whilst the 

yssen firm maintains its ect legality. Also the 
German-Luxemburg concern sent in its notice, which 
will probably meet wish the same fate. 

The quantity of goods despatched by the Steel Union 
shows a slight increase as com with September, the 
— re for October being 252,000 tons, against 

840 tons for the preceding month, raw steel weight. 


The increase includes railway ma to the weight of 
about 125,000 tons, against 117,426 tons for September. 
Also the production of pig-iron during October shows 


an increase over that of September, the figures being 
respectively 1,076,343 tons and 1,033,078 tons, against re- 
8 ively 729,841 tons and 580,087 tons for October and 
pre «hy 1914. increase refers to Thomas pig and 
steel iron, and, as regards the districts, is principaliy 
confined to Rhineland-Westphalia and Lorraine-Luxem- 
burg. The quantities of av pig-iron despatched 
during October amounted to 55.85 per cent. of the allot- 
ment, against 53.7 per cent. in September and 57.5 per 
cent. in A " 
The demand for quality iron continues very active and 
ices will undergo no before the end of the year. 
he supply of iron ore bas more liberal, thanks to 
an increased production of Si land ore ; Minette ore, 
too, is being offered more and at somewhat lower 
rices. Also manganese ore, which is in strong demand, 
become rather more plentiful. The scrap market is 
very quiet at lower prices. As regards half-finished pro- 
ducts the business remains about the same, and is quiet 
for Thomas iron at unaltered prices—1 marks for 
ingots, 1074 marks for billets, 115 marks for bundle iron, 
and 1174 marks for plate iron. The demand for Siemens- 
Martin steel can hardly be met, and the rise has been 
increased from 15 to 20 marks. The business in girders 
and shape iron remains quiet. The inland price of 
130 marks, delivered Diedenhafen, is slightly exceeded 
on oo As regards bar iron, most works had, on 
the whole, completed the sales for the ee part of 
the year some ay ago ; still orders for —< ney ¢ 
ty goods or War purposes are received, Or su 
good prices are paid. The sale for the first quarter of 
916 has been given free y the convention and the works 
have commenced to sell. For Siemens-Martin iron, which 
is rather scarce, the army uirements especially are 
again very comprehensive. is is also the case with 
hoop iron of Siemens-Martin steel, for which an increase 
of marks on the base price of 170 marks is easily 
obtained. On the other hand, the base price of thé 
Union of Rhenish-Westphalian Hoop-Iron Works cannot 
be maintained for ordi hoop iron, on account of 
competition from the Saar district. 
On the plate-iron market, which seems to have felt the 
movements so marked on the bar-iron market less 


market lacks uniformity. Whilst the business in quality | keenly, underselling takes place of certain classes 
goods, both in bar iron and in the wire ee 8 has - A, plate ; ay ~ — — > powered + 
revived of late, the notable weakening of several months works are well employed, generally speaking. 


as regards ordinary commercial products has become 
still more manifest. The increased output of bar iron 
and wire, which is attributable to the increased working 
of several South-West German concerns, and which prin- 
cipally relates to Thomas material, does not meet with a 
very ready sale. In any case the Convention 
140 marks for Thomas bar iron is no longer upheld either 
by the iron trade or by the South-West German works, 
nor, it would seem, by the Peiner rolling-mill. The Jast- 
mentioned concern is even understood to have offered bar 
iron at 125 marks per ton, whilst the South-West German 
and several Rhenish-Westpbalian concerns quite recently 
have sold at 130 to 135 marks 
Rhenish- Westphalian works still hold out for the Con- 


ice of 


vention price of 140 marks for bar iron, at which price | P™ 


the trade also recently have bought considerable 
quantities. 

In the meantime the contrast between quality goods 
and cheaper 8 still exists, and it has been particularly 
demons: by the Cologne contracts for the iron 
requirements of the Prussian State Railway Board. 
Here, too, high prices were demanded for quality mate- 
rial, whilst ordinary bar iron was offered at 115 marks 
per ton, evidently from the south-western district. Ib 
should, however be borne in mind that the deliveries in 

uestion extend over a somewhat lengthy period—viz., 

whole of the financial year 1916-17, with respect to 
which it is hoped that the greater part will be a time of 


peace. 
The agreements made between the works with a view to 
ive the bar iron and wire conventions a firmer standing 
ve in any case proved unavailing. These ts 
are so little binding that they cannot prevent prices from 





sale for 1916 has not yet commenced. For export, 
materially higher prices are obtained than for home con- 
sumption, as is case with all rolled iron. As far as 
thin plates are > demand for war purposes 
is to the fore, and from shortage of labour the produc- 
tion is rather hard ; prices from 190 to 200 marks 
ton are willingly paid, also the pipe market is ver} 
rm, and the works are so —_ employed that they 
generally hold aloof from forward contracts. The post 
tion of rolled wire, which at one time fared even worse than 
bar iron, + oe much ee. yg sorts —_ 
pt delivery prices up to marks are again paid. 
The works are well employed, and the sale for the first 
quarter of 1916 has commenced at unalvered convention 
ices. Barbed wire, which it is difficult to manufacture 
in sufficiently large quantities, is almost entirely absorbed 
by the army. In manufactured wire products, which 
are not so much wanted for military purpoges, the busi- 
ness is decidedly more quiet. 





Tue LATE Mr. Cuartron Jawgs Wo.taston.—We 
regret to have to record the death, which occurred on 
Saturday, November 27, at Burnbam, Somerset, of Mr. 
Charlton James Wollaston, one of the pioneers of sub- 


marine telegra; Mr. Wollaston was at ton 
on September 3, 1820. He was one of the engineers on 
the liath, which, in 1850, laid the first submsrine 


cable from Dover to Cape Grisnez. We referred to this 
work and to the instraments used in connection with it 
in an article on “‘Mr. Crampton’s Models at the In- 
ventions Exhibition,” in an early issue (see ENGINEERIXG, 
vol. xl., 170). Mr. Wollaston was a nephew of the 
late Dr. W. H. Wollaston, the well-known scientist. 
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PRESENT CONDITION 
SUBMARINE.* 


By Max A. Lavusevr, late Chief Constructor, 
French Navy. 


The Two Types, Submarine and Submersible.—It has 
often been said, and wrongly, that the submersible is dis- 
tinguished from the submarine of earlier type because it 
has two motors, one for running on the surface and the 
other for running immersed. It is true that in France 
the Narval was the first boat destined for underwater 
navigation, and provided with two motors. The sub- 
marines which had preceded had but a single motor, a 
motor of the electric type with storage battery, with a 


OF THE 





cross-sections. With the submersible type, these reser- 
voirs, of much greater volume, are placed outside the hull 
proper. There results an entirely different mode of con- 
struction. The submersible has a double shell. The 
inner skin, which must resist the pressure of the water, 
is made of thick plates. The shape of the sections is not 
circular, but elliptical. The outer skin, which is only 
subject to the pressure of the water when the ballast- 
tanks are empty—that is to say, when running on the 
surface—is made of very light plates, as in we eps 
construction. The double hull may be complete, as in 
the case of the Narval, or partial, as in later examples of 
the same type. 

2. Reserve Buoyancy.—lIf the term ** reserve buoyancy” 
is given to the emerged volume of a boat navigating on 
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Fig. 1.—Submarine: Holland system. Fie. 2.—Submarine: Electric Boat Fie, 3.—French submarine : Maugas 
Type, Adder; launched in 1900; Company’s system. Type K; system. Type, Farfadet ; displace- 
dacincoment, 108/122 tons; per- launched in 1918; displacement, ment, 184/200 tons; launched in 


centage of reserve buoyancy, 11.5 ; 
sections, circular. 





Fie. 4.—Submersible : Laubeuf system. 
Type, Narval; displacement, 117/202 
tons; launched in 1899; reentage 
of reserve buoyancy, 42 ; double shell 
complete ; sections, elliptical. 


Fig. 8. 
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Fie. 8.—Submarine: Lake system. Type, 
Protector ; launched in 1902 ; dispiace- 
ment, 136/174 tons; percentage of re- 
serve buoyancy, 22; sections, circular. 


consequent serious reduction in the radius of action. | the surface, this volume, in the case of ordinary ships, is | 


But two motors may be placed on the submarine of 
earlier type, as has been done. This is what was done 
particularly in the United States by Mr. John Holland, 
in 1893, on the Plunger (a steam-engine and an electric 
motor), and, in 1897, on the Holland (a gasoline engine 
and an electric motor). 
The differences between the submarine of earlier ty 
or the submarine pure and simple, and the cubeweeaiile 
are rather differences in mode a construction, reserve of 
buoyancy, and form of body. 
1. Mode of Construction (see sections).—With the sub- 
marine and simple, the water-ballast tanks (or tanks 
intended to submerge and trim the boat in the submerged 
condition) are placed inside the boat, which has circular 








* Abstract from a paper presented at the International 


E 1915, in San Francisco, Cal., 


ngineering 
September 20 to 25, 1915, 


890/520 tons ; percentage of reserve 
buoyancy, 25 ; sections, circular. 





Fie. 5.—Submersible: Laubeuf system. 
Type, Siréne ; launched in 1901 ; type, 
Aigrette ; launched in 1904; percen- 
tage of reserve buoyancy, 28 to 30; 
partial double shell : sections, circular. 





Fie. 9.—Submersible : Germania-Krupp 
system. Type, Kobben ; launched in 
1909 ; displacement, 202/255 tons ; per- 
centage of reserve buoyancy, 21; partial 
double shell ; sections, circular. 


1901; type, Emerande ; displace- 





ment, 392/422 tons; launched in 
1906 ; percentage of reserve buoy- 
ancy, 7 to 8 ; sections, circular. 
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ordinary ship. The difference regarding comfort of 
living and fatigue of the crew is considerable. 

The French manceavres of 1902 with submarines of the 
Morse type and submersibles of the Sirtne type, of 150 
tons ; the comparative trials, in 1905, between the sub- 
marine *“Z” and the submersible Aigrette, of 180 tons; 
and, finally, the mancuvres of 1909 between submarines 
of the Emeraude type and submersibles of the Pluviose 
type, of 400 tons, have definitely demonstrated that the 
submersible type possesses nautical qualities far superior 
to the other. F 

3. Form.—A difference no less considerable exists in 
regard to the external form. The submarine pure and 
simple is distinguished by circular sections, and for many 
years it has been given a pointed form at both 
similar in general to the cigar, the classical form for boats 
of this 4 It was the general opinion, furthe 
that this form would alone permit of diving wader good 
control. When, in 1897, the design of the Narval was 
presented, in which the external form was exactly similar 
to that of a torpedo-boat, many persons (and especially 
officers acquainted through experience with underwater 

tion} expressed the opinion that a boat thus formed 
could never dive satisfactorily. Experience alone could 
determine the question. It has proved, in effect, that the 
submersible type is as well suited to diving as the other. 

The most serious objection to the submersible type, at 
the beginning, was that, in order to pass from the condi- 
tion of surface navigation to that of underwater naviga- 
tion, a c © had to be made from the heat prime mover 
to the electric motor, and then a considerable volume of 
water had to be taken in between the double shell of the 
hull in order to annul the very considerable reserve of 
buoyancy. But during the time thus required the boat 
was in a critical condition, Fae moe destruction by the 
~— of an enemy without the chance of escape. 

n point of fact, on the Narval, at the Coginnin of 
the trials, the time required for immersing seoehed 
28 minutes and the objection noted above was fully 
justified. But on this same boat, with the pi ive 
training of the crew and after some changee, this time 


| was uced successively to 20, then to 15, and finally to 
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Fie. 6. Submersible: Laubeuf system. 
Types launched in 1907-1910; per- 
centage of reserve buoyancy, 28 to 30 ; 
partial double shell ; sections, elliptical, 
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Fie. 7. Submersible: Laubeuf system. 
Latest types launched in 1911-1914; 
percentage of reserve buoyancy, 83; 

partial double shell ; sections, elliptical. 
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Fie. 10, 
Ty pe, Foca ; launched in 1908 ; displace- 


tL 
partial double shell. 


approximately equal to the immersed volume. In many 
cases it is even greater. If we denote by the term 
‘* coefficient of reserve buoyancy ” the ratio of the reserve 
buoyancy to the total volume of the ship completely im- 
mersed, this ratio, which is at least 50 per cent. for ordi- 
nary sea-going ships, was no more than 3 to 7 per cent. 
for the earliest submarines, and ecarcely exceeds 12 or 13 
per cent. for the submarine type pure and sim It is 
much greater for the submersible type. The boats built 
according to my designs bave 27-to 33 per cent. The 
Narval had even 41 per cent. 

It results from this important difference that the sub- 
marine pure and simple, low in the water and with small 
reserve bu >yancy, readily drives into the waves, and that 
on the open sea it soon becomes necessary to withdraw 
the crew from the exterior and to close all openings. 
The boat then navigates on the surface under the same 
conditions as if immersed. The submersible, on the other 
hand, navigates under such conditions exactly like an 





ment, 185/265 tons (with upper 
percentage of reserve buoyancy, 30; 


ti system. Fie. 11.—Submersible: large dieplace- 
ment ; Laurenti system. Under cesign 
according to Berling, 1912; complete 
double shell for 20 per cent. of len ; 
partial double shell at ends ; sections, 
circular. 


12minutes. On the Siréne type of 1900, which followed, 
the time required from surface navigation to underwater 
navigation was reduced to 8 minutes, on the Aigrette 
type of 1902 to 6 minutes, and, finally, on the su . 
si of the Pluviose type of 1905 to less than 5 minutes. 
The objection formerly made has, therefore, no further 
significance ; a period of 5 minutes answers all military 


uirements. 

ah sho seeaen) pupen, aoe piniphy tho Gilinscnceed oon: 
with the present paper, ehow p y ifference of con- 
struction between the ‘‘ submarine ” and the “‘ submer- 
sible.” In 1900 France was the only naval military 
Power possessing submersibles. All the other naval Powers 
were ae only submarines of the earlier types. Since 
that time the submersible type has made great pro- 
gress. In France, comparative trials demonstrated the 


-B.); 


superiority of the submersible. Since 1907 only sub- 
marine craft of this type have been built, and the sub- 
marines pure and simple of earlier construction, 





to the 
number of ired, 


bave been gradually retired 


thirty-nine, 
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There remained on January 1, 1915, no more than seven 
of these in service. The submersible type has been 
adopted, qpeneret. by Germany, Italy, Greece, Sweden, 
Norway, Portugal, Brazil. Other naval Powers are 
developing experimentally the submersible and the 
submarine—England, United States, Russia, and Japan. 
Finally, the submarine type pure and simple is under- 
going modification, and is apprecshing, little by little, to 
the submersible. For example, the American firm which 
has built, either directly or through its licensees, the 
greatest number of submarines pure and simple, the 
Electric Boas Company, has long built boats of small 
reserve of buoyancy. This company is now turning to 
the submersible type.* Finally, thie firm, which until 
19'3 built submarines with a single chell and with water- 
ballast tanks inside, is now building a new type, ‘‘M,” 
with a reserve buoyancy and with a partial double 
shell. is is a marked change towards the submersible 
type, and I believe that I am justified in a feeling of 

jeep satisfaction at the success of the ideas for which I 
have stood during the past eighteen years. 

Increase in Dis .—Submarines have not escaped 
the tendency, which makes iteelf so strongly felt, towards 
increase in displacement. It may be asked if, in their 
case, this tendency is quite justified. In passing from 
15,000 to 25,000 tons or more, armour-plated ships have 
had their speed, and particularly their offensive power, 
increased. The same remark applies to all ships whose 
principal armament is the gun. But ships which have 
the torpedo as the sole or preponderating offensive arma- 
ment do not find such marked advantage in increase of 
displacement. 

or submarines the increase of displacement provides 
a rather feeble increase of offensive power, but to 
obtain the greatly augmented speeds it is necessary to 
amp to large displacements. On the other hand, ib may 
said that a largs displacement offers serious drawbacks 
for a submarine, as follow :—(a) Greater difficulties of 
evolution while submerged. (b) Too great a draught of 
water in the condition of navigation on the su as 
well as in the submerged condition. The draught of 
water in surface navigation does not allow them to pass 
in small depths ; the draught of water when submer, 
revents them passing under the keel of an enemy’s ship 
& necessary manceuvre if the submarine, when attacking, 
finds itself too near the ship it aims at). (c) Too large a 
turning circle, on the surface and submerged. This is of 
very great importance. (d) Too high cost. The experi- 
ence gained in naval manceuvres, as well as in actual war, 
shows that a great number of submarines is necessary ; 
and this becomes impossible, especiaily for the minor 
navies, if the cost of each is too high. ese considera- 
tions lead to the conclusion that it is preferable to have 
two distinct types of submarine. 

First Type: Defensive or Coastguard Submarine.— 
These boats will have a moderate tonnage, good man- 
ceuvring powers, a small turning circle, moderate —— 
and, in consequence of their not being expensive, they 
can be constructed in rather large numbers. These ships 
must be well armed, but they need not realise very great 
speeds nor have a very large radius of action when navi- 
gating on the surface. This class of submarines exists 
almost everywhere. It is represented in France by the 
Pluviose, Brumaire, and Clorinde types of 400 to 412 tons 
on the surface, 550 to 560 tons when submerged ; in the 
United States by the OC, D, E, F, G, H, K classes, of 
238 to 390 tons (surface), 273 to 520 tons (submerged) ; in 
| ng A —- by pS . of oe 

rupp, 0! to tons ; in the ‘oca, of 
Laureati, of 245 to 300 tons. _— vasgeweetir: 

These latter types have too low a displacement. This 
class of submarine must, as a matter of fact, not only 
defend the coasts, but also take the offensive within a 
fairly large radius from the base of operations. They 
must therefore have good armament, excellent nautical 
qualities and good quarters for the crew, all of which is 
—_ difficult to obtain with a small tonnage. Accord- 
ingly, oe must have a high reserve buoyancy. In the 
French submersibles of the Pluviose and Brumaire classes, 
laid down in 1905-7, the reserve buoyancy is 150 tons, or 
27 per cent. of the submerged displacement. In the 
United States, this percentage is increasing more and 
more from the ‘‘C” class (14 per cent.) to the ‘‘ K” class 
(25 per cent.). The good sea-going qualities of submer- 
sibles wi reserve buoyancy have been proved by 
® great number of journeys of long duration made by 
ships constructed after my plane.t 

Second Type: Squadron Submarine.—The second t 
of submarine, which it is now sought to realise, is the 
high-seas or squadron submarine. The latter type, in- 
tended to accompany the fighting ships, to sail with a 
squadron in any weather, to take part in naval battles, 
must in future replace the destroyer a. The enumera- 
tion of the operations in which it is to take part shows that 
it is absolutely necessary for this boat to possess high 
speed on the surface and good 4 when submerged ; a 
large radius of action, ial’y on the surface ; t 
offensive power, good nautical qualities, and pth mrs 
living quarters. These are difficult conditions to fulfil, 
and can only be realised with a very considerable dis- 
placement. _ 

It may be said at once that ships of intermediate ton- 
nage, ranging between the coastguard submarine and the 
squadron submarine, constracted or in course of con- 
struction, are useless ; they are too large as 
submarines, and too s as high-seas submarines. I 
include in the number of these ships, which should never 
have been put down, all the su ines of 600 to 700 tons 
on the surface, constructed or in course of construction. 
All these ships represent but half measures. They can- 





* See Encinegrine, November 17, 1911, 
t Ibid., July 9, 1915, page 29, 





not accomplish much more than coastguard submersibles 
of 400 to tons on the surface ; they possess too low 
speed and inadequate nautical qualities to accompany & 
squadron on the high seas. They are likely to disappear 
before the submarine with great speed and of much 
greater tonnage. 
Three types of submarine, only, approach clcsely at the 
present time to the true conception of the equadron sub- 
marine. The French Navy is in the lead. The Gustave 
Zédé, ordered in 1910, launched on May 20, 1913, is now 
commissioned. The Nereide, ordered in 1911, launched 
on May 9, 1914, is completing. 7%, have 800 tons on 
the surface, 1100 tons submerged. Two others, a little 
ter, were ordered in 1913 and five in 1914. They 
ve 835 to 1200 tons. In the United States, a new 
t **M,” of the Electric Boat Company, is projected. 
he displacements are understood to be 1000 to 1500 tons. 

If my information is correct, the programme of equad- 
ron submarines in France, Great Britain, and the United 
States is similar:—19 to 20 knots on the surface, 11 to 
12 knots submerged. Will these types of submarines 
adequately represent squadron submersibles? I #nswer, 
without hesitation: ‘‘ No; their speeds on the water and 
under the water are still insufficient.” To be able to 
accompany a squadron in any condition of the sea and 
take an effective part in a naval battle, it is necessary to 
have a maximum speed on the surface at least equal to 
that.of the modern armoured ships—viz., 22 to 23 knots. 
I say ‘‘at least” because, as is well known, small ships 
lose much more speed than large ones in a heavy sea, and 
a submarine, even if it had 1000 tons displacement on the 
surface, is still but a small ship on the open sea. It is 
necessary, also, for the squadron submarine to have a 
speed, when submerged for battle, at least equal to the 
current speed of evolution of the armoured ships of the 
line at the time of the battle. And here a speed of 
15 knots appears to me an absolute minimum. 

Consequently, I say that, as long as submarine-boats 
cannot attain speeds of 23 knots on the surface and 15 
knots when submerged, they will be insufficient to fill the 
réle of the squadron submarine, and they will only impede 
armoured ships. 

What, now, are the reasons which prevent the realisa- 
tion of these speeds at the present time? (1) It has not 
yet been possible to construcb very powerful internal- 
combustion motors, which would at the same time have 
a relatively small weight and size. If the immense pro- 
gress accomplished in the last ten years in the construc- 
tion of internal-combustion motors with four and two 
cycles is considered, one is led to believe that within a 
few years we shall have the necessary motors. (2) The 
second point, and the more weighty one, is the double 
motor. Besides the internal-combustion engine, the 
submarine has an electric ensemble consisting of motor 
and a battery of extremely heavy and cumbersome 
accumulators. We are under a great debt to the electric 
storage battery. Without this, without the realisation 
of a source of energy which does not present variation in 
weight when delivering the accumulated energy, which 
absorbs neither air nor oxygen and discharges but few 
noxious gases, submarine navigation would perhaps not 
exist at all. 

To-day, showing ingratitude, we should like to banish 
the electric battery from the submarine and to place in 
these ts one motor only, supplying the necessary 
power for — on the surface as well as when sub- 
merged. ny attempts have been made in this direc- 
tion, some with a single internal-combustion motor, 
others with a single steam-engine, but, up to the present 
time, no boat with a single motor has solved the very 


difficult problem which is before us. Searchers and in- = 


ventors have, therefore, an open field before them. 
When they have given us the powerful, sure motor, with 
relatively small weight and size, which is so much de- 
sired by the builders of the submarine, the programme 
of squadron submarines set out above can be realised, and 
the destroyer may disappear from modern fleets. Till 
then we can only have, pony. inaccurate approxi- 
mations to a solution of the problem of the squadron sub- 
marine and with very great displacement. 

To sum up, the present tendencies of the constitution 
of submarine flotillas appear to be the following :— 

1. Coast-Guard Submarines.—Ooast- submarines 
of moderate displacement, 350 to 500 tons on the surface, 
500 to 750 tons submerged ; well armed (for example, two 
inner torpedo-tubes, and outer tubes or outer torpedo- 
launching equipment, with six or eight torpedoes on 
board); with suitable speeds (14 to 16 knots on the sur- 
face, 9 to 10 knots when submerged for battle); having a 
radius of action reasonably fixed in accordance with their 
probable operations and the geographical conditions of 
thecountry which they are to protect ; having good living 
quarters ; and, finally, with good nautical qualities, in 
order that —_ may ba able to take the offensive within a 
fairly large radius, and this, in particular, implies a high 
reserve buoyancy. 

2. Squadron Submarines. —Squadron submarines having 
& great displacement (without going too far, with a view 
to remaining within dimensions t do not create too 
serious difficulties of evolution or of use; for example, 
1200 tons when submerged); having high speed (23 
knots, at least, on the surface, 15 knots, at least, when 
submerged), with a powerful armament (for example, eight 
inner torpedo-tubes and sixteen torpedoes on board); a 
very large radius of action on the surface; excellent 
quarters ; and first-class nautical qualities, implying a 

h reserve buoyancy. 

he conclusions which precede represent the ideas 
which I have defended for many years. I have bad the 
satisfaction of seeing these ideas ke the French 
Navy, then, in 1913, by the ish Admiralty. 
Finally, siace writing the preceding lines, I have received 
a copy of the report of the United States General Naval 








Board, of which Admiral Dewey is President, and which 
a in December, 1914. is report recommends 

e construction of two types of submarine, one for the 
high seas and the other for coast defence, and asks the 
building of three boats of the first type and sixteen of the 
second, adding that no intermediate type seems to be 
called for. 

The submarine has already taken an important place in 
the composition of war fleets. This importance can only 
increase in the future. The war of 1914-15 marks an 
important date in the evolution of naval material. 





THE SUBMARINE OF TO-MORROW.* 
By L. Y. Spzar, Member. 


(THe author in the first part of the paper dealt with 
**the submarine of to-day,” giving particulars of exist- 
ing vessels, but the second part, dealing with “the sub- 
marine of to-morrow,” is most interesting, and is here 
reproduced. | : ra 

Enough has already been said to indicate that up to 

displacements of 750 tons and speeds of 17 and 11 knots, 

the designs of “‘ the submarines of to-morrow” will be 
fixed, not by engineering limitations (as in the past), 
but by military (including financial) considerations. 

Any opinion as to whether the very small harbour or 
local defence type is destined to be perpetuated lies out- 
side the scope of this paper, but it may not be out of 
order to venture a guess in the negative. At any rate, if 
this type is found in future naval programmes, that 
fact will « constitute a marked exception to the ordinary 
history of naval development. On the other hand, the 
coast-defence and offensive types are sure of perpetua- 
tion. In fact, their value is now so fully recognised as to 
make it certain that present and future naval programmes 
must include such boats in large and increasing numbers. 
It is also obvious from what has been said above that no 
standardisation as to the size of future submarines is 
to be expected, since the most effective displacements 
must necessarily vary with the different conditions met in 
different cases. This being sc, limitations of space here 
make it necessary to confine our further inquiry into the 
subject to the case of the United States. 

At the present tithe it appears to be the policy of the 
United States to employ the submarine extensively for 
coast defence purposes and also to construct it for offensive 
purposes, either in conjunction with, or independent of, 
the battleship fleet. In view of the great distances 
which separate us from the most of our probable enemies, 
and certain special characteristics necessary for the 
offensive type, it appears safe to conclude that in the 
immediate future at least two quite separate types will be 
employed, one of which we shall designate as the ‘‘ defen- 
sive submarine,” and the other as the ‘“‘ fleet submarine.” 
While these two types may very well present marked 
differences in characteristics, nevertheless there are 
certain general conditions which in the nature of the case 
must apply to both, and therefore before attempting to 
outline the probable future of each type, it will be well to 
give consideration to these basic conditions. 

The outstanding features characterising submarine war- 
fare are the following :— . 

(a) The submerged speed is necessarily inferior to that 
of the principal objective—viz., the enemy’s capital ships. 

(b) The protection of the submarine while qnanaed is 
independent of its displacement, except to the extent 
that inc dimensions impair handiness. 

(c) The torpedo power is not proportional to displace- 


enb. 

All of these considerations emphasise the importance 
of numbers. Financially speaking, however, large num- 
bers involve limited displacement, and hence (within 
limits) decreased efficiency of the unit. How is this basic 
difficulty to be adjusted? At first glance the question 
seems too involved for any precise treatment, but on 
careful examination we find a reasonable basis for a 
solution in the fact that physical reasons, for the present 
at least, place a limit on the submerged speed of from 10 
to 12 knots. As the chances for a successful attack on a 
moving target are so vitally affected by the submerged 
speed, it seems reasonable to adopt the practical maxi- 
mum as a sine qua non, and from that basis build up the 
design. As the torpedo is the sole reason for the existence 
of thesubmarine, it should not be too difficult to fix some 
irreducible minimum for the number of torpedo-tubes, 
which in this case may be put atfour. The third abso- 
lutely essential quality is the ability to pass from the 
surface to the submerged condition in a very short period 
of time. A paar limit as to the permissible period of 
time is difficult to set, but, taking everything into account, 
we may here regard three minutes as the maximum 
permissible allowance. By eliminating all frills and 
non-essentials, it is possible to-day to secure these 
three primary qualities in a well-balanced design of about 
250 tons surface di ent. Starting with this as the 
lower limit, let us now consider the additional factors, 
partly military and partly technical, which must deter- 
mine the final solution. 

Taking up first the remaining primary military features 
—viz., submerged radius, surface s , and surface 
radius—we are confronted first by the fact that on account 
of the necessity for separate power me other things 
being ¢qual, an increase in any one of these qualities can 
only be obtained by a sacrifice in one or both of the others. 
Keeping in mind the fact that a submarine on the surface 
has only a minor military value, it is natural first to set 
some reasonable minimum on the submerged radius. 
While opinions may well differ on this subject, the author 


* Paper read at the twenty-third general meeting of 
the Sociaty of Naval Architects and Marine Engineers, 
held in New York, November 18 and 19, 1915. 











Dec. 3, 1915.] 


ENGINEERING. 








holds the view that a radius of at least 100 miles at 
a speed of about 5 knots is . This require- 
ment by itself will not raise the minimum displacement 
figure above mentioned—viz., 250 tons—and will permit 
of a surface speed of from 11 to 12 knots, with a fuel 
supply corres ing to a radius of 1000 miles. ; 

Leaving aside for later consideration the question of 
the “effective” radius of action, which, in fact, involves 
much more than the mere fuel supply, let us briefly con- 
sider the effect on displacement of increasing the surface 
speed only. We have only to remember the intimate 
relation of — 
keeping the submerged qualities constant, increases in 
surface § are expensive in dis ent. Thus to 
increase the speed of the above primary design by two 
knots, it is necessary to increase the length from 115 ft. 
to 145 ft., and to increase the surface displacement from 
250 to 325 tons, and an increase to 20 knots py > = 
would involve a length of about 260 ft. and a disp! 
ment of about 1000 tons. 

Increases in radius of action, in so far as the mere 
ability to carry the necessary fuel is concerned, do not 
make such great demands on dis ment; but when all 
of the factors which in practice fix the “‘ effective ” radius 
are taken into account, the demands on displacement 
become astonishingly great. The “‘ effective” radius is, 
in fact, that distance which the boat can run on the 
surface, taking the weather and sea as it finds them, and 
still arrive at destination with the personnel in efficient 
physical condition for submerged work. In other words, 
habitability and seaworthiness from a habitability point 
of view are vital factors, so vital, in fact, as to warrant 
some detailed examination here. 

In the case of the 250-ton primary design above referred 
to, about four days would be required to run out the fuel 
radius. ice then would require fresh water 
and provisions for a week, which might be taken as the 
limit of time for such a boat to be absent from its base 
and dependent entirely upon its own resources. If 
weather or operation in sheltered water could always be 
counted on, the complement of such a boat could be 
organised in a watch in two, and be thus reduced to a 
number for which it would be possible to provide living 
accommodation of an elementary character. Now let us 
assume that an effective radius of 3000 miles is required. 
Obviously, such a radius involves work in the open sea 
with a possible period of independent operation of three 
weeks. Here a watch in three is at once indicated, with 
an increase in the number of the crew of about 50 per 
cent. Moreover, the living accommodation must be 
much more elaborate, and the fresb-water and provision 
supply must be four and one-half times as great. This, 
however, does not tell the whole story, since reasonably 


comfortable conditions for surface navigation for ex-| he 


tended periods in rough water, or very cold weather, in- 
volve alterations in the design, which, if not compensated 
for by additional displacement, would reduce the sub- 
merged speed and radius. For instance, the percentage 
of surface apne J which would be adequate with a 
smaller radius would, other things being equal, not be 
adequate in the case of the larger radius. An increase 
in this, without increase in displacement, would involve 
a decrease in submerged speed and ius. in, even 
if the supposedly fixed submerged qualities were sacrificed 
to increase the habitability, we must remember that 
absolute displacement is in itself a large factor. In other 
words, having in view the weather conditions which 
must be met, there is probably some minimum limit of 
surface displacement, even when substantial sacrifices of 
other qualities are made in favour of habitability. 

_ Having thus briefly outlined the design problems flow- 
ing from the purely military considerations, let us turn 
now to the engineering questions involved. Assuming 
certain speeds, radii, and armament as rigid require- 
ments, it is obvious that the displacement must vary 
according to the type of machinery installed and the 
amount of attention paid in the design to questions of 
access and reliability. The most important items in this 
connection are, of course, the main engines and the 
storage batteries. In each case reliability and long life 
are in conflict with compactness and light weight. In 
these important respects, there is as yet no uniformity of 
practice in the different navies of the world. In certain 
Continental countries, notably Germany, the extreme of 
lightness and compactness is sought, accessibility is sacri- 
ficed, and a very highly trained personne! is relied on for 
reliability. The wide range of practice is illustrated by 
the fact that the weight in —— per horse-power of the 
main engines of the single-acting Diesel type almost 
universally used varies from 50 to 100. In the case of 
storage batteries, the weight per motor horse-power at the 
one hour rate of discharge varies from 131 Ib. to 253 Ib. 
The smaller figure represents the extreme case, where 
the durability of the battery is sacrificed to capacity. 
The heavier of the two batteries is, in fact, expected to 
have @ service life at least three times as great as the 
lighter. Quite aside from the type of machinery adopted, 
the matter of access and roominess in general is of great 
importance, and, finally, we must, in addition, consider 
the demands made by safety features, including elabo- 
rate bulkhead sub-division, as well as the installation of 
Special fittings and appliances, such as submarine signals 
and the like. 

To illustrate the aggregate effect of such considera- 
— bd ne @ comparatively ga —- of 
date o! with a v recent one. e early design 
has the following Gasiuhihe — , 


Surface speed... 14 knots. 
9» fuel radius .- 2490 miles. 
Submerged speed - --- 114 knots. 
” radius at 5 knots... 110 miles. 
Armament dan ad ... 4 torpedo tubes and 
4 torpedoes. 


to speed to see at once that while | face rad 





The corresponding data for the later design are as 
follows :— 


Surface speed 14 knots. 
— oe 3150 miles. 
Submerged speed ain ... 104 knots. 
eo radius at 5 knots... 75 miles. 
Armament a as 4 tubes, 8 torpedoes, 
and 1 3-in. gun. 


It will be noted that the newer design provides for 
slightly greater armament, with an increase in the sur- 
ius. On the other hand, this has been compen- 
sated for by a decrease in the submerged speed and 
radius. Notwithstandiog this reduction in submerged 
qualities, the surface displacement is increased 60 on 
cent. In this particular case, there is no material differ- 


ence in the weight and space per horse-power of the 
main engines, and the very increase in displace- 
ment has nearly all been absor by habitability and 
safety features. 

The substantial influence of the of main engines 
employed may also be best iliustrated by an exam rom 
actual practice. In the case in mind, on a su dis- 


placement of 350 tons, a trial speed of about 144 knots 
was obtained with comparatively light two-cycle engines 
developing 450 horse-power at 450 revolutions per minute. 
The engines in this case weighed about 56 Ib. per horse- 
power. When these engines were replaced by a heavy 
type, weighing 86 1b. per horse-power and operating at 
¥ a per minute, the trial speed was reduced to 
bs. 


Having thus briefly reviewed the main elements of the 
eee we are now in a position to consider the pro- 

bilities with respect to the characteristics of the 
United States submarines of the near future. Let us 
consider, first, the question of the defence type. Ade- 
quate defence obviously requires the assembly of the 
requisite number of boats where and at the time needed. 


good | Broadly speaking, this may be accomplished in two 


different ways. e first method is in principle that of 
local defence, embodying the permanent stationing of an 
adequate number of boats of moderate radius in each 
locality where protection is desired. With adequate 
numbers, this method can certainly be relied upon to 
vent blockades, bombardments, or landing operations. 
The second method involves abandoning sltogether the 
idea of assigning groups of submarines for the defence of 
certain areas, and using instead flotillas of larger boats, 
which, by reason of increased speed and ——s 
ss could be concentrated when and where wanted. 
uch flotillas could also carry the line of defence much 
further from the coast, and in this way could co-o be 
more fully with the battle fleet. Should this second theory 
adopted, it appears certain that there would arise an 
imperative demand for much higher surface speeds, which, 
of course, would involve marked increase in the displace- 
ment and cost of each unit. At the present writing, the 
largest defence boats ordered by the United States are of 
about 500 tons surface displacement, with a speed of 
14 knots. If the policy under discussion were to be 
adopted, it would perhaps be logical to at once to 
materially higher displacements and 8, say 800 tons 
and 17 to 18 knots. Following the natural law of naval 
evolution which seems to look toward the attainment of 
the maximum power in each unit, we would expect to see 
this displacement and speed increase from year to year. 
Carried to the extreme and logical end, this policy would 
eventually result in a merging of the defensive type into 
the offensive ty When that point is reached, if ever, 
our present units would proba ly be assigned to local 
defence, and their numbers would be supplemented by 
new constructions of moderate displacement. 

Having in view the strong differences of opinion on the 
subject which now exist in the Navy, the author does 
not anticipate the definite adoption at an early date of 
either method to the exclusion of the other. In fact. if 
the past is a safe guide, we may expect our Navy De- 
partment to keep “in the middle of the rvad,” thus 
avoiding all sudden radical changes. If follows then 
that we may reasonably expect a compromise in the form 
of the construction of boats, which, while larger than 
necessary or desirable for local defence purposes, can still 
perform that duty and at the same time possess the 
—— and the “effective” radius to 
enable to keep the sea for long iods of time and 
to operate at a long distance from their base. Such a 
type would thus also be available for use according to the 
second method, and on the whole should be very efficient 
for such purposes, since, on account of the moderate dis- 
ye involved, it will be ticable to compensate 
‘or lack of high surface speed by an increase in numbers. 
In fact, if an increase in numbers be coupled with 
pe scouting service, the a any — 
rom @ given expenditure ma greater if the speed o 
the flotillas is moderate than it be high. 

As noted above, the necessity for sea-keeping qualities 
will in itself place some lower limit on the surface dis- 
placement. Actual experience, which is really the only 
safe guide, appears to fix this limit at about 350 tons. In 
this connection, it may be interesting to note some of the 
most notable achievements of submarines in the matter of 
long voyages in the open sea. e years af, the 
U.S.S. Salmon, now the D-3, of 288 tons surface displace- 
ment, made a successful trip from Boston to Bermuda 
and return, the journey involving a stretch, of about 
700 miles from port to port. This year, a large number 
of a of 350 tons displacement, have success- 
fully crossed the Atlantic under their own power from 
Canadian waterr, which performance, taking the number 
of boats and the length of the voy: into account, 
appears now to be a record. Inthe French Navy. the 


araday, of 400 tons surface displacement, has success- 
hefort to Toulon, a 


fully made the passage from 
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stretch of 1730 miles. The voyages of the British “ E” 
class from to Australia, to the Dardanelles and 
to Russian tic waters, as well as the voyages of the 


yoy Pia LY 1 British Islands and also to 
the are all very convincing as to sea-keep- 
ing qualities. In these last cases, the average am = 
displacement involved is about 700 tons. 

n the special case under consideration, the limit of 
permissible cost would fix the upper limit at, say, 550 
tons. If we allow for the prevailing United States 
standards with to armament and the features 
affecting habitability, a! and access, as well as dura- 
bility and reliability of inery, a surface displacement 
of at least 500 tons is indica Assuming that the 
military conditions can be met by an effective cruising 
radius of 2500 miles at 11 knots with normal fuel supply, 
it will be interesting to set down some possible solutions 
where the submerged speed and radius and the surface 
speed are the only variables. In all these solutions, 
armament, safety, habitability and roominess are the same, 
and oe = Comet MY machinery pg nm meng 
except w noted. @ percentage o' oyancy is 
varied as it should be to meet the actual ecnditions 00 to 
surface speed and as to speed length ratio. 


te 








Desi 





Te | Design 
} Nol No. | Nos 
Displacement, surface, tons 600 500 | 500 
Buoyancy, per cent. of] } 
above “gh ee 20 24 28 
Displacement, submerged, 
nettons .. ee ee} 615 640 
Surface radius at 11 knote,| 
miles on we on ; } 2500 
4tubes 4 tubes 4tubes 
—— (all tubes in { 8 torpedoes 8 sen 1s tnenedens 


11 8-in. gun (1 3-in. gun \1 8-in. gun 
Surface speed, knots... 13 | .—h— 15 
Submerged speed, knots ,. ll 104 


| ll 
Submerged radius at 5 kts. } 
with* | 


Battery A - ..| 115 100 80 
Battery B  .....| 182 a 92 
Battery © ee 145 126 101 





* Type “‘A” isa heavy, durable battery with positive plates of 
the Planté type. Type “ B” involves the use of thinner plates of 
60 te 60 per cont. ‘Type *"O "ie of special onstruction, equal to 

r cen re. con: ion, e 
t A in lite, but more expensive, so that ite use would foovense 

e first cost of the boat by 4 to 5 per cent. 

All things considered, the author believes that Design 
No. 1 presents the most valuable combination of qualities, 
but as this would involve a change in prevailing practice, 
it is perhaps more probable that the characteristics of 
United States coast-defence boats of the near future will 
more closely approach Design No. 2. Whatever may be the 
decision of our naval authorities as to the surface speed 
n , the author is firmly convinced of the relatively 
greater importance of the su qualities for this 
type of boat, and, consequently, ieves that battery 
capacity and subme radius and speed should not be 
unduly sacrificed either in the interests of durability or 
first cost. 

In the above discussion, it has been assumed through- 
out that the type of machinerv used, both for surface and 
submerged a a Diesel engines and electric 
motors— adhered to in the near future. The 
various substitutes which have been proposed, particularly 
with respect to the su power t, are allas yet 
in the early experimental stage. Even should any of 
them achieve such success as to warrant the a jonment 
of prevailing types of machinery, the results will not show 
in the defence “submarine of to-morrow,” but rather in 
**those of the day after to-morrow,” which are beyond 
the scope of this paper. 

It remains still to consider the offensive or fleet sub- 
marine. If this type is to accompany the battle fleet, a 
high surface speed is an absolute necessity, and with this 
must be com a long effective radius. The question 
as to whether the fleet submarine really belongs among 
“the submarines of to-morrow” or not depen upon the 
surface speed which is considered adequate. If a speed of 
from 20 to 21 knots will suffice, the answer is certainly 
“Yes ;” but if 25 knots or more are required, there is, to 
say the least, serious doubt with res: to the matter. 

As the crux of this question lies in the matter of the 
surface power plant, it is necessary now to examine this 
subject in some detail. 

At the present time almost all modern sutmarines 
depend for surface propulsion on Diesel engines, the only 
exceptions being a certain number of French boats 
equipped with steam-engines. The Diesel engine is, in 
fact, the ideal motor for this purpose, on account of the 
following qualities :— 

(a) Compactness and moderate weight. 

(b) Great economy in fuel consumption. 

(c) Ability to start instantly. 

(d) Ease in disposition of products of combustion. 

(e) Freedom from excessive radiation or storage of heat. 

In all respects, except quality (a), the Diesel engine 
is ) waaay superior to the steam-engine, and hence is to be 
preferred. 

The conditions under which any engine must work in 
@ su ine are very unfavourable. space and 
weight available are strictly limited, and the demand 
joke me ane gg ms to force the “Ss com- 
paratively light-weight high-speed engines. Complete 
reliability of o ion under such circumstances can only 
be attained after an adequate peed of development. 
The submarine Diesel ne, while a newcomer in the 
field, has even now been developed to a point where, for 
moderate powers, entirely apa | reliability is ob- 
tained, when extremes in the way of light weight and 
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high speed are avoided. The best engineering talent in 
all. countries is being devoted to the development of these 
engines, which is, in fact, making rapid strides, Up to 
the present time, the maximum power per unit which is 
actually in successful service is about 1200 horse-power, 
but considerably larger units are under construction. 
As is natural, owing to the short time in which 
this type of engine has been under development, uni- 
formity of practice has not been reached. In Germany 
and in other Continental European countries, except 
France and Russia, very high speed, light-weight engines 
are most in favour, with the two-cycle type generally 
predominating over the four-cycle type, although many of 
the German boats are equipped with four-cycle engines 
constructed by the Augsburg Works, the others being 
aipped with two-cycle engines constructed by the 
rupp and Nurem Works. In France and Russia, 
hoth two and four-cycle engines are employed, and there 
is a tendency towards the use of engines of greater weight 
and more moderate speed. In England the two-cycle 
engine has not found favour. Practically all of the 
English boats are equip with four-cycle engines of 
moderate speed and weight. No effort a to have 
made to gain a slight increase in surface speed by 
the use of the lightest possible engines. In the United 
States both two and four-cycle engines have been in- 
stalled, and in a number of cases the two-cycle engines 
have been of the oe light-weight type. The ten- 
dency now is towards the use of a heavier engine, of more 
moderate , & development which means an increase 
in the displacement of the boats in order to avoid a loss 
of surface or submerged speed. 

The lightest Diesel engines so far employed weigh about 
5 Ib. Py brake horse-power, and og at a speed of 
abont revolutions per minute. e heaviest engines 
weigh about 100 lb. per horse-power, and operate at a 
speed of about 350 revolutions per minute. A fair average 
for single-acting engines of substantial construction and 
moderate speed may be taken as 70 lb. per horse-power. 
While future development will no doubt result in some 
decrease in weight without sacrificing durability or reli- 
ability. there is no reason to believe that the improvement 
in single-acting engines will be radical. In -combus- 
tion engines in general, however, have not yet by any 
means reached the limit of their development, and it is 
nod unreasonable to assume that it will be — to 
produce units of this type of great power of substantially 
the same weight and space as that required for steam 
installations, and comparing favourably with the latter 
with respect to the matter of reliability. 

In the present s of development of the single- 
acting Diesel paw hng is entirely practicable to install 
a submarine power plant of from 4000 to 5000 horse- 
power in a boat of from 900 to 1100 tons surface displace- 
ment. When this displacement is coupled with a length 
of about 260 ft., a of from 20 to 21 knots can be 
obtained with the above power. When we come to con- 
sider the question of a speed of 25 knots or more, it is 
well to remember that excessive length in a submarine is 
in itself a very undesirable feature. In operating sub- 
merged, it is not always ible to avoid some fore and 
aft inclination of the boat’s axis; and when great lengths 
are involved, comnaratively small angles of inclination 
result in great differences in the level of the bow and 
stern. Obviously, then, the greater the length the greater 
the depth of water required for rapid and safe submerged 
maneuvres. On this account, having in view the pos- 
sible and probable uses of the fleet submarine, every 
effort will no doubt be made to keep the; length within 
reasonable limits. Adopting, say, 300 ft. as the limit 
of length, and coupling this with a displacement 
of about 1200 tons on the surface, from 10,000 to 
12,000 horse-power would be required for a surface 
a of 25 knots. An installation of Diesel engines 
of such power would at this writing be experimental. 
It follows that, notwithstanding its serious disad- 
vantages for submarine service, submarine designers may 
in the immediate future be forced to employ a steam 
plant in order to meet the demand for a surface speed of 
28 knots or more. With steam-driven vessels, to secure 
equivalent radius of action, the fuel supply must be at 
least double as compared with Diesel i vessels, 
Taking this into account it would . thata speed of 
25 knots, coupled with a radims of, Say, 1500 miles at full 
speed, and miles at 14 kmote, cannot be accomplished 
on the abové limit of dis ment without a material 
sacrifice in submerged qualities. To illustrate this, let us 
take a concrete case. Starting with a — ae 
vessel of 1100 tons surface displacement and 20 ts 
speed, coupled with a normal fuel radius of 1500 miles at 
full speed and 3000 miles at 14 knots, and allowing 70 Ib. 
per horse-power for the main i we arrive at a 
weight of approximately 220 tons for main engines and 
fuel. Now considering a steam-driven 25-knot boat of 
the same radius of action and corresponding speed, and 
assuming that the machinery installation proper can be 
made on 45 lb. per horse-power, we arrive at a total 
weight of about 366 tons, oran increaseof 146 tons. The 
increase of 100 tons in displacement will involve at least 
an increase of 40 tons in the weight of the hull and fittings, 
leaving us a net increase of not more than 50 tons. 
Hence, if we are to keep within the limits of the dis- 
placements mentioned, we must sacrifice the su 
qualities. Inferior submerged qualities are certainly 
serious defects from a military standpoint, but a danger 
of an even graver defect than a moderate decrease in sub- 
merged speed and i i 
lation of steam machi . It has pointed out above 
that rapid submergence is an absolutely essential quality, 
and in this respectsteam-driven su ines must inevitably 
ba inferior to those driven by internal-combustion engines. 
Whether and to what extent the inferiority of the steam 
plant in this respect can be overcome remains entirely a 


radius is certainly involved in the instal- | theref: 





uestion for the future, but it is certainly a fact that at 
the present time the difficulties have not been overcome 
in France, even in installations of comparatively small 
power. For the sbove reasons, the steam plant, if 
adopted at all, will be considered as a pope a 
dient, and the steam-engine is certain to be displaced by 
Diesel ines as soon as the development of the latter 
permits the attainment of the surface speed requi 
Because steam units have been developed for other 
purposes to powers in excess of those which the submarine 
requires for a speed of 25 knots, it is often assumed that 
there will be no great difficulty in adapting the steam- 
engine to submarine propulsion. In the author's judg- 
ment, this is an erroneous assumption, since, as a matter 
of fact, the adoption of the steam drive to the require- 
ments of the submarine involves many a step in the dark, 
and the attempt is likely to result in many disappoint- 
ments. In fact, as indicated above, it is not beyond the 
bounds of possibility that the effort may result in com- 
plete failure, in that while the surface speed may be ob- 
tained, other and vital military qualities may be sacrificed 
to such an extent as to make it im ible for the vessels 
to perform the service for which they are d ea. 

It had been the author’s intention to supplement this 
discussion with some account of the efforts being made in 
Europe to develop the fleet submarine, and also to touch 
upon the possible effects upon such desi of the scout- 
ing and commerce-destroying duties which might well be 
performed by this single type. The author regrets that 
a lack of time requires the termination of ——— at 
this point, and at the same time panes his apologies to 
the members of the society for the sketchy nature of the 
paper, which has been unavoidable under the circum- 
stances of its hurried preparation. In view of the very 
great public interest in, and importance of, this subject 
at the present time. intelligent discussion by those 
capable of realising the difficulty of the problems to be 
met is greatly to be desired, since from such discussion 
helpful suggestions are almost sure to flow. Should this 
brief survey of the present situation serve to provoke 
such discussion, the author will feel fully repaid for the 
work of preparation. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on some colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. farther information ones these 

jects can be obtained from the Commercial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, London, 


Australia: The Commonwealth Engineer, Melbourne, 
of October 1, publishes the following particulars regard- 
ing contemplated public undertakings by various muni- 
+ a authorities in the Commonwealth :—The Melbourne 

etropolitan of Works proposes to borrow an 
additional 1,000,000/. for sewerage and water-supply 
works. The Board’s Maroondah water-storage scheme 
will absorb about 400,000. of the money sought, while the 
full amount of 1,000,000/. will meet the requirements of the 

for the next three years. The local Council at 
Foo:scray, Victoria, is considering the question of a local 
electric tramway service, covering a distance of about 
6 miles. The name of the consulting engineer may be 
obtained by United Kingdom manufacturers and con- 
tractors interested’ on application to the Commercial 
Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, London, EC. A report of the Chief Engi- 
neer of the Sydney Metropolitan Board on the exten- 
sion of the local water supply recommends that the 
following works should be put in hand, so as to be avail- 
able by 1922:—Trunk and sub-mains, to. cost 1,331,212U.; 
local storage reservoirs, 366,715/.; pumping-stations, 
450,2082.; amplification works, 485,640/.; lower canal, 
screening, and sedimentation works, 56,000/.; new oe 
reservoir on Cordeaux River, 446,500/. The Public Wor 
Committee at Glen Innes, N.S.W., has _—— a 
water-supply — to cost —. a a 
at Berrigan, N.S.W., proposes installing electric light, 
and has instructed its consulting engineer to make a 
report in connection therewith. 


Canada: The Imperial Trade Correspondent at Toronto 
reports that a sugar-refining company has announced its 
intention of constructing a refinery at Chatham, Ontario, 
ad an estimated cost of 1,000,000 dols. (205,500/.). The 
company, it is stated, will itself out the work of 
construction instead of having it done by contract. 


Netherlands (Curacao): With reference to the notice 
on page 985 of the Board of Trade Jowrnal of October 7, 
relative to the progress of operations in connection with 
the erection of an oil-refinery in Curagao, it is notified 
that the mame and address of the builders of the refinery 
may be obtained by United Kingdom firms desirous of 
supplying plant, material, &c., at address given above. 





Munitions Inventions.—In accordance with the de- 
cision of the Government, ments have been made 
between the Army Council and the Ministry of Muni- 
tions for the transfer to the latter of responsibility for 
designs, patterns and specifications, for the ees 
arms and ammunitions and for the examination of in- 
ventions bearing on such munitions. Instructions have 
ore been given’ for the immediate transfer to the 
Ministry of Munitions of the Ordnance Board research 
department at Woolwich, experimental establishment 
at Shoeburyness, and the War Office inventions de 
ment. In this connection the Army Council have p! 
the services of Major-General Du Cane, C.B., at the dis- 
posal of the Ministry of Munitions, 


CATALOGUES. 

Electric-Light Fittings.—The General Electric Com- 
pany, Limited, of 67, Queen Victoria-street, E.0., has 
recently issued a useful catalogue of shop-window fittings, 
signs, outside ae ship fittings, water-tight fittings, 

-lamps, wood blocks, glassware, reflectors, silk and 


hand 
red. | card shades, &c., for electric lighting. The cata- 


logue is very fully illustrated, and prices are menti 
for all the articles dealt with. P jioned 


Electric Motor Vehicles.— Some particulars of the 
‘“‘Orwell” electric vehicles, which are constructed by 
Messrs. Ransomes, Sims and Jefferies, Limited, of Ips- 
wich, have reached us in the form of a pamphlet from 
Messrs. Mossay and Co., Limited, of Queen Anne’s 
Chambers, Tothill-street, Westminster, S.W., who are 
the selling agents for these vehicles. They are made in 
three sizes for loads of 30, 40, and 50 cwt., and are suit- 
able for all kinds of transport work. 


Structural Steelwork.—We have received from Messrs. 
F. Braby and Oo., Limited, of Petershill-road, Glasgow, 
a booklet illustrating a few examples of steel structures 
built by them. The examples iudede engineering work- 
shops, steel-works buildings, warehouses, sheds, dwelling- 
houses, roofs, water-tanks and towers, chimneys, rail- 
way foot-bridges, &c. The descriptive matter of the 
booklet is printed in the English, French, and Spanish 
languages. 

Fans.—TheSturtevant Engineering Company, Limited, 
of 147, Queen Victoria-street, E.C., have sent us a copy 
of their catalogue No. 1022, dealing with high-pressure 
fans, which are designed and extensively An for blow- 
ing cupolas, and also for ventilating the working faces 
in mines, &c., where a much higher air pressure is re- 
— than can be obtained economically by fans 

signed for general industrial purposes. The fans are 
made in thirteen standard sizes with outlets ranging from 
2? in. to 184 in. in diameter, and are supplied with beli 
pulleys for driving, or direct coupled to steam-turbines 
or electric motors. The catalogue aleo gives par- 
ticulars of countershafts and other accessories, such as air 
valves and galvanised sheet-steel piping. 


Foundry Plant, Machine-Tools, Sundries, 4-c.—Messrs. 
Murphy, Stedman and OCo., Limited, of 180, Gray’s 
Inn-road, W.C., have recently issued a véry useful 
catalogue of foundry plant, machine-tools, and sundries 
supplied by them. ‘To mention all the goods included in 
this catalogue would occupy more space than we have at 
our disposal, but we can give some idea of the varied 
nature of its contents by stating that in turning over its 
pages we noticed crucible furnaces, blowers, cupolas, 
sand-preparing plant, moulding-machines, oi] and gas- 
heated furnaces, core ovens, smiths’ tools, mechanical 
hammers, drilling-machines, lathes, grinding-machines, 
small tools, boilers, wood-working machinery, municipal 
ar concrete-pipe-making machines, pampe, extension 

ders, flour-milling machinery, agricultural machinery, 
and motor vehicles for pleasure and commercial purposes. 
All the s are of British manufacture, and prices and 
full particulars are given in all cases. 


Stair-Treads.—The Diamond Tread Company, Limited, 
of 28, Victoria.street, Westminster, S.W., have sent us a 
catalogue of their non-slipping stair-treads, which are 
made in any length and prepared ready for fixing on to 
new or worn steps of wood or stone. The treads usually 
consist of grooved steel sections having a composition of 
carborundum grit and a special cement forced into alter- 
nate grooves, but they are also ene in polished brass 
framing or with brass nosings. For use in hospitals and 
other places, where absolute cleanliness is essential, the 
treads are now made without grooves, so that it is impos- 
sible for them to collect dirt. Prices and particulars of 
these and other forms of treads are given in the catalogue, 
and reference is also made to the firm’s ‘‘ Diamond” non- 
slipping tiles, which are of similar composition to the 
material used in the stair-treads. These tiles are claimed 
to be practically indestructible, and to be impervious to 
heat, cold, and dampness. Combined with ordinary tiles 
it is said that an excellent flooring, on which there is no 
danger of slipping, is produced. Such floors are particu- 
larly suitable for ships’ galleys, lavatories, hotel vesti- 
bules, and other wet or greasy places. 


Petrol Rail and Road Motor-Cars.—A booklet which 
has reached us from the McKeen Motor-Car Company, 
of Omaha, Nebraska, U.S.A., illustrates the development 
of their motor-coaches for railway service. The first of 
these vehicles was a 31-ft. coach, propelled by a 100-horse- 
power petrol-engine, and experience gained with this led 
to the introduction of a 200-horse-power coach with two 
four-wheeled bogies. The latest development is a 70-ft. 
vehicle of 300 horse-power, used for postal and baggage 
service, and drawing a standard steel coach for passengers. 
These two vehicles replaced a locomotive, tender, and 
three cars former] for the same work. The booklet 
also illustrates and describes the McKeen highway coach 
for city and interurban road service. This coach contains 
separate seats for the twenty-seven passengers carried, and 
each seat is mounted on a long helical spring, and pro- 
vided with a pneumatic cushion. This arrangement, 10 15 
claimed, entirely insulates the passengers from all road 
shocks. The body is provided with a number of large 
circular windows, and is effectively warmed and ventilated. 
Passengers enter the car through a two-leaf outward- 
folding door plared near the driver’s position, and leave 
by similar door near the rear of the vehicle. The 
operating mechanism for both doors is controlled by the 
driver, who is also responsible for the collection of fares, 
which are paid at the entrance-door. Other productions 


of the company include petrol switching locomotives, 





weed-burning plants, steel passenger coaches, and box- 
cars for railways. 
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DETAILS OF 442 MINIATURE LOCOMOTIVE FOR 15-IN. GAUGE 
ESKDALE RAILWAY, CUMBERLAND. ? 


CONSTRUCTED BY MESSRS. BASSETT-LOWKE, LIMITED, ENGINEERS, NORTHAMPTON. 


Fig. 47, 
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THE ESKDALE RAILWAY: A NARROW- 
GAUGE EXPERIMENT. 


TueEre are but few persons to whom the diminu- 
tive, in some form or other, does not present an 
attraction. Such an attraction becomes the more 
potent in the case of a reproduction in miniature 
of well - known objects, and as the complexity 
of the prototype increases, so the interest in its 
faithful reproduction on a small scale is enhanced. 
Thus to the engineer, no less than to the general 
public, there is a special fascination in ‘‘scale 
models ” of the triumphs of genius and mechanical 
skill—a fascination which reaches its high-water 
mark when such replicas are capable of operation 
in the same manner as the eriginals. In virtue of 
this fascination the engineering galleries of exhibi- 
tions, with their cases of models of all kinds and 
descriptions, generally command a circle of devotees 
that is by no means confined to the engineering 
profession, while the miniature working railways 
that have become familiar objects in the grounds 
of these exhibitions have attracted a patronage 
out of all proportion to the length of journey 
afforded in exchange for the money expended. 

At the same time it must not be supposed that 
the miniature railway can only serve the purpose 





of education or passing amusement, as narrow- 


volved in the successful design of engines, carriages, 
wagons, and roadway for a minimum gauge, in 
order that such lines might be built for agricultural 
or commercial p on large estates, where 
collieries, cB es gpd other industrial estab- 
lishments need better connection with the pier 
or railway station from which their products are 
forwarded.” Sir Arthur Heywood commenced his 
Duffield Bank Railway as far back as 1874, 
and when those attending the Royal icultural 
Society’s Show of 1881, at Derby, visited the 
line at his invitation, they were much impressed 
with its completeness and its capabilities. For the 
purpose of working his railway, Sir Arthur de- 
signed successively three types of tank locomotives 
—four-coupled, deeengiel and eight-coupled. In 
their construction many ingenious features were 
incorporated, especially as regards their flexibility 
on curves, as even the last-mentioned type is 
capable of traversing without difficulty a curve of 
25 ft. radius. The tractive power of these engines 
is also surprisingly great, the six and eight-coupled 
locomotives being capable of pulling 44 and 49 tons 
on the level ; 18 ani 21 tons up a1 in 50 grade; 
11 and 12 tons upa 1 in 25 grade; and 4.4 and 
4.9 tons up a grade of 1 in 12 Sgn Such 
facts bear eloquent testimony to the success of Sir 
Arthur’s designs and the excellence of his work- 
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gauye lines in various parts of the country are 
being worked commercially with no small success, 
mainly in the carriage of minerals. Such railways 
as the Festiniog and Abergynolwyn lines in North 
Wales, for instance, conveying principally slate 
from inland quarries to the coast, are, to the tourist 
on holiday, familiar examples. But in these cases 
the gauge employed has not usually been much 
less than 2 ft., while the locomotives, in order that 
they might be the most powerful permitted by the 
gauge, have not been of the scale-model In 
various large engineering and other establishments 
also, such as the Crewe works of the London 
and North-Western Railway, Woolwich Arsenal, 
and Chatham Dockyard, railways of 18-in. gauge 
have been laid down extensively, and have proved 
valuable in respect of low initial cost and adapt- 
ability in the carriage of fair loads. But beyond 
the exhibition lines already mentioned, and certain 
others laid by private owners in their own grounds, 
the 23}-in. gauge of the Festiniog Railway may be 
said to represent the minimum track yet laid for 
passenger-carrying purposes in the open country. 
Thus the Eskdale Railway, originally laid toa a 
of 33 in., can now, in its experimental conversion 
to 15-in. gauge, reasonably claim the distinction of 
being the “‘ smallest public railway in the world.” 
_The principal credit for demonstrating the possi- 
bilities of the 15-in. gauge is due to Sir Arthur 
Heywood, _Bart., of Duffield Bank, Derby. In 
applying his constructive genius to the details of 
the line of this ga on his estate, the equip- 
ment of which he “both designed and manufac- 
in his own words, has 
an endeavour to solve the various problems in- 


tured, Sir Arthur’s aim, 
been * “eo 





manship, as these locomotives were built euiircly 
at the well-equipped workshops on his estate. 
Further than that, he has turned out vehicles of 
various sorts, both for estate and pleasure pur- 
poses, the most astonishing of which are a dining- 
car to seat eight persons, and a sleeping-car with 
berths for four, each completely equipped in all 
res . So the possibilities of the 15-in. gauge 
are evidently unlimited. Sir Arthur Heywood also 
laid down and equipped a similar, and perhaps 
rather better-known, line for the Duke of West- 
minster, connecting Eaton Hall, Cheshire, with the 
Great Western Railway at Balderton, and having 
a total length, with sidings, of 33 miles. This 
is worked by four-coupled and six-coupled tank- 
engines of the same type, also built at Duffield 
Bank shops, and is used to bring up coal and 
various stores from the Great Western Railway to 
the house, in addition to serving various useful 
estate purposes. 

Both the Duffield Bank and the Eaton Hall 
Railways have given wonderfully effective results. 
On the latter it has been found that with a minimum 
traffic of 5000 tons per annum ever a distance of 
24 miles, equal to 12,500 ton-miles, the cost of trans- 
port has been approximately ls. per ton per mile, 
which is substantially less than the cost of cartage. 
The rolling-stock and locomotive power, however, is 
adequate to deal with double this load, and were 
this available the charges per ton-mile would be less. 
Experience has shown that the charge of 4 per 
cent. made for the renewal of the ent-way 


was overestimated, as the track has not appreciably 
deteriorated. Moreover, although 8 per cent. was 
allowed to cover the maintenance of rolling-stock, 





this also has been small, except, perhaps, in the 
case of the locemotives, which have suffered some- 
what on account of the only water obtainable being 
unsuitably hard. Under these circumstances it is 
regrettable that Sir Arthur Heywood’s advocacy 
of ‘*‘ minimum-gauge ”’ railways has not borne more 
fruit. Narrow-gauge railways are certainly finding 
greatly increased use in industrial mes such 
systems as the Décauville having become very 
popular, while they are even proving their utility 
in time of war, narrow-gauge lines being now 
extensively used for bringing up munitions and 
stores to the firing-line. But in the direction 
which Sir Arthur had chiefly in mind—that of 
estate railways—the reliability of the modern 
motor vehicle has placed at the service of agri- 
culturists and others a more flexible means of 
bringing produce to the market or the railway, 
and bringing back a return load of stores. All 
such railways, however, differ from the one now 
under review in that the locomotives of the former 
have been built with a view to a maximum haulage 
capacity, rather than to scale-model considerations, 
and have therefore lacked the peculiar interest 
attaching to those lines on which miniature express 
engines are in use. 

e idea of constructing miniature locomotives 
on a scale of gp neg he wag Th run on a 
15-in.-gauge track, may eld to have originated 
with Messrs. Bassett-Lowke, Limited, the well- 
known model engineers and manufacturers, of 
London and Northampton. A number of these 
engines, having for the most part the 4-4-2, or 
** Atlantic,” wheel arrangement, have been con- 
structed, in order to operate miniature pleasure 
railways in the grounds of exhibitions, or in public 
— at various marine resorts. Such railways, 
or example, have been laid at the White City, 
Shepherd’s Bush, at the exhibitions at Nancy, 
France, in 1909, and Christiania, Norway, 1914, 
and also on the South Shore Beach at Blackpool 
(this was the pioneer line, opened in 1905), the 
Marine Park at Rhyl, the Luna Park at Geneva, 
Switzerland, at Sutton Coldfield, Halifax, South- 

rt, and elsewhere. The majority of these lines 

ave a length of about a mile, equip with 
stations, tunnels, bridges, signals, and the usual 
details of railway operation, and have commer- 
cially been fairly successful, although, of course, 
serving no purposes other than those of pleasure 
and entertainment. Similar lines have also been 
laid down by private owners, notably the Sand 
Hutton Railway, near York, by Sir Robert Walker, 
Bart. ; the Staughton Manor Railway, Hunts, by 
Mr. J. E. P. Howey; and the Blakesley Hall Rail- 
way, from Blakesley Station, Stratford-on-Avon 
oat Midland Junction Railway, to Blakesley Hall, 
by Mr. OC. W. Bartholomew. The last-mentioned 
railway serves a purpose corresponding to that 
of the Duke of Westminster’s line at Eaton 
Hall, in connecting the Hall with a railway of 
standard gauge, and is operated by an interesting 
petrol engine, arranged externally to resemble a 
4-4-4 type tank locomotive. Both the Sand Hutton 
and Staughton Manor Railways are, however, 
operated i the present for recreative purposes 
only. On the Sand Hutton Railway a 4-4-2 t; 
a4 lied express engine is used, but Mr. 
J. E. P. Howey 3 oe on the Staughton Manor 
Railway a very fine-scale model 4-6-2, or ** Pacific,” 
type locomotive, whose dimensions represent the 
maximum ible in scale reproduction on this 
gauge. This powerful engine measures 18 ft. 2 in. 
over all, with bogie tender, and weighs in working 
about 3 tons ; it has cylinders of 49 in. bore by 
6j-in. stroke, and driving wheels 20 in. in dia- 
meter. It has been proved capable of moving a 
load of 16? tons on the level at 14 miles per hour, 
and has attained a maximum speed of 35 miles 
per hour on a level track. In our next article we 
shall publish an illustration of this locomotive, 
which will probably be added to the Eskdale Rail- 
be 4 for o a heavy summer traffic. 

the Eskdale Railway we have the first example 
of a railway plying in the open country for public 


hire on so narrow a gauge as 15in. As previously 
mentioned, a new use is thus being made of an 
old line. The original Eskdale way, laid to 


a gauge of 2 ft. 9 in., was constructed primarily 
to convey hematite ore from various mines in the 
neighbourhood of Boot, at the foot of Scawfell, 
down to the coast at Ravenglass, in the south- 
west corner of Cumberland. This ore was delivered 





from a high-level track by means of hopper- 8 
into the wagons of the Furness Railway at Raven- 
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DETAILS OF 442 LOCOMOTIVE FOR THE ESKDALE RAILWAY: 15-IN. GAUGE. 


CONSTRUCTED BY MESSRS. BASSETT-LOWKE, 
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from Ravenglass, and trains are running to a 
regular time-table over this length—six in each 
direction on Thursdays, five on other week-days, 
and three on Sundays—and it is expected that the 
line will be reopened to Irton by the end of 
the year. The rapidity of the further reconstruc- 
tion will depend upon suitable weather and the 
availability of labour; but it is hoped that the 
work will be complete in the late spring of next 
year. It is intended to provide turn-tables at the 
terminal stations, in order that the engine may not, 
as at present, be required to travel tender first on 
the return journey to Ravengiass. 

The locomotive, as. previously mentioned, is of 
the ** Atlantic,” or 4-4-2. type, manufactured by 
Messrs. Bassett-Lowke, Limited, from a design 
by Mr. Henry Greenly, at their Northampton 
works, and belongs to the makers’ ‘‘Sanspareil,” 
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LIMITED, ENGINEERS, NORTHAMPTON. 
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SIDE VIEW 


PLAN OF INJECTOR. 


or 30, class. Externally, although modelled with 
fidelity to the lines of a modern British express 
locomotive, on a scale of 3 in. to the foot, or 
one-quarter full size, it does not conform exactly 
to the designs of any particular railway, but 
follows the builders’ own standard lines, with 
a particularly pleasing and symmetrical result. 
Very complete drawings of the engine and all its 
details are to be found on Plates XXXII. to 
XXXIV., and on the present page and page 586. 
The main frames are sawn from ;‘;-in. steel plate, 
and are shown in Fig. 7; they have a total length 


lof 9 ft. Details of the outside frames and the 


axle-boxes, having lateral play, for the trailing pair 





of wheels, which have a diameter of 10} in., appear 
in Figs. 8 to 14, and 19 to 23. The driving axle- 
| boxes are detailed in Figs. 15 to 18. The driving- 
wheels themselves are of 20-in, diameter, and are 











spaced at 21}-in. centres. Horn-plates, angles, and 
stretcher-plates are of cast steel, while axle-boxes 
are of gun-metal, babbitted with white metal, and 
are fitted with keeps and pads. In Figs. 24 to 30, 
on Plate XXXIII., are shown the four-wheeled 
bogie of the engine, which is of the Adams type, 
with side controlling-springs, and has 9}-in. wheels 
at 2l-in. centres. e total wheel-base of the 
engine is 7 ft. 14 in., but of this, as we have seen, 
only the coupled wheel-base is rigid, and the engine 
is thus capable of running at speed round a curve 
of as little as 110 ft. radius. 

We come now to the boiler, the barrel of which 
is constructed of ;',-in. steel plate, and has a length 
of 6 ft. 6 in., in one ring ; the external diameter of 
the shell is 192 in. By proportioning out the 
latter figure, it will be seen that the diameter is 
substantially larger than the maximum that obtains 
in ‘‘ full-sized” practice; this increase, however, 
has been made in order to render the boiler of a 
steaming capacity adequate to the size of the cylin- 
ders, and, except to the most —— eye, it does 
not interfere with the external aspect of the engine. 
At the same time it is not possible, of course, to 
crowd the ordinary number of tubes into the 
boiler, as these would be very small, and useless 
for steaming purposes ; there are, therefore, only 
41 fire-tubes of 1} in. in diameter and 4 ft. 4% in. 
long, the distance between tube-plates being 
4 ft. 38 in. The total heating surface is approxi- 
mately 76 sq. ft. Details of boiler and fire-box are 
given in Figs. 31 to 33, while the stays for the 
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DETAILS OF 442 LOCOMOTIVE FOR THE ESKDALE RAILWAY: 15-IN. 


GAUGE. 


CONSTRUCTED BY MESSRS. BASSETT-LOWKE, LIMITED, ENGINEERS, NORTHAMPTON. 
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fire-box crown are,shown in Figs. 43 to 48. The 
boiler has been tested to 200 lb. per sq. in., but is 
worked at a pressure of 130 lb. per sq. in. Figs. 
34 to 36 give details of the steam dome and regu- 
lator, which is of the ‘‘Stroudley” pattern, the 
handle in the cab being of the push-and-pull type. 
In Figs. 37 to 40 are shown the details of the 
safety-valves, and in Figs. 41 and 42 the external 
casing, which is of bright brass. The boiler is 
lagged with asbestos sheeting throughout. 
tails of the cylinders, motion, and driving- 
wheels are reproduced on Plate XXXIV. The 
cylinders are outside the frames, with slide-valves 
on top, and have a diameter of 4} in., and a 
stroke of 6} in. They are cast from the best 
grey iron, and are shown in detail in Figs. 53 to 
56. Similarly to the boiler, it was not ible to 
design the cylinders to scale, as the boiler would 
be of insufficient dimensions to supply them with 
steam, and, in addition, the engine would not have 
sufficient adhesive weight to allow of the full use 
of the tractive power thus\developed. The slide- 
valves are of gun-metal. The exhaust-pipe is 
shown in Figs. 49 and 50; it has a diameter of 
17x in. at the tip, but the nozzle is removable, and 
the diameter can thus be increased to 1} in. if 
desired. 
Details of the cross-heads and guides are shown in 
Figs. 57 to 62, Plate XXXITV., and of the coupling 
—_— -rods in Figs. 67 to 70. The latter, 
with the whole of the motion, are of mild steel, 


case-hardened. The valve motion is of the 

Stephenson-link type, the design of which is clearly 
shown in Fig. 71, on page 585; while the details 
are given in Figs. 75 to 85, and the eccentrics, 
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straps, and sheaves in Figs. 72 to 74. Communi- 
cation between the link-motion and the slide-valves 
is made by means of rocking-levers, which are 
detailed in Figs. 75 to 80. Reversing is effected 
by means of a wheel and screw. 

The driving - wheels and balance-weights are 
shown in Figs. 65 and 66, on Plate XXXIV. ; they 
have cast-iron centres keyed on to steel axles, and 
steel tyres shrunk on. The remaining wheels are 
of cast-steel alloy. Figs. 86 to 92, on page 585, 
relate to the vacuum - brake equipment, with 
which the engine and the coaches are fitted ; the 
ejector, drip-valve, exhaust-valve, and non-return 
valve being shown in detail. Other details of the 
engine equipment include the steam brake, two 
No. 00 Penberthy automatic injectors, steam- 
blower, sanding apparatus, and also a superheater 
and forced lubrication. The superheater is of grid- 
iron pattern in the smoke-box, and although the 
degree of superheat obtained is not very great, it is 
sufficient to dry the steam and to obviate a good 
deal of cylinder condensation, and thus has justified 
its introduction. The mechanical lubrication, 
operated from the motion by means of rocking- 
links, provides oil for the cylinders only. 

An elevation of the ie tender is given in 
Fig. 93, and an end elevation in Fig. 94, on the 
present page ; the superstructure is built up from 
}-in. steel plate on }-in. plate frames 6 ft. yt 
long. The wheels are of 10} in. diameter, their 
axle-boxes being shown in Fig. 96. The total 
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wheel-base is 4 ft.4in. One of the bogies is shown 
in Fig. 95, which also gives a clear idea of the 
vacuum-brake arrangements ; these are of a pattern 
modified by the makers of the engine, the suction 
being effected by means of rubber diaphragms. 
Owing to the heat of the engine causing the rubber 
to perish, however, the brake arrangements are 
now being altered. In future the vacuum brake 
will be operated on the train vehicles only, in con- 
junction with a steam-brake on the engine and 
d-brakes on the tender. The tender has a tank 
capacity of 60 gallons of water, and also space 
for a fair — of gas coke, which is em- 
ployed for firing, and proves very suitable. In 
continuous running, at a speed of about 12 miles 
per hour, it is found that the consumption of coke 
averages 1 cwt. per 20 miles journey. A seat 
across the front of the tender provides aceommoda- 
tion for the driver, who, of course, attends to the 
fire also. The boiler is lighted up in the first 
instance by means of wood, a long supplementary 
chimney being fitted into the locomotive chimney, 
in order to assist the draught. Over all the engine 
and tender measure 16 ft. 4 in., and their total 
weight in working order is about 2}tons. Engines 
of this type are capable of a maximum speed up to 
30 miles per hour, but the average s allowed 
for in the Eskdale Railway time-table is one of 
12 miles per hour, the journey of 3 miles from 
Ravenglass to Murthwaite, with one intermediate 
stop, occupying 15 minutes. The maximum load 
yet conveyed has been one of fifty-six passengers, 
in six coaches ; the total weight of this load would 
be about 63 tons behind the tender. 

The standard colour adopted by the Narrow- 
Gauge Railways, Limited, is a light shade of blue, 
similar to that used on the Caledonian Railway. 
lined with pale yellow. Buffer-beams, connecting 
and coupling-rods, are painted vermilion, and the 
external appearance of the engine is further en- 
hanced b (he guotisien of bright brass casings to 
dome and safety-valve. In this way the locomotive 

nts a striking and effective appearance, and 
oes not fail to direct attention to the railway. 
(To be eontinued.) 
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THE ELECTRIFICATION OF THE 
RIKSGRAUSEN RAILWAY AND ITS 
ROLLING-STOCK. 


For the electrification of the Kiruna-Riksgriusen 
Railway, upon which the Lapland iron ore is 
transported to the Norwegian frontier, there have 
been installed in the machinery hall of the Porjus 
power-station (see pages 388, 414, and 435 of our 
issues of October 15, 22, and 29) three single- 
phase generators. Of these, two are direct coupled 
each to its own turbine of 12,500 horse-power, 
making 225 revolutions per minute. The third 
generator, which is intended to act as a reserve, 
is driven, jointly with the reeerve generator for the 
three-phase system, by a turbine of the same 
capacity and speed as those just referred to. 





KIRUNA 








above ground in the instrument-house, x which 
the voltage is increased to 80,000 volts. ere are 
two transformers for each generator; these are 


parallel coupled on the -volt side and series 
coupled on the high-voltage side. These trans- 
formers are of the enclosed oil type, and are fitted 
with water-cooling. Their weight is about 34 tons 
each. 

In the instrument-house there are bus-bars for 
the 80,000-volt system, and switches, &c., for 
coupling the transformers and the outgoing lines 
to the bus-bars. In addition there is the requisite 
excess-voltage protection. There is a special con- 
trolling-room, in which all operations are effected. 
The arrangement of the single-phase installation is 
shown diagrammatically in Fig. 1. The three gene- 
rators are shown at G', G’, G°, on the right-hand 





line in Sweden. The transmission line comprises 
two systems of wires, each including an outgoing 
and a return conductor, so that the two systems 
comprise four wires, which are suspended from a 
row of iron poles placed at the side of the railway. 
For these lines, which are designed to operate 
simultaneously, there are re-switching arrange- 
ments in the transformer stations, by means of 
which, should a mishap occur on the one line system, 
a small section can be isolated, whilst the rest 
remains in operation. For this purpose there are, 
further, three re-switching stations between Porjus 
and Kiruna—viz., one at each of the stations, 
Kuosakabbo, Risbiick, and Lappberg. 

At the power-station, as also in the re-switching 
and transformer ‘stations, there ere further cross- 
coupling arrangements for the transmission lincs, 
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Figs, 2 To 5. 


The single-phase generators, which can yield a 
maximum of 10,000 kilovolt amperes, generate a 
current of a frequency of 15 and of 4000 volts 
pressure. Their weight in round figures amounts 
to 200 tons, of which 80 tons are in rotation. They 
are constructed very strongly, both mechanically 
and electrically, so as to be able to stand short- 
circuits, which are unavoidable in connection with 
railway electrification. The generators are further 
fitted with direct-coupled exciters constructed on 
the Danielsson system. In order further to make 
the voltage regulation of the gencrators as prompt 
as possible—a matter which involves considerable 
difficulty with big generators—a Siemens quick 
ro has been installed and has proved of good 

rvice, 

The current, as already mentioned in our former 
article, is transmitted from the generators through 
cables up the cable-shaft to the transformers placed 





Fic, 1. Diagrams or Connections. 











INSULATORS. 


| lower side of the diagram. Their respective trans- 
formers are marked P' R', P, R*, P, R’, the middle 
point on the high-tension side being coupled to 
earth. Immediately above the transformers are the 
oil-switches O,, O,, O;, with automatic maximum 
current release and time adjustment. Then come 
the oil-switches M, N, by which the three trans- 
formers can be connected respectively to either 
of the two sets of bus-bars, 8 and T are switches 
connecting to the excess-voltage and lightning-dis- 
charge devices, which are coupled to earth. 
and L are oil-switches similar to O,, O,, and con- 
nect through the non-automatic oil-switches A and 
B to the power-transmission lines, shown along 
the top of the diagram. The high - voltage 
current is transmitted to the transformer stations 
on the Riksgriiusen Railway line by means of a 
trausmission line, which is no less than 240 km. 
(150 miles) long, and is the longest transmission 





by means of which the latter can be rearranged, so 
that the one transmission system is made up either 
of both wires on the one side of the poles or of 
both the upper wires. The re-switching station 
at Kuosakabbo is shown in the centre of Fig. 1. 
It will be seen that, in addition to the non-auto- 
matic oil-switches A, B, C,D, there are cross- 
coupling devices at I and U, while alternative non- 
automatic oil-switches T, H, 8 lead to the excess- 
voltage and lightning protective devices. Kiruna is 
both a re-switching and a transforming station. In 
addition to the arrangements found at Kuosakabbo, 
it has at K two automatic oil-switches with maxi- 
mum current release, but without time adjustment, 
and a series of other switches at C, D, E, G, and L. 
The lower part, leading to the transformers at 
M,, M,, Ms, is much like the corresponding part at 
Porjus, except that the O,, O,, O, are oil-switches 
with both maximum current release and also no- 
voltage release with time adjustment. The current 
for tho secondaries of e transformers goes 
through the switches R, T, N and R, V, 8 to two 
sections of the contact-wire, the switches N and 8 
being automatic with maximum current release 
without time adjustment. The two sections of the 
contact-wire can be coupled through the switch X. 

The arrangement by which both wires are also 
so coupled that conductors with the same polarity 
come above one another must be used in the 
winter, when, as experience has shown, the wires 
placed above each other can easily get into contact 
with one another by reason of the accumulation 
of ice on them. e first-mentioned mode of 
coupling again is more convenient to use in all 
cases when frost does not interfere, as it affords 


K |a better condition for the carrying out of repairs. 


The poles of the transmission lines are placed at 
about 200 m. (220 yards) distance. The saggin 

of the lines is 8 to 10 metres as a maximum, an 

the poles which support the lines are therefore 
very high, the more so as, according to regulation, 
the wires must not reach any nearer the ground 
than 7 m. (23 ft.). The poles supporting the lines, 
| where they pass along the railway, have been 
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placed as near the latter as possible, so as to 
facilitate inspection. 

Otherwise the line is built like ordinary high- 
voltage power lines, with anchoring and inter- 
mediate poles ; of the former there is only one for 
every 2 km. (1} miles). The intermediate poles 
differ from the ordinary poles by having a certain 
degree of oy in the direction of the line. As 
a rule, sharper bends of the line than 10 deg. have 
been avoided. The anchoring-poles are so strong 
that they can stand a one-sided load of all the four 
lines. e straight line and curve poles are three- 
legged, and in their construction angle iron, with 
flauges forming 60 deg. with each other, has been 
used. The anchoring-poles are four-legged, and 
are constructed of ordinary 90-deg. angle iron. 

The insulators for the transmission-lines are of 
the so-called ‘‘Ohio” brass type, somewhat modified. 
Thus the necks of the insulators have been made 
very materially longer than in the ordinary insu- 
lators of this type, and the pin has been so attached 
that it goes further in, which greatly increases the 
mechanical strength of the insulator. Further, 
both the insulator bells and bolts have been made 
of non-ferrous metal, so as to avoid bursting—an 
accident which has occurred owing to the rusting 
of bells and bolts, which have hitherto been made 
of iron. The insulators are of two kinds —suspend- 
iog insulators and straining insulators. The former 
are used hanging vertically or at an angle up to 
45 deg. (Figs. 2 and3, page 587). The latter are for 
places where the insulator must be attached hori- 
zontally (Figs. 4 and 5). 

At the transformer stations the voltage is trans- 
formed down from 80,000 volts to 16,000 volts, 
and such stations are to be found at Kiruna, 
Tornetiiisk, Abisko and Vassejaure. So as to 
facilitate control, the transformer station at Kiruna 
has been built in connection with the repairing- 
shop ; the other stations have been built at the 
railway stations. At each transformer station 
there are now installed thiee transformers, each 
of a maximum capacity of 2700 kilovolt-amperes ; 
the weight is about 29 tons per transformer. These 
transformers have oil insulation, are of the enclosed 
type, and are air-cooled, so as to reduce, as much 
as possible, the required supervision. 

From the transformer stations the current is 
transmitted to the overhead contact line (Fig. 6, 
page 594), The contact line has been constructed 
with the so-called catenary-wire suspension, with 
52.5 m. (172 ft.) distance between the poles on free 
distances, and 60 m. (198 ft.) distance at stations. 
So as to have a free view, the poles have always, 
where it has been possible, been placcd on the 
outside of the curves. The contact-wire itself 
consists of hard-drawn copper wire, of 8-shaped 
section, with 80 sq. mm. (4 &q. in.) cross-area. 
The supporting wire is of copper, and has a cross- 
section of 50 sq.mm. The contact-wire is sus- 
pended from it, in the first place, at “every pole, 
and, secondly, at two intermediate points in each 
span. The contact-wire and the support-wire 
are coupled together, and are kept by means of 
weights at a constant tension of 6 “4 per sq. mm. 
(3.8 tons per sq. in.). The sag of the support-wire 
under these conditions is 1.3 m. (51 in.), and that 
of the contact-wire 0.07 m. (2.8 in.). At each 
straining - post the contact - line is sectioned 
(Fig. 6), and is divided into lengths of 1.4 
miles. For each such length there is a ten- 
sion-weight at each end, and in the centre of the 
section there is an arrangement which makes the 
tension-weights move simultaneously. Normally, 
the height of the contact-line above the rails is 
5.6 m. (18 ft.) ; in tunnels and snow-sheds this 
height has been reduced to 4.7 m. (15 ft. 9 in.). 
On passing from a free section to a tunnel or snow- 
shed, the contact-line thus slopes downwards, but 
the angle docs not exceed 1: 200. At the stations 
the number of poles has been reduced as much as 
possible, and bridges have been arranged for the 
support of the lines. Such bridges generally span 
four, and often as many as six, sets of rails. 

The traffic on the Riksgriusen Railway consists 
almost exclusively of trains laden with iron ore, 
and going in the direction from Kiruna to Riks- 
griiusen, and empty trains in the opposite direc- 
tion. There is at present only one passenger 
train a day in each direction. The iron-ore trains, 
which consist of 40 loaded wagons and a guard’s 
van, represent a gross weight of 1855 tons in addi- 
tion to the engines. They are propelled by two 
electric locomotives, the one pulling and the other 
pushing (see Fig. 7, page 594). 





The electric traffic with ordinary trains on the 
Riksgriusen Railway was opened on January 19, 
1915. Experimental working had been going on 
to a limited extent, partly during the summer of 
1914, by means of a small motor-generator in the 
power-station of the Kiruna Company, and partly 
during November last year, in some cases with 
energy from the Porjus power-station. For some 
time after the opening of the line for electric 
traction the traffic was somewhat reduced, on 
account of the decrease in the production of iron 
ore, amounting, as a rule, to four to six trains per 
day, in each direction. The working from the 


start could, therefore, be conducted almost ex- | be 


clusively by the electric locomotives, although only 
about half the number ordered had been delivered 
at the time of opening. There were ordered alto- 
gether fifteen locomotives,—that is, thirteen goods 
and two express locomotives. Of these, the two 
express locomotives were supplied by the Swedish 
General Electric Company, Viasteras, whilst the 
goods engines were constructed jointly by the 
Schuckert-Siemens Werke and the Swedish com- 

ny just mentioned, the former firm having de- 
ivered eleven, and the latter two, locomotives. The 
mechanical portions, including frame-work, wheels, 
axles, brake arrangements, &c., were all — by 
the Carriage and Machine Company, Talun, Sweden. 


(To be continucd.) 





INDUSTRIAL NOTES. 

Tue Chancellor of the Exchequer and the Right 
Hon. Arthur Henderson, M.P., held a conference on 
the 2nd inst., at the Treasury, with representatives 
of employers and workmen, on the subject of the 

rovisions of the Finance Bill for the collection of 
income-tax in the case of weekly-wage earners. Very 
full and interesting discussions took place, and various 
amendments to the Bill were suggested. 





The Minister of Munitions announces that he has 
made Orders under Section 4 of the Munitions of War 
Act, 1915, declaring 333 additional establishments as 
controlled establishments under the Act, as from 
December 6, 1915. A total of 2026 establishments 
have now been declared as controlled under the Act, 
from the date of the first Order, July 12, to December 6, 
inclusive. 





Representatives of the Amalgamated Society of 
Engineers, the Boilermakers’ Society, the Shipwrights’ 
Association, the Brass-Turners, Fitters, and Finishers, 
the Sheet-Metal Workers’ Society, and the Gas- 
Workers and General Labourers, visited our men in 
the trenches in Flanders in November. They have 
just issued their report, which gives the following 
summary :— 

“The spirit of the men under such trying condi- 
tions was amazing, and the general confidence of all 
as to the ultimate result was most pronounced. All 
stated that the food is good and no shortage existed, 
and so far as we were able to judge in our limited 
time there was no waste. In our judgment it is the 
supply of = food and warm clothing which will 
make life rable for those who have to endure 
trench life throughout the coming winter. All are 
oe that what is required, and at once, is an 
adequate supply of trench boots or waders. The 
efficiency of the human machine is of first importance. 
While we heard from some the necessity for increased 
supplies of shells, from others we were congratulated 
on the improved and present supply; but all were 
in agreement that the supply must be maintained, 
and, if possible, improved still, as it is safer to have a 
surplus to meet contingencies. A complaint as to 
the inaccuracy in the weight of shells, which gave 
much trouble to the officer in charge, and necessitated 
reweighing and adjustment, also rough-turning, were 
other points made. These complaints should be noted 
as indicating that it is possible to get a big supply, and 
yet one not so effective as a smaller supply of accurate 
work. We believe it to be important that supervision 
of men and inspection of work should only be under- 
taken by practical men. We feel it necessary to add 
to the report our sincere appreciation and thanks for 
the kindness and attention shown to us by the officers, 
non-commissioned officers, and soldiers. Ind<ed, the 
gocdfellowship of all whom we met added to the 
enjoyment of our visit ; this gave us some idea of the 
fearful s le that is taking place in Europe, the end 
of which all sober-minded people are anxiously looking 
forward to.” 


Figures given by the Berlin correspondent of the 
Nieuwe Rotterdamsche Courant showing the number of 
families receiving war relief from the Berlin Munici- 
pality are referred to in the Manchester Guardian. 

hey illustrate both the condition of the classes 
deprived of breadwinners and the immense burden 
which the war is laying in increasing measure on the 








German capital. The same state of things is reflected 
all over the land. Its growth will be seen by the 
following table of the municipal relief in Berlin :— 


1914. Total Cases. Total Grants, 
Marks. 
August ... 62,980 1,283,892 
November 74,341 2,739,312 
1915. 
January 85,543 3,748,812 
March ... 97,310 4,073,469 
June 141,660 6,037,100 
August... ste ide 164,940 7,581,089 
October... ioe Sie 186,983 7,898,121 


The big jump in cases between March and June will 
noted ; also the cutting-down of individual relief 
implied by the small increase in the money expended 
for October compared with the large increases in cases. 
The sum for October amounts to nearly 395,000/. Be 
it remembered, this is not in the geographical city of 
Berlin, with its 3} million inhabitants, but only in 
the Municipslity of Berlin, with something over two 
milliovs. From August, 1914, to July last, inclusive 
—the first year of war—a total sum of 46,313,168 
marks (over 2,315,000/.) was psid out as ‘double legal 
relief.” In the following three months alone, however, 
more than half as much as this was thus expended 
—viz., about 23,300,000 marks (1,165,000/.). A large 
part of these sums falls ultimately on the State, but 
they are by no means all the burdens which the war 
has thrown on Berlin, with its twenty-three relief 
committees. 





On Saturday, the 4th inst., before the Lord Presi- 
dent and Lords Mackenzie and Skerrington, the First 
Division advised a stated case on appeal under the 
Workmen’s Oompensation Act, in which William 
Beverege White, 7, India-street, Partick, who was em- 
C= y the respondents, Messrs. W. aud T. Avery, 

imited, Dumbarton-road, Partick, brought under 
review a decision by Sheriff-Substitute Fyfe, refusing 
him compensation. The appellant, says the Glasgow 
Herald, which reports upon the case, was a machine- 
fitter, and his average weekly earnings were 38s. 7d. 
It was his duty to go round various places where the 
respondents had erected machinery or executed re- 
pairs, to be present as representing the respondents 
at the inspection of such machines by the Inspector 
of Weights and Measures. On December 23, 1914, 
the appellant and the inspector were at Forrest- 
mill in the forenoon. The next place the appel- 
lant required to be at was Kennet, and as there was 
no convenient railway communication he proceeded 
to walk, the inspector going ahead on a bicycle. The 
road was slippery, and the appellant chose the centre 
as the safest place to walk. A butcher’s van came 
up behind him outside the village, and he stepped 
aside to let it pass. He slipped on the ice and fell, 
breaking his wrist and being incapacitated for a 
considerable time. The Sheriff-Substitute found in 
law that the accident whereby the appellant sustained 
personal injury arose in the course of, but did not 
arise out of, his employment, and that he was not 
entitled to ere wr pinany on the ground that the risk 
which the appellant ran was simply an ordinary risk 
to which every pedestrian was exposed. 

The Court, on the 4th inst., ‘Lord Mackenzie dis- 
senting, held that the accident to the appellant arose 
out of his mp ape and that he was entitled to 
compensation with expenses. 





According to news received through the High Com- 
sioner for Australia, settlers on the land in several 
parts of Australia have been able to make good pro- 
gress by co-operation. In the dairying industry, for 
instance, the establishment of butter and cheese 
factories in various localities has been effected by 
co-operation. The dairy farmers are the shareholders. 
They send their milk and cream to the local factory 
and receive prompt advances for their supplies and a 
settlement when the products are disposed of. Some- 
thing along similar lines has been done in connection 
with other industries. In New South Wales the 
Minister for Lands has given consideration to the 
advisability of providing, in future Crown sub-divi- 
sions, for the reservation of one block of land to be 
utilised by the local farmers for p of co-opera- 
tion amongst thems lves in dealing with any branch 
of production, such as shearing, chaff-cutting, &c., if 
the settlers desire to adopt co-operative methods in 
connection therewith. He has decided to give 
this scheme a trial in the case of a number of home- 
stead farms set apart for settlement in the Trundle 
district of New South Wales. On the block reserved 
there for this purpose there already existe improve- 
ments in the shape of a wool-shed and other buildings, 
as well as a tank, and it is intended to lease this 
block with a view to establishing a shearing-shed for 
general use by the surrounding settlers. The Minister 
thinks that co-operation in this way amongst settlers 
ed, and that a substantial 
saving could be effected as against the much greater 
e of erecting se te buildings upon indi- 
vidual holdings. It will be open to the settlers in the 


might well be encou 
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district to submit to the department such a proposal 
as will be mutually satisfactory to the Crown and to 
the settlers concerned. It is not the intention to lease 
the block to any particular individual, which might 
result in the other settlers finding themselves sub- 
servient to the caprice of the lessee of the block. If 
the settlers take advantage of the offer the concern 
will be purely co-operative, the land being leased to a 
body of, say, three or five persons representing, and 
in trust for, the whole of the settlers, and elected by 
them. 





From the same source we learn that the Common- 
wealth Government has decided that an Arsenal Com- 
mittee, consisting of Colonel Owen, Director-General of 
Public Works (president); Professor Payne, of the 
Faculty of Engineering, Melbourne University ; Mr. 
M‘Kay, manager of Walker’s, Limited ; Mr. Marcus 
Bell, chemical adviser to the Department of Defence ; 
and Major Gipps, Inspecting Ordnance Officer, will 
be despatched on a visit to India to inspect arsenals, 
with a view to making recommendations to the Govern- 
ment for the establishment of an arsenal in Australia. 
This action has been taken on the advice of the Army 
Council, with whom the Government has been in com- 
munication for some time. 

The Council pointed out the difficulty of sending 
out officers to give the necessary information at the 
moment, and of giving the Australian officers the 
required details, and suggested that the despatch of 
4 delegation to India was the most effective way of 
getting the information required in the preliminary 
stages. 

he Commission has visited Canberra to view the 
sites proposed for the Commonwealth Arsenal. It will 
inquire into the work at artillery, ammunition, and 
gun factories, explosive factories, testing-ranges for 
guns and ammunition, and the manufacture of muni- 
tions generally. 


According to the United States Bureau of Labour 
Statistics, the highest wage per hour paid in May, 
1914, in several of the principal trades was as follows : 
—Bricklayers, 87.5 cents (33. 8d.), in Dallas and San 
Francisco ; carpenters, 65 cents (2s. 8d.), in Chicago ; 
hod-carriers, 50 cents (23. 1d.), in Portland, St. Louis, 
Salt Lake City, and San Francisco ; painters, 70 cents 
(2s. 1ld.), in Chi ; plasterers, 87.5 cents (33. 8d.), 
in Dallas and San Francisco ; plumbers and gas-fitters, 
75 cents (3s. 2d.), in Chicago, Dallas, Portland, St. 
Louis, Salt Lake City, San Francisco, and Seattle ; 
sheet-metal workers, 68.8 cents (2s. 11d.), in Chicago 
and San Francisco ; stone-cutters, 70 cents (2s. 11d.), in 
Portland and San Francisco ; structural-iron workers, 
70 cents (2s. 11d.), in Cleveland ; freight-handlers, 60.6 
cents (2s. 6d.), in New Ocleans ; granite-cutters, 68.8 
cents (2s. 11d.), in New York ; iron-moulders, 50 cents 
(23. 1d.), in San Francisco; linotype operators (Hebrew 
book and job), 83.3 cents (3s. 6d.), in New York; com- 
positors (English newspaper), day work, 75 cents 
(3s. 2d.), in Seattle. Most of the above trades have an 
eight-hour day, and most of them have also Saturday 
half-holiday. 








The first report of the United States Bureau of 
Mines on accidents at metallurgical works deals with 
the calendar years 1913 and 1914. The figures show 
that 119 men were killed during the two years, 2285 
were seriously injured and 11,046 slightly injured, at 
smelting-plants and mills ; the proportions per 1000 
men employed, per year, being 1.55, 29.67, and 143.44 
respectively. The report covers 79 installations for 
1913 and 94 for 1914, and includes copper, lead, zine, 
and quicksilver plants. The figures for iron blast- 
furnaces are not included. The number of ore-dress- 
ing plants was 311 in 1913 and 484 in 1914. The total 
number of msn employed in the installations dealt 
with—smelting and ore-dressing installations—was 
35,549 in 1913 and 41,461 in 1914. In the ore-dressing 
plants, says the Lngineering and Mining Journal, New 
York, from which we take these figures, machinery 
was responsible for 25.6 per cent. of all fatalities, 
28.9 per cent. of the serious injuries, and 16.5 per cent. 
of the slight injuries. The corresponding figures for 
the smelting-plants are much smaller. The percentage 
of accidents caused by “falls of persons ” and “ flying 
and falling objects” is 15.4 apiece in ore-dressing 
plants, whilst in the smelteries the fatalities due to 
falls of persons represent 20 per cent. of the total, 
and those due to flying and falling objects represent 
» per cent. Haulage systems claim 25 per cent. of the 
fatalities in smelting-plants, ard about half this per- 
centage in ore-dressing plants. At smelting plants, 
burns from hot metal, slag, &c., claim the largest per- 
centage of serious and slight injuries and 11.3 per 
cent. of the fatalities. 





m.. - Gres bt mem Bury, Lancs.—Borer Ex- 
Ls .—We are informed that the formal investigation 
ordered by the Board of Trade to be held in aap ete 
is fixed for hearing in the Council Chamber, Municipal 


Offices, Bank-street, Bury, on Wednesday, the 15th inst , 
at 11 a.m. 





CONSTITUTION OF BRASSES.* 


The Constitution of Brasses Containing Small Percentages 
of Tin. A Contribution to the Study of the Ternary 
System Copper-Zinc-Tin. 

By O. F. Hupson, D.Sc., A.R.C.S., and R. M. Jonzs, 
M.Sc. (University of Birmingham). 

Tue first systematic attempt to define the constitution 
of the comers A s of copper, zinc, and tin was made 
by Professor 8. L. Hoyt, and the results of his researches 
were published in a papert read at the Ghent meeting of 
the Institute in 1913. Hoyt’s work was to alloys 
within certain limits of composition, and although coming 
—— Sue hae, alloys containing between 50 and 

per cent. of copper and small percentages 
of tin, were not dealt with in detail in this paper. 

The ———_ of Carpenter and Ed is that the 
thermal change at about 460 deg. Cent. in the copper-zinc 
series is due to the resolution of 8 into a + -y was accepted 
by Hoyt as correct, and the _—— ‘ect of small 
amounts of tin in the ternary alioys was considered to be 
the increased ease with which ‘‘apparent” 8 is resolved 
into structurally distinct a and y. 

Since Hoyt’s paper appeared, it has been shown by one 
of us} that the inversion at 460 deg. Cent. in the copper- 
zinc series is more probably due to a polymorphic change 
in the 8 constituent (8 = 8’), and that at ordinary tem- 
peratures §' is a stable phase in these alloys. In an 
appendix to that paper some observations were made on 

e effect of tin on the stability of §’, from which it 
appeared that alloys could be obtained containing three 
constituents in equilibrium, and that further research 
was needed to determine the constitution of the ternary 
alloys containing less than about 5 per cent. of tin. The 
present paper, therefore, is an attempt to obtain with 
some completeness that small portion of the diagram 
showing the constitution under equilibrium conditions at 
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temperatures below the 460 deg. Cent. critical point of 
the ternary alloys of copper-zinc-tin within the limits of 
composition 50 to 70 per cent. copper and 0 to 5 per cent. 
tin. This portion of the di includes practically all 
the useful tin brasses, and its relation to the complete 
constitution diagram is given by the shaded area of 
the le (Fig. 1). 

In addition to Hoyt’s work, researches on the con- 
stitution of these alloys have been published by Guillet§ 
and Johnson,|| Guillet showed that the amount of tin 
which can be held in solution in the a constituent depends 
on the percen of zinc. With 30 per cent. of zinc the 
a can dissolve about 1 per cent. of tin. An excess of tin 
= rise to a ‘‘ special constituent” which is very hard, 
ight blue in colour, and resembles the 5 of the 708 
described by Heycock and Neville. In brasses consisting 
of a and £ the tin, according to Guillet, is dissolved in 
the a to the extent of 0.7 _ cent., and _— dependent 
on the composition of the brass, in the 8. After both the 
a and § are saturated, an excess of tin gives rise to the 
“special constituent” (5). Then, as the tin increases, 
the ‘special constituent” increases at the expense of 
8, and finally the 8 is destroyed and the alloys consist of 
a and the ‘‘special constituent” only. 

Johnson considers that the blue constituent which 
appears with excess of tin corresponds to the 6 of the 
a alloys, and shows that § has a greater so‘u- 

ility for the 5 than has a, which is saturated with zinc. 


EXPERIMENTAL Work. 


(a) Preparation of Alloys.—A number of alloys were 
made and cast into the form of cylinders and used for 
thermal examination. An iron mould was es 

iving cylinders jin. in diameter and weighing ub 

for The cylinders were cut to a uniform 
length of 2 in., and a hole jin. in diameter was dri 
down the centre of each cylinder to a depth of ljin. In 
this hole the thermo-junction, —, protected and 
insulated with mica, was placed. In case of alloys 
which were too hard to drilled, a hole of about 
same size was made by casting round a sand core, The 
other alloys were made in 50 or 100- me ingots, and 
specimens were cut from them, as well as from the alloys 
used for thermal work, for the purpose of heat-treatment 








<i Paper read at the autumn meeting of the Institute of 


(less than 5) | - 


and microscopic examination. The materials used for 
making the alloys were electrolytic copper, electrolytic 
zinc (Brunner, Mond and Co.), and best refined tin. 

(b) Analysis.—All the alloys examined were analysed 
for co’ and tin, a Se eee 
by difference. For the determination of the copper the 
usual iodide titration method was used, while the tin was 
determined oy weighing as tin oxide (SnU,). The total 
number of alloys studied with their compositions as 
determined by analysis are given in Table I. The posi- 
tions of the alloys in the ternary triangle are plotted in 
Fig. 2 (page 590) with the exception of alloys 48 to 52, 
containing less 50 per cent. copper. 














Taste I 
! | 
| _Percen i ll 
| Composition. | ES . 
3| ——|Se% 
%| ¥ ] Eke | Heat Treatment Structure. 
2 ¢ Ses | 
q| 8 5 & |&=+| 
1| 69.23 '1.94| 28.83| — 48 hra. below 450° O. as 
2| 68.79 1.69) 20.62; — | 7days ,, - aé 
3) 68.76 3.24) 28.00 | —_ 24 hra. ,, > aé 
o 
| | served 
4| 68.57 |0. 85] 30.58 — log ,, s a 
5| 67.98 |1.89] 30.18; — gg ” ; as 
6| 66.00 0.67] 83.33 — |59 °° a 
7| 64.46 (0.46) 35.08; — las, ,, / 
8) 64.07 |3. 44) 32.49 | 547°C. jis ,, a ad 
9| 63.30 |0. 35] 36.35, — 26 ,, ss a(trace 8") 
10| 63.22 |1.04) 85.74; — 90 ,, ad 
11| 61.86 |3. 98 $4.21 | — ie ;, aé 
12, 60.87 0.49) 38.64) — i ,, vi af’ (Muntz 
| metal type) 
18| 60.59 |0. 57] 38.84 Ee a 8’ ditto 
14| 60.47 |2.84) 87.19; - a ab 
15) 60.35 1.21] 38.44 ee a fs 
16| 60.18 |3. 27) 36.65 | 506° O. jo4 ‘ aé 
17| 59.59 3.21) 37.20; — (25 ,, aé 
18| 58.76 |3. 06] 38.18 20 |, aps 
19| 58.69 1.96) 39.35; — (6 ,, 2 . ap’é 
20) 68.29 |1.01) 40.70} — iis ,, “F 
21| 67.78 |2.90|30.87; — 0. . , aps 
22| 67.65 |1.86| 40.49| — lis ,, ; a B's 
23| 57.14 |L.40/41.46| — |58., ., ,, &8 (trace d) 
24) 57.00 |4.18] 38.78] — i72 ,, 4 4, a p's 
25) 66.56 |3.26] 40.18; — |15 days a B's 
26) 56.56 |1. 16] 42.29 a “f 
27| 66.10 |2.18] 41.77; —  |se hours ,, of 8 
28| 56.11 |1.63} 42.26, — lo, . . a 6 
(chiefly 8’) 
29) 55.93 |9 gg) 41.41; — li8 ,, , apa 
80| 55.81 |¢ y¢) 40.03; — go, , : aps 
81) 55.49 |) gg] 43.18 a ee ‘ a p’ 
32| 55.01 |1.10} 48.89 460° ©. |42 ,, ‘ a p 
83) 54.78 |) 98) 43.24) — [56 ,, ,, By 
84) 54.74 |g 391 41.96; — 48 ,,  ,, aps 
35| 54,29 |4 97] 40.84 450°0O. 72 ,, , a p's 
36| 54.18 9.79) 4504) — m ,, , a p’ 
87| 54.18 |2, gi) 43.01 | 460°C. 18 ,, By 
38| 54.15 |) 93) 44.72) — (6, 4, . Bp’ 
39| 54.04 |o 94 43.62; — libdays , ., By 
40| 54-04 9 19) 43.77| — |e4hours,, ,, By 
41| 58.88 |; gg 44.29; — 92, ,, B,¥ 
42 53.89 1. 66 44.56 =» 48 ” ” ” By 
43 52.65 1.94 45.41 — 18 ” ” ” By 
“4 52.52 0. 98 46.50 =. | 9} days ” ” By 
45| 52.59 |o,70| 46.71; — |24hours ,, ” p’ 
46| 52.14 |2,07] 45.79; — (24 o 0 ” By 
47| 51,61 |5.10} 48.39; — 6, m By 
48) 49.14 |1. 96] 48.90 | 466° O. Slowly cooled By 
49) 47.17 |5. 02] 47.80 | 464° 0. | ,, » B+ 
60) 47.22 |1. 01) 61.77 — |5 days below 450° O. By 
51| 47-09 |4. 71] 48.20 | 465° O. |Slowly cooled By 
62 43.43 |1.13|56.44| — (6}daysbelow450°O. f'¥ 








(c) Thermal Examination.—The cylinders of the alloys 
were heated in an iron tube 1 in. in diameter, 
in a gas-muffie furnace, and well packed with broken 
fireclay (old crucibles, &c.) and asbestos. A steady and 
convenient rate of cooling from about 600 deg. Cent. was 
obtained, the fall of temperature averaging about 1 deg. 
Cent. in 12 seconds. Temperatures were determined 
by means of a platinum-rhodium thermo-couple used 
in conjunction with a potentiometer. This method of 
heating is no) suitable for accurate heating-curves, and 
eooling- curves only are given. The authors regret 
that no convenient apparatus was available for taking 
accurate heating-curves, thus rendering this part of 
the work incomplete, and preventing any attempt to 
construct the details of the complete equilibrium diagram 
of this portion of the ternary system. The thermal work 
was therefore confined principally to a determination of 
the effect of tin on the 460 deg. Cent. critical point of 
the co -zine series as indicated by cooling-curves. 

(4) ‘eat Treatment.— in a 
** Nichro Except in 
the case of two or three of the alloys examined in the 
early stages of the investigation, it was not possible to 
obtain a continuous heating of more than 12 hours; but 

ings were carried out below 450 deg. Cent. 


Metals, held at the rooms of the Chemical Society, | ¢.¢. 


Burlington H London. 

+ Journal of Institute of Metals, No. 2, 1913, 
vol. x., page 235; Encinggrinc, November 14 and 21, 
1913. 

t Ibid., No. 2, 1914, vol. xii. 


89. 
§ Revue de Métallurgie, 1906, a 4 iii., pages 264 to 273. | The 


|| Journal of the Institute of Metals, No. 1, 1912, 
vol. vii., pages 201 to 208 (Enorngeerine, March 165, 
1912), and No. 2, 1914, vol. xii., pages 111 to 114. 





of ing are given in the heat-treatment column of 
the table. temperature of annealing is recorded 
as “below 450 deg. Cent.,” and the times taken in heat- 
ing up and cooling down are deducted from the total. 
average temperature was maintained at about 
425 deg. Cent., and care was taken that the temperature 
did not at any time exceed 450 deg. Cent. In order to 
prevent any but a very slight surface oxidation and loss 
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of zinc, the specimens were sealed separately in small 
lengths of glass tubing. _ . 

A few quenching experiments were also carried out, 
and for this purpose the furnace and arrangement used 
for the cooling-curve work was employed. It was found 
possible to keep the temperature steady between 
+10 deg. Cent., and to control the quenching tem- 
perature to a degree or two. For this work the speci- 
mens were also sealed in thin glass tubes, to which the 
thermo-souple was wired. For quenching, the thermo- 
couple and attached tube were rapidly withdrawn from 
the furnace and dropped into cold water, the glass tube 
shattering immediately it came into contact with the 
water. 

(e) Microscopic Examination. — The specimens, after 
annealing, were ground on an emery wheel or filed, then 
polished in the usual way, and etched by means of a 
polish attack with ammonia. The phases observed in the 
annealed alloys are recorded in the last column of the 
table, and typical structures are illustrated by photo- 
graphs reproduced on the opposite page. 


Resvutts oF ExperRiIMENTAL Work. 


(a) Thermal Results.—From an examination of the 
cooling-curves given in Fig. 2 it appears that tin bas no 
marked effect on the temperature at which the inversion 
of the 8 constituent occurs. It should be mentioned that 
this observation is not in accordance with the statement 
of Hoyt, that 1 per cent. of tin raises the inversion tem- 
perature ‘‘ from 477 deg. to 495 deg. Cent.” The tem- 
perature of the critical point varies between 450 deg. and 
466 deg. Cent., but the difference does not seem to bear 
any relation to the variation in the amount of tin. 
Temperatures obtained by cooling-curves are always open 
to inaccuracies due to under-cooling, but it may be noted 
that, on cooling, the thermal change begins at a tem- 
i mag | above 460 deg. Cent. when 7 is present, and 

iow 460 deg. Cent. when a is present. A similar 
difference was observed in the case of a number of pure 
copper-zinc alloys that were examined in another con- 
nection. The mean temperature obtained for the critical 
point on the a side of 8 was 455 deg., and on the y side 
465 deg. Cent. 

The curves obtained for alloys 16 and 8 are interesting, 
as in these cases, where no §’ was present in the alloys, 
thermal changes were observed, beginning at 506 deg. 
and 547 deg. Cent. respectively, and no point was o 
served at about 460 deg. Cent. As will be seen later, these 
arrests may ! represent the breakdown of § into a + 4, 
analogous to the corresponding change in the copper- 
tin series. No arrest is marked in the curve obtained 








for alloy 3, possibly b the ch is too small to 
be observed. 

(6) Results of Micr ic Examination. — From the 
structures observed (vide Table of Results) in the annealed 


alloys, the constitution diagram (Fig. 3) has been drawn. 
The authors are of opinion that for these alloys equili- 
brium is attained for all practical purposes after twenty- 
four hours’ ——- In many cases a much shorter 
annealing appears to be sufficient, but a longer annealing 
may be necessary to give absolutely complete equilibrium 
in other cases—e.g., to give complete uniformity by dif- 
fusion in unworked a, and to dissolve or reject from 
solution the last traces of a constituent. uilibrium in 
the different fields was, for this reason, tested by a certain 
number of | r annealings, up to 15 days’ duration. 
Characteristic structures gman: = equilibrium 
conditions in the different fields are shown in Nos. 1 
to 6, 11, and 12, opposite. Some difficulty was experi- 
enced in obtaining a satisfactory photographic render- 
ing of those structures in which all three constituents 
a, 8’, and 3 appear, and the photographs reproduced by 


no means do justice to the beauty and distinctness of the | w, 


structures as seen under the microscope. Actually, the 
B’ ap bright em the a reddish yellow, and the 6 
(or y) clear light 

indications given on the plates will be sufficient to enable 
the constituents to be identified. 


Tue Ternary Diacram. 


Considering first the copper-zinc side of the diagram— 
i.¢., the pure copper-zinc alloys—those containing more 
than 63 per cent. of copper consist, when in equilibrium, 
of homogeneous a. Between 63 and 53 rr cent. of copper 
the alloys consist of a mixture of a and §’ in varying pro- 

rtions, and between 53 and 51 per cent. of copper of 
Comapeneees 8’. With more than 51 and less than 40 
per cent. of copper 7 is present as well as 8’. On the 
copper-tin side of the diagram the alloys cogtaining more 
than about rad 9 cent. copper consist solely of a, and 
between 90 67 per cent. copper of a + 4, there being 
no correspond: rg 8 phase stable at the ordinary tempera- 
ture. The 5 of the copper-tin series corresponds in pro- 
perties and in micrographic appearance to the y of the 
copper-zine series. Attempts were made to determine 
whether these two constituents had separate identities in 
the ternary alloys considered, but it was not found pos- 
sible to distinguish them, and they appeared to pass 
gradually one into the other. @ minor differences 
were noted, but there was nothing by which they could 
be identified as separate micrographic constituents. It 
will, however, be found convenient to refer to the light 
blue constituent as 5 when existing with a (either alone or 


with 8’ as well) in any ternary alloy, and as y when | sh 


present with §’ only. 

Passing now to the interior of the tri diagram, 
the area A DC gives the limits of composition of alloys 
consisting in the annealed state of homogeneous a. 
will be noted that the well-known 70.29.1 alloy comes well 
within this region. next area, CK G gives the 
range of composition within which the alloys consist of 
a and f§’. It will be observed that the solubility of tin 
increases as the proportion of f’ increases, §’ having a 


lue. It is hoped, however, that the | prea 


t| of the 8 


greater solubility for tin than saturated a has. 


have the same constitution as the corresponding copper- 
zinc alloys—i.e., they are brasses with tin in solid 
solution, and include the commercially useful tin braases. 
With tin in excess of the limit given by the lines D K, 
KG, a constituent is seen which appears to be identical 
with the 6 of the copper-tin series, and gives rise to two 
classes of ternary alloys—viz., (a) those consisting of a+ 4, 
and (6) those consisting of a + 8’ + 5. Alloys com: 


of a + & may structurally be further subdivided into 


those consisting: (1) of the eutectoid a + 5, with a in, 


reat l The area | Cent. the amount of both a and 4 is greater than av 485 
within which ’ exists alone as a stable phase is shown by | deg. Cent., —- they are not yet 
the field EGF. All the oneees so far considered | portion in which 


in the pro- 
tion i they occur below 460 deg. Cent. under 
—— conditions (No. 12). 
erence should be made finally to the remaining field 
of the diagram, to the right of the lines FG,GH. The 
alloys in this field consist of two phases only, §’ and 7, 
and except for the previously-mentioned fact that 7 could 
not be distinguished structurally from 4, they call for no 
special comment. 
1. ‘The solubility of tin in brasses of 

> ubility of tin in brasses of varying composi- 

ston han bane Getiees. a 


Fig.2. INVERSE RATE CURVES. 
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excess ; (2) of the eutectoid alone; and (3) of the eutec- 

toid, together with excess of 5. 

So far the constitution is fairly simple, and the alloys 
consist of only two phases. In the area K H G, however, 
the alloys consist of three phases, and their constitution 
requires a word of explanation. At a temperature of, 
say, 600 deg. Cent. these alloys consist of 8 only, or of 8 
with either a or 3 in excess. On cooling, a or 4 continue 
to crystallise from 8, until at a temperature between 
about 500 deg. and 550 deg. Cent., a point is reached 
when the 8 is of eutectoid composition. On further 
abstraction of heat the 8 begins to up into a + 6. 
We are, however, here dealing with a binary eutectoid 
in a ternary system. The binary eutectoid, therefore, 
will not be formed at constant temperature, but as the 8 
ks down, the temperature will continue to fall. Thus 
a + crystallise simultaneously from the § until the 
460 deg. Cent. point is reached, when the residual £ is 
transformed to §’, and no more agp Nagy aa (a + 8) 
is formed. In alloys coming within the a + 6 region of 
Fig. 3, the breakdown of 8 into a + 4 is, of course, com- 

leted before the temperature has fallen to 460 deg. Cent. 

he course of the changes outlined above is illustrated b: 
the following results of quenching experiments made wi 
alloys 17 and 25. For convenience, their compositions 


are repeated below :— 
Alloy No. 17. Alloy No. 25. 
Per Cent. Per Cent. 
Copper ; 59.59 56.56 
Tin 3.21 3.26 
Zinc 37.20 40.18 


The normal structures of these two alloys below 460 deg. 
Cent. are illustrated by Nos. 11 and 12, opposite, a> 
show that alloy No. 17 is composed of a + 6, and No. 25 
ofa + + 6. By quenching these specimens from 
different temperatures, the breakdown of the § in each 
case could be watched. They were first heated to about 
650 deg. Cent. for a quarter of an hour, then slowly 
cooled to 550 deg. Cent. and quenched. On ination 
of the specimens, alloy No. 17 was found to consist of 
a +8 (No. 7, opposite), while alloy No. 25 showed o 
structure of practically pure 8 (No. 8). Nos. 9and 10 

ow the result after annealing for 5 hours at 485 + 
10 deg. Cent., and quenching at 485 deg. Cent. It will 
be seen that in alloy No. 17 the resolution of the § is 
nearly completed, while in alloy No. 25 the greater part 
f Several other experiments of a similar 
kind were carried out, from which it appears in 
alloy No. 17 the resolution of the 8 begins at about 525 
deg. Cent., and a trace of 8 still remains at 475 deg. Cent. 
On the other hand, at 525 deg. Cent. alloy No. 25 shows 








undergro 
‘@ small crystallisation of a, but no 5; while at 475 deg. | station to the various sub-stations.” 


=> f 
G0 68 68 67 66 65 62 6: 62 61 60 59 58 57 56 55 SA 58 $2 51 50 
Per Cent Copper. 


=> 
Zine 

2. The limits of composition have been determined 
within which the alloys of copper, zinc, and tin consist 
of three phases, a, §’, and 4, in equilibrium. 

3. The authors submit the diagram reproduced in 
Fig. 3 as ting with some degree of accuracy the 
equilibrium constitution for ordi temperatures of the 
ternary alloys containing between 50 and 70 per cent. of 
—— and 0 to 5 per cent. of tin. 

e authors desire to thank Mr. O. W. Ellis, B.Sc., for 
assistance in much of the earlier experimental work. 





QUEENSLAND CopprR.—A conference was held recently 
between the representatives of the Australian metal 
companies and the Federal A ttorney-General, Mr. Hughes. 
The Attorney-General stated that arrangements had been 
definitely completed whereby the whole of the copper 
output of Queensland and the Commonwealth suitable for 
electrolytic treatment could be dealt with within Australia. 
The electrolytic case might now be ed as settled, 
and as to the fire-refining method, he was confident 
that the arrangements made by the conference in regard 
to it would be sufficient to treat all the Commonwealth 
copper ore not treated electrolytically. A group of 
British manufacturers had placed a pro} before the 
British Government for the purpose of distilling the con- 
centrated zinc output. of Australia into spelter in Great 
Britain. The British Government had a; ved of this 
proposal, and Mr. Hughes said he had asked to 
secure the co-operation of the Australian companies. 


ELEorRIcITY IN THE War.—In the current number of 
the journal L’Industrie Electrique are given particulars 
concerning the various to which electricity is > in 
the present war; the information is reproduced by our 
Paris contemporary from the German journal Elektrischer 
Anzeiger, and it deals with the manner in which the Ger- 
man armies have been able to turn to account the numer- 
ous power-stations existing in the Belgian and French 
territory they occupy. ‘‘ What the German journal does 
not say, although it is aware of the fact,” says our Paris 
contemporary, ‘‘is that when starting the ) power- 
station in the early days of the German occupation the 
staff which had been selected from among capable elec- 
tricians in the Teutonic army took three months to find 


out that the power-station was supplying electric light 
not only to le, but also to other towns in the Pas-de- 
Calais and Nord de ts, w allied armies were 


located. The British troo 
were electrically lighted 
of three months, i 

ound cables connecting the 
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NOTES FROM THE UNITED STATES. 
PHILAvELPHtIA, November 24. 


THE pressure on American iron and steel produc- 
tion for domestic and foreign supplies is arousing a 
degree of intensity which threatens to upset all 
conservative management and conservative ideas ; 
nothing but seemingly e rated statements can 
cover the actual situation. The most significant 
feature of the week is the rush of orders for delivery 
during the second half of the year. All mills are sold 
up for months to come; more vi e are 
being made to expand manufacturing facilities ; all 
hesitancy or precaution on this score seems to have 
disappeared. The conviction has taken hold that the 
termination of the war will not terminate demand on 
an extraordinary scale. During the past week orders 
placed by railroads call for 250,000 tons of rolled, 
cast, and forged products. The car-shops alone 
booked orders for 8200 cars and 1600 steel centres 
needing over 100,000 tons of steel. Urgent inquiries 
are in the market uiring 35,000 to 40,000 cars ; 
but in reality very much larger numbers are wanted. 


Locomotive builders book orders for 119 loco- 
motives; freight-cars, coal-cars, dolas, and pas- 
senger-cars are all urgently wanted. Manufacturing- 


shops want 20,000 tons of plates and shapes; con- 
tracts are pending for 100,000 tons of material for 
subway, elevated, and other work, including New 
York subway work. 

To go into detail concerning recently-placed and 
now pending orders, domestic and foreign, would 
oecupy too much s . Munition orders for the week 
called for 175,000 tons of blooms, billets, and round 
stéel bars, of which 50,000 tons were for direct export. 
Resales of wire rods were made at 10 dols. to 20 dols. 
premium per ton for second half of 1916. One contract 
at Cleveland is for 30,000,000 cartridges, two con- 
tracts for high-explosive shells call for similar delivery. 
Another inquiry is for 30,000 tons of steel bars. Pig- 
iron contracts total 200,000 tons, one half steel 
irons ; another general advance in all furnace and 
mill products was made this week, and a runaway 
market is more likely. The Southern Pacific Railroad 
will build a 6000-ton steamship to ply between New 
Orleans and Mexican ports. A line of ten ships will 
soon start between Boston and European porte. During 
the winter they will largely transport horses. The 
munition and general war output is assuming bewil- 
dering proportions, and by the opening of spring 
hostilities guns will have to be worked twenty-four 
hours a day to keep up with the supply. The output 





of ‘*Pyrene” fire - extinguiehers for England has 
grown to immense proportions. 
Snirp- Brake Experiments.— At the New York 


November meeting of the Society of Naval Architects 
and Marine a Captain W. Strother Smitb, U.S. 
Navy, presented a brief communication on experiments 
made in the model tank of the Navy Yard, Washington, 
with the Lacoste ship-brake. Some trials had alread 
been made with this -— in 1910 on board the U.S.S. 
Indiana, but the ship proved then, and again recently, 
unsuitable for such experiments. A model of the 8.8. 
St. Louis (536 fp. jong, 62} ft. beam, 28 ft. draught, 
17,230 tons) was used. The brakes were a kind of vertical 
fin, fixed in pairs on hinges to the sides of the ship and 
held so as to form various angles up to 90 deg. with the 
ship’s axis. One pair of es mostly was used, two 
pairs (at frames 76 and 95) not proving more efficient 
than one pair. The dimensions of the brakes ranged 
from 6 ft. by 6 ft. to 12 ft. by 14ft. The length of the 
model, or of the section to which these large brakes were 
attached, was nearly 25 ft. There are no explanations to 
the diagrams. Asa rule the upper edge of the brake was 
in the water-line. The stopping-power varied a | 
as the projected area opposed at 90 deg. to the fore-and- 
aft line. The pressure per square foot decreased as the 
width of the brake was reduced ; but when a certain width 
was ex ed, the pressure was no longer increased. 
The effective horse-power trials, made with the model 
before attaching the brakes, roughly gave the figures 
10,000 and 25,000 for of 19 and 23 knots; after 
attaching the brakes powers ranged from 25,000 to 
50,000 for 19 knots and from 40,000 to 85,000 for 23 knots. 
With the 11} ft. by 14 ft. (depth) brakes at seus, Se 
speed of 18 knots was decreased to 15.2 knots in ft., 
to 11.6 knots in 1000 ft., to 7.15 knots in 2000 ft.—all 
without the aid of reversing the ery The 
striking blow (for the 17,230 tons) would at 18 knots be 
247,300 ft.-sec. tons, and at 7.1\\ knots 39,000 ft.-sec. tons, 
and the speed of 18 knots would be reduced in 50, 100, 
150, 200 seconds respectively, to 11.1, 7.35, 5.85, 4.7 knots 
As regards the power and mechanism to work the 
brakes, Captain Smith found that hydraulic cylinders 
athwart a stiffened bulkbead would involve an additional 
weight of 190 tons, including 33 tons of water, and that 
toggle joints, and rack and pinion, &c., could not make 
such gear practicable. The brakes would hence simply 
have to he released by a lever (actuated from the bridge) 
eee ky ty eg A desi ve ge 
has been made for the 5.8. Empress Asia, of 
Canadian Pacific Line. Without in any way discussing 
his curves and experiments and the practicability of the 
proposals, Captain Smith considers that the further 
question of installing such a b:ake is a financial one. 
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* Percentage of Total 
ing to Lloyd’s Register- War Losses. Total Losses. 
Fiae. Book, 1915-16. Losses of 
Vessels Tonnage 
Number Tons. Number Tons. Number | Tons. Owned Gane 
British :— 
United Kingdom 9285 19,541,368 141 212,316 165 237.975 1.78 1.22 
lonies .. a oi 2068 1,732,700 2 7,414 14 14,994 0.68 0.87 
America (United States of) 2580 3,622,933 1 3,331 32 26,978 1.24 0.77 
Austro-Hungarian .. on 433 1,018,210 — - _ — pan ts 
Danish ov ‘on os 835 854,996 8 14,993 9 15,766 1.08 1.84 
Dutch.. 809 1,522,547 4 7,033 10 14,162 1.24 0.93 
French 1539 2,285,728 7 5,822 11 14,844 0.71 0.65 
German 2166 4,706, 1 2,457 2 2,615 0.09 0.06 
Italian 1177 1,736,545 1 1,373 6 12,271 0.51 0.71 
Japanese .. 1155 1,826, _- ~ 7 11,925 0.61 0.65 
Norwegian .. 2174 2,529,188 19 32,013 25 37,442 1.15 1.48 
Russian 1256 1,054,762 ll 13,294 12 13,885 0.96 1.32 
Spanish 642 899, _ =— 3 4,926 0.47 0.55 
Swedish ee oo oe 1462 | 1,122,883 12 13,681 15 18,433 1.03 1.64 
Other European countries - -- 5 6,877 5 6,877 _ am 
Central and South America _ ~- _ oo 1 1,186 —_ on 
Other countries .. aa - _ _ _ - _ == 
Totals. . — -- 212 320,404 317 434,269 — 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Things were a trifle easy in 
the pig-iron market last Wednesday afternoon, and very 
little business was done, closing sellers being quoted 
72s. 14d. per ton cash and 72s. 8d. one month. On 
Thursday morning the tendency was towards a decline in 
price, and after being done at 72s. cash, Cleveland war- 
rants fell to 71s. 9d. and 72s. 4d. one month. A turnover 
of 2000 tons was recorded, and the closing sellers’ prices 
—7\s. 104d. cash and 72s. 4d. one month—showed a drop 
of 2d, to 3d. per ton. In the afternoon a steadier tone 
prevailed, 71s. 10d. cash and 72s. 3d. one month being 
realised for 1000 tons of Cleveland warrants. The closing 
sellers’ quotations were 71s. 114d. cash and 72s. 4d. one 
month—an improvement over the day’s transactions. 
A rapid advance in one month’s iron from 723. 3d. 
to 72s. 10d. per ton took place on Friday forenoon, 
but this fell to 723. 84d. at the close, sellers being 
quotec at this figure. Cash warrants were done at 
72s. 34d., sellers being over at this figure at the close. 
Business was restricted to 2500 tons. The afternoon’s 
market showed another rise, and Cleveland iron was done 
at 72s. 6d. cash and 72s. 10d. one month, with closing 
sellers at 72s. 74d. cash and 73s. one month, the trans- 
actions amounting to 3500 tons. Although business was 
fairly brisk in the pig-iron market on Monday forenoon, 
little movement in prices took place, the turnover of 5000 
tons being done at 72s. 74d. cash and up to 73s. 14d. per 
ton one month. Ab the close prices were slightly under 
the best, and sellers were quo’ 72s. 6d. per ton 
and 72s. 114d. one month. In the afternoon the tone was 
firmer again, and for transactions amounting to 3000 
tons 72s. 6d. cash and 73s. one month were realised, 
closing sellers’ prices being 14d. to 2d. per ton up 
from the morning at 72s. 74d. cash and 73s. 14d. one 
month. Yesterday (Tuesday) morning some 3000 tons 
of Cleveland warrants were dealt in, 72s. 9d. per 
ton bei paid for ten days’ account and 73s. 3d. 
one month, sellers being over at these figures, while cash 
sellers at the close were quoted 72s. 94d., 2d. per ton - 
from the previous day. A further increase in price too 
place at the afternoon session, when one month’s iron 
rose to 73s. 6d.—closing 1d. per ton up from this level— 
with cash warrants 733. 2d. A brisk business of 7000 
tons was dealt in this (Wednesday) morning with prices 
still on the upward grade. hh iron changed hands up 
to 73s. 104d. per ton, while on forward account 74s. 6d. 
was given for one month’s iron. At the close an advance 
of 1s. per ton was recorded—sellers’ cash price being 
74s. 2d., 73s. 74d. to 732. 9d. nine days, and 74s. 7d. one 
month. 

Sulphate of Ammonia.—The increased price of sulphate 
of ammonia — continues, and is now much in 
advance of any level yet touched this year. For prompt 
delivery, Glasgow, the rate is now 16/. 10s. to 16/. 15s. 
ton, and for similar delivery, Leith, 17/. 53. to 17/. 10s. 
per ton. 

Scotch Steel Trade.—In this, the last month of the 
year, and always a busy one, it is expected that a special 

urt will be put on to increase the output, and get 

ings cleared up before the New Year h idaye, which, 
there is no doubt, will be much restricted. What- 
ever arrangements are made, these must of neces- 
sity be such as shall permit of all Government con- 
tracts tag Bey as expeditiously as ible. No 
alteration taken place in regard to conditions 
— for some time past—it is military and naval work 
first, last, and all the time, to the almost total exclusion 
of ordinary mercantile business. Among -makers 


generally a onens feeling prevails, and prices are on an 
astonishingly high level. much so, indeed, that rates 
= hy ucers are for immediate ow, 

ot raw 


ring adequate suppli 
apap Bay F 


difficulty of 
i one A ‘or some 


time after the outbreak of war large quantities from 





America were available, which in a measure stemmed 


the tide; but their own domestic requirements having 
considerably increased, so much is now needed in the 
American mills that it is only infinitesimal supplies which 
are coming this way. The North of England has been 
fallen back upon ; but even with that it is impossible to 
meet the demand. This might have sufficed under normal 
conditions, but the insistent demands of the naval and 
military authorities render this impossible. High tensile 
steel bars and sectional material continue in exceptional 
request, but as the demand for ship and boiler-plates has 
slacked off a little, some home business is being done in 
these. For these and for angles no change in price has 
taken place during the past week, and values are as 
quoted a week ago. 


Malleable-Iron Trade.—Malleable-iron makers continue 
to do excellent business, large quantities of bars being 
constantly turned ott from the iron and steel depart- 
ments, for which the price is exceedingly firm. As 
practically the whole of this is on Government account, 
—_ nothing is being done in ordinary mercantile 

usiness. Steel for munitions is aleo being turned out in 
considerable quantity by some of the mills, and in conse- 
— other quotations are withdrawn in the meantime. 

or —- home delivery ‘‘ crown” bars are much on the 
same level as last week—12/. to 12/. 10s., or even 12/. 15e., 
less the usual 5 per cent. discount. 


Scotch Pig-Iron Trade.—There is no diminution in the 


demand for pig-iron, Scotch hematite in particular being 
strong in demand, this being easily accounted for by the 


cash | Continued activity at all the producing works; but the 


export trade in hematite has not yet regained its cus- 
tomary briskness. While high rates rule, many of the 
brands added a further shilling per ton during the 
week, but it is quite apparent that even yet the highest 
level bas not been reached. During the week seventy-one 
blast-furnaces have been in operation in Scotland, which 
is the same number as the previous week, and three more 
than at the correspon mae pues last year. The current 
market quotations of ers’ (No. 1) iron show a further 
advance in price, which is not unexpected. These are 
now :—Clyde, 89s. per ton; Calder, Summerlee, and 
Langloan, 90s.; Gartsherrie, 91s. (all shipped at Glasgow); 
Eglinton, 84s., and Glengarnock, 90s. (both at Ardrossan) ; 
Dalmellington, 87s. (at Ayr); Shotts, 87s. 6d. (at Leith). 





Inpian RaiLways.—Freight trains, consisting entirely 
of bogie trucks, constructed and equipped to meet 
economic conditions have been introduced upon the 
Great Indian Peninsula ~ pron The trucks are of 
large carrying capacity, and can be loaded to 40 tons, or 
even 45tons upon a permanent-way which will the 
axle-load. They have oil axle-bcxes, screw couplings, 
automatic vacuum brakes, as well as powerful side hand- 
lever brakes. The carrying capacity of a train is 1200 
tons of cotton at 40 tons per truck. +7 loaded at 45 tons 
per truck, the train will carry 1350 tons. e tare 
weight is 570 tons behind the tender, including a 20-ton 
rear brake, and the total length over buffers, excluding 
the locomotive, is 1340 ft. 





AmeERIcAN Steet Raiis.—The outlook for steel in the 
United States is considered to have materially changed 
during the last few weeks. The ion of the war 
demand had been very large, but the d mand for steel for 
domestic consumption has become heavier. Orders have 
been given out since the commencement of October for 
653,000 tons of steel rails, a total which represents an 
ex iture of 19,000,000 dols. The orders for steel rails 
in — were 107,500 tons, making a total expendi 
ture for steels of 24,000,000 dols. in the courte of ten 
weeke. Orders have also been given out for 3,000,000 dols. 
worth of track-fasteni Pennsylvania Railroad 
Company has bought 175,000 tons of steel rails to meet 
its requirements for 1916. The Chicago, Rock Island, 
and Pacific Railroad Company has also purchased 40,000 
tons of steel rails, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The suggestion that all 
wagons, both railway and privately-owned, should be 
pooled or placed in one common stock to facilitate 
smoother working on the principal lines is exciting a 
good deal of comment in South Yorkshire coal-trade 
circles. From the colliery standpoint the propos 
unquestionably offers certain concrete and substantial 
advantages, but merchants, to a man, are, for trade 
reasons, strongly opposed to it. They would, they 
contend, lose entire control over their supplies, and have 
taken from their hands the most effective means which 
they possess of securing consideration from the collieries. 
House coal continurs in v active demand, but the 
difficulty experienced in obtaining sufficient ong to 
meet orders becomes more pronounced every week. Mer- 
chants have to deal with the further problem of getting 
the coal delivered to consumers after it reaches | 
dépéts; and, in consequence of the growing scarcity of 
horses, carts, and carters, quite a number of the leading 
representativés of the | coal trade have this week 
decided to purchase wagons and institute a motor service. 
Though the initial cost will be considerable, there is no 
doubt that in the long run more efficient, and probably 
more economical, working will result. Gas-coal is a very 
busy market. A record to is going into inland 
works on contract account, shipments, particularly 
to the Continent, are active. Steam hards occupy, if 

sible, a stronger position than a week ago. Russia, 
Drente, and Italy are continually increasing their demands 
upon South Yorkshire production, and home users are 
taking all they can get hold of. Much the came con- 
ditions prevail in regard to cobbles and nuts, which are 
keenly sought after, especially by those furnace and 
boiler works that cannot secure adequate supplies of 
slacks. The marked weikness re ed in slacks seven 
or eight weeks ago has now entirely disappeared. Cokes 
maintain their recent strength; any movement is in an 
upward direction. Quotations :— Best branch hand-picked, 
20s. 6d. to 21s. 6d.; Barnsley best Silkstone, 184. to 19s. ; 
Derbyshire best brights, 17s. 6d. to 18s. 6d. ; Derbyshire 
house, 16s. to 17s. ; best large nuts, 15s. to 16s. ; small 
nuts, 14s. 3d. to 15s. 3d.; Yorkshire hards, 16s. 6d. to 
17s. 6d. ; Derbyshire bards, 16s. to 17s. ; best slacks, 11s. 
to 12s. ; seconds, 9s. 6d. to 10s. 6d.; smalls, 8s. to 9s. 


Tron and Steel.—There appears to be no end to the 
upward movement in prices of basic materials. Though 
values in some cases are inflated, in others the high rates 
are directly and principally due to the deficiency of pro- 
duction, and the question is seriously asked, whether, if 
the production of finished goods continues to expand out 
of proportion to the increase in supply of materials, some- 
thing in the nature of a famine will not eventually result. 
The question, of course, applies more to manufactured 
steel than to raw materials. Not only steel-making irons 
but all descriptions of common irons have this week ad- 
vanced, the increases ranging from 1s. to 3s. aton. West 
Coast hematites are quo at 140s.; East Coast hema 
tites, 132s. 3d.; Lincotnshire No. 3 foundry, 78s. 2d.; 
Lincolnshire forge, 77s. 2d. ; Derbyshire No. 3 foundry, 
74s ; and Derbyshire forge, 73s. South Yorkshire 
““Crown” bars are quoted at 12/. net cash monthly, 
and sheets at 157. With the exception of the heavy 
armament and shipbuilding ches, the iron and 
steel trades are fully booked up with work sufficient for 
months tocome. Owing to the rush of war work it is 
anticipated that the prompt delivery of new specifica- 
tions will, in the new year, be even more difficult to 
obtain than during the opeuias months of 1915. Railway 
delay, which for months been one of the chief impedi- 
ments to the maintenance and expansion of commercial 
trade with customers at home and abroad, is reported to 
be worse than ever, and it has been decided to make 
representations to the railway companies and the Board 
of Trade. The latest bookings include files, machettes, 
and saws for Trinidad, Natal, and Bankok ; steel and tools 
for Winnipeg and New York ; railway steel and tools for 

adras and Calcutta ; and dies for South African gold- 
mines. Both basic and acid billets are scarce at the fol- 
lowing rates :—Siemens acid, 15/.; Bessemer acid, 141.; 
basic hard, 12/. to 12/. 5s. ; and basic soft, 117. 10s. 





Enemy Businesses IN Russia UNDER LIQUIDATION.— 
Many enemy companies and firms in Russia are being 
wound up by compulsory liquidation. All persons 
having claims inst such firms and companies must 
send in their claims, with all available documenta 
proofs, to the Board of Liquidation appointed in eac 
case. A list of the companies and the addresses of the 
various Boards of Li eileen can be seen at the Com- 
mercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, London, E.C. 





New Scanpinavian Sream - Ferry Scaeme.—The 
existing inter-Scandinavian and Scandinavian-German 
steam-ferry lines have done so well, and experienced 
such @ continuous increase in traffic, that new plans in 
this connection are being brought forward. more 
interesting of these is the proposed Norwegian-Danish 
steam-ferry line between Brevik, Norway, and Frederiks- 
hava, North Jutland, Denmark. Influential committees 
have been formed in both countries, and the basis for the 
realisation of the scheme is this: That the Danish and 
Norwegian State Railways jointly take up the matter, a 
normal-gauge railway from istiania to Brevik bei 
necessary on the Norwegian side. A Swedish-Danis' 
additional steam-ferry line is also being strongly advocated 
—viz., from Landscrona to , across the Sound, 
as it has been found difficult for the existing line Malmé- 
Copenhagen to cope with the ever-increasing traffic, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrppLesBRoucH, Wednesday. 

The Cleveland Iron Trade.—Businees in Cleveland pig 
is brisk. Values are moving upward, and higher rates 
are now being realised than since the boom year of 1900, 
when No. 3 sold at over 78s. Even at nt prices, 
however, producers declare that the cost of make 1s such 
as to leave very little margin of profit. The continued 
very wide difference in values of hematite and Cleveland 
pig is enrey | to producers of the latter to oy 

urnaces on to the manufacture of hematite, and only | 
fear of inability te obtain supplies of ore is responsible 
for such a step not being taken. There is talk of fixing 
&® maximum price of No. 3 Cleveland pig at 80s. The 
general market quotation for the ruling quality is now 
74s. 6d. No. 1, which is still by no means tiful, is 
77s. 6d.; No. 4 foundry, 74s.; No. 4 forge, 73s. 6d.; and 
mottled and white, iron each 73s.—all for early deilvery. 
Scandinavian customers are pressing for deliveries, and 

are keen to place further orders for prompt shipment. 


Stocks of Cleveland Pig.—Stocks of iron are low, and 
are being steadily drawn upon to meet current re- 
quirements. The quantities tying at makers’ yards are 
stated tote very small. The public warrant stores now 
contains 124,382 tons, all of which is No. 3 Cleveland, 
2449 tons having been withdrawn so far this month. 


Hematite Iron.—Very substantial inquiries on both 
home ard Continental account are still in the market for 
Kast Coast hematite P , values of which are the highest 
on record. France an Traly continue anxious to buy, and 
are quite 2 ~~ to pay the rates asked for delivery 
over periods next year. There is no iron available before 
April next, and buyers offer 130s. for Nos. 1, 2, and 3 
delivered that month and onward, whilst several sellers 
are inclined to hold out for 135s., and some makers are so 
full of orders that they do not care to quote at all just 
at present. There have been suggestions that 130s. 
should be fixed as the maximum quotation for hematite ; 
but it is fully realised that there are great difficulties 
in the way of the Government controlling the price of a 
commodity the production of which depends so largely 
on imported raw material. 


Foreign Ore.—Values of foreign ore are moving up- 
ward, due almost entirely to rise in freights. rket 
rates are now based on os 37s. ex-ship Tees for Rubio 
of 50 per cent. quality. Freights Bilbao-Middlesbrough 
are firm at 20s. 6d. Deliveries are on a satisfactory 8, 
but some doubt exists as to whether they will be main- 
tained. Imports to the port of Middles h to date 
this month are returned at 32,580 tons. 


Coke.—There is great pgs | of coke, and sellers with 
mpb lots to dispose of are able to command high rates. 
e lighting of new ovens at Warrenby, which is ex- 
pected early next year, will put some 2500 tons per week 
extra on the market; but even this additional quantity is 
hardly likely fully to satisfy requirements. The Warrenby 
ovens are to be worked by the Government for the 
by-products. Local consumers are in the market to buy, 
but they hesitate to pay the rates demanded. Durham 
beehive blast-furnace coke, of good medium quality, is 
quoted up to 34s., delivered at Tees-side works. 


Manufactured Iron and Steel.—All branches of the 
finished iron and steel trades are busily employed, princi- 
pally on Government work, and prices all round are very 
strong. Further substantial advances have been made in 
iron bars, angles, rivets, and packing-iron, and quotations 
for some other descriptions are ex to be again 
raised 7 shortly. The following are among the prin- 
cipal market quotations :— mon iron bars, 13/.; best 

131. 7s. 6d.; double best bars, 13/. 153.; treble best 
bars, 14/, 2s. 6d. ; packing-iron (parallel), 9/.; packing- 
iron (tapered), 10/. 15s.; iron ship-plates, 11/.; iron ship- 
angles, 13/.; iron ship-rivets, 15/ ; steel bars, 13/.; steel 
ship-plates, 11/.; s' ship-angles, 101. 15s.; steel boiler- 
plates, 13/. ; steel joists, 11/.; heavy steel rails, 10/.; and 
steel railway sleepers, 10/. 10s.—rails and sleepers net, 
— all other descriptions less the customary 24 per cent. 

iscount. 


Shipbutlding.—Shipbuilders are still busily engaged 
on Government work, but several northern firms have 
received intimation that they are now at liberty to take 
orders for merchant veesels, and some such contracts 
have been entered into. 





TELEGRAPHS AND TELEPHONES IN SwepENn.—The 
Swedish State telegraphs, and more especially the State 
telephones, are being constantly extended, and for the 
next financial year (1917) the department asks for 
385,000/., of which 166,000/. are for inter-urban telephone 
lines, 205,000/. for new exchange stations, rural lines and 
cables, and 17,000/. for the extension of the telegraphs. 
The latter comprises a new line Stockholm-Malmé, on 
account of the increased traffie with Germany. Of the 
new telephone-lines there are new lines Stockholm- 


Gothenburg, Gothenburg-Malmé, &c., and a number of | brake 


ty in ~ vicinity | hae ap = Tele- 
gra Board has now comple new telephone 
tions proposal. Abandoning the idea of i i 
the yield to the exchequer, the two highest charges o 
71. 16s. and 81. 18s, have been done away with, and there 
_ remain fourcharges. The lowest charge is 2/. 4s. 6d., 
with 900 conversations per annum ; the next is 3/. 19s., 
with up to 2500 conversations annually ; the third charge 
is 5/., with a limit of 5000 conversations annually ; and 
the fourth is 6/. 14s, with conversations per annum ex- 
ceeding 5000. The lowest class is not allowed in business 
premises, 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown rather more 
strength. The tendency is still, however, somewhat 
irregular owing to tonnage delays. The shortage of 
tonnage offering for Mediterranean ports and the main- 
tenance of freights at what is regarded as prohibitive 
levels have exercised an adverse effect upon business 
for the balance of this month. Buyers are still disposed 
to pone & waiting policy, and have preferred to hold 
back inquiries, to some extent. It is generally antici- 
pated that the tonnage position will continue adverse, 
and that a further advance is not to be expected unless 
an ample supply of ships becomes availa Oolliery- 
owners have naming higher prices for the second 
half of the month even for prompt delivery. The best 
Admiralty large steam coal has bee 


2is. 6d.; 


hold coal bas brovght 23s. 
have made 21s. to 22s.; Mo. 2 
17s. to 18s.; and No. 2 smalls have been quoted at 1\s. 
to 11s. 6d. per ton. The latest quotation for patent fuel has 
been 23s. to 25s. per ton. Special feundry coke has made 40s. 
to 42s. ; foundry coke, 34s. to 38s.; and furnace coke, 
286. to ~ As regards iron ore, Rubio has been 
quoted at 31s. to 34s. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Askd to Pay More.—An action interesting to traders 
bas been partly heard before the Railway and Com- 
mission. The esoelat ted Portland Cement Manufacturers 
applied to the Commissioners to compel the Great Western 
Railway Company to gg Aa increase in rates charged 
for goods carried. r. G. J. Talbot, for the Great 
Western Company, said it had done everything it could 
to meet its employees in the interest of blic, and 
the latter must now share the increased Cestens which 
had to be provided for. 

Tin-Plates.—It is not eo very long since there were 
com plaints of dulness in the South Wales tin-plate trade, 
but it has since become much firmer, and the price of 
plates is now higher than it was in 1891—the boom year 
of the McKinley tariff. The favourable change is due to 
the fact that the great advances which have taken place 
in freights is a Se at a disadvantage as regards 
distant markets. is has rendered the immediate future 
of the Welsh tin-plate trade brighter than it has been at 
any period in the sixteen months over which the war has 
extended. 

Western Trade Matters.—The demand for anthracite is 
at present much in excess of the supply, and nuts are 
up to 48s. per ton. Under these circumstances, Swedish 
inquiries which have been received for 130,000 tons are 
not likely to be attended with much immediate result ; 
but it is understood that certain firms in Swansea have 
received intimations that —— for licences will be 
favourably received. The directors of the Nantyglo and 
Blaina Iron Works Company, Limited, report that the 
net amount received from royalties and wayleaves in 
1914-15 was 34,370/., and from rents of land and houses 
and other income 4913/., making a total of 39,2841. 
During the past year two instalments of arrears of divi- 
dend upon the preference shares, amounting to 30,000/., 
have been paid. The output of coal and other minerals 
Curing the past year was 1,484,463 tons. Further leases 
of minerals have been arranged u satisfactory terms, 
and a number of surface leases which had terminated have 
been renewed. The tin-plate trade of the Swansea Valley 
has shown a decided improvement, and the Morriston 
group of works has been fully employed. The sheet and 

rolling-mills have also been working more larly. 
The Welsh Coal Board convened a meeting to consider the 
question of fixing the figure at which large coal should te 
sold so as to be on a level with the minimum paid 
to workmen ; but owing to the attitude adopted by the 
workmen’s representatives, the meeting proved abortive. 
They put in a memorandum explaining that they would 
be no party to ed negotiations, and the proceed- 
ings were, accordingly, brought to an abrupt conclusion. 





AUSTRALIAN IRRIGATION SeTrLeMENTS.—Irrigation 
settlements have been established at Hay and Went- 
worth, in New South Wales, and they have been placed 
under the control of a Minister for Water Conservaticn 
and Irrigation. The Wentworth irrigation area com- 
prises 10.600 acres, and 1476 acres have been sub-divided 
into 111 b’ocks; 1300 acres are held under lease in 97 
blocks, and the balance is still available for lease. 
During eee _ — ee under cultivation, the 
greater part being devoted to fruit trees, . . 
sultanas, and currants. A dual scheme of lptemson ead 
intense cultivation of small areas has been developed in 
the Wentworth area, and the results of the experiment 
will be regarded with interest as being of exceptional 
value. The pumping machinery employed consists of a 
suction-gas plant, tupplying two engines of about 55 
rake horse-power each, working two centrifugal pumps 
with an te combined capacity of 4600 gallons per 
minute. ith eight pumpings during a recent season 
108,002,800 cubic feet of water were supplied, and 
the result was highly satisfactory. The length of 
the main channels is about 4 miles 24 chains, and of 
subsidiary channels 4 miles 31 chaine, making a total 
of 8 miles 55 chains. The Jand is leased for thirty years ; 
the rent varies from 1s. to 5s. per acre, while the rate for 
water varies from 10s. to 20s. per acre. leseee is 
entitled to receive » quantity of water equivalent to a 
ae of 39 in. per annum, limited to 4 in. in any one 
month, 
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THE RIKSGRAUSEN ELECTRIC RAILWAY, LAPLAND, 


(For Description, see Page 587.) 
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THE MAN. POWER OF THE } NATION. 

As a nation we have sufficient personnel to 
There are, men 
physically fit and willing, if directly sought, to 
meet the fullest expectation of our Allies, so far 
as our contribution to the fighting forces in all 
terrains of war is concerned.. ere would remain 


. 608 sufficient skilled men, and: more than sufficient of 


partly skilled or unskilled male and female workers, 
to maintain the equipment of our Army and Navy, 
and yield a very e surplus for the benefit of 
our Allies. Even beyond this it should be easily 
possible to concentrate a large force of producers 





Com 
Tas Muivine Inetrrors or ScoruanD. mg ym ote large 
8 p.m., in the Rooms of the Institute, 39. bank-crescent, 


for the increase of our present rate of exporta- 
tion, and thereby ensure, now and for the future, 
4) sound financial stability. All of this, however, 
demands that the man-power of the nation shall 
be dealt with as scientifically as mechanical power 
in order to achieve the fu efficiency. ere 
must be a careful redistribution of man-power, a 

degree of co-ordination, and a clearer percep- 
tion on the part of each as to the réle he must play 
in the evolution of a national system to achieve 
the best results from our manhood and womanhood. 
yey = Lord rd ee his effort to 
enlist, as far as e e voluntary system, 
all men of military agen We need not Ae ove late 
upon the me Obviously, if complete success 
has not becn achieved, other means must be applied 
without delay, so that there may be an adequate 
force put into training to meet the demands of the 
military authorities. careful selection is made 
—and this we have all along contended was essen- 
tial to all national needs—esufficient men can be 
got for the Front without entren upon the 
man-power which can be best utilised for the pro- 
duction of war munitions. It is incumbent upon 
the recruiting authorities that they should a 
guard, even with a leaning to generosi' 
the needs of the munitions department of 
Government. Men, it is true, must come before 
munitions, but there has been a tendency within the 
last few weeks to take a somewhat unbalanced 
view, and, in considering the qualifications of 
“ starred ” men, we hope that local tribunals 
will not permit capable craftsmen to join the fight- 
ing forces. It <4 been established beyond all 
cavil that victory can o ~ be achieved if the men 
have an abundance of shells to plough the way in 
advance of their attack, and no action tending to 
check the supply can be ‘allowed, especially as there 
are suflicient available men for the Colours 
without taking men from manufactories which 
must be kept going. The local tribunals must be 

uided to a comprehensive view and judicial deli- 

tion, particularly as the members are, unfor- 
tunately, to be selected from local bodies chosen 
by the electorate for very different purposes— 
namely, for administering local affairs. 

Should Lord Derby, either by the voluntary 
system, or by the application of greater pressure, 
achieve his end, there is still much to do if the 
man-power of the nation is to be utilised effectively 
and to the fullest extent. There should have been 
long ago an organised analysis of the registration 
forms returned last aoa in order to classify the 
men and women capable of undertaking, and willing 
to undertake, productive work, because the continu- 
ance of all such work is almost as important to the 
achievement of our end as the enlistment of men of 
military age and capable for the fighting forces. It 
is not yet too late to make this second classifica- 
tion, and the work should forthwith be undertaken 
in at least as broad a spirit as that manifested in 


;| Lord Derby’s scheme. In this way it would be 


— to "atilise every man and every woman, so 
ar as available, for the productive work for which 
they had training or aptitude. We have no wish 
to see a German system of regimentation introduced 
into this country. Our voluntary system has 
immense advantages as well as drawbatks. But we 
are living in times of great emergency, and just as 
the ph body requires drastic treatment in the 
case of serious peril, so the body corporate must 
be subjected to stringent regulation or treatment. 
Principles command respect, but they may be over- 
ruled in the interests of expedie: under grave 
emergency. The majority of people whose occu- 
pation and ways of lite might be temporarily inter- 
—— by the national call for redistribution { in 
ustrial activity would recognise the need. The 
men and the women of the nation are, as a general 
rule, searching for the means to showtheir 


_ | and to terminate the present world holocaust. This 


does not necessarily mean entering the fighting 
line or snasinaeton shells. There is much that 
can be done by production to improve the economic 
situation. There is a call for money as well as for 
men and munitions. 

Production, even for export, must be maintained 
and extended if a financial crisis is not to envelop 
us now or upon the termination of thewar. There 
is a peculiar species of argument abroad—that the 
money we are spending on munitions is not lost, 
but is put into active circulation. Wealth is not 
produced by mere circulation of gold. If money is 
spent in wages in producing that which is to be 





wn from the muzzle of a gun, our wealth is not 
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increased. On the contrary, if the same money 
is spent in building a ship or a sewing-machine, or 
other wealth-producing medium, the nation and the 
world has its wealth augmented. We must not 
lose sight of this need for continuing the manufac- 
ture of articles which enable further wealth to be 
accumulated, and if we are to have money to carry 
on the war to an effective close, we must continue 
to manufacture for exportation, in order that we 
can balance the wasteful home expenditure. Last 
week we wrote of the importance of economy in 
consuming home productions, in order that the 
efforts of manufacturers should be liberated, either 
for making munitions or for producing goods for 
export. fore the war our imports exceeded our 
exports by about 10 millions sterling per month, 
and this was regarded as the return for capital 
invested by us abroad or for our transport service 
on the seven seas. To-day, when there is Jess 
demand for transport service, and probably less 
return on capital invested abroad, our imports are 
still exceeding our exports by about 30 millions 
sterling per month, so that we are, by reason of the 
slackened production for exportation, accumulating 
a debit balance at the rate of 20 millions sterling per 
month. This cannot go on indefinitely, or financial 
ruin will result. We must decrease imports and aug- 
ment exports. We are glad to learn that shipbuilders 
are to be allowed now to proceed with certain 
merchant shipbuilding work, held up owing to war 
demands, and we hope that as soon as it is ex- 
pedient corresponding action will be taken in other 
departments of manufacture. We should like also 
to know that a similar action will be taken in con- 
nection with the completion of certain public works, 
for which there will be great use immediately after 
the war. Amongst these are, undoubtedly, the 
works now far advanced for the extension of the 
port of London. 

The systematic utilisation of our man-power 
could thus have manifold results, all directly con- 
tributing to the one end now in view, and would, 
moreover, lay the foundation for the attainment of 
a higher productive efliciency in time. There 
is no need to offer proof that such is necessary now 
and in the future. The enormous debt which we 
are building up, carrying with it an immense load in 
taxation, will demand more effective service on the 
part of all. Mr. Ellis Barker, in a careful exami- 
nation of Britain’s economic future, in the current 
number of the Nineteenth Century and After, shows 
that at the conclusion of the Napoleonic wars, 
when the expenditure and taxation were enor- 
mously greater than to-day, as measured by our 
national wealth and national income, there was 
created a necessity for mental and physical activity 
corresponding to that imposed upon us now. As 
he remarks, ‘‘ necessity is not only the mother of 
invention, but also the mother of labour, of pro- 
ductivity, of thrift, of wealth, of power, and of 
progress,” and ‘‘the greatest civilising influence 
of all is the tax-collector.”” Without going quite 
so far as he does, it will be accepted that, as 
he proves, in the years immediately following the 
Napoleonic wars there was in this country an 
enormous development in trade, with the result 
that we placed ourselves in a position of superiority 
to every nation. Others, however, have been 
overtaking us, in many cases surpassing us, and 
the time has come when, owing to the influence of 
the necessity imposed by the tax-collector, a fuller 
effort to retrieve our position must be made, and 
here again the factor is man-power. We must not 
be considered as for a moment encouraging the 
idea that labour is the sole producer of wealth ; 
what is needed rather is the collective organisa- 
tion and co-ordination of man-power, in order that, 
as for war so for peace, each unit of physical power 
will be so disposed and utilised as to get the 
highest result, either in agriculture or by the use 
of the industrial methaniem available. From the 
census of Britain in 1907 and of America in 1909 
Mr. Barker re-establishes an astounding fact, which 
cannot be too often stated, that, taking wholesale 
prices, which are more reliable than retail prices, 
American labour is three times as productive as 
British labous. In other words, the average value of 
the production in the same trades of each wage-earner 
per year in America is nearly three times greater 
than that of the wage-earner in this country. 
Similarly, the miner in America, Australia, New 
Zealand, and Canada produces from two to three 
times as much coal as the British miner per annum. 
The output per miner employed is decreasing in 
this country, but increasing in others, so that coal, 








which is regarded as a ‘‘ food of industry,” is 
steadily becoming dearer in this country, and is 50 
per cent. higher than in the States. As regards 
coal, it may be that the thickness of the seams 
or other working conditions here involve special 
difficulties, but one is inclined more to the view 
established in the conditions of manufacturing 
industries—namely, that labour is assisted abroad 
to a greater extent by mechanical appliances, 
because the horse-power per worker is three times 
greater in the States than in this country. 

In seeking for an explanation the capitalist or 
aarer: must be brought to the bar of justice as 
well as the worker, in order that the case may be 
carefully considered. There is no doubt that in 
many industries there has been, and there con- 
tinues, great laxity on the part of employers in 
bringing their mechanical equipment to a high 
degree of efficiency. There is a tendency to ignore 
the advance of the state of obsolescence, and thus 
there arises in many cases what Mr. J. W. 
Kempster, in his admirable presidential address to 
the Belfast Association of Engineers, called ‘‘a 
species of creeping paralysis detrimental to indus- 
trial health.” At the same time something by way 
of exculpation can be said for the employer for this 
lack of enterprise. In the first place, as we have 
time and again pointed out, the earning of a good 
profit is essential to the industrial health of the 
country ; that point we again referred to last week. 
In the second place, it is of the utmost importance 
that the fullest use should be made of the improved 
compeenen provided. American workers always 
welcome new appliances ; the trade-unionist of this 
country looks on them askance. To quote from 
the ‘‘ Hand-Book of the Union of German Iron- 
Masters” of 1912:—‘‘The English trade unions, 
with their championship of labour, with their 
notorious policy of ‘ca canny,’ and with their 
hostility to technical improvements, have seriously 
shaken the powerful position of the British iron 
trade.” This applies, even with greater force, to all 
industries where mechanical appliances are exten- 
sively adopted. On the side of the worker there 
must be made this excuse : that there is too little 
inclination to ensure that each individual will share 
in the gain from the higher producing capacity of 
the new mechanism. Rate-fixing is one of the most 
difficult operations in a factory, and in the hands of 
a new official, eager to curry favour with the em- 
ployer, a pernicious habit sometimes asserts iteelf 
of ‘‘ getting the better of the worker.” A most 
important fundamental principle of efficient manu- 
facture is to gain the greatest volume of produc- 
tion from every mechanical unit in the factory. 
Then establishment charges are spread over a 
— value of output, the rate of depreciation can 

higher, and the working life of the appliance so 
reduced as to be more commensurate with the ever- 
increasing rate of inventive improvement. It can 
be the sooner replaced by a better appliance. In 
order to get the maximum output it may be profit- 
able to pay even a higher wage than would other- 
wise be justified. But the difficulty is, in this 
country, that a great number of men act on the 
principle of working only until their week’s earn- 
ings reach a certain level, and then idling for the 
remainder of the week. Nothing is more economic- 
ally unsound, particularly when there is unceasing 
desire for a higher rate of wage, so that the 
earnings can be gained in a less time. These 
conflicting attitudes are opposed to the effective 
utilisation of the man-power of the nation. It is 
the determination of the workers in America to 
earn the most in a week at a good wage—which the 
employers can pay because of the advantage of 
maximum output—that enables America per unit of 
man-power to produce three times the value of the 
product of the British worker. 

As Mr. Kempster said, ‘‘ Waste and its equiva- 
lent restriction of useful output are tantamount to 
a our foes with the means for our defeat.” 
To readjust our trade balance, he pointed out, 

uired an increase in productive savings of the 
nation to the extent of Bi. 14s. per head of popu- 
lation per annum, or about 3s. 6d. per week per 
head. Beyond this, there is the necessity, after 
the war, of providing for the immense burden of 
taxation to provide interest on the debt and for 
the sinking fund. This can only be met by our 
man-power being more efficiently utilised in the 
future than in the recent past. More workers 
must be found. There must be fewer idlers. No 
men should be employed at work which can be 
done effectively by physically and mentally capable 








women. Each must do his share in producing 
manufactures for exportation. Trade unions must 
forego restrictions. Employers must be readier 
to adopt new appliances, and to give freely to 
the workers part of the benefit accruing from 
the high rate of production. A fair profit must 
not be denied to employers, while the workers 
must cease to create artificial methods for re- 
stricting the output, as in the case of coal, in 
order to raise the price. Mechanics must welcome 
new methods, improved organisation, more efficient 
processes of production ; they must view improved 
machinery, not with dislike or indifference, as at 
present, but with determination to ensure higher 
output per week, or per annum, in return for an 
increased share in the value of the work done. 





VOLUME CHANGES DURING THE 
HARDENING OF STEEL. 

Tue problem of the troublesome changes of 
volume and shape which result from the hardening 
of steel have received little systematic study, in 
spite of the practical importance of the subject. 
It is more or ae generally believed that hardened 
steel expands as a rule, but not equally, along the 
different dimensions ; that sometimes it shortens, 
and that the composition, particularly the per- 
centage of carbon, the method of quenching, the 
rate of cooling, and the shape of the piece, influence 
these changes, which are oe rage to be greater in 
high-carbon than in low-carbon steel, and greater 
with water-quenching than with oil-quenching. 
There has been a fair amount of experimenting on 
quenching and subsequent annealing—notably by 
Metcalf and Langley, 1880, Thallner (in his treatise 
on Hardened Steel), Benedicks, Charpy and Grenet, 
Svendelius, 1897, Maurer ( Metallurgie, 1909), Leman 
and Werner, 1911, and special theoretical investi- 
gations by Le Chatelier, Tammann, Hanemann, 
1912, and others, have touched upon these problems. 
But the statements made were not concordant, fre- 
quently not sufficiently detailed for general inter- 
pretation, and they did not offer much advice. The 
practical man has apparently to put up with the 
swelling and warping of his hardened pieces. Some- 
thing like a systematic research was conducted 
last year at the Charlottenburg Technical High 
School by Dr.-Eng. E. H. Schulz. His report in 
No. 164 of the Mitteilungen iiber Forschwngs- 
arbeiten does not exhaust his investigation ; but 
he studied the density changes, as to which so 
much is to be heard in discussion on the hard and 
soft states of metals, but so little has actually been 
determined ; he finds that the special (alloy) steels 
are less subject to these volume changes than 
ordinary steels, and he recommends certain tem- 
peratures. 

In his investigation, Schulz was guided by the 
assumption that the cause of the volume changes 
lies in the differences of the specific volumes 
of the structural constituents of steels of various 
compositions when hardened or annealed. He 
deduced the specific volumes from the specific 

ravity (hydrostatically determined), and he con- 
Taste the first series of his experiments so far as 
possible in such a manner as to deal with samples 
of uniform structure. That condition restricted 
him to specimens of rather small size, and the 
method used gave the most reliable results with 
discs, about 22 mm. in diameter, 7 mm. in thick- 
ness, weighing a little more than 20 grammes— 
smaller than he would have liked. The speci- 
mens were ground smooth and weighed sus- 
pended bya wire, in air and in water, mostly at 
18 deg. Cent.; to substitute alcohol, &c., for water 
did not prove necessary. The specimens thus 
treated had been supplied by several works, and 
varied largely in composition ; the carbon ranged 
up to 1.17 per cent., manganese to 1.25, nickel to 
4.5, and chromium to 2.77 per cent. They were 
heated in a salt bath (potassium and barium 
chlorides), and quenched in salt baths, oil, or 
water, and then annealed in steam (up to 100 deg. 
Cent.), oil (250 deg.), salts (400 deg.), molten 
lead, or a Heraeus electric furnace; in this last 
instance the specimen was wrapped with two 
sheets of asbestos, between which powdered carbon 
and magnesia were packed. According to Barus 
and Strouhal, annealing requires a long time when 
done at low temperature, and a short time at high 
temperature ; Schulz varied the period from 6 hours 
to 20 minutes. 

It was found that the density of annealed stec! 
decreased as the carbon percentage increased. This 
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decrease was fairly regular, but steels with 0.5 per 
cent. of carbon showed an irregularity which was 
not noticeable in the quenched condition. The 
density was decreased by quenching, the more the 
higher the carbon percentage of the steel. Real 
good quenching demanded high temperatures ; but 
once a certain temperature (800 deg. or 900 deg. 
Cent.) was exceeded, the quenching temperature 
had little further effect on the resulting sa od To 
keep the volume changes small, on the other hand 

the quenching temperature should be low ; for with 
rising quenching temperature the volume changes 
became much more noticeable. In fact, the 
quenching should, according to Schulz, be effected 
at a temperature a little above the pearlite- 
martensite transformation point. In large pieces 
that treatment would leave pearlite inside the 
martensite crust, and thus stresses would be set up 
which subsequent annealing could not quite relieve ; 
yet it would be best for other reasons as well to 
keep the quenching temperature low. 

As regards oil and water quenching the volume 
changes in oil were always leas than in water, 
particularly with eutectoid-carbon steels. But the 
differences were small, especially with alternating 
quenching and annealing ; concordant results were 
not easily obtained with oil-quenching, and Schulz 
does not consider oil-quenching preferable, except 
for large pieces. 

Certain irregularities in the curves suggested 
a study of metals which have no transformation 
points, and electrolytic copper and electrolytic 
iron were selected for this purpose. The quenched 
copper had a density of 8.909; when annealed at 
100 deg., 142 deg., 155 deg., 2265 deg., 320 deg., 
520 deg., and 700 deg. Cent. (we do not givé all 
the figures), the density was 8.911, 8.919, 8.921, 
8.913, 8.909, and 8.902. The changes were hence 
small, but there was a distinct contraction when 
the copper was annealed near 150 deg. Cent. The 
initial density of the electrolytic iron was 7.892 ; 
annealed at 1100 deg. the density was 7.899; 
quenched at 1100 deg., 7.889. e quenching 
hence produced a very slight loosening of the iron, 
which was hardly influenced by various thermal 
treatments of this iron. Small samples of the electro- 
lytic iron (large samples were not available) were 
then fused in a clay crucible, and quenched either 
at 1100 deg. or at 850 deg. Cent. Again, there 
were only very slight fluctuations in the density, 
but the annealing at various temperatures brought 
out peculiar features. Between 100 deg. and 
250 deg. the density had a decided maximum of 
7.905, which was followed by a minimum of 7.870, 
and ball hardness tests also displayed a maximum 
hardness of about 150 deg. Cent. This peculiarity 
at- about 150 deg. had been noticed by Maurer, 
but only in high-carbon steels, and it is striking 
that it should appear in copper as well. The 
density changes in the case of the steel specimens 
tested ranged up to about 01, we should have 
mentioned. 

We have partly anticipated the tests made on 
annealing after quenching. In these tests the 
annealing temperature was raised in steps from 
70 deg. up to 880 deg. Cent., and it was shown 
that annealing diminished the volume of quenched 
steel the more as the carbon percentage rose. But 
the volume change did not proceed at a regular 
rate, and phases had to be distinguished. Up to 
150 deg. (always Centigrade) the volume decreased ; 
then the volume increased up to about 200 deg. 
(eutectoid steels), or above that (for supereutectoid 
steels) ; this phase was most marked in high-carbon 
steels. When annealing was continued above that 
temperature of about 200 deg., the volume de- 
cidedly decreased again and attained its minimum 
(i.e., the density was maximum) at 430 deg. for all 
the steels. Annealing at still higher temperatures 
had very little effect, rather tending to produce an 
increase in volume; the original density of the 
quenched steel was not quite recovered by high- 
temperature annealing, however. Thus all the 
carbon steels finally behaved similarly in prin- 
ciple. This statement contradicts Maurer and 
others, and that the rate of cooling after annealing 
(in the furnace, in air, in water) was found of no 
importance is not in accordance with some other 
observations either. 

These tests were extended to special steels. In 
these the volume changes on quenching were less 
marked ; but the percentages of other metals in 
the specimens (mentioned above) were not high, 
and this promising of the research requires 
further study. Nickel steels followed carbon steels ; 





chromium (specific gravity 6.8) tended to lower the 
density ; manganese, although itself of higher 
density, 8.0, likewise, to a lesser extent ; chrome- 
nickel steels gave greater volume changes, how- 
ever. 

Other experiments concerned the assumed short- 
ening of hardened specimens. These tests were 
limited to wires, 5 mm. in diameter, of the various 
carbon steels. There was never any shortening, 


, | but always lengthening, increasing with increasing 


carbon percentage, and fairly proportional to the 
length of the specimens. 

Discussing the experiments, and especially also 
the phases referred to, Schulz finds that his results 
are in agreement with the observations of Heyn 
and Bauer on the solubility of steel in acids and 
other properties at different temperatures (which 
they ascribe to osmondite), but do not fit into the 
allotropic modification theory. Schulz favours 
Hanemann’s views. On quenching, martensite 
needles aie formed in the austenite, which is first 
compressed by them; but the decomposition 
of martensite begins at 100 deg., and above 
150 deg. austenite becomes able to take up the 
compression stress, and is itself decomposed in the 
range 250 to 450 deg., in which the martensite 
decomposition is completed. On the other hand, 
rising temperature expands both martensite and 
austenite, and as the expansion predominates in 
the interior, which is still in the annealed state, 
whilst contraction goes on in the cooled surface 
layers, hardness cracks are developed. 

These conclusions are supported by the further 
experiments on the volume changes in larger 
samples, which were all made with a carbon steel 
of 1.01 per cent. of carbon, however. Bars and 
rods were cut to length and turned, heated in salt 
baths up to 900 deg., and quenched in water. 
Cylinders up to 50 mm. in diameter and 60 mm. in 
height were particularly studied, by micrographi- 
cal and other methods. It was found soon that, for 
reasons presently to be explained, thin plates and 
cylinders of dimensions of less than 10 mm. had 
to be considered apart from bigger specimens. 
In cylinders and bars, again, squat (low) and high 
specimens had to be distinguished in a certain sense. 
Squat cylinders swelled in the manner indicated in 
the diagram (below), which represents an axial cross- 
section before and after quenching ; the peculiar 
swelling was lees striking in cylinders of greater 














height than diameter, which cylinders increased 
more uniformly in length, but bulged in diameter 
about the middle of the rod. To investigate the 
changes going on in the interior, thermo-couples 
were inserted in holes drilled parallel to the axis. 
We cannot enter into the details of the explana- 
tion which Schulz suggests for the shapes assumed. 
But he concludes that a crust of martensite is 
formed about the core, which remains in the 
annealed state. This crust had always a thickness 
of about 5 mm., and hence pieces of dimensions 
not exceeding 10 mm. would be martensitic 
throughout, without any osmonditic core, and 
would expand more uniformly than thicker 
specimens. 

Tn his final ge remarks concerning the 
causes of hardening, Schulz properly accentuates 
stresses. They are of two kinds, the first purely 
physical or thermal, the second due to the diffe- 
rent natures and volumes of the different consti- 
tuents and their textures. To relieve the stresses 
entirely by annealing will only be possible, he 
thinks, in cases of small specimens, not in speci- 
mens of larger and unequal dimensions, because 
the complex groups of factors interact in various 
ways. But something can be achieved by harden- 
ing at definite temperatures, which should be low 
in general, by avoiding eutectoid steels, which 
particularly incline to cracking, and by substituting 
special (nickel) steels for them ; that is to say, by 
replacing some of the carbon by nickel or other 
metals. That eutectoid steels should be most 
liable to develop hardnees cracks, Schulz ascribes 
to the circumstance that in them all the trans- 
formations take place at one temperature (about 
700 deg.), and not in several stages. 





THE SMITHFIELD CLUB SHOW. 


Tue original meeting of what has since become 
we bynes ge Club : ow was held in 1799, at 

mithfield, the prize-list aggregating 50 guineas. 
The amount thus offered has steadily shise, and 
this year amounts to no less than 44391. None of 
this is, however, awarded to implement-makers, 
who have nevertheless been steadfast supporters 
of the undertaking, and who contribute indirectly a 
large proportion of the prize money awarded to the 
livestock exhibitors. 

In spite of the fact that most of the implement- 
makers are busily en d on work for the War 
Office and Admiralty, the number of stands occupied 
is well up to the average, but in many cases the 
exhibits are Jess numerous and varied than usual. 
Messrs. Richard Hornsby and Sons, of Grantham, 
for example, are, for the reasons stated, able to show 
only one—a 10$-horse-power oil-engine—in place of 
the large variety exhibited in previous years, and 
their agricultural exhibit consists simply of a binder 
and two mowers, ploughs, and a drill. 

The plant at the stand of Messrs. Marshall, Sons 
and Co., Limited, of Gainsborough, is also less 
comprehensive than usual. The firm show, never- 
theless, a portable steam-engine rated at 6 nominal 
horse-power, of which the principal feature of 
interest lies in the construction of the fire-box 
with a corrugated top, obviating the use of roof 
staye. This type of fire-box is of special value 
in cases where the water supply is of poor quality, 
as deposits of scale can be cleared away much more 
easily than when stay-bolts areused. The exhibits 
at this stand comprise two of the so-called semi- 
Diesel engines, rated respectively at 6 and at 25 
brake horse-power. These engines are capable of 
working with most crude oils. They operate on 
the two-cycle system, the cylinder being scavenged 
by air compressed into the crank-chamber on the 
out-stroke of the piston. 

The most interesting exhibit at the stand of 
Messrs. Ruston, Proctor and Co., Limited, Lin- 
coln, is the convertible internal-combustion engine 
which we illustrate on e 578, Figs. 1 to 4 
This engine can be run with practically unaltered 
efficiency on fueis ranging from paraflin to town 
gas. The engine exhibited is rated at 10 horse- 
power. As shown in Fig. 4, it is hopper- 
cooled, and the special features embodied in its 
—— are clearly set forth in Figs. 1, 2, and 
3. In Fig. 1 the engine is shown as arranged for 
working on paraftin, whilst Fig. 2 shows the altera- 
tions made in adapting it to run on gas. Com- 
paring the two, it ‘rill be seen that the small end 
cover, shown in Fig. 2 as accommodating the igni- 
tion-plug, is replaced by a ‘‘hot-bulb” casting, on 
which is mounted a mechanically-operated inlet- 
valve (see es 3), in place of the valve shown 
in Fig. 1. © opening occupied by the latter 
valve is, it will be seen, closed by a blank in 
Fig. 1. The addition of the hot bulb increases the 
rom 0 space of the cylinder. In this way 
the high compression necessary for economy when 
operating on gas is reduced to a figure suitable for the 
oil fuel used. The engine on view at the maker’s 
stand is fitted with a magneto and sparking-plug, 
and is intended to be started on petrol, and to run 
on paraffin subsequently. This engine has, we may 
add, been presented by Messrs. Ruston, Proctor 
and Co. to the Committee for the Agricultural 
Relief of the Allies. 

Messrs. Aveling and Porter, Limited, of Rochester, 
are another firm with a smaller exhibit than usual. 
They show a compound ploughing-engine of 14 
horse-power (nominal), and a 3 ton steam-lorry. 

A notable feature of the exhibits in the Steam- 
Engine Class is the number of rubber-tyred steam- 
wagons now exhibited. Wagons of this type were 
shown by Messrs. William Allchin, Limited, of 
Northampton, by Messrs. Fodens, Limited, of Sand- 
bach, and by Messrs. Richard Garrett and Sons, of 
Leiston. In the latter case, moreover, the boiler 
is fitted with a superheater in the smoke-box. 
The tractor shown by Mann’s Patent Steam-Cart 
and Wagon Company, of Leeds, is, on the other 
hand, fitted with very wide steel tyres, enabling it 
to be used for field work. A special feature of this 
engine is the side-fired locomotive boiler. 

essrs. Clayton and Shuttleworth, Limited, of 
Lincoln, have an established reputation for steam- 
agricultural and traction-engines, but have 

now also taken yn building of heavy petrol- 
motor vehicles. @ most prominent feature at 
their stand this year is accordingly a 3-ton petrol- 
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EXHIBITS 
Fig. 1. DIAGRAM_OF CONVERTIBLE ENGINE FOR SMALL POWERS, USING GAS OR 
LIQUID FUEL 
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wagon having solid-rubber tyres, and designed on 
standard petrol-car lines. e frame is of pressed 
steel, and the live axle is driven by worm-gearing. 
Messrs. John Fowler and Co., Limited, of x 
show, in addition to their usual exhibit of steam- 
ploughing plant on the cable system, a self-pro- 
pelled motor-plough, which is said to be particularly 
suitable for use in vineyards, hop-gardens, and 
the like, where the employment of horses is 
difficult or unsatisfactory. The machine can 
be set to cut two furrows 8} in. wide, or one 
furrow 9 in. to 10 in. wide. It can, more- 
over, be used for hauling cultivators, harrows, | 
or similar implements, and, being fitted with a 
belt-pulley, can also furnish the power required for | 
chaff-cutting, grinding, or pumping. The engine | 
has a single cylinder, and the cooling arrangements 
have been designed to be adequate even for tropical 
climates. The driving-wheels can be adjusted for 
depth independently of each other. | 
ne noteworthy feature which is impressed on | 
the regular attendant at such gatherings as the 
Smithfield Club Show is that a very large propor- 
tion of the ifnovations in agricultural machinery | 
originate with the minor firms. The small steam- | 
tractor, for example, was ridiculed for years | 
by many makers of heavy traction-engines, but | 
most of them subsequently found it advantageous | 
to reconsider their verdict, though there are | 
some indications that the popularity of the 
type is relatively less now than it was three or 
four years ago. The introduction of the small 
and light paraffin or petrol - engine was i 
largely the work of young and ambitious firms, 
and the same may be said of the internal-combus- 
tion agricultural motor, to which even the largest | 
and oldest established firms of agricultural engi- 
neers are now finding it wise to pay attention. 
Part of the inertia of the larger firms lies no doubt 
in the fact that innovations must necessarily be 
introduced on a small scale, so that for some years 





the te turnover from pioneering work may 
be tively insignificant, even if the rate of profit 
be high. oreover, work of this kind necessarily 


involves a certain proportion of failures, and it is 
impossible to test out a really new idea without 
the assistance of the user. An old firm with a 
high reputation for the provision of ‘‘ no-trouble” 
machinery is accordingly — to risk its 
character in this regard by fathering new ex- 

ients. This consideration was, no doubt, 

ly responsible for the history of the introduc- 
tion of the petrol or paraffin-driven icultural 
tractor. This type of implement is exhibited this 
year by many firms, including some newcomers 
from America. 

Messrs. Saunderson and Mills, Limited, of Bed- 
ford, show one of their medium-sized Universal 
tractors. This has a two-cylinder engine capable of 
developing 25 brake horse-power, the cylinders 
being 54 in. in diameter by 8-in. stroke. A special 
feature of this machine is the care taken to ex- 
clude dust from the working . Thecarburettor 
to this end is fitted — a —— and "s 7 
working parts of the engine, inclusive o e 
governor, are completely enclosed. The makers 
state that a motor of this type will do work which 
would in the ordinary way require the services of 
eight horses and three men, 
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Fies. 1 To 4. ConvertrsLeE Comeustion ENGINE ; 


Two motors are shown at the stand of the Ivel 
Agricultural Motors, Limited, of Biggleswade. 
The larger has a two-cylinder horizontal engine 
rated at 24 horse-power. It works on parafiin, 
but a little petrol is used in starting up. This 
machine will haul a two or three-furrow plough, 
or drive a full-sized threshing-machine. The 
smaller machine shown is of. French make, 
and is intended for hoeing operations in fields, 
orchards, and the like. The machine has a single- 
cylinder air-cooled engine rated at 34 horse-power, 
and it is claimed that it will do all the work of a 
horse-hoe, but more quickly and more Sa. 

An interesting form of motor-plough is exhibited 
by Martin’s Cultivator Company, Limited, of Stam- 
ford. The jal feature of this machine is that 
the driving-wheels are provided with ‘‘ caterpillar” 
chains which give a bearing on the land of 3 ft. 4 in. 
by 6 in. on each side. This feature is well shown 
in Fig. 5, page 599. The height of these chains 
is adjustable, so that one can run in the furrow 
and the other on unbroken ground. The large 
bearing provided makes the machine peculiarly 
adapted for work on soft ground, the total weight 
being only 1 ton, which is distributed over an area 
of more than'3 sq. ft. In addition to ploughing 





Messrs. Ruston, Proctor & Co., Lrp., Lincon. 


the machine can be used for hauling rakes, culti- 
vators, or binders, as shown in our illustration. — 
Messrs. Petters, Yeovil, have, as their principal 
exhibit, a light agricultural tractor arranged to run 
on three wheels. The machine is fitted with 
single-cylinder engine capable of developing 8 to 10 
horse-power on the brake. A peculiar feature of 
the machine lies in the fact that it is steered by 
‘‘reins” passing from the front of the engine to the 
driver's seat at the back. The “reins” consist of 
a rope lapped round a drum on the shaft of the 
worm steering-gear. An advantage claimed for this 
system is that the tractor can be steered from the 
seat of the plough, reaper, or other trailer hauled. 
The machine can also be used for driving stationary 
machinery, a pulley being provided to this end. — 
Messrs. W. Weekes and Son, Limited, of Maid- 
stone, are another firm exhibiting a universal oil- 
driven tractor. This has four wheels, and is fitted 
with an engine developing 22} horse-power. As 
shown, the machine is fitted with rubber tyres for 
road work, but these are detachable, and can be 
replaced by metal tyres for work in the fields. 
Ite unladen weight is 25 cwt. The drive is trans- 
mitted to the wheels by internal rack and omg 
A motor-plough is exhibited in the Gilbey Hall 
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by Wyles Motor-Ploughs, Limited, of Oarr-street, 
Manchester. This is a two-wheeled machine, having 
a single-cylinder vertical engine capable of develop- 
ing 11 horse-power on the brake. The wheels are 
adjustable for height, and are driven by gearing 
enclosed in an oil-tight casing. 

Tractors of American make and style of finish 
are exhibited by the International Harvester Com- 
pany, 80, Finsbury Pavement, E.C., the Overtime 
Farm Tractor Company, of 124, Minories, E.C., 
and by Messrs. Mills and Sons, Limited, of Cam- 
bridge-place, Paddington. Two machines were 
shown by the International Harvester Company, 
the larger having a two-cylinder vis-d-vis engine, 
with cylinders 7 in. in diameter by 8 in. stroke, 
and capable of developing 25 horse-power, and 
fitted with magnetic ignition. The machine, which 
is spring-mounted, is intended for general farm 
purposes. A pulley and clutch are provided for 
the driving of stationary machinery, and this clutch 
can be thrown in or out of gear from the engine 
foot-plate. The driving-wheels are chain-driven, 
the chains being completely enclosed and running 
inanoil-bath. Two speeds forward and one reverse 
are provided. 

Messrs. Mills and Sons show the “ Sandusky ” 
tractor. This has a four-cylinder horizontal engine 
set transverse to the frames, and rated at 35 horse- 
power. Three speeds forward and one reverse are 





provided for. The engine weighs 34 tons complete, 
and is fitted with very broad steel wheels. By the 
addition of the extension-pieces provided, the total 
width of tread can be brought up to 30in. The 
machine can therefore safely negotiate very soft 
ground, and it has, we are informed, been largely 
employed in the rice-swamps of Florida, into which 
even horses are liable to sink unless fitted with 
plates to give their shoes a large bearing. f 

The ‘‘ Overtime” farm tractor has a two-cylinder 
horizontal engine, with cylinders 6 in. in diameter 
and a 7-in. stroke, which is rated at 24 horse- 
power. The total weight of this implement is 
4800 Ib. It is designed to run at 2} miles an hour 
either on forward or reverse gear. The drive is 
transmitted to the wheels by enclosed toothed 
gearing. j 

Messrs. Robey and Co., Limited, of Lincoln, 
show for the first time the 5-ton steam motor- 
wagon which is illustrated in Fig. 6, above. The 
boiler has a Belpaire fire-box and is fitted with a 
superheater. Provision is made by which the 
differential may be locked and unlocked from the 
foot-plate without stopping the wagon. Special 
attention has been paid to the springing of the back 
axle, to which the load is transferred through a 
combination of helical and laminated springs. The 
hind wheels are provided with brakes of the expand- 
ing-ring type, equalising gear being fitted to secure 








Martin’s Cuttivator Company, Limirep, Stamrorp, 


an equal action on both wheels. These wheels are 
not bolted to the axle or differential sleeve, but are 
driven by means of pins—an arrangement which 
facilitates the removal and replacement of the 
wheels. Moreover, by withdrawing the driving- 
pins in one wheel the winding-drum with which 
the wagon is provided can be operated without 
further change. It may be — a conclusion, 
that the use of keys or bolts for taking the drive 
of the transmission-gear has been dispensed with 
throughout, the torque being transmitted by squares 
machined on the shafting, on to which the gears or 
couplings are pressed. 

essrs. Blackstone and Co., Limited, of Stam- 
ford, show a number of different patterns of oil- 
engine, though the exhibit is less varied and com- 
plete than in previous years, for which, of course, 
the pressure of war work is responsible. The 
| engines shown are of their stan types, both of 
| petrol and oil-engines. Of the latter, one is shown 
|coupled toa dynamo making a very compact and 
handy plant. 

8 internal-combustion engines built to the 
usual British standards of workmanship and finish 
are exhibited by Messrs. R. A. Lister and Co., 
Limited, of Dursley, and by the Eagle Engineer- 
ing Company, of Warwick. Engines for similar 
P but of American type and finish, are 
exhibited , Bn Worthington Pump Company, 
ey ft ndon ; the Detroit Engine Works, of 
94, Hatton Garden, E.C.; Messrs. Fairbanks, 
Morse and Co., of 87, Southwark-street, S.E. ; and 
by Messrs. Pilter and Co., of 22, Bush-lane, E.C. 

In the Arcade entrance, Messrs. Ernest West 
and Benyon, Limited, of 82, Belvedere-road, S.E., 
show a typical cold-storage plant for fresh meat 
and provisions. The refrigerating agent used is 
CO,, the compressor being driven by an electric 
motor of 14 horse-power. The compressor cylinder 
is bored out of a rectangular bar of steel. It over- 
hangs the frame of the machine, the arrangement 
being such as to give very easy access td the gland. 
The evaporator is p in a compartihent. inside 
the storage chamber, and a flow of brine is main- 
tained over its exterior surface. This prevents 
the formation of a layer of snow on the surface due 
to moisture condensed from the air. 

Another type of small refrigerating plant, in 
which the requisite temperature is obtained by a 
mixture of salt and ice, thus dispensing with 
moving machinery, is shown by Siceom. Hall, 
Crabtree and Heap, of Birkenhead. 








THE CORROSION OF METALS. 

In spite of all researches and committee reports 
on the corrosion of metals, water and gas-mains 
and dock-gates continue to corrode, iron railings 
are eaten through by the air, rain, and smoke, and 
condenser-tubeg are attacked, unless protected by 
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inting or other means which, as a rule, have 
ittle to do with the nature of the metal or alloy 
they are to preserve. Yet progress is being made. 
The anti-rust paints have become more efficient, 
smoke is being banished, acids can be concen- 
trated in pans of special kinds of iron, and apples 
may be peeled with knives made of a stainless 
steel. But the special alloys have occasionally 
proved badly disappointing ; ‘‘ incorrodible ” nickel 
steels gained notoriety in this respect. Re- 
searches, however, continue. The Faraday Society 
arranged for a general discussion on ‘‘ The 
Corrosion of Metals” on Wednesday last, faithful 
to its tradition of devoting the evening toa dis- 
cussion of one particular problem rather than to a 
consideration of miscellaneous papers. The con- 
tributions received last Wednesday concerned corro- 
sion either of both non-ferrous and of ferrous 
metals, or only the one or other group of metals. 

The President of the Society, Sir Robert Had- 
field, opened the p ings by a communication 
on ‘** Corrosion of Steel Alloys.” The world’s iron 
losses by corrosion, he stated, in dwelling upon 
the importance of the subject, were estimated at 
hundreds of thousands of tons annually. Yet some 
Ezyptian iron, e.g., a hatchet 2500 years old 
probably, discovered by Dr. Flinders Petrie in dry 
sand, he believed, was still apparently in its origi- 
nal condition. But nickel steels, supposed to be 
non-corrosive, rusted very badly when once corro- 
sion set in, though high nickel steels were more 
resistant. He had lately again been engaged, to- 
gether with De. N. Friend, in investigating the 
corrosion of special steels. Some chromium steels 
(about 11 per cent. of Cr, 1 per cent. of C), which 
he had made in 1892, were fairly non-corrosive and 
still free from rust and gave remarkable results in 
mechanical tests. Sir Robert had also analysed and 
tested the ‘‘ stainless” steel for cutlery, to which 
we referred above, and had made some himself, 
which contained from 10 to 12 per cent. of Cr and 
about 0.3 or 0.4 per cent of C, whilst the com- 
mercial steels contained in addition 0.45 per cent. 
of cobalt and a little manganese and silicon ; these 
steels had a remarkable hardness even before 
being hammered, and elongations of up to 32.5 per 
cent. The material would probably require great 
care in forging and rolling, but an opening would, 
no doubt, be found for it. Sir Robert then gave 
particulars of recent tests conducted by himself 
and Dr. Allerton Cushman on nickel, chromium, 
tungsten, vanadium and manganese steels. As 
regards corrosion in 50 per cent. sulphuric acid, he 
was not in accord with Dr. Cushman; but they 
fairly agreed as to tests in 25 per cent. acid. As 
the results were mainly tabular, they hardly admit 
of abstracting. 

Mr. Leslie Aitchison, M. Met., of Sheffield, 
described a further series of ‘‘ Experiments on the 
Influence of Composition upon the Corrosion of 
Steel,” dealing with pure iron and carbon steels 
(0.07 to 1.46 per cent. of C), and with pure carbon 
steels and special steels containing tungsten, nickel, 
cobalt, manganese, chromium, vanadium, or copper. 
The special steels were studied in two series. In the 
one series the tungsten percentage rose from 2.36 
to 26.3 (about 0.7 per cent. of C), the cobalt from 
2.68 to 20.85 (carbon again about 0.7 per cent.), 
the chromium from 1 to 23.7 (0.85 per cent. of C), 
the vanadium from 0.7 to 12.45 (carbon 0.6 to 1.1 per 
cent.). In the second series both the carbon and the 
third metal varied, but the latter only slightly, 
the — steels containing about 3 per cent. 
of W, the vanadium steels about 0.2 per cent. of 
V, the chromium steels about 2 per cent. of Cr, 
the nickel steels about 3 per cent. of Ni, the man- 
ganese steels about 1 per cent. of manganese, the 
copper steels from 0.45 to 4.78 per cent. of Cu, 
however. In this last series the percentages of the 
third metal were not high as a rule, therefore, and 
the average percentage was selected on the strength 
of the previous experiments. All the specimens 
were immersed for many days (77 generally) in 
3 per cent. sodium chloride solution, in sulphuric 
acid of 1 per cent. and of 10 per cent., and in ta 
water, the liquids being renewed seven times, an 
tested also microscopically. The main conclusions 
drawn from the many experiments were the fol- 
lowing. In the case of carbon steels the corrosion 
decreased with the increase of carbon, having a 
minimum at 0.35 per cent, C, and then rose again. 
The addition of a third metal in small amounts 
almost always increased the corrosion, though the 
results were not regular, nor always concordant. 
Tungsten conferred no gain at all; vanadium 





was useful only in tap-water ; cobalt increased 
corrosion up to 11 per cent. ; manganese steels 
were very irregular ; chromium had some remark- 
able effects. No steel was found sufficiently homo- 
geneous to resist corrosion ; even the most homo- 
geneous bar iron (0.07 per cent. of C) contained 
amorphous intergranular cement, and there were 
strains and twinned crystals in all the steels. Yet 
non-homogeneity was .not in itself productive of 
easy corrosion ; for a 19.46 per cent. chromium 
steel (0.85 per cent. of C) was not attacked at all in 
salt solution though com of an intimate mix- 
ture of carbides and solid solution. The true secret 
of non-corrodibility seemed to lie in some property 
ibly low solution pressure — of the solid 
solution ; the solution pressure of iron was not 
low. Carbides themselves were not attacked ; but 
they acted as acids, providing cathodes, and the 
pearlite in them promoted attack, though the 
pearlite might not itself be attacked ; the attack 
seemed to affect rather the ferrite and the solid 
solution, which formed the matrix for the carbide. 
Corroded metals containing free carbide were gene- 
rally found to be covered with loose carbide 
particles ; but bigger carbide grains would remain 
embedded in the solid solution, and the boundaries 
of the grains were similarly fixed. 

Dr. J. Newton Friend, in a paper on ‘‘ The Rela- 
tive Corrodibility of Iron and Steel,” gave a general 
review of the problem. Dr. Friend did not con- 
sider special steels. Graphitisation, he pointed out, 
was a particular feature of the corrosion of iron, 
common in cast iron, rare with purer iron. Much 
depended upon the selection of samples; many 
apparently contradictory results were due to the 
comparison of a good wrought iron and a poor steel. 
No type of metal resisted the actions of various 
media equally well; local pitting might ruin a 
boiler which bore a uniform surface loss well. There 
was no general standard of corrodibility, and a final 
appeal should always be made to the results of 
experience and of experiments carried out with a 
liberal hand on a large scale under actual workin 
conditions. In support of this demand he show 
specimens and quoted many examples of relative 
corrosion of wrought iron, Thomas and basic open- 
hearth steel, which did not reveal any general rela- 
tive superiority of the one or the other material. 

Mr. g Whyte, of Glasgow, contributed a ‘‘ Note 
on the Corrosion of Iron and Steel,” concerning a 
case of a mild-steel pipe buried 3 ft. deep in yellow 
clay. There had been general surface corrosion, 
some deep pitting and ——— and the steel 
proved to have been y overheated. He had 
_— the electrolytic-cell test (of Desch and 

yte; the specimen is made anode against a 
plistinum gauze cathode on a circuit of one 
accumulator, and withdrawn at intervals), and 
he had made similar experiments with two steels, 
of 0.28 and 0.55 per cent. of C respectively, 
overheated to 1100 deg. Cent. and cooled slowly, 
some specimens being subsequently annealed. 
The overheated steel corroded 20 per cent. more 
than the annealed steel, and it was found that 
the ferrite was first attacked, afterwards chiefly 
the pearlite, and finally again the ferrite. The 
overheating might increase the boundaries between 
adjacent crystals, and thus stimulate electrolysis, 
whilst in the normalised steel the free ferrite and 
pearlite were intimately intermixed, and corrosion 
therefore a minimum. 

Discussing these papers on ferrous metals, Dr. 
Rosenhain remarked that in the ancient iron a 
protective coating of cinders had probably been left 
on the iron ; if that were destroyed or cut, the iron 
would rust. He had observed this when cutting 
some ancient, very bright iron from Adam’s Peak. 
The surface condition was important, and he thought 
roughened ‘‘stainless” iron also would rust. He 
did not think that Dr. Aitchison was consistent 
when considering the size of grain as of no import- 
ance ; with a fine grain there would be more cement. 
That all laboratory tests touched mainly the initial 
stage had been proved by Heyn and Bauer; the 
final rate of corrosion might be quite a different one. 

Mr. Pendred mentioned that he had, three years 
ogo started experiments, in conjunction with Mr. 

arbord, on a rather large scale, taking plates of 
all sorts of iron and steel, 12 in. square, up to 
@ in. thick, and exposing them in London air (which 
proved worse than sea-water), tunnel air, Thames 
water —— did little harm), acids, exhaust steam, 
&e. e result was that specimens of the same 
steel might behave very differently, but that on the 
whole nothing could be said as to the superiority 


of iron or of steel; some nickel steel went to 
pieces at once, some steels hardly corroded. 

Sir Robert Hadfield then called upon Mr. Dis. 
more, of London, who made a peculiar statement as 
to his new patented process of electrolytically acting 
on the core—not merely on the surface of the 
metal. So far as we could understand the mostly 
irrelevant remarks, he coats iron, nearly } in. thick, 
with nickel by ordinary low-voltage high-intensity 
currents, and then reverses the current, and elec 
trolyses with _ 400 volts at lower intensity for 
forty minutes. By these means he claimed to trans- 
mute a cast iron into a steel, removing practically 
all the carbon and phosphorus, but increasing—in 
some way—the manganese. Sir Robert Hadfield 
added that he had examined specimens, before and 
after treatment, and the results were remarkable. 

Communications on brass were then discussed. 
In his general exposition of the problem, ‘ Phy- 
sical and Mechanical Factors in Corrosion,” 
Dr. Cecil A. Desch took the standpoint that it 
was generally ised that the corrosion of 
metals and alloys was intimately connected with 
the formation of local electrolytic couples at the 
surface in contact with the medium, and he wished 
to show in how far the mechanical heterogeneity 
of the materials affected the nature and velocity of 
corrosion. In researches recourse was had to 
accelerated tests, though these tests were unsatis- 
factory ; for the corrosion changed with the con- 
ditions, and when a metal was immersed in acid or 
salt solution it was difficult to distinguish, in the 
loss of weight which the washed and brushed 
specimen underwent, between metal actually dis- 
solved, loose flocculent precipitates produced in 
the solution, adherent dims of (basic) salts, or 
spongy layers forming on the metal (e.g., of copper 
on brass) and mechanically detached crystals. In 
conjunction with Mr. S. Whyte, Dr. Desch had, 
however, devised apparatus for electrolytic tests of 
brasses, by the aid of which these losses could be 
distinguished ; the method had been explained 
before the Institute of Metals. The heterogeneity 
which “age rise to the formation of local couples 
might chemical or physical. A cold-worked, 


chemically homogeneous metal became _hetero- 
— because films of amorphous metal formed 
tween crystal grains ; the amorphous form was 


more electropositive than the crystalline form. 
This effect was, in cold-rolled plates, not to be 
confounded with the striation observed on the 
plates and due to the inclusion of impurities. Both 
conditions were favourable to corrosion in parallel 
lines, but only the latter effect vanished when the 
surface-skin was removed. Even annealed metals 
might remain minutely heterogeneous. In this 
respect Dr. Desch supported E. Cohen’s statement 
that sheet-lead (commercial as well as the purest 
assay lead-foil) became heterogeneous in a slightly 
acid solution of lead nitrate (or acetate), though he 
did not, like Cohen, speak of different modifications 
of lead. The physical condition of the product of 
the corrosion had also to be considered. Iron rusted 
badly, because the resulting hydrate was porous 
and bulky. Aluminium covered itself with a tough 
coherent layer of oxide, and did not therefore cor- 

e in our climate; in hot countries aluminium cups 
turned foul, because the oxide coating was not cohe- 
rent there, but loose, as when aluminium was rubbed 
with mercury. An annealed a brass (consisting of 
a solid homogeneous solution) lost its zinc in 
sea-water, and the copper remaining on the surface 
was readily oxidised. The unannealed a brass was 
richer in zinc near the surface and corroded a little 
more rapidly. The homogeneous § brass—which 
was generally too brittle lor technical purposes— 
corroded in the same way (only zinc being dis- 
solved), but at a decidedly more rapid rate. In 
Muntz metal the two phases, the a and § solid 
solutions, occurred together, and the corrosion, by 
loss of zinc, in sea-water was —— = ~~ 
ing s co might retain the shape of the 
part, aut cout of all strength. The 8 phase 
was first attacked ; then a reversal, attack of the 
a crystals, took place. Mild steel containing manga- 
nese showed this reversal in a striking manver. 
In the electrolytic cell the ferrite was first dis- 
solved, leaving the pearlite bright—the structure 
being just the reverse of that seen on etching with 
acid ; then reversal set in, pearlite was dissolved, 
and ultimately the ferrite was left in relief as in 
etching. In gun-metal the a constituent was 
attacked before the 3 eutectoid. These views differ, 
it will be noticed, from those of Mr. Aitchison. 





Dr. Desch then referred to the protection some- 
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times afforded by a third metal. After experi- 
menting with a 8 brass in sea-water, the Admiralty 
had added 1 per cent. of tin to the copper 
and zinc with good results, the alloy 70: 29:1 
being in common use now for condenser - tubes. 
The explanation of the effect was not obvious. 
The addition of tin seemed hardly to affect the 
electromotive force or the structure, except that it 
increased the 8 phase—which is relatively richer 
in zinc than the a phase—and the first effect of the 
tin, indeed, was ap mtly an acceleration of 
the corrosion. But in slightly alkaline electro- 
lytes a layer of basic tin-salt was formed which 
protected the alloy. One per cent. of lead was 
harmful to a brass, 2 per cent. of lead protected. 
Manganese oxide protected, to a certain extent, 
as did aluminium in alloys containing 2 p.c. each of 
copper and of manganese, or 3 per cent. of copper 
and 1 per cent. of manganese. On the other hand, 
basic oxides ee accelerate corrosion ; copper 
oxychloride was bad, for instance, and brass loco- 
motive boiler tubes had been badly pitted, espe- 
cially near the fire-box end, each pit being found 
to contain some of this green oxide ; the coal used 
had been drenched with sea-water, so that chlorine 
and hydrochloric acid were formed during the 
combustion. Loose particles of coke, being electro- 
negative to the metal, corroded condenser-tubes ; 
this had been disputed by Bengough and M. D. 
Jones, but A. Philip had confirmed it. 

The great complexity of the phenomena was 
further accentuated in a paper presented by Mr. 
William E Gibbs, of Liverpool University, on 
‘* The Corrosion of a Solid Solution—70/30 Brass.” 
Speaking also on behalf of Mr. Bengough, now 
in the Army, Mr. Gibbs did not confine himself to 
this one brass, and he showed that the corrosion 
phenomena varied very strongly with the composi- 
tion of the alloy, its temperature, dilution of the 
electrolyte, time, &c. A 50/50 copper-zinc alloy was 
almost uvattacked by sea-water at ordinary tem- 
perature ; when copper predominated, copper was 
chiefly dissolved. For the 70/30 brass the rate of 
corrosion-—always in sea-water—increased as the 
temperature rose from 15 deg. to 50 deg. Cent., and 
then fell off very quickly, being at 60 deg. smaller 
than at 15 deg. ; but there were stages in the corro- 
sion in sea-water, copper being first attacked, then 
after nine days or longer both the metals were dis- 
solved, finally zinc ; in stagnant water this third 
stage came on sooner at 15 deg. than at 50 deg. 
Aeration of the sea-water increased the corrosion, 
but not when the temperature rose above 50 deg. ; 
hence condenser-pipes corroded most at the inlet, 
cold end, owing also to potential differences set up ; 
pure copper covered itself with a protective oxide 
film in aerated sea-water ; pure zinc was more 
rapidly dissolved. A dilution of sea-water with 
distilled water to half its concentration favoured the 
solution of the copper in the brass, further dilution 
that of the zinc, whilst lessening the total corro- 
sion ; that brass corroded more in estuary water 
than in sea-water was well known; copper itself 
dissolved least in distilled water, and zinc most. 
Carbon dioxide in sea-water was most dangerous 
to zinc. Sea-water, drying on brass, hastened 
the attack of copper at ordinary temperature (by 
the formation of copper oxychloride), and at 
higher temperature that of zinc. Mr. Gibbs ob- 
served that when steam was passed through a 
tube over which cold sea-water was flowing, the 
escapes of air-bubbles caused the formation of 
white rings of zinc oxychloride. Hard - drawn 
brass corroded less than annealed brass. Coke in 
contact with brass dissolved chiefly the zinc, leaving 
& loosely adherent copper film on the surface ; 
this effect was much greater at 50 deg. than at 
15 deg. Pieces of string and brick in contact with 
the brass acted corrosively by the formation ef the 
oxychloride. 

From these observations, and the study of 
potential differences, Mr. Gibbs concluded that 
the solid solution of the two metals in brass was 
intermediate in character between a physical mix- 
ture and a chemical compound. The atomic volumes 
of the two metals were practically equal, the 
physical state was most important, and any actual 
compounds between the two metals might dis- 
80:1 ate luto solid solution, at any rate above 50 deg. 

Mr. Arnold Philip, Admiralty chemist, of Ports- 
mouth, went further in his communication on ‘*The 
Zine Copper-Couple Hypothesis of Brass Corrosion,” 
anc suggested that the corrosion of brass, consisting 
of either the a or the 8 phase, or of both the phases, 





was due to the electrolytic action, not between 
adjacent crystals or grains, but of minute Zn-Cu 
couples all over the surface. Without speaking of 
atomic or molecular couples, he also questioned 
the existence of real compounds in the alloy. He 
described many experiments with electrolytic cells, 
in which three electrodes were so arranged that a 
copper and a zinc plate were joined to the one pole, 
and one copper or one zinc plate to the other, each 
electrode being connected to a galvanometer. He 
admitted that he had not, so far, been able to devise 
any convincing test ; but he thought that his ex- 
periments and those of Desch and Whyte and 
others with brass and Muntz metal (60/40 alloy), 
supported the hypothesis. 

This suggestion was criticised by Professor Car- 
penter. He pointed out that the copper-zinc dia- 
gram was very complex, but there were certainly 
compounds, Sociale four. It was hence incon- 
ceivable that something like atomic couples could 
exist ; but there might be couples between copper 
and Cu,Zn;, e.g. The view of Mr. Gibbs was more 
acceptable. Dr. Rosenhain thought that the recent 
researches of Laue and Bragg made the two views 
in a certain sense compatible, since the crystal only 
demanded a regular geometrical distribution of the 
atoms. 

A paper by Dr. Eric K. Rideal, on ‘* The Corro- 
sion of Metals,” dealing with general definitions 
and the electrolytic theory, was taken as read, 
owing to the lateness of the hour. 

Mr. Elliott Cumberland, of London, finally gave 
a demonstration of ‘‘ The Cumberland Electrolytic 
Process for Preventing Corrosion of all Metals 
Immersed in Liquids.” Zinc anodes, he said, 
afforded protection, about 1 sq. ft. of zinc being 
needed per 50 sq. ft. of heating surface, accordin 
to H. de B. Parsons; but they became rever 
after a while, and the scale from old zine plates 
was useless, as he showed by an electrolytic experi- 
ment. In his system the boiler or condenser-shell 
was connected to the negative pole of a 10-volt 
dynamo ; the iron anodes were attached to insu- 
lated bolts passing through the shell, and each 
anode was separately joined to the positive pole 
through an adjustable resistance and aswitch. An 
anode lasted 18 to 24 months, and the system 
required very little attention. The current, which 
compensated the corrosive electromotive force, also 
effectually removed hard scale from heating surfaces, 
the hydrogen bubbles detached the scale, and pre- 
vented its further formation. About 2 amperes 
were required per 100 sq. ft. of heating surface ; 
the anode, of wrought iron, could be utilised until 
almost quite eaten away. The Admiralty had now 
adopted the system, and surprising results as to 
scale removal had been made on recent trips across 
the Atlantic. 

The Tantiron exhibits, shown at the meeting 
by the Lennox Foundry Company, S8.E., certain] 
proved that a distinctly coarse - grained, thoug 
dense material, may be acid-proof. 





THE LATE DR. ROBERT CAIRD. 


WE regret to have to record the death, at his resi- 
dence at Greenock, on the Ist inst., of Dr. Robert 
Caird, a managing director of the old family ship- 
building and engineering company at Govtngdh. 
He was in his sixty-fourth year, having been born 
on May 22, 1852, the third son of the late Mr. 
James Tennant Caird, founder of the well-known 
firm ‘of Caird and Co. After being educated at 
the Grange School, Sunderland, at the Greenock 
Academy, and at the Glasgow University, he entered 
his father’s works as an apprentice-engineer, con- 
tinuing at this time for eleven years in the business. 
In order to widen his experience he spent one year 
(1881-2) as administrateur-délégué of the Maritime 
Construction Company of Havre, and in the two 
following years (1882-4) was engineer-in-charge of con- 
struction for the Pullman Company of Chicago. In 1888 
he returned to his father’s business. which became a 
private limited liability company. He became one of 
the managing directors, taking special charge of the 
engineering department. The firm has been closely 
identified with the P. and O. Company for man 
years, and the remarkable regularity with which their 
ships perform the mail service isdue in large measure 
to sound workmanship by the firm. It might also be 
said that the great majority of the ships built by the 
firm are for old clients, which is a further testimony 
to the good work done. 

Dr. Robert Caird was a member of the Royal Society 
of Edinburgh, became a member of the Institution of 
Civil Engineers in 1900, and in 1899-1900 and 1900-1 





was President of the Institution of Engineers and Ship- 


builders in Scotland. In the same year the Glasgow 
University conferred upon him the honorary degree of 
Doctor of Laws. It was felt that this was a well- 
merited distinction, and, regarding Dr. Caird’s work, 
we cannot do better than repeat here the reason given 
by the Faculty of Law for bestowing academic distino- 
tion upon him. ‘‘ His eminence as a shipbuilder has 
already won for him the gold medal of the Institution 
of Engineers and Shipbuilders in Scotland and the 
presidentship of that important body. The Univer- 
sity which possesses the only British’ Chair of 
Naval Architecture may well associate herself with 
tho Royal Society of Edinburgh in marking her appre- 
ciation of Mr. Caird’s valuable contributions to this 
branch of applied science. We cannot keep out of 
view the interest which Mr. Caird has displayed in 
the present movement for the improvement and 
extension of the scientific side of the University. 
Mr. Caird is not merely a practical man. Follow- 
ing the early tradition of Scots students, Mr. Caird 
completed on the Continent the education he began 
here. In the course of several years’ residence abroad 
he acquired an intimate and extensive acquaintance 
with the language and literature of France, Germany, 
and Italy, and he was also privileged to carry on 
important investigations in the domain of history and 
art under the direction of Mr. Ruskin. His labours 
in this department were recognised in 1895, when he 
was created a Knight of the Crown of Italy.. His 
pepers, lectures, and addresses on the subject in which 

e is interested display not merely solid erudition, 
but marked literary charm.” 

The institutions in Greenock found in Dr. Caird an 
active supporter. He was, too, a close student of 
Watt's work, and five years ago delivered the Watt 
Lecture at Greenock, which was a characteristically 
scholarly memoir of James Watt's contribution to the 
advancement of engineering. He was also prominent 
in the founding of the Greenock Watt Memorial 
School, and took the part of a captain of industry in 
connection with the infirmary, the provident banks— 
of which he was chairman of directors in 1878 and 
director for a number of years—the Chamber of Com- 
merce, and other business and philanthropic institu- 
tions of the town. He was a Unionist in politics. 
His wife was an Italian lady, by whom and by their 
one daughter he is survived. Wide sympathy is 
extended to them and to his brothers in the com- 
pany. 





A New Bronzs.—Under the name of ‘‘ Ampcoo” 
bronze, the American Metal Products Company, of Mil- 
waukee, are introducing a new alloy which contains, it 
is stated, neither tin, zinc, lead, or phosphorus, and which 
is non-corrodible. It is said to compare with steel in 
strength and hardness, having the additional advantage 
of being suitable for die-casting. The physical pro- 
perties of the metal are shown by the following results 
of a test made by the Allis Chalmers Manufacturing 
Company :— 


Original dimensions in inches 0.605 


Original area in eq. in... - > ae 0.2 
Dimensions after fracture in inches 0.44 
Area after fracture, sq. in. .. - 0.152 
Elastic limit, actual .. 7290.0 
Maximum load, pounds actual 16,900.0 
Elastic limit lb. pereq.in. .. 86,450.0 
Tensile strength Ib. per sq. in. 84,500.0 
Per cent. elon; - oe 24.5 
Per cent. reduction of area .. 24.0 





Roya InstrruTion.—The following are the lecture 
arrangements at the Royal Institution, before Easter :— 
Professor H. H. Turner, a course of six illustrated leo- 
tures, adapted to a juvenile auditory, on ‘ Wireless Mes- 
sages from the Stars”: How the Messages are Carried, ° 
December 28 ; How the Messages are Received, Decem- 
ber 30; First Message, January 1; Second 


Jan 4; Third Message, Jan 6; Fourth ; 
sage, January 8. Professor Charles 8. Sherri: ington, six 
lectures on ‘‘ The Physiology of Anger and Fear, and 


Nerve Tone and Posture.” Professor Edward J. Russell, 
two lectures on ‘‘The Plant and the Soil.” Professor 
Arthur Keith, two lectures on ‘‘Sea Power as a Factor 
in the Evolution of Modern Races.” Professor Frederick 
Keeble, three lectures on “‘Modern Horticulture.” 
Professor W. A. Bone, three Jectures on ‘‘ Utilisation of 
Energy from Coal.” Sir F. Watson Dyson, Astronomer 
Royal, on ‘“ Measurement of the Brightness of Stars.” 
Professor L. W. King. two lectures on “ Recent Excava- 
tions in Mesopotamia.” Professor H E. Armst . 
two lectures on “‘ Organic Chemistry in War.” Dr. W. H. 
Hadow, three lectures on ‘‘ English Music in the Tudor 
Period.” Charles J. Hol two lectures on ‘‘ Raphael 
and Michaelangelo.” Sir Sidney Lee, two lectures on 
“The S Tercentenary.” Hon. John W. 
Fortescue, three lectures on ‘‘ Eminent Generals of the 
Last Great War.” Professor Sir J. J. Thomson, six 
lectures on ‘Radiation from Atoms and Electrons.” 
The Friday evening meetings will commence on Janu- 
ary 21, when Professor Sir James Dewar will deliver a 
discourse on “Problems in Oapillarity.” Succeeding 
discourses will be given by Leonard Professor 
William Bateson, Professor Gilbert Murray, Professor 
Ernest G. Coker, Professor Sir Arthur Quiller-Couch, 
Professor Silvanus P. Thom , Sir Napier Shaw, Dr. 
Aubrey Strahan, Professor Professor A. 





Fowler, Wilfrid Ward, and Professor Sir J. J. Thomson. 
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THE LATE MR. THOMAS PARKER. 

WE regret to have to announce the death, which 
ocourred on Sunday last, the 5th inst., at his resi- 
dence, ‘* Severn House,” Ironbridge, Shropshire, after 
a | illness, of Mr. Thomas Parker, the well-known 
electrical engineer and inventor. 

Mr. Parker was entirely a self-made man. He was 
born in very humble circumstances, on December 22, 
1843, at Ironbridge, and when only 9} of age, 
after hardly any schooling, he entered the foundry of 
the Coalbrookdale Company. But he was a born 
engineer, and the leaning of his mind, coupled with 
a habit of observation, which he early acquired, and 
unremitting pee led him to a marked position 
in the British engineering world. At the age of 14 he 
built a model steam-engine. Whilst working in the foun- 
dry he regularly attended the es classes provided 
by the Coalbrookdale Company. At the age of 19 he left 
is company vent pres we pa Birmingham, where 

© eagerly avai imself of the greater opportunity 
there available for evening study. Four years later 
he settled in Manchester, and there also he regularl 
attended scientific lectures. He ultimately vetumed 
to the Coalbrookdale Company, by whom he was 
given charge of a part of the foundry, and in the 
year 1876, he was appointed to the chemical and 
electro - depositing d ent. From this period 
dates the building of his first dynamo, which was used 
for depositing work. One year later, in 1877, he 
— a steam-pump ; this was taken up and manu- 
yee by the Coal brookdale ge He also 

ane & grate, the “ e” grate, the making of 
which the company also took up tor this he obtained 
a medal at the Smoke Abatement Exhibition, held in 
Manchester in 1880. Inthe year 1882, Mr. Parker 
showed at a lecture the Swan and Edison incan- 
descent lamps coupled to secondary batteries of his 
manufacture ; from this period dates his discovery 
of the action of nitric acid for facilitating the forma- 
tion of secondary batteries, this being covered by a 
patent which he took out at the time in conjunction 
with Mr. Elwell. 

In October, 1882, Mr. Parker joined Mr. P. B. 
Elwell, and started the Elwell-Parker ership in 
Wolverhampton ; they took over Mr. Gaston Planté’s 
interest in secondary batteries, and made a speciality 
of accumulators. The firm was formed into a 
limited liability company in 1884; it manufactured 
electrical plant and launched several successful inven- 
tions due to Mr. Parker. The company was taken 
over in 1889, together with other concerns, by the 
Electric Construction Company, Limited, of which 
Mr. Parker was appoin engineer and manager. 
The works of this company in Wolverhampton became 
inadequate in 1890, and additional works were put 
down at Bushbury, close by, especially designed for 
the manufacture of heavy electrical machinery. 

Mr. Parker carried out a number of im 
electric traction and electric lighting installations 
throughout the country. He was a member of the 
Institution of Civil ineers, the Institution of 
Mechanical Engineers, the Institution of Electrical 
Kagineers, and a Fellow of the Royal Society of 
Edinburgh. In the year 1893 he was appointed a 
Justice of the Peace for Wolverhampton. 

He read, at the es meeting of the Institution of 
Civil Engineers, 1894, a paper on the ‘Electrical 


Equipment of the Liverpool Overhead Railway,” for | P&S? 


which the Institution granted him a Stephenson Medal 
and a Telford Premium. 

His agreement with the Electric Construction Com- 
pany having come to a close in April, 1894, he 


severed his connection with that company, and | j 


established a private consulting engineering practice 
as Thomas Parker, Limited. 

Mr. Parker was one of the arbitrators at the arbi- 
tration case held in November, 1901, for the electrifi- 
cation of the London M litan and District Rail- 
ways. In this he acted on behalf of the Metropolitan 
Company, and advocated the use of three-phase 
current by overhead wire. The District Railway, 


which was represented by Mr. H. F. Parshall, and was 
backed b r. Yerkes, had selected continuous cur- 
rent by third rail. There occurred a deadlock, since 


neither company would give way. The late Hon. Alfred 
- Lyttelton was appointed umpire by the Board of 
Trade, and he ultimately decided in favour of the 
continuous current system by third rail, a system 
which was finally put down by both companies. 
mr Parker was of a most ve isposition ; he 
was always proud—and ightly so—of the success 
he had ochioved th N iteond leaves a host of 
friends in every circle of society. 





Navat Surpwricuts.—The Admiralty have decided 
that the age limits within which boys shall be admitted 
as candidates for training in his Majesty’s Dockyards as 
naval shipwrights are to be not less than 15 and not more 
than 16 years. The lower limit was previously not 


less than 14 years. The change is to take effect in con- | of 


nection with the examination to be held in 1917. 
age is reckoned to the first day of May in each year. 


The 


rtant | &® 





THE BONTEMPI RUST-PROOFING 
PROCESS. 


Tuis process, which was invented by Mr. Augusto 
Bontempi; an Italian chemist, is being operated in a 
plant put down by the British Bontempi Rust-Proofing 
Company, Limited, at Creek-street, D2ptford, London, 
8.E., a company which has acquired the British and 
British Colonial patents. The process consists in the 
oxidising of cast and wrought-iron and steel pieces 
used in civil, mechanical, electrical, and naval engi- 
neering work, thus rendering them able to withstand 
for a practically unlimited period the corrosive action 
a Any atmosphere, of water, and of sulphurous and 
other 


of emery- or by sand-blasting. They are then 

sell ain ahead a akan i this is driven 
inside an air-tight muffle which has been previously 
heated by means of gas-jets. When the mufile has 
been closed in front, after insertion of the pieces to be 
treated, superheated steam is delivered inside the 
muffle, with the object of preparing the surfaces of the 
pieces for the subsequent action of chemical fumes. 
After the pieces in the muffle have been subjected to 
the action of the superheated steam for about 30 
minutes, the delivery of steam is cut off, and the 
chemical substance, in the form of a powder, is 
— in a separate retort at the back of the muffle. 

he retort is heated separately, also by gas-jets ; the 
fumes from the chemical powder enter the muffle under 
pressure, and give the pieces under treatment a protec- 
tive coating of oxide. On the cage being removed 
from the muffle, it is covered by a casing, to allow of 
the ual cooling of the pieces under treatment. 

The pi so treated, on being removed from the 
muffle, are of a light grey colour, and in that state 
they are practically non-corrosive in any medium ; 
whilst they are still hot, they are dipped in oil, with 
@ view to render them of a more attractive rich blue- 
black colour. If required, the material so treated can 
be painted ; the paint is more adhesive on treated 
than on non-treated material. The chemical used is 
non-poisonous and non-explosive. 

The plant we have seen at Deptford is a very simple 
one, which occupies only a very limi area. It was 
started for heating by oil fuel ; gas is now used exclu- 
sively, the oil-fuel installation having been maintained 
asastand-by. According to the information we have 
received, the running expenses of the plant in fuel 
and labour are low ; and specimens of treated material 
which we have seen afford evidence of the rust-proof- 
ing quality of the process. 








Reoorp. New York Exports.—The foreign trade of 
New York in October altogether beat the record, the 
value of the exports from the.port for the month aggre- 
, Witti re-exports of foreign merchandise (estimated 
at 4,167,164 dols.), 176,847,566 dols., as compared with 
88,200,144 dols. in October, 1914. It will be seen that 
the exports rather more than doubled this year. Some 
55 per cent, of the experts from the United States has 
been despatched of late from New York. 





QUEENSLAND MINERALS ON ViEw IN Lonpon.—The 
exhibition of tropical produce in the window of the 
Queensland Government Agency in the Strand, which 
has been attracting much public attention during the 
two or three weeks, has given place to a fine display 
of all the: known minerals in the State. A timely 
change, cogtaynly, in view of the notification just made 
by the Commonwealth Government that, acting on behalf 

the Brivish Government, it has commandeered all 
supplies of molybdenite, wolfram and scheelite produced 
n Australia. Theexhibition also includes gold and gold 
quartz, alluvial tin, silver and lead ore, graphite, 
asbestos, two large blocks of copper ore from Cloneurry, 
& glass case containing samples of all minerals found in 
the Walsh and Tinaroo districts, gold and copper from 
Mount Morgan, and a fine at of Queensland gems, 
including opals, sapphires, rubies, hyacinths, &c. 





_A Nort Sga-Buack Sza Warerway.—The estab- 
lishment of a waterway between the North Sea and the 
Indian Ocean must be counted amongst the first tasks 
to be taken in hand by the German Empire, says a 
communication from the town of Wurzburg, endorsed by 
@ number of Bavarian cities, to the Bavarian Ministry of 
State. For years, says the said communication, the Bava- 
rian Government and the interested parties have been 
agreed that the establishment of a waterway for 
vessels between the Rhine-Main on the one side and 
Danube on the other was an industrial and commercial 
ger tonly for Bavaria, butfor the wholeof Germany. 
The ation of the Main as far as Aschoffenburg has 
been taken in hand, aid the extension of this canalisation 
as far as a was under contemplation before the 
war, but the actual time for taking up this work had not 
then been fixed. For the advancement of the project the 
Bavarian Canal Union, on October 25, laid the matter 
before the Chancellor, praying that, on behalf of the 
German Empire, — interest might be devoted to the 
completion of the Main-Danube waterway. The creation 
such a waterway would provide an outlet for German 
— that could not be stopped bv 
avy 


The pieces to be treated are first cleaned by means | },,, — 


he British | The effect of 


THE GERMAN IRON-ORE MARKET. 


Tue demand for iron ore has moved in harmony with 
the active demand for pig-iron, and continues very lively. 
The shortage in the supply of foreign ore has centred 
increased attention upon the home mines, especially in 
the case of high-percentage ore. As a result, a number 
of mines of which the working had been discontinued, 
either as unremunerative or from want of funds, have 
again been opened, and on the other side the connection 
between iron mines and iron works has in many cases 
been extended and consolidated, the latter being desirous 
of making the basis of the iron industry—that is, the 
supply of iron ore—as independent of foreign supplies as 

ible. The fears expressed in some quarters that 

many would be crippled in the matter of iron ore, 
should the war prove a long one, have been found ground- 
firstly, there were substantial stocks in the 
country, and, secondly, because the home mines and those 
in the occupied French territories have m able to 
furnish what was wanted. The Siegerland iron-ore sell- 
ing union has almost sold all they could dispoce of for the 
fourth quarter of the present year; but with the excep. 
tion of some long-period contracts with some b!ast-furnace 
concerns, the sales for 1916 have not yet commenced. 
After the last rise in prices of 70 agen to 1 mark, the 
selling union is understood not to be contemplating any 
further increase. The production of the Siegerland mines 
has somewhat increased of late, and the supply of the 
blast-farnaces has improved correspondingly. ‘The ores 
from the neighbouring Lahn and Dull districts are also in 
strong demand at hardening prices ; endeavours are being 
made to increase the output also in these districts, and 
the larger production commands better prices than those 
of the long-term contracts. For the current year most 
mines have nothing left to sell, and for the forthcoming 
year prices of 20 to 21 marks per ton are paid for red iron 
ore and 16.50 to 17.50 marks for brown. The business in 
minette ore is quieter ; no doubt owing to the fact that 
the quality ot the ore offered from the Luxemburg 
mines no longer fully answers the requirements of the 
Rhenish Westphalian works. As a result, new orders 
are scarce, and a number of consumers have simply 
cancelled their contracts. This, naturally, has affected 
the market and the prices; minette ore, with 26 to 27 
per cent., which formerly cost 40 to 44 marke, has 
recently been offered at 35 to 38 marks per 10 tons, with- 
out increased sales resulting. Otherwise, the Committee 
appointed by the Imperial Government for the occupied 
territory sees that those works which cannot obtain suffi- 
cient minette ore from their own mines are adequately 
supplied. As —— foreign ore, such arrangements 
have been made that the concerns which principally work 
for the army receive regular supplies. 





AMERICAN NaturAL Gas.—The quantity of natural gas 
produced in the United States in 1914 was 591,866,733,000 
cub. ft., valued at 94,115,524 dols. These totals beat the 
record, the yield of 1913 having been exceeded by nearly 
10,000.000,000 cub. ft. Production increased last year in 
New York, Ohio, Ok!ahoma, Texas, Louisiana, Alabama, 
Iowa, and California. The other gas-producing States 
recorded declines in their output, the greatest falling off 
occurring at Pennsylvania, which yielded 10,000, 000,000 
cub. ft. less in 1914 than in 1913. The production of last 
year was stimulated by the advance in petroleum, as well 
as by the development of an important pool in the 
vicinity of Cleveland. There was also a development of 
gas reserves in the Cushing field in Oklahoma. The 
States which are the amen foun of natural gas are 
West Virginia, which yielded 238,740,162,000 cub. fo. last 
year; Pennsylvania, 108,494,387,000 cub. ft.; Ohio, 
68,270,174,000 cub. ft.; Oklahoma, 78,167,414,000 cub. 

t.; Kansas, 22.627,507,000 cub. ft.; and California, 
17, 828,925,000 cub. ft. 





LivesProot History.—The origin of the port of Liver- 
pool is lost in something of an obscurity, but there are 
records available as far back as 1752. in that year the 
tonnage dues collected were no more than 1776l., and 
even in 1762 they had only increased to 2527/. In 1772 
they had risen to 4552/., but in 1782 they had slightly 
declined, having reached for that year only 4249/. To- 
wards the close of the eighteenth century steam power 
had, however, acquired a growing importance in Lan- 
cashire, and a large development of manufacturing in- 
dustry was well in sight. In 1792, accordingly, the dues 
increased to 13,244/., and in 1802 they had further risen 
to 28,1927. In 1812 long wars and the restrictive com- 
mercial system introduced by Bonaparte brought the 
dues down to 20,260/.; but by 1822 there had been 4 
decided rally, and the collection for that year amounted 
to 47,2301. Daring the next fifty years Liverpool made 
a decided and unchecked progress, the tonnage dues col- 
lected in 1832 having been 74,530/.; in 1842, 93,360/.; in 
1852, 137,754/.; in 1862, 197,437/.; and in 1872, 294,972. 
During the forty years ending with 1912, inclusive, 

t BA was made, the tonnage collection 
or 1882 having 355,792.; for 1892, 440,906/.; for 
1902, 502,0907.; and for 1912, 665,491/.; while for the 
financial year 1915 it amounted to 724,637/. These totals 
re t, however, only a portion of the revenue of the 
ey as duties are also collected on goods imported. 
Still further, dock rates on goods and town dues on goods 
advanced respectively from 164,262/. and 62,412/. in 1858 
to 341,985%. and 284,506/. in 1904. Since 1858, when the 
present Mersey Docks and Harbour Board was established, 
a further classification has taken place, and not only 1 
dock tonnage now ch on vessels entering the _— 
but graving-dock and gridiron-dock rates are also vend 
all these re-arrangements was that last year 

the aggregate collection was 1,577,7420. 
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been appointed Chief Engineer of the Buenos Aires and 
Pacific Railway. In designing the works, the following 
points were kept in view :— 

1. The works should be of a gre ny! permanent 
anor rt the use of steel or timber under water being 
avoided. 

2. The design should admit of the work being carried out 
intermittently as required ; any portion completed to be 
available without impeding, or being interfered with by, 


the construction of su uent portions. 

3. As an area of land as possible should be re- 
claimed ; all material dredged being used for levelling up 
the reclai areas. 


The scheme approved by the Argentine 
seoteeel Eanesnen embraced a frontage on the main 
channel of 1000 metres, from the Galvan Creek down- 
stream. The principle generally adopted was to provide 
each ships’ berth with independent accommodation and 
independent sidings. ? 

The works consist of a series of jetties, slightly inclined 
down-stream, to facilitate the entrance of vessels. These 
jetties have a length of about 2000 ft., jutting out some- 
what beyond the low-water line of the main channel, and 
they increase in width by steps from their outer extremity 


inwards, each step marking the limit of a ship’s berth ; | hard 


this arrangement not only lends itself to the provision of 
independent sidings, but leaves valuable land available 
for marshalling-yards, warehouses, &c. At the same 
time the basin is wider towards the mouth, thus giving 
free movement to ships, no tugs being needed by steamers 
either entering or leaving the port. The type of the 
quay-wall and the method of construction were matters 
for serious consideration, in view of the difficult nature 
of the site. 

The author decided to adopt a form of concrete wells 
or cylinders. The aype of cylinder selected was that 
with three wells. cylinders were monolithic, and 
were reinforced with vertical and horizontal steel bars. 
With this method of construction the staging required 
is comparatively small and can be repeatedly re-used ; 
while the fact that the bulk of the sinking can be done 
while the water is still in reduces the pumping. Three 
sizes of cylinder were used for depths of 30 ft., 25 ft., 
and 18 ft. respectively, the sections being modified in 
accordance with the depth. In practice a depth of about 
21 ft. of water was obtained with the small-sized cylin- 
der, the level of the hard bottom admitting of dredging 
to that depth. 

The angle of the cutting edge was 45 deg., and the 
cast-iron curb used at first was replaced by old 52-lb. 
flat-bottomed rails, which were found quite effective and 
much cheaper. A stout plate was riveted to the rail at 
each angle for the purpose of attaching vertical rods of 
mild steel, which not only acted as vertical reinforce- 
ment, but also supplied a means of suspension during 
the earlier operations of lowering into the water or soft 
mud; they were continuous throughout the entire height 
of the cylinder, being joined together in 12-ft. lengths by 
long sleeve-nuts. he rails did not give so sharp a 
cutting edge as the cast-iron curb, but this was no 
disadvantage in the soft mud, and in either case it was 
found necessary to undercut by pick in the hard, 
to bring about sinking of the cylinder. The soft- 
ness of the mud, and the fact that it is covered at 
high water—and in some cases, on the line of quay, at low 
water also—made it necessary to conduct all operations 
from an elevated platform above high water, and to 
suspend the cylinders during the initial s of building 
and sinking from timber gantries. For lowering pur- 
poses each gantry was equipped with twelve 10-ton 
differential pulley-blocks, one to each of the outer 
vertical rods of the cylinder. 

In carrying out the work the gantry was first placed in 
position a tem platform was fixed to the piles 
nnderneath, at a height of about 8 ft. below high water. 
Upon the platform the curb was put together, the ver- 
tical rods were attached, and the first two sets of shutter- 
ing were = in position and filled with special 
concrete. This was carried out during low water, and 
the rising tide afterwards covered the work, which was 
allowed to set for 72 hours. The tackles on the gantry 
above were then attached to the vertical rods, and the 
mass was lifted to allow of the removal of the temporary 
platform. The cylinder was then lowered to within a 
short distance of low-water level, or to the surface of 
the mud, as the case might be ; the lower shutter was 
lifted, placed on top, and filled with concrete ; the build- 
ing and lowering were then carried on continuously, the 
cylinder sinking into the mud until skin-friction ren- 
dered it self-supporting, which usually occurred in the 
case of the large cylinders when a depth of about 25 ft. 
had been attained. The further sinking was effected by 
excavating from the three chambers. en the *‘ tosca” 
was reached, under-cutting was found necessary, and in 
most cases weight had to added to get the cylinders 
down. The cylinder was finally bedded in the “* tosca” 
av 3 ft. 6 in. below the proposed dredging-level, and all 
the chambers were sealed with 6 ft. of concrete. The 
front chambers above this seal were filled to the to 
with a rough concrete plertifully helped out with 


completing a cylinder averages about 25 days, dating 
from the laying of the curb. Up to the present some 
4100 lineal feet of quay-wall has constructed. The 
work was commenced at many points simultaneously, and 
as the spacing of the cylinders could not be controlled 
with any great exactitude, special closer cylinders of larger 
or pore dimensions were used, as the case required, at 
the meeting-points. 

Concrete.—Granite was used for the cylinder work. 
The only sand obtainable was not very satisfactory, and 
granite screenings were substituted as far as ible. 
The following general proportions were adopted for the 
cylinders: 1 Portland cement, 24 parts sand, an 
4 parts crushed washed granite; but for the first two 

utters above the curb 1:1}: 24 concrete was use 
The front chambers of the cylinders were filled with 
1:5:8 concrete, the aggregate used being selected ‘‘ rock 
tosca,” instead of granite. This ‘‘tosca” was used 
for the concrete of the wall above the cylinders, the 
proportions being 1:3: 5. 

Dredging and Reclaiming.—The excavation of the basin 
between the jetties and in the Galvan Creek is done by 
a self-propelled bucket-dredger, two sets of buckets 
being provided. one for the soft mud, and the other for 
sand and “‘tosca.” The capacity of the mud-buckets 
is 18 cub. ft., and forty-three go to the chain ; while for 
**tosca” the capacity is 7 cub. ft., with thirty-six to the 
chain, heavy teeth being introduced on some of the 
buckets for the purpose of breaking up the ground. 

Equipment.—There are ten main and four minor berths 
completed, which are equipped with thirty-four electric 
derricking cranes of the two-leg braced estal pattern, 
set astride of the outer tracks at the edge of the berths 
on independent rails, the power ranging from 30 ewt. to 
5 tons, with a radius at full load of 35 ft. to 25 ft. All 
these cranes are provided with independent motors for 
hoisting, slewing and derricking. Nine of the cranes are 
also equipped with patent elevators attached to the legs, 
for handling grain in bulk. In addition, there are one 
30-ton, one 20-ton, and three 5-ton steam travelling- 
cranes, and twenty-four electric capstans with numerous 
snatch-heads. 

Storage and Shipment of Grain.—The chief export of 
Bahia Blanca is grain, and facilities for the sto and 
rapid handling of it have been given a primary place in 
the equipment of the port. There are at this port four 
distinct grain-elevators combined with storage ; three of 
these are on the wharf side. No. 4isinland. The total 
storage capacity is about 73,000 tons, but the greater 
part of the installations are designed as shipping appli- 
ances to load grain, the storage capacity being auxiliary 
for the purpose of avoiding delay to wagons. The four 
elevators, and also a flour-mill, are described in detail 
in the paper. 

The works were designed by the author, and were 
carried out by administration under his direction until 
1912, when he retired from the company’s service. 





Australia’s Srratecic Rattway.—The pro to 
construct a long line of railway from a point in South 
Australia through a portion of New South Wales and on 
to Queensland, chiefly for strategic and developmental 
purposes, has been dealt with by a conference of miers 
of the Australian States. It has been decided that a 
conference between the military advisers of the Common- 
wealth and the Railway Commissioners of the States 
should be held. This conference is expected to take 
place “4 The proposed strategic line will be in 
addition to both the east to west and the north to south 
trans-continental railways. 





Tur P. anp O.—The fleet of the Peninsular and 
Oriental Steam Navigation Company, including steam 
tenders and tugs (and two Jarge steamers now building) 
represented at the close of September an aggregate dis- 


placement of 521,494 tons. The twelve principal ships in | K 


the fleet are the Maloja, 12,431 tons ; the Medina, 12,350 
tons; the Kaisar-i-Hind, 11,430 tons; the Morea, 10,890 
tons; the Mantua, 10,885 tons: the Malwa, 10,883 tons ; 
the Macedonia. 10,512 tons; the Marmora, 10,509 tons; 
the Mooltan, 9723 tons; the Mongolia, 9505 tons; the 
Moldavia, 9500 tons; and the Kalyan, 8987 tons. The 
fleet comprises the following vessels used for the branch 
service to Australia via the Cape.:—The Berrima, 
11,137 tons; the Borda, 11,136 tons; the Ballarat, 11,120 
tons ; the Beltana, 11,120 tons ; the Benalla, 11,118 tons ; 
the Geelong, 7951 tons; and the Commonwealth, 6616 
tons. During the past year the company’s services were 
satisfactorily maintained, although thirty-one ships of 


its fleet are employed on Government service. A | Rai 


recent amalgamation with the British India Company 
is working satisfactorily. Economies, as well as advan- 
tages to the public, are being introduced. Two of the 
company’s older steamers, the Arcadia and the Oriental, 
have been sold. Insurance of the fleet against war risks 
cost the company during the past year upwards of 
250,000/. Two mail steamers, which are in course of 
construction, and which in the ordinary course would 
have been delivered during the t autumn, will not 
now be ready for some considerable time, the builders 


large stone “‘ plums,” the back chambers being filled | having been obliged to give preferential attention to 
with excavated material. To close the open between | Government work. The fleet stood in the books at the 
two adjacent cylinders a concrete pile is driven in| close of September at 4,507,159/., to which should be 


front and a timber pile at the back. The cylinders 
terminate about 1 ft. 5 in. above high-water, and 
the wall has a height of 7 ft. 6 in. above the top of 
the cylinders, is 8 ft. 9 in. wide at the base, and has a 
batter of 1 in 20 on the outside face. The ing is of 
mild-steel plates, secured in place by hooks embedded in 
the concrete. 

The whole front of the quays is protected by vertical 
fenders of greenheart timber, from the coping down to 
lowest water-level; the time occupied in sinking and 





added 256,220/., representing payments made on account 
for new ships. , naval and victualling stores, free- 
hold and other property, workshops and machinery, 
wharves, moorings, &c., as well as investments and 

in hand stood, also in the books at the close of September, 
at 6,453,9452. The company at the same date had a 
reserve fund of 1,374,000/., and a conti y fund of 
450,002. The capital which had been raised on debenture 
stock, preference stock, and deferred stuck, amounted at 
the same date to 6,637,8741. 


used, | steel wor 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign ne projects, taken from the Board of 
Trade Journal. Further information on these jects 
can be obtained from the Commercial Intelli ranch, 
Board of Trade. 73, Basinghall-street, ion, E.C. 

Austrolia: With reference to the opening of the 
Doon et rietary Samed — at New. 
castle, N.S.W., the following supplementary information 
has been received from HM. "Frade Commissioner in 


d | Australia :—According to the local Press, the company 


has now os orders for an extension of plant at their 

The projected extension will increase the 
works capacity from 126,000 to 170,000 tons of steel per 
annum, and will involve an estimated expenditure of 
300,000/., to include two open-hearth furnaces and exten- 
sions of the coke-making and other plant. H.M. Trade 
Commissioner in Australia has forwarded specifications 
in connection with calls for tenders by the Victorian 
Government Railways, from which the following par- 
ticulars have been extracted :—Sealed tenders, on proper 
forms, will be received by the Victorian Railway Commis- 
sioners, Spencer-street, Melbourne, as follows:—Up to 
11 am. on December 15, for the supply and delivery 
of 216 solid-drawn steel tubes for engines (Contract 
No. 29,523). Up to 11 a.m. on Deoember 15. for the 
supply and delivery of 1250 galvanised-iron bolts and 
sockets for trucks (Contract No. 29,555). Up to 11 a.m. 
on December 22, for the supply and delivery of 1850 felt 
body-blocks, with hole, for vans (Contract No. 29,565). 
pa? to 11 a.m. on January 12, 1916, for the supply and 
delivery of 409 cast-steel wheel centres for engines (Con- 
tract (No. 29,520). Upto 11 a.m. on January 12, 1916, 
for the supply and delivery of lamps, socket refiector- 
holders and reflectors for electric lighting of car-shop 
(Contract No. 29,538). Tenders must be accompanied by 
a pisliminary deposit of 4 per cent. of the amount of the 
offer, except in the case of Contracts Nos. 29,555 and 
29,565, where a deposit of 1/. is required. repre- 
sentation is necessary. A copy of each of the specifica- 
tions and forms of tender may be consulted by United 
Kingdom manufacturers at the Commercial Intelligence 
Branch of the Board of Trade. It will be observed that 
the time for the receipt of tenders is limited, and this 
intimation will therefore be of use only to firms having 
— in the Commonwealth who can be instructed by 
cable. 


Spain: The Gacecta de Madrid publishes a notice, 
issued by the Ministerio de Fomento, granting permis- 
sion to the Sociedad Electra de Viesgo to utilise for 
industrial purposes the waters of the Rio Cares (Province 
of Leon) at the rate of 8000 litres per second, and those of 
the Rio Bulnes and Rio Tielve (Province of Oviedo) at 
the rates of 500 litres and 1000 litres per second respec- 
tively. The necessary works must be commenced within 
a year and completed within a period of six years from 
the date of the publication of theconcession. The Gacrta 
also notifies that projecta will be received at the Direc- 
cida-General de Obras Piiblicas, Ministerio de Fomento, 
Madrid, up to May 21, 1916, for the construction of a 
secondary railway from Palencia to Aranda de Duero. 
The line will be of metre gauge. The average cost per 
kilometre must not exceed 100,000 pesetas (about 4000/.). 
The minimum weight per metre of the rails to be used 
will be 30 kg. (66 Ib.). 

Greece: H.M. Consul at Pirzus has forwarded a copy 
of the Greek Government Gazette (No. 376) of Octo- 
ber 14/27, containing the text of an agreement, in the 
French language, made between the Greek Government 
and an American locomotive company of New York City, 
concerning the supply of accessories for locomotives and 
tenders. Attached to the agreement is a priced (f.o.b. 
New York) schedule of the various accessories. nited 
ingdom locomotive manufacturers may consult the 
above-mentioned Gazette at the Commercial Intelligence 
Branch of the Board of Trade. 


Colombia: The Diario Oficial, Bogotd, publishes a law 
authorising the Colombian National Treasury to place 


the sum of 30,000 pesos gold (6000/.) at the disposal of the 
Municipality of oid towards the ee canalisa- 
tion of the Rivers San Francisco and San Augustin in 


that city. 





Tue InstiTuTION OF LOcOMOTIVE ENGINEERS (TNCORPO- 
RATED).—Mr. Maunsell, M.A., M. Inst. C.E., chief 
mechanical engineer of the South-Eastern and Chatham 
ilway, has accepted the presidency of the Institution 
of Locomotive Engineers for 1916, the retiring President, 
Mr. Alfred J. Hill, M. Inst. O.E., chief mechanical 
engineer of the Great Eastern Railway, vacating the 
office at the end of this year. Mr. Hill has been Presi- 
dent for two years, although nominally the office is for 
one year; but, owing to the Institution having just 
become incorporated, Mr. Hill accepted office for a second 
year to co-operate with the Council in framing the memo- 
randum and articles of association. 





Tue InstiTUTE OF ARBITRATORS.—We have received 
the first number of the Journal of the Institute of Arbi- 
trators. This body was formed on March 1, 1915, and is 
open to men in the various professions of consulting, civil, 
mechanical, electrical, and other engineers, architects, 
surveyors, accountants, &c. The aim of the Institute is 
**To raise the status of arbitrators to the dignity of @ 
distinct and recognised position as one of the learn «| 
professions.” The first annual meeting was held in 
October, under the presidency of the Right Hon. Lord 
Headley, the vice-president being Mr. Heary Adame, 
M.Inat. © The address of the Institute is 32, Old 
Jewry, E.C’ 
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longitudinal members are all of Dantzic oak, and | 


THE ESKDALE RAILWAY: A NARROW- | the two longitudinal and two transverse members | 


versely. The coupling itself consists of a loose steel 
link, with pins passing through the buffer and 


GAUGE EXPERIMENT. are bolted together as shown. The floor is built up link. Figs. 107 and 108, on page 606, illustrate the 

luded 586.) of wooden slats aid transversely on the sole-bars, axle-box and springs ; the former is of cast iron, 

; (Censinded from pages SES. spaces being left between the slats for drainage fitted to specially-designed axle-guards and provided 

On this and the following page we illustrate the | purposes. The body is constructed of teak framing, with suitably-loaded spiral springs. It will be seen 


15-in. gauge open passenger-coach, of which the| the sides and backs being formed by narrow tea: 
tare is'7 cwt., and in which there is accommodation matchboards, and the whole finished with three coats 







Fig 





Fig .97. 
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for eight passengers. The total len over the| 
headstocks is 8 ft. 2 in., and the width 3 ft. O} in. | 
The height from rail-level to the buffer centre is 
10 in. ; ‘the wheels are at 5-ft. 8-in. centres. 
Fig. 97 is a part elevation and part longitudinal 
section, Fig. 98 a transverse section and part 
end elevation, and Fig. 99 a plan, while Fig. 100 
Sives various details, showing parts of underframe, 
wind-screen, &. The fy Sg h ks, and 


of copal varnish. The underframe and metal —- 
are coated with black enamel, the floor being lead- 
coloured. There is also some gold and blue lining 
on the sides of the body, with the name ‘‘ Eskdale 
Express” in raised brass letters. The combined 


buffer and couplings are fully illustrated in Figs. 
101 to 106. ey are of the central type, specially 
designed and constructed of cast-steel alloy, and are 
arranged to give an elastic draw and to swing trans- | 








from Fig. 1 
an oil-bath, with ring oilers. The wheels are of 








that the lubricating oil is carried in 


Wind 


Screen 













mer 


Dit. SECTION OF SHANK 
- SECTION AT A-A aTC-C 








SY 
~ 


ya 
Ut 












SECTION AT BB 


steel alloy, forced on to mild-steel axles, The 
arrangement of the brakes is well shown in 
Figs. 97 and 99. They are of the simple vacuum 
type, worked by an ejector on the locomotive, as 
illustrated in the preceding article. A train-pipe 
is fitted, with a flexible coupling, at each cn of 
the coach. The vacuum cylinder iteelf consists of 
a spherical iron casting, furnished with a rubber 
diaphragm in the centre, to which a piston-rod is 





606 





ENGINEERING. [Dec. 17, 1915. 








fitted, having ite outer end connected to brake-gear 
of the usual type. 

On page 616 are given an exterior view (Fig. 109) 
and an interior view (Fig. 110) of one of the 
closed-in coaches for the line. These are 19 ft. 6 in. 
long, and seat sixteen persons, twelve in the body 
of the coach, in three compartments, two passen- 
gers abreast, and an additional four on end plat- 
forms. The weight empty is 24cwt. A visitor 
6 ft. 3 in. in height finds clearance for a tall hat in 
the interior of these cars. The proportion of live 
to dead weight is, in normal conditions, as 5 to 6. 

On the same page (Fig. 111) there is illustrated 
the locomutive, of the ‘‘ Pacific” type, referred to in 
the preceding article ; it is pro to purchase it 
from the Staughton Manor Railway, should the 

ger traffic at Eskdale next season justify it. 
The locomotive ‘‘ Katie,” which has already been 
acquired from the Eaton Railway for goods traftic 
on the line, is shown in the same view. The 
dimensions of these locomotives are as follow :— 


4-6-2 Ex 0-4-0 Goods 
Tender Tank 
tive. Locomotive. 
Diameter of cylinders .. oe 44 in. 4§ in. 
Length of stroke ea oe on , 2 
Diameter of driving-wheels .. 1 ft. 8 in. 1 ft. 3 in. 
Length of wheel-base .. o S8e8ea 8 ft. 
Number of by ee os — mn ~ ok. 
om overframing .. os t. . 
Width overframing .. ae Sam 3 ft. 10 in. 
Length of boiler .. os o 6 83 ow Sa Bn 
Diameter of boiler ee -_ le Re Sa ie 
Length of fire-box (flue) os — 2. 38, 
Diameter of fire-box .. oe _ re 
Number of tubes (brass, 14 in.) 41 57 
Heating surface .. es oe 91 sq. ft. 58 aq. ft. 
Grate area ee oe ee oe Sw 
Capacity of tanks = 68 49 gals. 


Working steam pressure per 


square inch .. ee 130 1b. 76 Ib. 
Weight in working order 


; 3tons 8 tons 5 cwt. 

(with tender) 

The constructional details of the ‘‘ Pacific” engine 
correspond closely with those of the ‘‘ Atlantic” 
locomotive, which were fully described in our last 
issue, and need not therefore be recapitulated. 

As we said at the outset of our article, very con- 
siderable interest will be taken in the working of 
this line, with ite miniature rolling-stock, and it is 
to be hoped that details may be available later as 
to the working cost. 





HARDENED STEEL ROLLS. 

THe present war has given occasion for a con- 
siderable agitation in the technical and daily Press 
of this country respecting the ‘‘ capture of German 
trade,” and certainly the past year has shown to 
what a great extent we have become dependent on 
Germany. As an example we have the case of 
hardened steel rolls, such as are used in the cold- 
rolling of many metals and alloys. 
The Germans have in the past developed the 
manufacture of such rolls with a conspicuous 
degree of success, and many of our leading metal 
rollers have found it expedient to install mills of 
German make, fitted with hardened steel rolls, in 
lace of the chilled cast-iron ones more generally 
in use in this country. Since the outbreak of 
hostilities these firms have found it almost impos- 
sible to replace rolls which had become worn out 
or broken in the meantime, particularly rolls of 
large or medium dimensions ; and they have been 
obliged to substitute chilled iron rolls to enable 
them to keep their mills in use. 
It is not that we are lacking the necessary experi- 
ence in steel manufacture to enable us to produce 
hardened steel rolls equal to those of German 
make ; but we do not appear to have been able to 


do so at prices which would compete with the | b: 


steel-roll makers in Germany. The reason for this 
would seem to be mainly due to the fact that no 
firm possessing the necessary manufacturing capa- 
city and experience has seriously taken up the work. 

t is interesting to consider here the value of 
hardened steel rolls in cold-rolling work, and also 
the way in which German mills have been intro- 
duced into this country. Until comparatively 
recently, and, generally speaking, even now, the 
cold-rolling of such metals as steel, copper, brass, 
&c., has been accomplished in England with rolls 
of chilled cast iron. The surface obtained on ae 
chilled rolls is very nearly equal to that on those 
of hardened steel, and is quite sufficiently hard 
for the satisfactory production of cold rolled 
strip and sheet of the usual commercial quality. 
Moreover, steel rolls are considerably more expen- 
sive than chilled iron ones, and the very inferiority 
of the latter in respect to the degree of hardness 
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Fig. 108. 
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advantage, in that chilled rolls can be ‘‘ trued up” | them from the commencement—that is, to produce 
by the simple process of ‘‘ scouring” with a steel | the steel forging and bring the requisite experience 
bar in place, whereas the steel roll needs to be|to bear on the subsequent heat treatment, for the 
removed from its housings and re-ground on an| problem is more one for the metallurgist and 
expensive grinding- machine. Still, the greater tical steel-maker than for the engineer. In 
cost of a pair of steel rolls is partially discounted |Germany the manufacture of hardened-steel rolls 
by their longer life, and, what is perhaps the main|is in the hands of such firms as Krupps, August 
point of superiority, their surface is capable of | Schmitz, the Rhenische Westphalische Company, 
taking a much finer polish than it is possible to| &c., who, if they do not all actually produce the 
get on chilled rolls. It is chiefly due to this|steel forging themselves, work in close connection 
advantage that the steel roll has found its place| with the steel-maker. This co-operation between 
in cold-rolling mills. British metal rollers found | manufacturers to their mutual advantage is an 
themselves at a disadvantage in competition | outstanding feature of German industry, and 
with Germany in certain lines, insomuch that|is one which we should do well to copy. For 
the German rolled strip had a superior surface|any builder of rolling - mill machinery to put 
and finish, which they found difficult to imitate ;|down a complete plant for the production of steel 
and it was very generally agreed that the/rolls from start to finish is practically out of 
use of hardened and polished steel rolls was|the question; but a co-operation between engi- 
instrumental in obtaining this result. Not only | neers of experience in this class of machinery and 
was credit given to the rolls themselves, | the steel-makers should result in retaining a remu- 
but the German-made rolling-mill as a whole, with | nerative trade in the country. 
its accurate workmanship and careful finish, was} It has first to be decided what is the proper 
thought to have advantages over the rougher class | grade of steel for the purpose, and it is quite 
of mill in common use in this country. It is|likely it will be found that the steel required 
doubtful whether this conclusion is entirely jus- | is not one that will give a uniform temper through- 
tified, for although the German type of mill is| out the roll, but a cheaper steel which would 
attractive from the purely engineering point of| be capable of being hardened to a high degree 
view, it is equally true that metal rollers here are|on the working surface by a species of case-har- 
able to get excellent results from the ordinary|dening. If this supposition be correct, and it 
English mill, and the German mill, being a more | could readily be confirmed, a great advance would 
delicate tool, is more susceptible to damage and | be achieved, for not only would the cost of material 
deterioration in the hands of the semi-skilled | be reduced, but the hardening process robbed of 
labour usually employed on this work. The ad-| its greatest difficulty. A steel of a similar nature 
vantage also claimed for the high-class mill in the | to this has been produced here for years (although 
direction of economy in power consumption, due | it is possibly not quite the right quality for rolls), 
to the system of bearing lubrication employed, | into the interior of which the p on fo should 
machine-cut gearing, c., is another matter, and | penetrate fully } in., while the body of the forging 
outside the scope of this article. must be sufficiently hard to resist any tendency to 
As regards the actual manufacture of steel rolls, | crush under the heavy pressures which such rolls 
it will be obvious to all engineers, who have had | have to withstand. This is, however, only a matter 
experience in hardening steel articles, that to|for experiment and analysis, and it should only 
obtain a ‘‘ glass” hard surface on a roll having a| require the serious attention of competent metal- 
worki barrel, say, 10 in. im diameter by |lurgists to enable us to put on the market rolls 
15 in. long, to take a moderate size, is no easy | equal in quality to, and comparable in price with, 
matter. The process has been successfully accom-/|the best products of Germany. 
plished in this country, but the material used is 
usually a high carbon steel, and consequently the Merattic ParMaNEent-War.—The exports of chairs 
cost of the forging alone is considerable. There | and metallic sleepers from the United Tieetom, which 
is always danger of incurring serious loss, due to | had been gradually increasing, experienced a rude check 





reakages in the hardening, so that in the past, | in consequence of the war, the shipments for the eleven 
against German competition, the game was scarcely | months ending November 30, this year, amounting to only 


: : . | 54,870 tons, as compared with 71,839 tons in the corres- 
rer the end "Ain, our lading eee mane | ap eR ad ih we oer 
- ing period of 1913. The chief external market for our 


on to deal successfully with the problem, are not, | metallic permanent-way is British India, which imported 
as a general rule, particularly ———, ~— ao tans te Roveusher 38, a —_ nag 
manufacture of rolls, and not infrequently they , © value O his 7 

find that the demands of their — trade pre- a at 410,173, as compared with 439,087/, and 
vent them from taking such work. Also they are|""’’ ~ 
not usually in a position to supply finished rolls,| Tue Héravir Evecrric Steet Furnaces IN THE 
turned, ground and polished y for use, so it is Unirep Srates.—We read in the Jron Age that = 
easy to see how metal rollers have come to rely United States Steel Cor ration has granted licences for 


mainly on Germany for their supplies of these rolls. | oe a = — =o ph 

At the conclusion of the war, and for some pg ca furnace; the Crucible Secel. Casting Company, 
time after, there is little doubt that buyers in | Cleveland, Ohio, a 1-ton furnace; the Monarch Stetl- 
this country will not be disposed to favour | Casting Company, Stockton, Oal., » 1-ton furnace ; the 
German products, and an exceptional opportunity Universal Rolling-Mill Company, Bri +4 <w 
wil bo given to any rm who. are, entrprising, © 4 fora; the Caron Sher Oipany, Pats 
enough to take the work in hand. To be success- burn, Pa., a 6-ton furnace.” With these new contracts the 











attainable is looked upon by some users as an 


ful, a firm taking up the manufacture of steel rolls ¢otal’number of Hérault furnaces operating or contracted 
should preferably be in a position to deal with | for in the United States and a is thirty-six. 
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GRINDING-MACHINES.—No. XVI. 
By Joszrn Horner. 

Tue drawings given in Figs. 227 to 232, on the 
present page, illustrate a cutter-grinder which differs 
in design from any other grinder of that class in 
existence. It is built by the Ingersoll Milling- 








Fg. 227. 


Fig. 229. 





24 in., 30 in., and 36 in. in diameter. 


ine ” dealing with face-mills only, and those | rotates in a sleeve B, also coned slightly. 
chiefly o 
and is 


large dimensions. It is built very rigid] 
carried on a base, the lower part of whi 
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dealing is a step in that direction, being de-,a portion of a ball-bearing race. The spindle 


The 


sleeve is adjustable vertically, by means of the 


pinion a and rack b, in the socket C. The pinion a 
forms a large water-tank. The threesizes in which |is actuated from the hand-wheel D, Fig. 228, 
it is manufactured take cutters respectively up to| through the worm c and worm-wheel d, the latter 


The cutters ' being on the same shaft as a. 


The boss of the 


6G 








Fics. 227 ro 232. Currer-GrinperR ; THE IncERsoLtL Mitiine-Macnine Company, Rockrorp, Iiimois, U.S.A. 


Machine Company, of Rockford, Illinois, U.S.A., | 
for whom Messrs. OC. W. Burton Griffiths and Co , 
of Ludgate Hill, London, E.C., are the agents in this 
country. Outter-grinders have been sometimes built 
with little regard to rigidity, and most of them carry | 
Re number of separate attachments. But 
r dy specialisation is gery, to make itself | 
elt in this direction, though not as yet in a very 


marked degree. The machine with which we are now 


are held while being ground on an arbor exactly 
as when working on their machine-spindles, and 
will therefore run true when put to work. 

The views comprise a front - end elevation, 
Fig. 227, a side elevation, Fig. 228, a longitudinal 
section, Fig. 229, and a plan view of the machine, 
Fig. 230. The cutter to be ground is mounted on 
an arbor, which fits into a spindle A with a slight 
taper, Fig. 229, and having a flanged end to form 








har.d-wheel is graduated in thousandths of an inch. 
The socket C is supported in a saddle, which is fed 
along a slide E by a screw and a hand-wheel F, in 
front, the latter having its boss divided round to 
read to thousandths of an inch. 

The grinding-wheel shown in sectional detail in 
Fig. 231 is secured on the bottom of the spindle 
Gb means of nuts. The spindle rotates in bronze 
badkiogs, and a tapered cone at the upper bushing 
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takes up wear. ‘The bushings are carried in a 
sleeve H. and this in a bushed sleeve J carried by WORM-GRINDING MACHINE. 


a saddle K, which has 14 in. of longitudinal adjust- 
ment through the hand-wheel L and its screw, to 
compensate for wear in the emery wheel. Adjust- 
ments are made in thousandths of an inch. The 
spindle is driven by the pulley M belted from 
the pulley N at one side of the machine, whence 
the belt over guide-pulleys O to permit of 
the angling of the wheel-spindle, to be noted pre- 
sently. The countershaft drives to the pulley P 
adjacent to N. Anelectric drive can be substituted, 
as indicated to the right of Fig. 228. 

The spindle-saddle is carried bodily ina yoke (, 
Figs. 227 and 229, which turns on roller-bearings 
e, €, around its pivots, and is counterbalanced by 
the weight R. This provides the means for grind- 
ing the faces and the sides of the cutters at right or 
at any other angles. This is shown by the diagram, 
Fig. 232. The yoke is set by two quadrants S88, 
which are graduated into degrees from —2 deg. to 
93 deg., which gives 90 deg. and clearances, and 
any angle less than 90 deg. The extreme positions 
of the spindle and wheel are indicated in the dia- 
gram, Fig. 232. The setting of the yoke is arrested 
by the stops f, /. 

The a of the spindle-sleeve J carries a finger 
support T, Fig. 229, with adjustable fingers g, 9g, 
seen also in Fig. 227, by which the edges of the 
cutter-teeth are set to give the required clearance, 
and for right or left-hand cutters. The setting of 
the index-finger is done by a gauge passed through 
the hollow of the yoke trunnion. The end of the 
gauge occupies a vertical plane continuous with the 
centre of the grinding-spindle. ‘The distance from 
the end of this gauge to the index-finger settles the 
angular clearance of the teeth being ground. As 
the distance varies with different amounts of clear- 
ance and with cutters of different diameters, a 
table is given by the manufacturers. It covers 
clearances ranging from 1 deg. to 3 deg., and 
diameters of cutters from 6 in. to 24 in. The 
spindle has a stroke of 5 in. given by hand by 
means of the lever U, seen in Figs. 227 and 230. 

Round corners can be ground on teeth, the 
setting for this being effected by radius-gauges. 
These are cylinders along which right-angled sec- 
tions are milled corresponding with the radius. 
These are inserted through the yoke trunnion, a 
cutter tooth adjusted to fit into the milled section, 
the gauge withdrawn, and the grinding done. 
During this the sleeve is locked and the entire 
yoke is swung over each tooth. The countershaft 
is of the reversible type. Adjacent to the pulley P 
on the machine is a small pulley V, whence the 
centrifugal pump W is driven. 

The gear-grinding machines, which are becoming 
the sequel to the practice of hardening, are now in 
their early stages, yet the principle embodied is 
simple. It is essentially the transference of the 
method of cutting gears with a cutter having the 
section of a rack-tooth to the grinding-wheel. The 
section may be that of a rack-tooth, or the plane 
face of a grinding-wheel may be used set at the 
angle of the flank of a rack-tooth. Each method is 
employed in grinding as in cutting teeth. In- 
volute teeth alone are provided for. The cycloidal 
are not, because of the inseparable difficulties of 
grinding double curves. These would have to be 

one with formed wheels, which would lose their 
shape almost immediately. 

The illustrations on the present and opposite 

ges show a worm-grinding machine, by Messrs. 

vid Brown and Sons (Huddersfield), Limited, of 
Lockwood, Huddersfield. It rectifies the worm- 
threads subsequently to hardening, and is one 
example of the high specialisation which is now so 
common. The machine is shown by the photo- 
graphs, Figs. 233 and 234, in front and rear, and 
by the drawings, Figs. 235, 236, and 237, in eleva- 
tion, plan, and end view respectively’ 

The worm being ground is rotated between fixed 
centres, and traversed in front of the grinding- 
wheel. The drive takes place from the single 
pulley A, which is provided with a safety friction- 
clutch, thence through the gear-box B, which gives 
ten speeds, and from the box to a worm and wheel C, 
Fig. 238, which imparts the slow rotation to the 
ae D of the fixed head E, seen in Fig. 236, 
and in the sectional view, Fig. 238. 


The movement for the lead is produced by the 
lead change-gears put on at F, located on top of the 
fixed head E, Figs. 235, 236, and 239. The motion 
from these passes through the differential gear G, 
seen in the sectional view, Fig. 239, and thence 





CONSTRUCTED BY MESSRS. DAVID BROWN AND SONS (HUDDERSFIELD), LIMITED. 

















Fie. 


233. 

















Fie, 


through a lead screw (not seen), which imparts the 
spiral movement to the work. 


234. 


in the horizontal base L, Figs. 236 and 237, seen 
|also in the photograph, Fig. 234. 

During the movements of traverse and rotation | 
the worm thread is ground by the face of the wheel | of the machine. 


The foregoing are the broad outlines of the design 
The details are as follow :—The 


H, mounted and constructed as shown in the | driving motion passes, as stated, through the gear- 


section Fig. 240 (compare with Figs. 235, 236, 
237, and with the photographs, Figs. 233 and 234). 
It is driven by the pulley J through bevel gears, 
and is so mounted as to be easily set in correct 
relation to the thread of the worm, both in respect 
of the angle of spiral and the pressure angle. The 
first is effected by the setting of the wheel spindle 
around the circular vertical face K. on which it is 
clamped by bolts in the annular T-groove shown 
(compare with the photograph, Fig. 233). The 
second adjustment is effected he an annular setting 








| box B, but the return stroke is made at a high 


speed and is direct. At the end of the working 
stroke the trip-gear, operated by the traverse 


| trip-lever M, causes a high-speed clutch to engage, 


producing the rapid withdrawal of the grinding- 
wheel slide at the moment of reversal. At the 
other end of the stroke the trip-gear causes another 
reversal, and allows the grinding-wheel to approach 
the worm-thread slowly until it reaches a micro- 
meter stop. During the quick retarn stroke the 
differential comes into action and causes the worm 
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DETAILS OF WORM-GRINDING MACHINE. 


CONSTRUCTED BY MESSRS. 
Fig 288. 


F 





N. 


(asses) 


I) \ 





to be automatically indexed for the next thread. 
The index change-gears are at N. O is the index 
trip-gear. Provision is made for eliminating back- 
lash during the quick return stroke. Right or left- 
hand worms are dealt with by a movement of the 
handles P and Q. 

All the hand-wheels and levers are located at 
the front of the machine. The central hand-wheel 
R controls the automatic movements of the grind- 
ing wheel-head. The hand-wheel S (see Figs. 235 
and 236) is fitted with a micrometer adjustment, 
graduated in tenths of a thousandth of an inch, by 
the rotation of which the grinding-wheel is fed 
laterally to the work. This is a special feature 
designed to retain the correct shape of the worm- 


thread. When the automatic movements are not 
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wanted the machine can be — by hand by 
the hand-wheel T. The lever U arrests at the end 
of the next quick return stroke all the movements, 
so that the attendant can gauge the work in hand. 
Moving the lever U again starts the cycle of opera- 
tions. The top table is pivoted at one end to 
rovide for correction of its parallelism, being set 
he taper by the screw V. The protection of the 
ways and other parts will be noticed. , 
he familiar Bilgram spur-gear-cutting machine 
has been modified for grinding. The rotation of 
the gear to be ground is controlled by Bilgram 
bands in conjunction with the transverse movement 
of tbe carriage on which it is supported. By 
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means of this combination the correct rolling 
movement is produced for varying pitch diameters. 
The grinding disc-wheel, which has its periphery of 
rack-tooth section, as shown in Fig. 241, is carried 
on an arm reciprocated by slotted link mechanism, 
the grinding-wheel being rotated bya belt. The 
movements of the gear are derived from the slotted 





link, being transmitted through a ratchet and 
change-gears. An indexing motion with change- 
gears provides for various pitches, as in the Bilgram 
gear-cutting machines. 

The advantage claimed for this method of grind- 
ing is that which is inherent in the Bilgram and 
similar designs of gear-cutting machines, in which 
the teeth are indexed between successive cuts. In 
the grinder it has the advantage of constantly bring- 
ing fresh portions of the wheel into contact wit 
dissimilar portions of the teeth. When a machine is 
designed to grind the entire surface of one tooth 
before indexing to another, the wheel may become 
worn irregularly. In this case, after the grinding- 
wheel has reciprocated once, the gear is indexed 
and rolled simultaneously, and a portion is re- 
moved from the next tooth. The result is that a 
different zone of the grinding-wheel comes into 
action and on a part of the tooth which is located 
differently from that of the preceding one—that is, 
farther away from the point, and so on all round 
the gear until the depthing is complete on all the 
'teeth. The displacement of the portions of the 
wheel and successive teeth in contact is extremely 
minute, so that the polygonal facets, which occur 
in theory, form a curve. The portions in contact 
occur in a spiral path round the gear, as indicated 
by the full lines in the diagram, Fig. 242. Four 
| zones of —— exaggerated, are suggested here, 
|a, b, c, d, corresponding with four teeth. The 
| points of contact of the grinding-wheel and the 
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gear change in the successive teeth from a! to a’, 
a’, a‘, b', b*, b’, b4, and soon. The Bilgram bevel- 





(4596.1) 


gear generating-machine is similarly modified for 
grinding bevel gear-teeth. 

The employment of two face wheels, Fig. 243, 
set at the pressure angle, is embodied in some cases. 
Details are worked out in different ways. In one 
design the entire machine is supported on a base- 
plate. The gear is carried on a vertical mandrel, 
and provision is made for rolling it, as though on 
the teeth of its rack, the flanks of which are repre- 
sented by the faces of the grinding-wheels. The 
bearings for these are ontel on a series of plates 
in guides, by which the wheels can be adjusted to 
correspond with various pressure angles, and can 
be moved towards and from the gear-wheel. A 


\ Fig. 243. 








diamond is also mounted next each wheel for 
truing its face. Spur-wheel teeth are ground on 
opposite faces simultaneously, a clear tooth inter- 
vening. A is the indexing gear. When one revo- 
lution of the gear has been completed, both sides of 
each tooth will have been ground, so avoiding 
reversal of the gear. A modification of the design 
is patented for truing the teeth of bevel-gears. In 
this case one flank only is ground at one time, the 
other wheel being withdrawn the while. After- 
wards the first wheel is withdrawn, and the gear 
rotated through a distance equal to the thickness of 
a ee, and the second wheel brought up to its 
work, 

Another machine for grinding teeth, also with 
two plane-faced wheels, is designed on the broad 
outlines of the common planing-machine. A bed 
with Y's carries « table or saddle which is recipro- 
cated along the bed with a screw, provided with 
reversing-gear actuated by trip-dogs and levers. A 
cross-slide is fitted in guides on the saddle, and the 
headstock which carries the mandrel for the gear- 
blank forms an integral part of the cross-slide. 
The b'ank has three movements. One is that of 
travel under the grinding-wheels, which it receives 
from the saddle. Its reversal is effected by the 
dogs, levers, and reversing-gears just mentioned 
The indexing, which is derived from the same 
mechanism, occurs atthe reversal. Another move- 
ment, to produce the roll, identical with that of 
the gear rolling on a rack, is going on at the same 
time through the coercion of bands and a rolling 
arc on the Bilgram principle. The two qrindies- 
wheels are aasel on a cross-slide adjustab 
vertically on the housings of the machine. Across 
the face of this two plates fit with Y’d edges, and 
are adjusted towards or away from each other by 
right and left-hand screws cut on a shaft that 
passes from end to end of the cross-slide. Circular 





= are mounted on these, and are capable of 
ing turned to any angle in unison by worms 


mounted on a long shaft turned by a hand-wheel. 


These plates carry the bearings and shafts of the |W 


grinding-wheels, which are adjusted by hand-wheels 
to the correct distances apart. The spindles are 
driven each by its small electric motor mounted on 
its plate. : 





INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics 
states, in the Board of Trade Labour Gazette, that in 
November the shortage of both skilled and unskilled 
labour became more marked. To some extent women 
have been used to make good the deficiency, but there 
is room for further developments in this direction 
during the war. The number of women ordinarily 
employed is not, however, sufficient to meet all the 
demands of the situation created by the withdrawal 
of so many men from their usual occupations, and by 
the requirements of the Forces. A new supply of 
labour is therefore required which, in the present cir- 
cumstances, can only be drawn from among those women 
who have not hitherto been engaged in industry. 

Compared with November, 1914, employment showed 
a = improvement, which was particularly notice- 
able in the industries engaged on war contracts, 

The war bonuses and increases in rates of wages 
reported as taking effect in November affected about 
330,000 ‘ep and amounted to over 24,000/. 
per week. The principal changes affected 6550 build- 
ing operatives in the Manchester and Salford district, 
120,000 coal-miners in Durham, 114,000 coal-miners 
and 8710 shale-miners in Scotland, 10,000 engineers at 
Lincoln, and 28,000 dyers, bleachers, &c., in Lan- 
cashire, Yorkshire, and Scotland. An increase in wages 
was also granted during November (but arranged to 
take effect in October) to about 16,000 workpeople in 
the shipbuilding and engineering trades at Belfast. 

The number of disputes beginning in November was 
forty, and the total number of workpeople involved 
in all disputes in progress was 11,988, as compared 
with 20,502 in the previous month, and 8061 in 
November, 1914. The estimated total aggregate 
duration of all disputes during the month was 69,000 
working days, as compared with 156,700 in October, 
1915, and 84,500 in November, 1914. 

The average weekly number of vacancies notified to 
all Labour pees for the four weeks ended Nov- 
ember 12 was 36,023, as compared with 34,838 in the 
five previous weeks, and with 31,932 in the four weeks 
ended November 13, 1914. The average weekly 
numbers of vacancies filled for the same periods were 
26,177, 25,398 and 24,220 respectively. 





In connection with the recent award of a war bonus 
of 4s. a week to workmen employed in London under 
the Admiralty, War Office, pe Ministry of Munitions, 
the Admiralty and Army Council make the following 
announcement as regards the workmen employed in 
the naval and military establishments outside the 
London area :—The 3s. war bonus granted to mechanics 
and skilled labourers on March 28 Jast in accordance 
with the award of the Committee on Production will 
be increased by ls. The 23. a week awarded to 
labourers at the same time on the same recommenda- 
tion will be increased by 2s. a week. These increases 
will date as from the 19th inst., thus bringing the 
total war bonus to mechanics, skilled labourers, and 
labourers in the naval and military establishments up 
to 4s. a week. 





The text of the Bill to amend the Munitions Act 
was issued last Siturday, the llth inst. It contains 
ths following main amendments :— 

1. Power is given to the Minister to declare Govern- 
ment factories in which munition work is carried on to 
be controlled est vblishments. 

2. Section 7 of the principal Act is amended so as, 
amongst other things, to make the issue of certificates 
of discharge compulsory upon the employer when he 
dismisses a workman or suspends him for more than 
three days, unless the tribunal is of opinion that 
the workman was guilty of misconduct in order to 
secure dismissal. The employer is prevented from 
inserting enything in the certificate other than the pre- 
scribed particulars. It is also provided that when 
an employer dismisses a workman, to whom Section 7 
of the principal Act applies, without at least a week’s 
notice, the tribunal may award compensation to the 
workman unless it considers that the circumstances 
are such as to make the omission to give notice 
reasonable. It is further provided that a munitions 
tribunal shall, in deciding whether a certificate should 
be given to a workman, take into consideration the 
question whether the workman has left his former 
work for the purpose of undertaking any class of work 
in which his skill or other personal qualifications 
could be employed with greater advantage to the 
national interest. 

3. Provision is made for an appeal on points of law 
from local and general munitions tribunals to a 


tribunals concerning women, one assessor shall be a 


oman. 

4. The definition of munitions work is extended. 
This extension will, among other things, bring into the 
definition the supply of power, light, and heat certified 
by the Minister of Munitions to be of importance for 
carrying on munitions work, and the erection of 
munition factories or other buildings required for 
naval or military pu It will also make the 
construction and repair of ships of any class certified 
by the Admiralty munitions work. 

5. Provision is taken for requiring employers to 
comply with the directions of the Minister of Muni- 
tions as to rates of wages and conditions of employ- 
ment of women engaged on munitions work. 

The Bill was discussed in Parliament on Wednesday 
last, and was read a second time. During the committee 
stage Lsbour members will seek further concessions. 





A meeting of the executive committees of the Miners’ 
Federation of Great Britain, the National Union of 
Railwaymen, and the National Transport Workers’ 
Federation was held at Westminster Palace Hotel on 
Thursday, the 9th inst., for arriving at a working 
agreement between the three unions in the matter of 
wages and conditions of labour in the coal and the 
carrying trades. The agreement covers over 1,500,000 
operatives. It will be remembered that the scheme 
was outlined before the war, when rules were drafted, 
but it was abandoned temporarily. The rules now 
agreed upon unanimously are as follow :— 

1. That matters submitted to this joint body, and 
upon which action may be taken, should be those of a 
national character or vitally affecting a principle 
which, in the opinion of the executive making the 
request, necessitates combined action. 

2. The co-operation of the joint organisation shall 
not be called upon, nor expected, unless and until the 
matter in dispute has been considered by, and received 
the endorsement of, the national executive of the 
organisation primarily concerned; and each organisa- 
tion instituting a movement which is likely to involve 
the other affiliated organisations shall, before any 
definite steps are taken, submit the whole matter to 
the joint body for consideration. 

3. For the purpose of increasing the efficiency of 
the movement for combined action, periodical meet- 
ings of the three full executives shall be held at least 
halt conte. 

4. There shall be appointed a consultative com- 
mittee of six, com of two members chosen from 
the executive committee of each of the three bodies, 
whose duty it shall be to meet from time to time, 
and who shall be empowered to call at any time a 
special conference of the executives of the three bodies 
if, in their opinion, such conference be necessary. 
That a meeting be called on application made by any 
one of the three bodies. 

5. With a view to meeting all management expenses 
incurred, each affiliated v= be shall contribute a sum 
of 103. per thousand members per annum, or such 
sum as may be decided upon from time to time. 

6. Simultaneously with these arrangements for 
united action between the three organisations in 
question every effort shall proceed among the three 
sections to create effective and complete control of 
their respective bedies. 

7. Complete autonomy shall be reserved to any one 
“ed hed three bodies affiliated to take action on its own 

8. That joint action can only be taken when the 
question at issue has been before the members of the 
three organisations and decided by such methods as 
the constitution of each organisation provides, and the 
conference shall then be called without delay to con- 
sider and decide the question of taking action. 

9. No obligation shall devolve upon any one of the 
three bodies to take joint action unless the foregoing 
conditions have been complied with. 

The president and secretary of each of the three 
organisations form the sub-committee provided for in 
the constitution. {.  _ 

At the conference in question, Mr. Robert Smillie 
(Miners) was elected president of the new organisa- 
tion, Mr. H. Gosling (‘l'ransport Workers) was elected 
vice-president, Mr. ‘T. Ashton (Miners) secretary, and 
Mr. J. H. Thomas (Railwaymen) treasurer. 

In the course of a preliminary meeting, Mr. Smillie 
is reported to have stated ‘“‘. . . People may rest 
assured that the triple alliance will be fairly peaceful 
for a few months. We recognise chat this is not 4 
time for heroics. Once we have formally agreed to 
the constitution we shall, perhaps among ourselves, 
consider what are the principal requirements most 
needed. Each union knows its own business best, 
and will be able to put its particular needs forward. 
The alliance may then mutuall upon a national 
programme, but this is not likely to be drafted yet 
awhile. We recognise that the present time is im- 
— for safety or any other legislation if such be 
n wt. 








specially-constituted appeal court. It is further pro- 
vided that in respect of cases coming before munitions 





The monthly report of the Steam-Engine Makers 
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Society states that its membership is now 18,500, 
divided over 172 branches. The society has a capital 
of 155,000/. ; the unemployed number four, equal to 0.02 
percent. The report adds that all members of military 
age employed upon munitions should, without further 
delay, under Lord Derby’s group system, offer them- 
selves to the service of the State ; should their ser- 
vices as engineers be considered essential and neces- 
cary, there need be no fear of any immediate call for 
active service in the various fields of warlike opera- 
tions. A full response to the voluntary call may well 
weigh with the common enemy and in itself bring 
nearer to an end the horrors of a war which has been 
nove of our seeking. ‘‘1n case of a failure to make 6 
generous response to the country’s call to arms, we 
know full well what is the one and only alternative— 
viz., compulsory military service.” 





According to news received through the inter- 
mediary of the High Commissioner for Australia, the 
Commonwealth Attorney-General, Mr. Hughes, who 
has been closely investigating the ramifications of the 
business of German firms in Australia, states that 
when the war broke out ‘‘ German control of trade 
and industry in the Commonwealth was very wide- 
epread, and gaining rapidly. Not the least significant 
evidence of this fact is furnished by the number of 
contracts entered into by Government, municipal, and 
other public bedies with German firms for the supply 
of material.” In the aggregate, contracts amounting 
to some millions had beeu entered into when war was 
declared. The Victorian Government had a contract 
with one German firm for the electrification of its 
suburban railway system. The amount involved is 
over 500,000. ‘the City Council of Sydney also had 
large contracts with the same firm. 

Through the same source it is stated that Australia 
felt very severely the effect of the outbreak of war on 
the mining industry. Germany had secured a firm 
hold upon several branches of that source of produc- 
tion. In some instances it amounted almost to a 
monopoly. The war had changed all this, and arrange- 
ments have now been made by which the whole of the 
copper output of the Commonwealth, suitable for 
electrolytic treatment, will be dealt with in Australia. 
Satisfactory arrangements have also been made in 
regard to the treatment of ores adapted for fire 
refining. Metal Exchanges are being established in 
the cities of the Commonwealth, and one of the results 
of the war will be to free the mining industry of 
Australia from the clutches of the enemy of to-day. 
The total base metal output of Australia is valued at 
thirteen millions sterling, and the beneficial effect of 
the action of Australia in this respect is likely to be 
felt throughout the whole of the Empire. The treat- 
ment of the zinc concentrates from Australia, which 
was hitherto carried out in Germany, will now be done 
in Great Britain. 





The eight-hour day was the subject of a paper read 
before the National Founders’ meeting, recently held 
at New York. As reported in the Jron Age, the 
author, in his references to the eight-hour day demand, 
which, he said, was not universal, dealt with some of 
the arguments put forward. The theory that now, 
with machinery, the work of ten hours could be done 
in eight only was an exploded theory. An individual 
concern might prosper under the eight-hour rule, but 
industry in general would only be disrupted by it. 
He urged a strong degree of co-operation among 
employers throughout the United States, to the effect 
that any legislation on the point should not be allowed 
to pass, and referred to the action of Detroit em- 
ployers in agreeing not to raid one another’s shops to 
get employees. Mr. H. H. Rice, President of the 
National Metal Trades Association, spoke on ‘* The 
Equation of Co-operation,” and said :—‘* When two 
men worked separately with the same object in view, 
the equation was 1 +1=2; when they worked 
against each other it became 1 - 1 = 0; when, how- 
ever, they worked together with the same object in 
view, then the equation was (1 + 1)?= 4.” As to the 
eight-hour day, *‘ it was not here, but, in fact, ver 
far away. There was now no such thing,” he added, 
‘‘as the eight-hour day, evep in shops supposed to 
be working on the eight-hour schedule ; they were 
working more. If they could obtain in eight hours 
what could be done in ten, why should they be working 
ten hours? What the men wanted was more wages, 
snd in many cases he felt they were entitled to them. 
His Association, he pointed out, rarely combated a 
strike for wages, as this was a matter regulated b 
supply and demand. He referred to one shop engaged 
on munitions which paid the ssme wages for an eight- 
hour as for a ten-hour day ; overtime was not allowed 
until after the elapse of ten hours, and he felt, there- 
fore, that this could hardly be regarded as an eight- 
hour basis. There were some lines of work in which 
six hours would be too long.” 

_In the course of the meetin 
‘on was passed, according to 
( leveled, Ohio :— 


, the following resolu- 
e Iron Trade Review, 


which would result in diminished opportunity for in 


creased earnings by thrifty workmen, has re- 
cently intensified by unwarranted agitation ; and 

‘* Whereas compliance with such a demand would 
result in a decreased output to the manufacturer and 
& consequential increased cost of general commodities 
to the consuming public ; 

**Therefore, be it resolved, that the National 
Founders’ Association, in accordance with a vote of 
its members, is unalterably op; to legislative or 
—_ enforced uneconomic uction in production 

ours.” 


According to the Jron Age, the women of France 
are being trained in the operation of automatic 
machine-tools and have proved themselves much more 
trustworthy operatives than the men, both with 
respect to the inspection of the work and the opera- 
tion of the machines. The women seem imbued with 
their own responsibility as a factor in protecting the 
men at the Front through their care in turning out 
only correct material. They also follow instructions 
to the letter. The men seem unable to resist an incli- 
nation to tinker with the automatic machines after 
they are once adjusted to a job, and when pieces begin 
to run under or over size, they are prone to attempt 
the remedy themselves rather than to call upon some 
one competent. One of the great prejudices that had 
to be overcome was the belief on the part of the 
French manufacturer that no operative could attend 
to more than one machine, and in one case it required 
an actual demonstration by a foreman of the American 
tool-makers who supplied the machines, who ran ten 
machines continuously, unaided, to convince a plant 
operator that it was possible. 





NOTES FROM THE UNITED STATES. 
PHILAVELPHIA, December 1}. 

TuE underlying influences affecting the steel industry 
are increasing in momentum in nearly all lines. The 
theoretical pig-iron production capacity is 44,000,000 
tons, affected by two subtractive features—viz., that 
about 5 percent. of capacity is always idle for repairs, 
and a number of antiquated furnaces cannot be operated 
at any price at which iron sells. 

Another present factor is that some furnaces are 
banked for want of coke; coke prcduction itself is 
eonsiderably reduced by reason of scarcity of labour, 
and the ridiculous habit of the foreign Ghonsne in 
celebrating by frequent holidays their saint a 

It is a waste of valuable space to say that furnace 
and mills are strained to capacity, and have orders 
for future production as far as they are willing to 
take them. There is an increase in business for 
delivery at specified dates. There is no escape from 
the conclusion that, unless there is a precipitated 
ending of the war, steel-making reo | will have 
to be considerably expanded. Domestic business has 
for @ year or two past been held in check ; it is now 
being let loose, and it represents a big volume of 
business. 

Pig-iron for 1916, after navigation opens, must ad- 
vance, as lake ores are rising fast. Bessemer pig has 
gone up to 18 dols., other kinds are up, every sort 
of finished material has gone up, billets, blank sheets, 
rivets, spikes, shafting, nails, wire-rods and bar-iron. 
All consumers are anxious to cover as far ahead as 
they can. Heavy round bars for shells range from 
3 to 4 cents; steel billets are hard to gettaken. Mills 
are choked ; the last order was for 10, tons. Shapes 
and plates have advanced. The Pennsylvania Rail- 
road withdrew its recent order for 12,000 cars because 
bids were too high. Manufacturers of steel for building 
purposes are being crowded all over the country for 
material to expand constructural facilities. The mag- 
nitude of the business will yet surprise the industry. 
Shipments of war supplies of every description are 
seriously hampered and side tracks are blocked for 
long distances. The Delaware shipyards have seventy- 
eight vessels under contract. European contracts for 
ships have been placed ; of these seventy-cight vessels 
fifty-six are for the American merchant marine. The 
Cramps are building three large passenger and freight 
ships for the Atlantic-Pacific trade, via Panama. Two 
local yards are building nine vessels for the Navy. 
Twelve ‘large ocean steamships are now under con- 
struction for European trade at one yard. Additional 
shipbuilding capacity will be hurried to completion. 
Prices for material for next spring’s delivery show a 
sharp advance. Engine and_ boiler plants are booking 


Y | large orders. 





AUSTRALIA’s MingRAL WeEALTH.—Authorities in Aus- 
tralia are taking steps to ascertain the actual value of 
the mineral resources of the Commonwealth. Mr. G. H. 
Hone, Commonwealth Valuator of Mining Properties, 
is valuing New South Wales mines. The examinations 
are being made in connection with the Commonwealth 
Government’s taxation proposals, and also as a guide to 
the worth of the mining industry of Australia. Mr. 
Hone will visit each State in turn, and his report is 





“Whereas the demand for a shorter work-day, 





ROYAL METEOROLOGICAL SOCIETY. 


THE usual monthly meeting of this Society was held 
on W wy, Bm 15th inst., at 70, Victoria-street, 
Westminster, jor H. G. Lyons, D.Sc., F.R.S,, Pre- 
sident, in the chair. 

Mr. F. J. Brodie, F.R. Met. Soc., read a paper entitled 
“* The Incidence of Bright Sunshine over the United King- 
dom during the Thirty Years, 1881-1910.” He described 
the steady increase in the use of ~ ey eR 
the somewhat crude type invented by Mr. J. F. p- 
bell in the early part of last century to the improved 
pattern of Sir George Stokes of 1879, which bas remained 
in use with very slight modification to the present day. 
The ~ is based on figures taken from Appendix IV. 
of the Weekly Weather Re for 1913, published by 
the Meteorological Office, and the jae which have been 
constructed differ somewhat in detail from those appear- 
ing in the official volume. The author dealt with the 
prevalence of sunshine, both by the seasons in their usual 
grouping, and annually. He also referred to the average 
number of sunny days at Greenwich and Falmouth, and 
to the loes of sunshine recorded in London and other 
large manufacturing centres. He showed that abate- 
ment of the smoke evil tended to an increased record of 
sunshine, and placed the large towns more on a footing 


of equality with the rural districts. 
A paper was also read by Dr. W. Galloway, entitled 
“* Remarkable Cloud Phenomena,” in which the author 


deecribed the curious and rapid changes which took place 
in a small portion of a under-cloud, wi on 
July 31 last, near Ormesby Broad, Norfolk. The 
phenomena pointed to the occurrence of electrical dis- 
charges, but no rain, thunder, or lightning occurred. 
A lantern-slide, taken from sketches by the author, 
illustrated the paper. 





DamMinc AvsTrauian Rivers.—According to news 
received through the High Commissioner, every year the 
areas ught within reach of the various irrigation 
ecbemes in Australia are being extended, and with that 
extension there are increased opportunities for successful 
settlement under happy, healthy conditions. At various 
points along the Murray River there are important 
works in progress, with the object of conserving la: 

uantities of water for irrigation purposes. On the 

umberoona estate, about 18 miles from Albury, is the 
first ‘* site” on the Upper Murray, at which it is pro 
to construct a dam capable of impounding 1,000, acre 
feet of water. For 40 miles Gastar up the river there 
are more “sites,” a’ as many as fifteen, but at 
Cumberoona two drilling parties have been en since 
the beginning of April in speeding ahead with tests, on 
an arrangement arrived at between the interested 
Ministers and officials of the adjoining States. On the 
New South Wales side, the boring, for which a No. 8 
diamond drill is being used, bas greatly upset the res 
on the plans setting forth the various sballow cepths of 
rock bottom stated to have been located in the same 
locality a few years back by a hand-boring party. The 
boring, too, has greatly upset the estimated cost of build- 
ing 8 weir there of an estimated length of 9845 ft., witha 
crest of 117 ft. From the mound, on which the Ministerial 
party recently surveyed the river basin with the at 

ollow expanse far back as the eye could see, to the river, 
rock was located at varying depths of 25 ft. to 60 ft. But 
from the mound along the proposed line of the weir on 
tbe tableland, towards an o)d quarry on the bill slope, the 
rock was not found at less than 142 ft. down, and the 
shallowest — of the bore on the highest point of 
the line was 75 ft. 


Russian Perro.eum.—Russian petroleum industry is 
| Band an ny, end Pisin «< ing at ——— The 
pies Petroleum Company, Limited, reports that its 
duction in the nine months ending with October, 118, 
was 10,771,800 poods, as compared with 13,506,685 poods 
in the ing period of 1914 and 10,072,090 8 
in the corresponding period of 1913. The crude oil 
delivered by that company during the first six months of 
1915 amounted to 7,315,471 poods, and realised 2,446,000 
roubles, showing a net average (after deducting allow- 
ances for cancellation of A om, &eo.) <, 33.44 
copecks per pood, as compared with an average of 35.28 
copecks per pood in the corresponding period of 1914. 
The approximate profit, subject to depreciation allow- 
ances, for the first six months of this year amounted to 
132,562/., after allowing 10,370/. for the cost of deepening 
wells. Adding the net balance brought forw from 
last year—viz., 118,060/.—there was a nominal profit 
balance of 250,622/. The directors, however, state that after 
allowing for the unfavourable rate of exchange the amount 
available for appropriation would be reduced from 
250,622/. to 165.0441. ; and, in view of this state of things, 
the directors do not deem it advisable to declare an 
interim dividend at present. During the past few months 
production and development bave n retarded owi 
to the difficulty of obtaining wire ro for baling an 
drilling. The price of wire in Russia, even for the 
i uate supply available, advanced during the 
fifteen months by something like 500 per cent. 


rly this year, in view of a possible shortage of 
the p Rant an order with an English firm, but 
owing to the difficulties attending shipping to Russia, 
the first consignment of this order has only just reached 
Grozny. Continued sto have place in 
various wells, owing to the ing of sages which have 
had to be retained in service (through of new ones) 


after their usefulness had ceased. It is hoped that the 





expected to be of a voluminous character. 


new ropes which have now arrived will obviate stoppages 
such as those which have adversely affected production, 
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TURBINE MACHINERY OF THE SS. “ BINGERA.” 
(For Description, see opposite Page.) 
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PLATE XXXV 
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TURBINE MACHINERY OF THE SS. 


Fig.3. LOOKING AFT 








On our two-page cn and this and the opposite 
page we illustrate a highly interesting piece of work 
recently carried out by Messrs. McKie and Baxter, 
of the Copland Works, Govan, consisting in the 
replacement of the turbines of the s.s. Bingera by 
triple-expansion reciprocating engines. The Bingera 
was built in 1905 for passenger and cargo traffic on 
the Australian coast, and measures 300 ft. 3 in. by 
40 ft. Sin. by 17 ft. 9in., with a tonnage of 2092 
gross. Originally the vessel was propelled by direct- 
driving turbines on the three-shaft system ; the centre 
screw being driven by the high-pressure turbines, 
and each of the side screws by low-pressure tur- 
bines, as is well shown in Figs. 1, 2, and 3, on this 
and the opposite page. Experience since gained has 
shown that machinery of this type is not joy J suitable 
for boats of this size, running at a speed of from 16 to 
17 knots, owing to the difficulty of effecting a satis- 
factory compromise between the speed of rotation 
desirable for the turbine and that essential to a 
reasonable propeller efficiency. It is now known that 
better results are obtained by driving direct with the 
ordinary type of engines, or, as is now being done, 
with geared turbines. The turbine installation in the 
Bingera proving unsatisfactory, the owners decided 
to remove the turbines and fit reciprocating engines. 

The engine plant as arran by Messrs. McKie 
and Baxter is shown in ition in Figs. 4, 5, and 6, 
Plate XXXIII. It will Le meted that the fore and 
aft space occupied is exactly the same as that taken 
up by the turbines ; the condensers and all auxiliaries 
being retained in their original places. The only 
alteration made was the fitting of a new engine-seat 
on the tank top, and this is clearly shown in Fig. 6. 

The speed of the reciprocating engines being much 
less than that of the turbines rep » & greater 
torque had to be transmitted by the shafts, necessi- 
tating a large shaft diameter. As shown in Fig. 9, 
the original propeller-shafts had brass liners for 
their whole length and ran in lignum-vite bearings. 
Larger tail-shafts were introduced by running them 
in oil, with Vickers’ patent glands at the after end, 
as shown in Fig. 10. By this arrangement an addition 
of 14 in. to the diameter of the t was possible, and 
permitted of the fitting of three sets of four-crank 
triple-expansion engines, having cylinders of 15 in., 
24 in., 27 in., and 27 in. in diameter by 21 in. stroke. 
In ordinary service, the revolutions are 225, and the 
indicated horse-power 3000. It was thus possible to 
make the change-over from turbines to engines with- 
out any alterations whatever ‘to the original arrange- 
ment of stern-posts and shait-brackets, as shown in 
"; 7 and 8. 

The engines, shafting, and propellers were built in 
this country and shipped to eihenn, the company’s 
staff there undertaking the removal of the original 
plant and the fitting-up of the new installation, 
together with the new engine-seat. As stated above, 
no structural alterations of any kind were made, with 


the exception of this new engine-seat. The small oil- 
pumps, which were used for the lubrication of the 
turbine-bearings, were employed in the new arrange- 
ment to keep the stern tubes filled with oil at all 
times. It will be noted that the centre engine has no 
reversing-gear, the manceuvring of the vessel bein 
done by the port and starboard engines. One-hal 
of the exhaust steam from the centre engine goes to 
the port condenser and one-half to the starboard 
condenser. 

The engines are very substantially built throughout 
and have exceptionally large ing and wearing sur- 
faces. The vessel is now in service and is giving 
excellent results, a special feature being the entire 
absence of vibration with the four-crank triple-expan- 
sion engines, which are balanced on the Yarrow- 
Schlick-Tweedy system. Not the slightest trouble is 
found in service in running continuously at the revo- 
lutions required. The increase of speed, together 
with the saving of coal effected by the new arrange- 
ment, appears to justify the alteration. 

All the details ot the changes made in connection with 
this vessel were carried out under the personal super- 
vision of Mr. John Clark, superintending engineer 
of the British India Steam Navigation Company, 
Limited, London, the work in Australia being directed 
by Mr. A. Burwood, superintendent of the Australasian 
United Steam Navigation Company. 





Prrsonat.—The Portland-Cement-Testing Works and 
Chemical Laboratories, now at 41, Old Queen-street, 
Westminster, S.W., inform us that on and atter the 25th 
inst. their address will be 6, Earl-street, Westminster, 
S.W., where they have secured larger and more com- 
modious laboratories. 





Tue Merropouitan Water Boarp.—Very little work 
has been carried out during the past ge to the con- 
ditions due to the war. In April the decided to 
alter the contract for the reservoirs in the Valley 
near Laleham and Littleton, and to omit the dividing 
embankment between the two reservoirs, making one 
reservoir of about seven thousand million gallons ca 
city, instead of two with an aggregate mene of o 
amount. The work on these reservoirs been pro- 
ceeding slowly on account of the difficulty of obtaining 
labour. The contract for service reservoirs at Westerham 
Hill and Betsoms Hill was suspended immediately after 
commencement owing to the pom ay Ugg yen by 
the contractor in obtaining materials, The contract 
for the construction of a service reservoir at Shooters 
Hill has proceeded slowly, difficulties bey | experienced 
by the contractor in obtaining transport facilities, and 

in obtaining the necessary labour. The contract 


after being suspended for some months to allow the con- 
tractor to obtain the necessary materials, is at the present 
time making fair progress. Many works sanctioned by 
the Board’s Acts of 1911, 1913, and 1915 have all been 
held up until conditions become more settled. 








was let for the a at Shortlands, which, | of the 





“ BINGERA.” 





UNITED STATES NAVY PROGRAMME. 


In the annual report of Mr. Daniels, Secretary of the 
United States Navy, a strong plea is again set forth for 
a continuing me of construction. After much 
reflection, conference with able experts in the Navy and 
patriotic men in the civil walks of life, such a pro- 
gramme, Mr. Daniels says, has been evolved, and is 
submitted herewith. For the first time in the re of a 
Secretary of the Navy a plan is submitted which covers 
not only the necessities of the immediate future, but has 
been extended to cover a period of five years. “Ifa 
vote had been taken a few months ago as to the types of 
ships to be constructed, a large majority of the le 
would doubtless have voted to go into the building of 
submarines on a scale so large as to leave little money for 
other fighting craft. Recently in Navy circles the pen- 
— = said to have wy J away from an — 

rge under-sea programme, with emphasis again placed 
upon the ‘‘ Dreadnought.” In addition, the need for 
battle-cruisers seems imperative. The wise policy, 
approved by the ablest experts and enforced by the 
lessons of the war across the ocean, is towards a well- 
proportioned Navy, the units being com of the 
types which our fieet would have to meet and overcome 
in case of war.” 

programme which Mr. Daniels recommends, 
Ss to a telegram in The Glasgow Herald, is as 
‘ollows :— 





— | 1917. | 1918, | 1919 | 1920 | 1921. 
Dreadn ts 2 2 2 2 
Battle-cruisers 2 — 1 2 1 
Scout-cruisers 3 1 2 | 2 2 
Destroyers .. 15 10 56 | Ww 10 
Fleet submarines 5 4 2 2 2 
Coast submarines 25 5 | 15 16 
Gun pe 2 1j;e- _ 1 
Hospital ships hi 1 —- | — j= — 
Ammunition ships .. - _ - 1 1 
Fuel-oil ships be — 1 _ 1 - 

-shipe .. os _ - | — pe 1 





He also recommends an expenditure for aviation of 
2,000,000 dols. (400,000/.) for 1917, and of 1,000,000 dols. 
in each of the other four years. With expenditure on 
reserves of ammunition, the cost of the programme for 
the five years is as follows :— 





Dols. £ 

1917 95,372,127 19,074,425 
1918 ... bes 7 110,422,750 22, 550 
1919... a -_ 96,767,500 19,353,500 
1920... . 95,133,087 19,026,617 
ME 5 ode 104,786,750 20,957,350 

Grand total... 502,482,214 100,496,442 

“Tf,” Mr. Daniels proceeds, “ this me is 


carried out, accepting the General estimates of 
survival for present vessels, the Navy would yempene 
following vessels, built or — in 1921 :— 
Battleships, first line, 27 ; battle-cruisers, 6 ; battleships, 

line, 25 ; armoured cruisers, 10 ; > 


13; cruisers, firs 5; cruisers, second 
cruisers, third-class, 10 ; destroyers, 108 ; fleet su 
18; coast submarines, 157 ; monitors, 6 ; gunboats, 20; 
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supply ships, 4; fuel-ships, 15; transporte, 4; tenders 
to o vessels, 3; special types, 8; ammunition 


ships, 

‘It will be observed that the proposed programme 
for new construction includes a substantial number of 
battle-cruisers and scouts. The former type has not 
hitherto been included in the estimates of the Depart- 
ment or authorised by Congress. Of the latter we have 
now upon the Navy List but three representatives, 
authorised April 27, 1904, and now out of date. It is 
believed that, in the light of recent events, it is necessary 
to expand the programme to include these types of 
vessels if the Navy is to be prepared to meet contin- 
gencies certain to confront it in case of war. It is a 
notable fact that in every naval event of consequence 
which has occurred in the North Sea area, the leadi 
parts have been taken by vessels of the battle-cruiser an 


ng | the afternoon between 75s. 9d. and 75s. 2d., closing with 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Markct.—Last Wednesday after- 
noon’s market showed a further advance, and 3000 tons 
of Cleveland warrants were dealt in at the higher rate. 
At the close sellers were quoted at 74s. 3d. cash and 
74s. 74d. one month—a rise of 1s. 1d. per ton from the 


added momentum, one month’s iron being dealt in up to 
75s. per ton. For delivery on February 15, 1916, 
75s. 6d. per ton was paid, and although 75s. 9d. was 
offered for three months’ iron, there was not a declared 
seller in the market. Olosing sellers’ Ae stood at 
74s. 10d. cash, 74s. 9d. four days, 753. 6d. February 15, 
and 753. 3d. one month. One month’s iron fluctuated in 


scout types, and it is evident that had either side lacked | Sellers 14d. per ton down from the morning's level, while 
i i cash iron, after being dealt in at 75s., closed at 74s. 9d. 
such vessels it would have been at a ee pl Lang nly A A Paantin it rong A 


recommendation for a five-year sy age 
—— calling pad ne ols. aac pan s 
ear for five years, depends u Jongressi approv 
T have cnoommented an feareaes of 7500 men and 2500 
apprentice-seamen and 1500 marines. This increase is 
sufficient to care for the ships to be completed in 1917 
and have a number in training for those to be completed 
in the early part of 1918. 

‘“‘An examination of the five-year 
show that emphasis has been laid chie - 
craft, and only so mucb money as is absolutely necesss 
for pressing needs is recommended for naval auxiliaries. 
But we "all know that in war proper auxiliaries are 
a prime essential. Whatthe Navy needs, and in case 
of trouble would sorely need, are auxiliaries properly 
buils and equipped with trained Americans. A merchant 
marine with foreign crews is not available for American 
defence. An American merchant marine, opening new 
markets, paying its way in time of peace, ready to be 
converted into a powerful, suitable, and efficient naval 
auxiliary in time of war, is a need that cannot be over- 
estimated. The ideal way to secure adequate auxiliaries 
for the Navy for war would be for Congress to authorise 
the construction of Government ships upon Navy speci- 
fications, to be utilised for commerce in times of peace 
and to be ready for Navy purposes in case of war. The 
solution for the Government is to construct from time to 
time a sufficient and suitable auxiliary fleet, proportioned 
to the needs of the Navy, and to have such auxiliaries 
operated, in commerce during times in such a way 
as will preserve them and train the essential naval re- 
serve of men, and while doing this relieve the Govern- 
ment of the burden of cost of maintenance through the 
income or earnings of the vessels employed in commerce. 
, he Daniels, in —pam, a ye 
utely necessary under present conditions for this 
country to increase the strength of its a and while 
until world-wide conditions change I cannot do otherwise 
than advocate a policy of increasing our naval strength, 
I hope the day will soon come when the suggestion by 
the naval head of a great nation, made in 1913, for a 
reduction in naval construction will be agreed to by the 
whole world. In my 1913 report I discussed the proposi- 
tion, and the hope I then entertained for an international 
understanding to end competition in costly building 
programmes I still cherish. While conditions to-day are 
such that on ays looking to an international agree- 
ment could probably be made with prospect of present 
success, I entertain the sincere desire that when peace 
is restored the suggestions made in my reports may be 
considered and approved by the great navy-building 
nations of the world.” 


rogramme will 
fighting 
necessary 





Tue Late Mr. Frepericx Siwon.—We regret to have 
to announce the death, which occurred at 50, Cambridge- 
ens, London, W., on Saturday, the 11th inst., of 
r. Frederick Simon, M. Inst. C.E. Simon was 
eighty-one years of age. He was born in Jamaica, and 
after serving his ee under the late Charles 
Vignoles, F'.R.S., he acted as that engineer’s assistant 
in the construction of railways in Spain. . Simon 
then went, in 1864, to Mexico, where he was 
in railway construction. He left Mexico in 1867, and 
after 5) ing several months in England he proceeded 
to India, where he was occupied for a number of years 
on irrigation work. Later in life he returned fora period 


in Mexico, where he acted as an engi for the con- 
struction of the National Mexican Railway. Mr. Simon 
was a member of the Institution of Civil Engineers since 


May, 1881. 





CommeroraL-Moror Drivers anp Recrurrinc.—A 
deputation from the Commercial-Motor Users’ Associa- 
tion was received by the Reserved Occupations Com- 
mittee of the of Trade on y, the 6th inst. 
The Committee was informed that more than 25,000 
drivers and fitters who were in the employ of mem- 
bers of the Commercial-Motor Users’ Association had 
already joined the Army Service Corps, Mechanical 
pry a Be med the position of the commercial-motor 
users was ing very acute on account of the serious 
shor of drivers. Committee was u to act in 
the following directions:—1. To place remaining 
heavy-motor-car drivers on the Reserved List. 2. To 
urge the Local Government Board to reduce the minimum 
age for the holding of movor-car driving licences, subject 
to satisfactory To recommend the autho- 
rities that it was more economical for the country to 
enlist men and train them than to dislocate transport 
work further by taking trained drivers from commercial 
businesses and paying them 6s. a day. The Committee's 
decision will be announced in a few days. 


also | being p 


me considerable irregularity of price was recorded 
at Friday forenoon’s market, and at the close a drop 
of 7d. per ton had taken place. Closing sellers were 
then quoted 74s. 2d. cash 74s.7d. onemonth. In the 
afternoon, however, the market recovered this temporary 
depression and dealings took place at 74s. 7d. cash and 
74s. 104d. one month, with ers at the close 74s. Ghd. 
per ton cash and 74s. 114d. one month. Over the day 
4500 tons were dealt in. Extreme buoyancy characterised 
Monday morning’s market, when a new was 
‘euel. cash warrants opening strong at 75s, and ad- 
vancing further to 75s. 6d., with sellers over at this figure 
at the close. One month’s iron reali 75s. 114d. per 
ton, closing at 76s. A turnover of 2000 tons was reported. 
This sensational advance made further progress in the 
afternoon, the quotations at the close showing a gain of 
ls. 74d. per ton over the day. Cash iron, after being 
done up to 75s. 9}d., closed with sellers at 76s. 2d., 
one month’s warrants rising from 76s. 3d. to 76s. 7d. a 
the close. Business amounting to 3500 tons was trans- 
acted. A decided reaction took place yesterday (Tuesday), 
when Cleveland iron declined about 7d. per ton at the fore- 
noonsession. Prices started well, but at theclosecashsellers 
were quoted 75s. 6d., seven and ten days 75s. 74d., and 76s. 
one month. In the afternoon a certain irregularity pre- 
vailed, and although cash iron remained steady on forward 
account, there was a drop of 4d. per ton, and the market 
closed with sellers’ quotations still at the morning’s level 
—T4s. #4. to 75s. 6d. ten days, and 75s. 104d. one month. 
This (Wednesday) morning another decided advance was 
recorded in the price of Cleveland warrants, for cash 76s. 
per ton being realised, and for one month’s iron 76s. 6d. 
At the close sellers quoted 76s. 5d. cash and 76s. 104d. one 
month, with 76s. for eight days and 76s. 6d. fifteen 
days. A turnover of 2500 tons took place. 


Sulphate of Ammonia.—The scarcity of sulphate of 
ammonia continues to add to its value, which mes 
firmer day by day. Strong in demand, the price seems 
of little moment to consumers, who, this week, have paid 
the highest level touched since 1882—viz., 17/. per ton 
— delivery Glasgow, and 17/. 10s. prompt delivery 

ith. 
Scotch Steel Trade.—With the Government demands 
for munitions and other war material as clamant and 
insistent as ever, there is no lack of excellent business 
being done in every steel-making establishment in the 
West of Scotland, while the most noticeable feature 
is the continued upward tendency in price. Despite the 
fact that the production is enormous, and the output more 
and more confined to Government work, the unavoidable 
delay in obtaining supplies of raw material ishavingarather 
serious effect. France kee 
classes of war material, a demand which is not likely to 
ease off so long as the war lasts. Indeed, the conditions 
are such as to point to a continuance of strenuous activity, 
which is likely to increase rather than otherwise in the 
coming year. © revival of mercantile trade in America 
is ing things increasingly difficult for local manufac- 
turers, who, of course, are quite unable either to quote 
for or deliver this claes of work under the present state 
of affairs, especially as new Admiralty contracts are 
i laced. Sections and shell bars, both for our own 
and the Allied Governments, are being poured out in 
immense volume, and whether or not this output can be 
added to depends very much on the number of men who can 
be released from military service. Prices are still on the 
upward move, with every prospect of a further rise, 
boiler-plates, for prompt delivery, Glasgow or equal, 
being from 12/. 10s. to 12. 15s. per ton; ship-plates, 
11. 15s. to 12/.; and les, 12/. 5s., 12. 10s., or 
upwards—all less the usual 24 per cent. discount. 


Malleable-Iron Trade.—The upward trend of prices is 
as noticeable in the malleable-iron trade as in any other, 
but this in no degree affects the business being done, the 
greatest possible activity prevailing, with every evidence 
of continuing for some considerable time to come. Not- 
withstanding the ex in output of finished 
material thrown out from the rolling-mills, the constant 
cry is for more and more, and it seems difficult to 
know how this is to be en “Crown” bars 
have now reached 13/. per ton, less 5 per cent. discount, 
an advance of over 5/. per ton within the past few months, 
this rate being similar both for prompt G w delivery 
and for export. 

Scotch Pig Iron Trade.—The tone of the local pig-iron 
trade is particularly strong, and, notwithstanding the 
difficulty of obtaining prompt and adequate supplies of 
raw material, the demand is excellent with firm prices 


ruling, some of the brands having advanced about 5s. 
per ton during the week. High rates are demanded for 
ore, and when to this is added the expensive 





imported 
freight charges and heavy on-costs, the necessity for the 





previousday. On Thursday the upward tendency gained | Jand 


up a steady demand for all | Ri: 


continued advance in price is quite apparent. Even at 
the higher values large sales are reported, hematite 

ing specially strong in demand, although the supply 
still short. For prompt delivery the price has now 
risen to 127s. 6d. perton. ‘There is now a better demaid 
for forge and foundry grades than has been the case fo: 
some weeks past, and for these also prices are firm 
Seventy-one t-furmaces are in operation in Scot- 
— e —_ ee _ week, and ae ere 

at the corresponding date a year ago. ers’ 
(No. 1) iron has advanced potion # during the 
past week, and is now quoted as follows —Olyde, 
Calder, Summeriee, and Langloan, 95s. per ton, Gart- 
sherrie, 96s. (all shipped at Glasgow) ; Eglinton, 89s., and 
Glengarnock, 95s. (both at Ardrossan); Dalmellington, 
92s. (at Ayr); Shotts, 95s. (at Leith)—probably the 
highest prices known for many years. 





Contracts.—The Monometer Manufacturing Company, 
Limited, Aston, Birmingham, state that they have re- 
cently been favoured with a war contract for a battery of 
eighteen of their monometer patent crucible furnaces of 
the tilting type for » newly-erected works. Several com- 
panies have also recently placed orders for Monometer 
patent self-acting heat-controllers to be fitted to their 
existing gas-fired furnaces, examples being Mecsrs. 
Daimler Company, Limited, Coventry, Messrs. Chance 
Brothers, Limited, &c. Messrs. Broom and Wade, Li- 
mited, Desboro’ Iron Works, High Wycombe, inform us 
that they have secured an order from the North British 
Locomotive Company, Limited, of Glasgow, for 350 3-in. 
Hyatt roller-bearing drop-hangers complete, to be in- 
stalled in their new works. 


Tue “James Forrest” Lecrurr.—The twenty-third 
‘** James Forrest” lecture was read before the Institution 
of Civil Engineers last Tuesday, the 14th inst. The author 
was Mr. Henry Metcalfe Hobart, M.Inst.C.E. Mr. 
Hobart has been for some time mm America, and had 
hoped to be in this country in time to present his lecture 
to the Institution. Unfortunately, he was detained by 
legal business, and in his absence the lecture was read by 
Mr. John A. F. Aspinall], M. Inst. C. E. The subject was 
** Electric Railways,” and the lecture was devoted largely 
toan account of two very important electrifications which 
have taken place on American railways during recent 
years. It dealt also with the question of the relative 
economy of steam-generated and bydraulically-generated 
electric energy for uce on railways. Mr. Hobart's latest 
revision of the lecture only arrived in London this week, 
and consequently the lecture itself is not yet available for 
reproduction in our columns. We hope, however, to 
publish it very shortly. 





RADIOTELEPHONY AT 8000 Km. (5000 Mires) Dis- 
TANCE.—The American Telephone and Telegraph Com- 
pany claims to have sent radiotelephonic messages from 
Arlington, in Virginia, the radiotelephone station of the 
United States Marine Department, to Port Darien, on 
the Isthmus of Panama. The one station is almost 
exactly south of the other, and the distance—mostly 
across the Atlantic and the Gulf of Mexico—is 3400 km. 
In other experiments, Mare Island, off the California 
Coast, was spoken to, a distance across the American 
Continent of 4000 km. The respective messages were 
easily overheard on the Eiffel Tower, in Paris (6200 km.), 
and at Pearl Harbour, in Honolulu (7900 km.). Thus 
radiotelephoning at nearly 8000 km. distance would be pos- 
sible, and Arlington (which is near Mate ey might 
communicate with Moscow, Berlin, Paris, West Africa, 
io de Janeiro, and Southern Chile. Communication by 
radiotelephony between Seattle (State of Washington) 
and Yokohama, Tokio (7800 km.), would also be possible. 
The results are all the more interesting as the ordinary 
New York-San Francisco telephone connection (by wire) 
was only opened last spring. 





PROFITABLE PARTNERSHIP WITH FRIED. Krupp.—The 
Westphalian Wire Industry Company, in Hamm, pre- 
sents an interesting example of Pei , 80 to speak, a 
partner in the large Krupp firm. In the year 1911 the 
firm of Krupp took over 6,000,000 marks preference 
shares in the above concern, at the same time guaran- 
teeing to the ordi shareholders in the Hamm Com- 
pany certain dividends. So far the in has proved 
an exceedingly lucrative one for the wire company, a8 
willappear from the following table :— 


Westphalian The Westphalian 
Wire Industry’s Krupp Wire Industry's 


Own Profits. Contribution. Dividend, 
Marks. Marks. Per Cent 
1911-12 .. 518,005 590,605 9} 
1912-13 .. 686,603 495,618 104 
1913-14 .. 27,382 1,043,728 94 
1914-15 .. 2,737 1,735,040 154 
The turnover of the Westphalian Wire Industry Company 


for the last financial year amounted to 12,600,000 marks, 
against 19,200,000 marks for the previous year. The 
report he that the overseas export, which formerly 
accounted for more than half of the production, ceased 
entirely with the commencement of the war, but army 
contracts and orders from neutral countries by degrees 
kept the firm to some extent employed, and at the end 
of the last financial year two-thirds of the employment 
of the corresponding period of the preceding year had 
been . Additional facilities, both extension of 
old plant and addition of new, have been brought about 





for manufacture of such articles for which the wat 
has created a special demand. As the ~~ 
pros) and present position, the works are as fully 
cagigad as the further calls to the Front allow. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—Decreased activity is shown in the 
official return of South Yorkshire traffic by way of 
Hall during November. The total received, 324,614 tons, 
was 14,652 tons less than in the corresponding period of 
last year, and about 40,000 tons less than during October. 
For the eleven months the total, 4,393,799 tons, was 
860,426 tons below the aggregate for 1914. London took 
considerably larger quantities than during October. 
Foreign business, allowing for the shorter month, was 
down, the total reaching 157,062 tons, as com 
with 185,768 tons in the ees month last 
year. For the eleven months shipments abroad aggre- 
gated 2,364,317 tons, as oompared with 2,777,541 tons in 
1914—a decline of 413,244 tons. This return, however, 
does not embrace the heavy tonnages shi for Ad- 
miralty purposes and for the use of the Allies’ Govern- 
ments. France took 92.702 tons during the month, 
against 72,893 tons in November, 1914, or much more 
than half the total sent to foreign buyers. The two next 
largest customers were Sweden. which took 33,573 tons, 
compared with 55,642 tons, and Holland, which took 11,591 
tons, compared with 4714 tons. 


South Yorkshire Coal Trade.—The feeling existing among 
coal merchants against the pro’ pooling of all traders’ 
wagons, referred to in these ‘* Notes” last week, is trans- 
lating itself into active opposition. A protest meetin 
has been arranged, under the aurp‘ces of the Sheffiel 
Coal. Iron, Steel, and Allied Trades Excha for Friday, 
the 17th inst.,at which the whole position will bedi cussed. 
There is practically no change to report in the general 
outlook. far as house coal is concerned, the demand 
at the dépéts keeps good, the difficulty being to provide 
sufficient supplies to satisfy public requirements. Best 
hards are going away very freely. Local requirements 
necessitate large quantities, and in addition there is a 
fairly healthy inquiry for export. The pits are kept 

*fully occupied. the whole of the output being absorbed 
day by day. Nuts and cobbles are a very strong market, 
with large inquiries for shipment, many of which are of 
doubtful origin, and cannot be entertained. Slacks are 
very mo and for the moment great difficulties are 
experienced in keeping everybody going. Cokes keep up 
their recent buoyancy, and show some sign of a further 
upward movement. Quotations:—Best branch - 
picked, 20s. 6d. to 21s. 6d. ; Barnsley hest Silkstone, 18s. 
to 19s. ; Derbyshire; best brights, 17s. 6d.to 18s. 6d.; 
Derbyshire house, 16s. to 17s. ; best — nuts, 15s. to 
16s. ; small nuts, 14s. 3d. to 15s. 3d.; Yorkshire hards, 
16s. 6d. to 17s. 6d. ; Derbyshire bards, 16s. to 17s. ; best 
slacks, ite to 12s. ; eoonda, 9s. 6d. to 10s. 6d. ; smalls, 

to 


Iron and Steel.—The further advance of raw-material 
prices has had a restraining effect on new business, which, 
during the past week, has come forward slowly. Respect- 
ing steel-making irons, most consumers have fixed up 
their requirements for the first three months of 1916 at 
current rates. Producers have satisfactory order-books, 
the bulk of their output being committed up to the end 
of March. Business 1s now being sought for the second 

uarter at existing prices. The current quotations 
show an advance of 4s. to 5s. on those of last 
week, t+ Coast mixed numbers are offered at 
1363. to 140s., delivered in Sheffield or Rotherham, 
and West Coast sorts have proportionately advanced. 
Common irons have also moved up 1s., but business in 
this section is quiet. The revised figures are :—Lincoln- 
shire No. 3 foundry, 79s. 2d ; Lincolnshire forge, 788. 2d. ; 
Derbyshire No. 3 foundry, 75s. ; Derbyshire forge, 74s. 
All previous records in basis prices of bar iron have been 
passed by the action of the South Yorkshire Makers’ 
Association in advancing quotations 1/. per ton, making 
“Crown” bars 13/. per ton net, delivered monthly, an 
advance of 5/. 10s. on the price prevailing before the war. 
The munition departments are working at great pressure 
to get important orders out of hand before Christmas. 
A large amount of new plant is being installed, and it is 
hoped to have some of the new factories ready for 
operations at the beginning of the new year. In conse- 
quence of the amount of ordinary trade, as well as of war 
work, which is being held up by the shortage of carters 
and horses, manufacturers ea ape in the steel and allied 
trades are investing considerable sums in motor vehicles. 
Motor-wagons are also carrying a lot of material formerly 
delivered at comparatively short distances by rail. Engi- 
neers’ tools areamong the chief subjects of inquiry. Some 
very big orders have just been placed for rasps and files. 
Tool-steel has never been in greater demand, either on 
export or home account, but experience has proved that 
foreign inquiries, of which there are many, require care- 
ful examination. Among the latest bookings is tramway 
material for Glasgow and Manchester. No further rise 
1s reported in steel billets, but prices are very firm. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiessrovucH, Wednesday. 
The Cleveland Iron Trade.—Values of Cleveland pig 
re advancing, and are again higher than they have been 
or the past fifteen years. No. 3 is now quoted within a 
shilling of the top price in the boom of 1900, and man 
ates opine that the best quotation of that year will 
ortly be exceeded. T' are rumours of a suggestion 
to fix ® maximum quotation of 82s. 6d. for the ruli 
quality of Cleveland pig. The rate pa gyn ae 
for No. 3 is 77s. 6d., but possibly odd lots could 
still be purchased from second hands at a little below 
that figure. No. 1, th less scarce than it has 
continues to command above the normal difference of 





half-a-crown between that quali 
quotation being quite 80s. 6d. t 

9d.; No. 4 forge is 76s. 3d.; and mottled and white 
iron each 75s. 9d. All the foregoing quotations are for 
early delivery. 

_ Hematite Iron.—The situation in the East Coast hema- 
tite branch of the staple industry is peculiar. Efforts to 
check the upward movement are in progress, and it is 
reported that a maximum quotation of 122s. 6d. for mixed 
numbers has been suggested. Itis fully realised that unless 
freights and foreign ore prices can be lated in pro- 
portion, it will be very difficult to limit the price to any 
such figure, especially as there are keen buyers at several 
shillings above the alleged proposed maximum. There 
is no hematite available for disposal before April next, 
and the general market quotation for delivery of Nos. 1, 
2, and 3 over the second quarter of next year is 130s., at 
which price there are buyers. As a matter of fact, a 
sale for May delivery has made this week at 135s. 


Shipments and Stocks of Pig Iron.—Under all the cir- 
cumstances shipments of pig iron from the port of 
Middlesbrough are on a good scale. To date this month 
they average 2031 tons per working day, the total 
despatches amounting to 26,410 tons. To the same date 
last > St —— 16,026 tons, or a ap | 
average 0 tons, and for the corresponding part 
December last year the clearances were returned at 12,578 
tons, or an average of 967 tons per working day. Stocks 
of 2 Boys are low. At makers’ yards there is little 
Cleveland or hematite iron stacked, and the quantity in 
the = warrant stores here has now been reduced to 
122,816 tons, all of which is No. 3 Cleveland. So far this 
month 4015 tons have been withdrawn from the warrant 
stores. 


Foreign Ore.—Prices of foreign ore are steadily moving 
upward, due to advancing freights. Sellers, as a rule, 
will not do business unless they have steamers arranged 
for. Market quotations are now on fully 37s. 6d. 
ex-ship Tees for Rubio of 50 per cent. quality. Freights 
Bilbao-Middlesbrough are firm at 21s. 6d., and fixtures 
have been made at that figure. Excellent supplies of 
foreign ore are coming to hand. To date this month 
imports to the Tees amount to 71,549 tons. 


Coke.—There is almost a famine in coke. Demand 
both for home use and for shipment is heavy, and 
buyersare ready enough to pay considerably above what 
have been suggested as maximum quotations, Durbam 
beehive average blast-furnace coke is now put at 34s. 
Good foundry coke for shipment has realised 39s. f.o.b., 
but the general market quotation is a little below that 
figure. 

Manufactured Iron and Steel.—Great firmness charac- 
terises the finished iron and steel industries. Manu- 
facturers are kept busily employed on Government work, 
and have practically nothing available for ordinary com- 
mercial needs. Any small odd lots disposable in the 
ordinary way of business for early delivery command 
considerable premiums on scheduled rates. Steel rails 
and sleepers are dearer, but makers declare that they are 
fully booked and not in a position to sell. The following 
are among the principal market quotations :—Common 
iron bars, 13U.; t bars, 137. 7s. 6d.; double best bars, 
132. 15s. ; treble best bars, 14/. 2s. 6d.; packing-iron, 
9/. to 11/.; iron ship-plates, 11/.; iron shi les, 130. ; 
iron ship-rivets, 15/ ; steel sbip-plates, 11/.; steel ship- 
angles, 10/. 15s.; steel strip, 12/.; steel hoops, 12/. 10s. ; 
steel joists, 11/.; heavy steel rails, 11/.; and steel railway 
sleepers, 12/.—rails and sleepers net, and all other de- 
scriptions less 24 per cent. discount. 


and No. 3, the present 
o. 4 foundry is put at 





AUSTRALIAN Rivers, —A preliminary investigation 
made of the Darling River shows that most suitable 
site for the storage of large volumes of water for irrigation 
purposes is in the lake system to the east of the river, 
comprising Lake Boolabooka, Lake Ratcatcher, Lake 
Victoria, and a number of other lakes fed from the river. 
A large area of high-class land can be commanded from 
this stoi and the area will be served by the Condo- 
bolin and Broken Hill Kailway when constructed. The 
construction of a storage reservoir at Wyangala below the 
confluence of the Abercrombie River has been investigated 
with the intention of affording water in the river channel 
for purposes, and for the irrigation of small 
areas along the river banks by pumping. In consequence, 
however, of the unsatisfactory nature of the run-off from 
the catchment, itis unlikely that the scheme will be further 
considered at present. The construction of a s 
reservoir has been proposed on the uarie River at 

uu , below the confluence of the Cud, 

River for the purpose of affording water by gravitation 
for the irrigation of certain lands to the west of Narromine. 
A scheme been prepared for su ting the water 
supply of the Hunter district providing water for 
irrigation by means of pumping on the area near the 
Hunter River, which is one of the most fertile districts in 
New South Wales. Alternative proposals have been in- 
vestigated for the construction of a storage dam, either on 
the Hunter River or the Goulburn River. The percentage 
increase in the ay rey of mp bey the surroundi 

districts has been heavy during the few years ; and 

the rate of increase is maintained, it will shortly cause the 
consumption of water to overtake the capacity of the 
present catchment area. The next avai source of 
supply will then be the Warragamba River, and a scheme 
for the storage of water from that river has been pre- 
pared. It is proposed to construct a large storage-reser- 
voir, capable of supplying 80,000,000 gallons per day for 
domestic service, 30,000,000 gallons daily for trade pur- 


been, | poses, and 80 900,000 gallons daily for irrigation in the 


Hawkesbury Valley. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been inactive, weck- 
end conditions having caused inquiries to be held over. 
Tonnage arrivals have continued limited, and with heavy 
stocks of coal standing sellers have been making conces- 
buyere, especially as regards lower class 
Is. At the same time colliery owners have been 
ote ed — for shipment os m= balance of 
the month, as they expect pressure for supplies, espe- 
cially for Menensutiahion, has been a marked 
difference between offers for immediate shipment and 
for delivery a few days later on. The best Admiralty 
large steam coal has to some extent. nominal; senon- 
dary qualities have made 2is. to 21s. 6d.; Black Vein 
Is. to 21s. 6d.; eng Western Valleys, 20s. 6d. 
; ray smalls, 12s. to 12s. 6d ; 


i 


booked, but makers are busily u 
the British Government nse at 
months past there has only been buying from hand to 
mouth, but new orders are coming forward more freely, 
and some makers are becoming sharply pressed. 

Western Trade Matters.—The Newport Harbour Board 
has been discussing the question of a deep-water channel 
at that port. There a dispute between the 
Harbour Board and the Docks Company, and the award 
of an arbitrator took the form of a special case, which 
left the matter to be decided by one of the superior 
courts. In the meantime the ks Company gave 
notice that it was about to deposit a Bill in Parliament 
to amend an Act passed in 1906, and asked that the 
Harbour Board should assist in an agreement being 
arrived at. The Hartour to postpone its 
special case, and an agreement has now been arrived at 
with the Dock Company upon all points except one, 
that, however, being an important one, as it involves the 
amount of money which should be spent in maintaining a 
deep-water channel to the new dock. The dredging 
committee of the Harbour Board considers that the 
amount should be 20,000/. per annum. Freight rates 
have advanced from Cardiff to Marseilles a further 5s. 
per ton. Last year the average was 8s. = ; it has 
now reached 3/. per ton. Rates to Port Said have risen 


to 62s. 6d. per ton—a gain of 7s. 6d. ton. Record rates 
have also prevailed for Gibraltar, eaux, and Rouen. 
The directors of Jones, Dickinson, and Co., Limited, 


recommend a dividend of 5 per cent. for 1914-15, placing 
20001. to the reserve, writing 1707/. off the property 
account, and carrying forward 13801, The directors of the 
Blaenavon Company, Limited. in their report for 1914-15 
state that after providing 11,515/. for reserve allocations 
and renewals the profit for the year was 30,4%4/., against 
which 20,000/. has been charged for depreciation. In- 
cluding the amount brought forward from 1913-14 the 
balance available for dividend upon the ordinary 

is 27,0911., which the directors recommend should be 
carried f The capital expenditure made durin 
the past year has been chiefly for rol'ing-stock, tyre-mil 
coal- , blowing plant for blast-furnaces, and elec- 
trical extensions; most of these are not yet completed 
owing to a scarcity of labour and materials. The com- 
pany’s wae bill has risen to 480,000/. per annum. The 
output of company’s collieries has at the same time 
been reduced ; but owing to the existence of old contracts 
the average selling price of coal has not advanced in the 
same ratio. It has been to concentrate upon 
Government work at the steel works, and this, combined 
with a shortage of labour, has prevented the starting up 
of the tyre works; it is hoped, however, that these 
works will be brought into operation early in 1916. 





Mownoratt Suspension Ling at Genoa.—For the 
convenience the visitors to the exhibition held in 
1914 at Genoa, Italy, a monorail line was built from the 
exhibition grounds to the port. Since the closing of the 
exhibition the line has been used for coal and general 
goods transport. The line has a length of 2230 metres 
(about 14 mile) and skirts the coast, bridging over the 
small bays. The —- adopted is not that of the mono- 
rail proper (best known from the Elberfeld plant), but 
that of the supporting rail plus two lateral guide-rails. 
The guide-rails are fixed near the base and on both sides 
of a ferro-concrete structure, 1.90 metre in height, itself 
resting on ferro-concrete pillars, spaced from 13 to 17 
metres apart. On the top of this structure lies the sup- 
porting rail, with its level 8 metres above the sea. The car 

is longitudinally slotted to allow of the car riding 
with vertical wheels on the central rail and of its bearing 
— a, — wheels ———_ oe two —— The 
ength passenger cars for was 7.4 metres ; 
four of these cars, each with two , were led 
by one electric locomotive, 6.5 metres long, weighing 
17.4 tons, the power being derived from four 40- 
power conti current motors. During the exhibition 
the train of four cars completed the journey in 6 minutes, 
ata speed of about 25 ki tres per hour ; the locomo- 
tive formed the third, central, car of the train. 
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IMPERIAL COMMERCIAL UNITY. 


At some indeterminate time the capitulation of 
the enemy will come upon us as suddenly as his 
appalling and unjustifiable attack, and now, amidst 
the concentration of effort to bring about that 
result, it is, we contend, feasible and desirable to 
prepare for the post bellum conditions. Indeed, 
the pursuance of the war cannot altogether be 
dissociated from preparations for the return of 

We have already (page 571 ante) urged the 
view that the national financial condition demands 
certain measures in the direction of personal 
economy, to ensure the same favourable economic 
conditions after the war as for the conduct of the 
war. Last week (page 595 ante) we sought to 
show that the co-ordination and efticient distribution 
of man-power was essential to all the national needs 
present and prospective. Beyond this there is 
the urgent call for at least the preliminary steps 
towards Imperial commercial unity, without which 
the Empire will be unable, for two or three gene- 
rations, to get rid of the immense burden which 
the war has imposed upon us personally, mone- 
tarily and industrially. 

Let it be understood at once that the call for 
this closer Imperial commercial unity, with the 
view of re-establishing our industrial supremacy, 
is a result, and not a cause, of our entry into the 
European War. Our aims, and the methods 


unmistakeably in the diplomatic correspondence 
preceding the war. But no insinuation of duplicity 
can rightly be made against us as a nation if, 
having fought the fight, we are determined to apply 
the ancillary lessons which have been driven home 
tous. The first of these is the need for the greatest 
possible measure of independence within the Empire 
for all supplies essential to the maintenance of the 
State, either in or in war; the second, a 
closer surveillance to ensure that no foreign nation, 
either by commercial or other propaganda through 
cunningly-devised subterfuges, shall gain a com- 
mercial influence leading to political advantage, 
especially on the fringes of the Empire ; and the 
third, that we shall have, in addition to the defen- 
sive forces, commercial weapons to assist the 
diplomatists in evolving satisfactory international 
velabiaciibles. We refuse, in considering these 
economic lessons of the conflict, to enter upon an 
academic consideration of principles, where these 
must be ruled out of court owing to the exigencies 
of present conditions. Nor are we disposed to 


tion is premature. We have to remember the extent 
of the Empire, with its numerous Crown Colonies, 
in addition to five Dominions, and to India, with 
different conceptions of self-government, and with 
widely-varying methods for putting their ideas into 
force. To have, first, a clear enunciation of the 
conceptions and of the methods, and to attempt 


great care, and immense tact, because any scheme 
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compromise voluntarily made. Moreover, there 
are statesmen in every Colony, as well as at home, 
whose experience and knowledge could profitably 
be utilised now for this i work, and no 
service by them could yield a more Beneficial result 
for the future of the Empire. 
For the achievement of the threefold p 
Imperial independence of supply, restriction of 
foreign aggrandisement under a commercial cloak, 
and closer trading unity—the first preliminary is 
undoubtedly a complete and definite classification 
of Imperial needs and existing sources of supply. 
For this work —e ought to be at once 
instituted independently in each of the Dominions, 
in India, and in the Crown Colonies ; and in order 
that there should be an approach to uniformit; 
the Secret of State for the Colonies sh 
define clearly the information desirable, so that 
later, when an attempt is made at classification, 
there would issue a definite and clearly-expressed 
result. We are sure that information of such a 
character would make certain, as well as simple, 
the feasibility now of Imperial independence to an 
appreciable extent. The classification of the infor- 
mation should be followed immediately by a con- 
ference, representative of all the Dominions, of 
India, and of the Colonies, to ascertain to what 
extent development is required in order to reap full 
advantage from natural wealth and existing sources 
of supply. 
There are two methods of encouraging such 
development : a most commendable one is to 
make it imperative that all public demands for 
material and manufacture must be supplied from 
Imperial sources. In the past there has been less 
regard paid to permanent Imperial gain than to 
the immediate advantage of the individual Cor- 
ration or Government. Many instances might 
e quoted where, for a slight percentage of in- 
creased cost—and that sorbebie: only apparent 
because of difference in quality — orders have 
been placed with foreign companies which should 
have gone, with great advantage, to Imperial 
suppliers. We do not wish, however, to pillory 
any Government or any public authority, far less 
any firm, for such remiseness; but it would be 
easy to point to industries which have been in some 
cases crippled, in others completely destroyed, by 
reason of this short-sighted and narrow-minded 
policy. Moreover, there are public works vital 
to the national weal at all times, and particularly 
during the present crisis, which have been tly 
delayed because ordeis were placed with foreign 
firms to save a small fraction of the total cost 
involved. There is no justification for this, because 
the number and extent of manufacturing facilities 
in this country are quite sufficient to ensure ade- 
quate competition and so secure the fairness of 
all prices asked and given. Such regulation regard- 
ing patronage must go hand in hand with greater re- 
strictions regarding the institution of purely foreign 
establishments within our gates. But here, as in 
other phases of the question, there is need for 
careful discrimination and wise judgment. The 
dominant aim is to ensure the expansion of Im- 
perial industries, and it is conceivable that in some 
respects this can best be achieved by encouraging 
foreign enterprise within the Empire. At the 
same time it is incumbent upon those responsible 
to see that such action does not result in political 
pro ndism, or in such restrictive measures as 
are inimical to the widest and best interests of the 
Empire. 

Any Imperial Conference would have to con- 
sider a large programme of important subjects. 
Not only must there be indicated the lines of 
development towards greater industrial indepen- 
dence within the Empire, but it is desirable that 
there should be unification of the Patent Laws, 
of the Company Laws, and of all regulations affect - 
ing trade and industry, including shipping condi- 
tions and the abolition of rebates. It is desirable, 
too, that there should be a more direct contact 
between the producer and the purchaser, without 
the ‘intervention of the middleman to the great ex- 
tent now prevalent ; because there would be then a 
greater certainty that the goods supplied had their 
origin within the Empire, while the needs of the 
purchaser would be more immediately explained 
to the manufacturer, and possibly more completely 
met. Beyond this there is the important fiscal 
question, and this is particularly one of those ques- 
tions as to which expediency rather than academic 
views or principles must be operative in the future. 





for Imperial commercial unity must be based upon 





We do not approach the subject at present from 
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the economic purist’s point of view. We are faced in 
the immediate future with a huge task, owing to the 
prodigal expenditure of wealth, alike in the richly- 
cultured brains or physical pane of fallen 
soldiers and of the immense flow of money into a 
bottomless well. We have had astounding help 
from the Dominions, Colonies, and Dependencies. 
This has been granted, officially and privately, with- 
out pressure, and with a noble ition of fealty. 
We cannot go back to the old relation of Mother 
Country ont Colonies. Our kindred beyond the 
seas have earned a place of equality; they have 
proved their manhood, and we must, in wisdom 
as in justice, grant at full value their right to a 
share in all that is meant by British Imperialism. 
If, therefore, pee and desire require some 
rearrangement of fiscal conditions, principles must 
be readjusted; there is need for some unity in 
regard to tarifis. Some of the Dominions have 
severely protective duties ; in others the Customs 
rates are determined with regard only to revenue, 
and, as we have said, it is important that the 
compromises made shall be voluntary and as com- 
plete as possible. The Royal Colonial Institute 
has been giving consideration to this question, 
and, failing Government action, proposes an un- 
official conference of representatives from the 
Dominions in London. Greater good, however, 
would accrue from Government action in associa- 
tion with institutes, chambers of commerce, and 
other similar organisations, particularly in the pre- 
liminary investigations. 

The need for immediate and wide-sweeping action 
with the Dominions, Crown Colonies, and Depend- 
encies is further justified by the probability that 
there will be some international action amongst 
the Allies in order to ensure that there shall be 
the maximum correlated assistance towards recovery 
from the ravages of the war. The Central Powers, 
with that remarkable degree of organisation in 
anticipation of events which distinguishes them, 
are already at work in order to organise an 
immense Customs zollverein, from the Baltic to 
the Avgean Seas, and to embrace also such small 
souteel Powers as can be persuaded or forced to 
enter it. Obviously this aggressive step for peace 
time must be counteracted if the balance in trade is 
to be maintained. Mr. B. H. Morgan, in an address 
delivered last week at the Bristol branch of the 
Royal Colonial Institute, indicated that the Royal 
Colonial Institute favoured the institution of an 
international commercial union to ensure co-opera- 
tion between the Allies. Such a measure is feasi- 
ble, and, from many points of view, commendable. 
Our Allies, like ourselves, will certainly have a 
great debit to counterbalance, and it is there- 
fore permissible, as well as prudent, to arrange 
for future action to bring about readjustment on 
the credit side. As Mr. Morgan pointed out, the 
British Empire will experience great difficulties 
in entering a Conference for the arrangement of 
an international commercial union unless there is 
within the Empire some approach to that uni- 
formity which is realised in the fiscal arrangement 
of the European countries with whom we are allied. 
This, in itself, may justify action ; but, apart from 
this, we are satisfied that a great effort ought at 
once to be made to ensure a greater commercial 
unity within the British Empire, and, further, for 
co-ordinating effort to achieve the maximum mea- 
sure of industrial development and of independence 
for supplies, whether for peace or defence in the 
future. 





OUR RAILWAYS AND THE WAR. 


Amone other changes incidental to the war not 
the least important is the temporary nationalisation 
of the railways of Great Britain. At midnight, 
August 4, 1914, the Government assumed control 
of the railways by virtue of an Order in Council 
under the Regulation of the Forces Act, 1871. 
This control has been exercised by the Railway 
Executive Committee, of which the President of 
the Board of Trade is chairman, and Sir Herbert 
Walker, general manager of the London and South- 
Western Railway, acting-chairman. The Com- 
mittee, which had been in existence for some time 
as the successor of the War Railway Council, imme- 
diately announced that the railways had been taken 
over for the purpose of ensuring that the lines, 
locomotives, rolling-stock, and staff should be used 
as one complete unit in the best interests of the 
State for the movement of troops, stores, and food 
supplies. This announcement should be borne in 





mind in connection with difficulties now being experi- 
enced by traders and engineering firms. 

The outstanding feature may be expressed in 
the word ‘‘ organisation.” The Railway Executive 
Committee is the co-ordinating body, but it is ably 
seconded by the various sub-committees and by the 
arrangements which each individual company has 
made for promptly executing each and every 
demand made upon its resources ; forms of 
competition have been suspended, this being 
rendered possible by the terms of the agreement 
between the Government and the railways in regard 
to payment of compensation. Broadly stated, this 
is the establishment of a pool of the net receipts 
of the railways, the total of which is augmented by 
the State to the extent necessary to secure to each 
company the same amount of net receipts as it had 
in the year 1913. Having been worked as one 
complete unit, it is pertinent to inquire whether 
the railways have met the requirements of the State 
and of the travelling and trading public. As to 
the former, we believe the statement made by Lord 
Kitchener, in connection with the trarisportation 
of the first Expeditionary Force last August, may 
be applied to all the work done by the railways for 
the State. He said :—‘‘ The railway companies in 
the all-important matter of the transport facilities 
had more than justified the complete confidence re- 
posed in them by the War Office.” It was the initial 
test: had the railway arrangements then broken 
down, irreparable damage would have been done. 
As it was, trains for the conveyance of the Expedi- 
tionary Force, of soldiers and sailors joining their 
units on mobilisation, and of enormous crowds of 
holiday-makers who rushed home when war was 
declared, proceeded simultaneously. 

Sir John French has placed on record the fact 
that the transport of the Expeditionary Force 
from England was effected in the best order and 
without a check. Each unit arrived in France well 
within the scheduled time. This force, be it re- 
membered, was the largest we had ever sent 
abroad. Figures do not adequately indicate the 
work involved in its conveyance, but some idea 
may be gathered from the fact that 6000 vehicles 
and 5000 tons of baggage were taken, and on one 
day there were 104 trains with over 25,000 troops 
and 6000 horses. This was in addition to mobilisa- 
tion work, which also on one day necessitated the 
running of 213 troop trains. 

We may recall that comparatively little incon- 
vehience was caused to the travelling public. 
While it was occasionally necessary to restrict the 
ordinary trains upon, or to close, a section of line, 
there was, as Mr. Walter Long said in the House 
of Commons, ‘‘the most wonderful regard for the 
convenience of the public at large.” But day by 
day as the war has proceeded the railways have 
been called upon to convey for the State enormous 
quantities of men and munitions of war. The 
enlargement of the army brought hundreds of 
thousands of troop movements and huge quantities 
of materials for new camps and naval and military 
stores and =, while hundreds of thousands 
of tons of shells and other munitions of war are 
now passing over the railways. Statistics of traffic 
so dealt with cannot be published, but we may say 
that the granting of special leave at individual 
camps has frequently necessitated conveyance of 
from 10,000 to 20,000 men in special and ordinary 
trains. Indeed, it is an open secret in railwa 
circles that if the larger railways were paid for eac 
item of Government traffic, the net receipts would 
exceed those for the same period of the year 1913, 
which, as we have mentioned, is the basis for 
allocating compensation to the railways for the 
use of their lines. 

As regards the travelling public, such inconveni- 
ence as has nm occasioned to them has been 
incidental to reduction of train services to free the 
lines for military specials and goods and mineral 
trains, to reduce the consumption of coal, and to 
enable more railwaymen to be released for service 
with the Colours. One of the large trunk lines is 
understood to have reduced ordinary train-mileage 
to the extent of upwards of 3,500,000 per annum; 
but to minimise any resultant public inconvenience 
it has been arranged in many instances that tickets 
between places served by two railways shall be 
available by either route. Excursion, week-end, 
and other forms of cheap tickets have, of course, 
been suspended, and passengers have been re- 
quested to reduce their | as much as pos- 
sible. Apart from this e closing of dupli- 
cate and unimportant stations, railway travelling 





facilities by express and fast trains are much as 
usual 


In the conveyance of goods traffic there have 
been, and are at the t time, delays, con- 
sequent upon Government traffic, foodstuffs, and 
eg ee being given priority. The companies 

ve had to cope with greatly increased quantities 
of traffic, due to growth of imports and to the 
transfer to the railways of merchandise that is nor- 
mally sea-borne. Congestion has also been occa- 
sioned by the closing, or partial closing, of lines in 
connection with the conveyance of troops. When, 
for example, a southern line is largely occupied in 
this way, the consequent blocking back of traflic 
produces congestion at the exchange stations, and 
this takes time to remove after traffic has again 
begun to flow. 

Rolling-stock is also detained under load by 
traders who cannot discharge it promptly, owing to 
shortage of labour, and trucks are frequently kept 
under load by the military authorities for long 
periods. The general result has been that ordinary 
goods are not delivered so expeditiously as the 
traders have become accustomed to expect, and, 
from time to time, the railways find it necessary to 
restrict the conveyance of the rougher kinds of 
traffic, such as bricks and stone, and to hold back 
returned empties. Various proposals have been 
made for increasing rail way facilities for merchandise 
traffic, the most far-reaching being a scheme for 
pooling railway companies’ and traders’ wagons. 
We understand that this is now under considera- 
tion, but it is doubtful whether so great a change 
could be brought about without risk of occasioning 
at least as many difficulties as it would cure. 

For the railways it is claimed that the convey- 
ance of goods and mineral traffic has been well 
organised. Labels indicating the order of priority 
of Government and Government contractors’ traftic 
have been introduced; the free and continuous move- 
ment of foodstuffs and perishables has been secured; 
engines and rolling-stock are interchanged between 
the different railways, and the mT haulage of 
vehicles has been greatly reduced by a system of 
back-loading of wagons to their owners’ lines ; 
traffic is diverted as n from a congested to 
a relatively uncongested line, and the flow of traffic 
to London is regulated to secure that the number of 
wagons brought forward in one day to any terminus 
is not in excess of the maximum number of wagons 
which can be dealt with there. 

Many of the large railway companies’ factories are 
fitted with the most modern manufacturing appli- 
ances, and, in taking over the railways, the Govern- 
ment secured many advantages additional to those 
directly associated with transport of troops and 
munitions of war. Not the least of them was the 
possibility of utilising railway begga sup- 
plementary war-munition factories. at this 
was promptly done is well known. LEarly this 
year Sir Gilbert Claughton told the _proprie- 
tors of the London and North-Western Railway 
that at the outbreak of the war his company, 
like many others, immediately placed their works 
and resources at the disposal of the Government, 
and had assisted them to the fullest extent of their 
powers in building ambulance trains, transport 
wagons, and in the manufacture of articles required 
in connection with the war. The Great Western 
Railway at their Swindon works have undertaken 
the supply of large quantities of various kinds of 
munitions of war, and in greater or lesser degree 
the same may be said of other railways. The com- 
panies make no profit, and the State has merely 
to communicate its requirements to ensure their 
prompt execution. The railways apportion the 
work among themselves. The procedure is for 4 
Sub-Committee of the Railway Executive Com- 
mittee—known as the War Manufactures Sub- 
Committee, and composed for the most part of 
mechanical engineers—to meet frequently in con- 
ference with representatives of the Minister of 
Munitions. In this way they are informed at first 
hand what is wanted ; they are able to offer advice 
and suggestions, overlapping and circumlocution 
are prevented, and the maximum output is secured. 
We cannot, for obvious reasons, now give details 
of what is being done, but we hope to do so at 
some future date. } 

This review would not be complete without 
reference to the railway employees. This year 
had been looked forward to as one in which a new 
national programme would be launched and many 
concessions received. Whether anticipations would 
have been realised need not be discussed, the fct 
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remains that the representatives of the men entered 
into a truce with the companies, and this truce 
has been honourably observed. 

The Conciliation Board machinery, which was in 
process of revision when the war broke out, 
remains on the basis established in 1911, and the 
pre-war conditions of service are also in force, 
except that most of the employees have been 
granted a bonus of 5s. per week to adults, and 
2s. 6d. to boys under eighteen years of age. 

In connection with the recent advancement of 
the bonus from a maximum of 3s. to 5s. per week, 
an important pledge has been given by the two 
trade unions of railwaymen. It is that ‘‘the 
National Union of Railwaymen and the Associated 
Society of Locomotive Engineers and Firemen 
undertake that during the pendency of this agree- 
ment they will not present to the railway companies 
any fresh demands for increased bonus or wages, or 
general alterations in conditions of service, and 
that they will not give countenance or support 
either to a demand on the part of any of their 
members to reopen the settlement now made, or to 
any strike that might be entered upon in further- 
ance of such demands.” We trust this undertaking 
will be honourably kept. 





OPTICAL GLASS. 

Tue public probably understand that the supply of 
optical glass is a matter of vital national importance. 
What they hardly grasp is the difficulty of securing 
an adequate supply for the war equipment, even 
now in the second year of the war. In this and 
other respects the three Cantor lectures, delivered 
on the past three Mondays before the Society of 
Arts by Dr. Walter Rosenhain, F.R.S., will prove 
both instructive and suggestive. That the optical- 
glass industry was a key industry, he remarked in 
introducing his subject, had been recognised by 
Abbe in 1880. The article which Abbe then wrote 
might have been translated and printed two years 
ago. The immediate British requirements had 
been met by the heroic efforts of the few able to 
make efforts ; but the British optical industry had 
to be put on a footing in advance of others depend- 
ing upon it. That was now recognised, and con- 
siderable grants had been made for the research 
committees of the National Physical Laboratory 
and other bodies. 

Optical glass, Dr. Rosenhain stated, might simply 
be defined as better than ordinary glass, purer, and 
possessing various properties for special optical pur- 
poses. The variety of purposes introduced difficul- 
ties ; spectacles, telescopes, photographic lenses, 
&c., required different properties, apart from cer- 
tain fundamental requirements. As regards trans- 
parency, the best glasses were nearly perfect. They 
should also be colourless, but that claim might be 
overdone ; the greenish colour due to the presence 
of traces of iron could be reduced by adding man- 
ganese, but at the expense of transparency, because 
the glass then absorbed both green and blue rays. 
The colour was not necessarily due to impurities, 
moreover; certain dense flints looked yellow, 
especially when heated, because they absorbed the 
ultra-violet, and the absorption bands shifted in the 
hot glass. The transparency was also impeded by 
solid impurities (bits of clay, &c.) and by gas- 
bubbles, which were continuously liberated from 
the carbonates and nitrates of the melting glass 
mixture ; big bubbles carried small bubbles away, 
but a mist of very fine bubbles was a very trouble- 
some feature. The fused glass finally formed a very 
complex solution of great viscosity and stiffness, 
which yet remained in a state of flow (which might 
become a serious matter in big telescope lenses) 
and inclined to crystallise. his tendency to 
crystallise limited the admissible proportions of 
salts which favoured devitrification. Even a block 
of window glass, cooled in the furnace at an ex- 
tremely slow rate, might devitrify—a specimen 
exhibited was full of crystals of wollastonite—and 
heavy barium glasses had to be chilled lest crystal- 
lisation set in. 

_ Strie, Dr. Rosenhain proceeded, arose from 
imperfect homogeneity of the glass, and were very 
difficult to avoid. They were visible in good plate- 
glass when looked through edgeways, and the 
Worst strize were almost invisible, though capable 
of disturbing definition. To test for strie the 
Specimen was put between two biconvex lenses so 
illuminated from the focus of the first lens that the 
second lens appeared as a brilliant disc ; striw in 
the specimen then showed as bright and dark lines 





on that disc. Internal strains arose in the con- 
gealing glass mixture, because it was a bad con- 
uctor of heat; the hot mass within the cooled 
crust might break loose from it, or, at any rate, 
the physical homogeneity of the glass and its 
refractive index might be affected. To cure this 
defect—which was tested by means of the polari- 
scope--the glass was annealed and slowly cooled; 
but slow cooling was only essential between 500 
deg. and 200 deg. Cent., fortunately. Hardness 


was an requisite, because lenses had to be 
handled and wiped, and could not always be 
protected. As regards durability, glass was chemi- 


cally fairly stable ; but some optically splendid 
glasses were unfortunately very sensitive to atmo- 
spheric attacks. Alkalinity was particularly objec- 
tionable. To test for it, a piece was broken, and the 
fresh surface was exposed to the moist atmosphere 
within a vessel containing water ; then globules of 
water formed on the surface in bad cases ; the glass 
was afterwards immersed in a solution of iodesin (in 
alcohol and ether), and the slightly pink solution 
wiped off from the sides, whilst the surface film 
was dissolved in sodium iodesin, and the colour 
intensity estimated. 

Passing to optical properties, Dr. Rosenhain 
explained briefly why the new Jena glasses of 
Schott and Abbe (brought out in 1886 to 1890) had 
been so important. The two chief properties were 
refraction and dispersion. The refractive index n 
was determined for the prominent Fraunhofer 
lines A, B, C, D, E, b, F, G,G,,h, H; ©, F,G 
were hydrogen lines, D the sodium line, 6 a mag- 
nesium line. The dispersion A depended on the 
relative distances between the lines; in practice 
the interval F-C was generally considered, dis- 
regarding the extreme lines, and the practical 
formula for the dispersion coefficient was 


y= te -t 


A 

Owing to the dispersion each colour gave, so to 
say, a different picture, and white light gave a 
picture with coloured fringes. By combining dif- 
ferent lenses of different glasses, achromatism could 
be secured ; but it was only approximate and for 
parts of the spectrum, and a residual spectrum 
always remained. For the old glasses the plotting 
of the dispersive power against the refractive index 
— yielded a straight line, the n, and v 

ing proportional to one another. The new 
glasses allowed of combining any , with any v. 
The old glasses were essentially alkali-calcium 
silicates (crown) or lead glasses (flint); the new 
glasses contained also phosphates, borates, &c., 
and many hitherto unused metallic oxides ; their 
refractive index rose above 1.7, the density above 4, 
and barium crown glass (of high index and low 
dispersion) could be substituted for flint glass. A 
little colour did not matter for gun-sights and some 
telescopes ; spherical aberration, coma, and other 
defects, which the Jena glasses also allowed to be 
corrected, were more serious. 

In his second lecture Dr.. Rosenhain dealt with 
glass-making. Ordinary glass was melted in pots, 
in a journey (jowrnée) of 24 hours, the mixture being 
gradually introduced, and the glass ladled out or 
gathered. A number of pots stood in a ring in a 
fire-brick chamber. When Dollond had combined 
crown and flint lenses for achromatism in London, 
in 1757, the Society of Arts offered, in 1768, a prize 
for improved glass-making processes, and awarded 
a prize. But little was achieved until P. L. 
Guinand, a Swiss watch-maker, pro , in 1790, 
to stir the glass in the pot and then allow it to 
settle at rest, not to form fresh strie. His work 
attracted the attention of Fraunhofer, and with 
financial aid from the Bavarian Academy, optical 

lass was made by Guinand and Fraunhofer in 
Munich ; these works passed into the hands of 
Steinheil, who, when the Jena glass industry 
opened, made glass merely for his own use. A son 
of Guimand joined Bontemps in Choisy-le-Roi ; 
Feil was a grandson of Guinand; the firms of 
Mantois and Parva - Mantois represented other 


branches of the family. One Bontemps came over 
to Birmingham in 1848, and entered Chance’s glass 
works. That was, briefly, the genealogical tree of 


optical-glass making up to the introduction of the 
ena glasses, though the researches of the Royal 
Astronomical Society, of Faraday, J. Hopkinson, 
and Stokes, should certainly not be overlooked. 
What was novel in Abbe’s work concerned chiefly 
the materials ; the method which Dr. Rosenhain 


'had found in use in Jena when visiting the works 





ten years ago was practically that of P. L. Guinand. 
In ordinary glass-making many pots were arranged 
in one furnace. Opti lass was melted in one, 
perhaps two, pots ; for anak = required different 
materials and treatment. h pot was provided 
with a dome, to keep off the gases and dust, and 
had a side opening near the top. The pote had 
diameters of 40 m. and more, and the same 
height, the bigger the better. Only the best 
clay could be used, and it should bo matured for 
years or generations, if possible, by a kind of 
fermentation of its colloidal constituents ; 
the Chinese porcelain makers knew that. The 
bottom was moulded first and dried to a certain 
extent ; then the dome was moulded on in a moist 
atmosphere at a certain temperature ; the building 
up of the pot took four months, and the whole pot- 
making eight months, or, better, a year. The pot 
was then wrapped in straw and smoked, and heated 
up toa red glow in a kiln for five days. It was after- 
wards transferred to its proper furnace by means 
of a balanced fork on wheels. If it had not cracked 
before, invisible cracks might appear when the pot 
was fired up in the now bricked-up furnace, standin 

ona pillar ; the heating was by gas, the gas onl 
air being preheated. Before the materials were 
introduced, broken glass, of the required composi- 
tion, was dropped in and well spread all over the 
inner surface to serve as a glaze, lest the materials 
attacked the pot. All the materials had to be pure, 
the absence of iron, manganese, chromium, &c., 
which would — colour to the glass, being 
most essential. The glass contained 50 per cent. 
and more of silica, introduced as purest, very fine- 
grained, sand; there was no good sand in the 
United Kingdom, but such could be obtained 
from Fontainebleau ; coarse-grained sand was not 
sufficiently soluble. All the other materials—car- 
bonates and nitrates of potassium, sodium, barium 
and calcium, aluminium hydrate, oxides of lead, 
zinc, &c.—had to be pure and most finely pow- 
dered ; hence the workers had to wear respirators. 
Nitrates were needed to oxidise any carbonaceous 
matter present. Traditionally 2 lb. or 3 lb. of 
arsenic were added per 5 cwt. of sand; the 
advantage gained was doubtful. The charge, 
together with broken glass (cullet, to act cata- 
lytically, so to say) was introduced in six or eight 
portions, all in from 24 to 72 hours. The heating 
of the pot—which was not quite filled-—was then 
pushed to expel bubbles, but the highest tempera- 
tures obtainable (now controlled by instruments) 
were sometimes barely sufficient. 

Every five hours a sample was taken with an iron 
spoon to watch the bubbles. When they ceased to 
appear, the temperature was lowered, and the 
stirrer was introduced. This was a solid cylinder 
of the same fire-clay as the pot, provided with a 
square axial recess at the top, into which an iron 
hook fitted. The hook was rested on the lip of the 
pot and slowly swept round the pot, whose walls it 
must not touch, however. As air-bubbles adhered 
to the cylinder, the temperature had to be raised 
again. The stirring, for four hours, was very 
laborious for the man who stood in front of the 
hot furnace ; electric-motor stirrine had been tried, 
but was not considered perfect. When the glass 
solidified, stirring was continued; the cylinder 
might be left in the glass or be very carefully pulled 
out. When sufficiently cool—chilling by water 
was sometimes required as mentioned—the pot 
was wheeled into a kiln, where it cooled for three 
or four days. The pot was now withdrawn and 
broken by the hammer to obtain one or more 
lumps of good glass, rarely more than one-third of 
the charge. As the rough pieces could not be 
examined, they were rep in the kiln and 
moulded to a slab which was sufliciently polished 
for examination. Sometimes prisms, &c,, could 
be moulded. They all required annealing at 400 deg. 
to 600 deg. Cent. in gas or electric furnaces, and 
cooling at the rate of 8 deg. per hour for two days. 

In the third lecture Dr. mhain commented 
on possible improvements of the rather primitive 
method of optical-glass making. By heroic efforts 
the output in this country had been raised to twenty 
times what it had been before the war. But that 
was not on business lines, and to carry the optical- 
glass industry on after the war would require 
either direct or indirect State subsidy, or, better, 
combined research of scientists and manufac- 
turers. The task was difficult ; for Dr. Rosenhain 
doubted whether the optical-glass industry was 
really profitable anywhere. At Jena, Schott and 

mn co-operated with Zeiss in instrument- 
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making and in the manufacture of chemical ware ; 
those branches yielded the profit, while even Jena 
thermometer-glass was being supplied at a loss, he 
believed. Examining the present process in detail, 
he pointed out that it was slow and laborious, and 
the yieldlow. To hasten the melting (which took 
up to four days) by higher temperatures was not 
alidesiinn if feasible. As the temperature rose, 
the erosion of the pot by the glass increased. The 
fire-clay itself oodhus stand more than 1800 deg. 
Cent., and the heat could only reach the mixture 
through the walls and dome of the pot. The door 
and cover or dome could not be removed, because 
that would expose the mixture to contamination 
by gases (reducing gas was dangerous to flints in 
rticular), dust, and crumbling particles droppin 

rom the furnace arch. Electric furnaces an 
crucibles might be tried. Wire resistances did not 
yield temperatures above 1400 deg.; with spiral 
carbon resistance the required 1600 deg. or 
1800 deg. Cent. might easily be obtained, but not 
for pote 30 in. in diameter ; induction furnaces (of 
the Kjellin type) were unsuitable, because efficient 
stirring in the annular groove would hardly be pos- 
sible ; in arc furnaces the heat was too concentrated, 
though something might be done with the Stassano 
radiation arc, if contamination by the ash of 
the carbons were not too dangerous, Arc-resist- 
ance furnaces (in which the arc was formed be- 
tween the carbons and the slag floating on the 
fused metal) might answer, if something akin to 
the protecting slag layer could be found. It might 
also be possible to float the crucible on a molten 
bath, or place it in that bath, of glass or slag, heat- 
ing the bath by the arc-resistance method. Electric 

lass-furnaces were already used toa certain extent; 
but a satisfactory type had yet to be evolved. 

That the pots were the real difficulty would be 
clear from what he had said. Their manufacture 
was costly and very slow, breakages were fre- 
quent, and finally each we only served once. The 
melting glass attacked the pot and, unfortunately, 
extracted the iron (which was difficult to eliminate 
completely) from the pot by preference. In 
America and Germany fire-clay had much been 
studied of late, with good results, especially in 
Germany. Here in England little had been done 
in this respect, and when he (Dr. Rosenhain) had 
recently asked a well-known firm for some of their 
best fire-clay for experimenting, he had been told 
that their clay was perfect and could not be im- 
proved upon. Excellent fire-clay should, how- 
ever, be procurable in the Empire. But even the 
best clay was attacked by the glass, and the glazing 
referred to was of little use when the glass itself 
was the invader. Other glazes and linings had 
hence been tried ; then the expansion and shrink- 
age trouble came in. A cylinder of fire-clay 
shrank by several per cent. when first heated. In 
metallurgical furnaces magnesia linings gave satis- 
faction; all that should be investigated. The 
National Physical Laboratory was experimenting 
in various directions ; Dr. Rosenhain there has the 
assistance of Mr. Claude Pryor, who was in charge 
of the lecture demonstrations. They really wanted 
some revolution in pot materials, as Abbe and Schot 
had revolutionised the glass materials, and there 
was hope. There was the whole group of refractory 
rare earths; there were silundum, carborundum, 
and other new substances, and lastly, tungsten and 
molybdenum were being put to uses not dreamt of 
a few yearsago. Supposing they found a suitable pot 
material. They could then stir to complete homo- 
geneity even near the walls, which they dared 
not do now, lest the sticky, stringy glass adhering 
to the walls should contaminate the bulk; they 
could pour the glass, get a yield of perhaps 80 per 
cent. instead of 20 or 30, and re-use the pot or 
crucible ; that was the key to the problem. 

Many of these troubles became accentuated in 
some of the new glasses. An ordinary crown — 
was a trisilicate—e g, Na,Q , CaO, 6 SiO, (three 
times more acid than basic elements), whilst a 
dense barium glass of high » and high v was ex- 
tremely basic in character (Na,O . 4 BaO . 2 SiO, . 
2B, G,), and eroded the pot very severely ; Dr. 
Rosenhain showed photographs of very bad cases. 
Some of those glasses, moreover, were exceedingly 
liable to absorb colour (from the clay, gases, 
possibly the sulphur), and they were chemi- 
cally unstable and required chilling to prevent 
crystallisation. Finally, opticians were looking out 
for materials of higher refractive index (above 2), 
and » ranging from 100 to 10 (the present range 
was about 64 to 32). To satisfy those claims, 





recourse would apparently have to be had to 
natural or artificial crystals, because the atoms 
or molecules in an under-cooled liquid like glass 
seemed to be unable to retard light-waves beyond 
a certain amount. Thus the artificial - glass 
industry found a limit, and suitable crystals had 
to be found or to be made. Considerable use 
was already made of fluorite (fluorspar), which 
had a low n 1.4388, combined with an ex- 
tremely high » = 95.4. Such fluorite was not 
obtainable now in this country; but there were 
many promisi tals besides diamond—e.y., 
perovskite (Ca ; Oj —and as large good crystals 
were rare, they should be prepared. Dr. n- 
hain had suggested a precipitation method in 1905 
at the First Optical Convention. Ina \[J-tube he 
had a solution of sodium chloride, and above it, in 
the one limb, a solution of calcium chloride, and in 
the other a solution of sodium carbonate. 
liquids slowly diffusing into one another deposited 
crystals of calcium carbonate near the boundary 
face, between the NaCl and CaCO,. Other crystals 
could be obtained by fusion, and be made to grow 
by coalescence. That ibly meant looking a long 
way ahead. But optical-glass making was one of 
the most difficult, as well as most interesting, 
operations, and many-sided research, backed by 
manufacturers’ enterprise, would be needed to put 
the industry on a rational basis, and to gain a lead 
in that field. 





THE DIFFICULTIES OF THE GERMAN 
STEEL UNION. 


Tue fact that the Peiner Rolling-Mill, belonging 
to the powerful Thyssen group, after some corre- 
spondence, has given notice to leave the German 

teel Union, seems to foreshadow the possible 
extinction of the Union, although, of course, no 
definite steps to this end will be taken as long as 
the war . 

The object of those who, in the year 1903, were 
instrumental in forming the Steel Union was a 
combination of the entire German steel producers, 
and a joint uniform sale of the products ; a most 
comprehensive scheme, consequently, likely to 

ove of the greatest importance to the German 
iron industry. However, although a union was 
formed, at the very start it was found that this 
aim was unattainable. 

The aggregate steel production of the largest 
steel works—the so-called Martin steel works, 


with a few exceptions, have never been members | P. 


of the Steel Union—was certainly syndicalised, 
but the joint selling only comprised a part of 
the production—those products, in fact, for which 
there were already se te selling unions—viz., 
half-finished goods (formerly the Half-Finished 
Goods Union) ; for shape iron (formerly the German 
Girder Union); and railway material (formerly 
the German Rail and Sleeper Union). 

These three classes of goods, which at the forma- 
tion of the Steel Union represented about 51 per 
cent. of the te production of steel, 
were called ‘‘ A” products, whilst the other classes 
of products—bar iron, plates, wire, pipes, cast- 


ingots, and hammered-steel billets, about |? 


34.81 per cent. of the aggregate production— were 
called ‘‘B” products. About 13.38 r cent. of 
the iron production came from the Martin works, 
which were not included in the Steel Union. Hopes 
were entertained that joint-selling bureaux would 
also be constituted for the ‘‘ B” products, with re- 
gard to which the first and most difficult step—the 
syndicalising—had succeeded, and a dominant in- 
fluence upon the price regulation of the entire steel 
industry could thus be secured. Not only has this 
end not been attained, but the Steel Union has had 
to give up one of the most important and difficult 
results—viz., the syndicalising of the ‘‘B” pro- 
ducts. This happened eight years after the forma- 
tion of the Union, in spite of the opposition 
and to the harm of such works, which on account 
of their small *‘ A” allotments had taken up the 
manufacture of ‘‘ B” products, and, consequently, 
were much interested in remaining under the allot- 
ment arrangement of the Union. 

From that time, May, 1912, the Steel Union, 
notwithstanding its high-sounding name, has only 
been a kind of half-and-half institution. The 
following table shows how its scope has declined 
in the matter of quantity under its sway. 

In the year 1905 the German production of 
‘*raw” steel amounted to 10,066,553 tons. The 
sales were ;— 





Per Cent. 
wf x ucts pis ... 5,215,363 or 51.81 
** B” products syndicalised 3,504,549 ,, 34.81 
**B” products not syndi- 
calised (Martin rele 9s 1,346,641 ., 13.38 
In the year 1913 the German production of 
‘*raw” steel amounted to 18,935,089 tons. The 
sales were :— 


Tons. 


Tons. Per Cent. 
“A” products = ... 6,338,452 or 33.47 
“*B” products, syndicalised 
“‘B” products, not syndi- 

calised ... a6 ... 12,596,637 ,, 66.53 

During the twelve war months, October 1, 1914, 
to September 30, 1915, the German production of 
raw steel was 14,946,212 tons. The sales were :— 


Tons. Per Cent. 
“A” products... ... 98,337,949 or 22.33 
**B” products, not syndi- 
calised ... ze .-- 11,608,263 ., 77.67 


Whilst in the year 1905 86.62 per cent. of the Ger- 
man steel production were syndicalised (i.e., under 
the allotment of) by the Steel Union, the per- 
centage ten years later had fallen to 22.33 per 
cent. These figures illustrate the tremendous 
development of the non-syndicalised ‘‘B” pro- 
ducts, which even during the war show but a 
slight decrease. They also show the waning 
importance and influence of the Steel Union 
upon this vast production. It is urged in Ger- 
many that the importance of the Steel Union is 
being overrated, and that the non-syndicalised ‘‘ B” 
products show a much greater development and 
play a very important in the German exports. 
Comment is also made upon the international 
agreements which have been made by the Steel 
Union for the improvements of prices with the 
present enemies of Germany, and which arrange- 
ment probably for years will be of no effect, so 
that the influence of the Steel Union upon the 
world’s market also may be looked upon as gone. 
Upon the home sale of railway material the Steel 
Union has never been able to exercise any material 
influence. This is almost entirely controlled 
by the German Railway Boards, which are inte- 
rested in the orders being divided amongst the 
different works according to their capacity, and 
which always have a good deal to say about the 
prices. There remains for the Steel Union the fixing 
of the prices for half-finished products and shape 
iron on the home market, whilst for the foreign 
trade the Steel Union must adhere to low prices so 
as to promote the sale. As regards half-finished 
roducts, this fixing of prices may be undesirable, 
inasmuch as it supplies foreign markets with cheap 
raw material, which in its finished state may prove 
a keen competitor to German-made goods. Thus 
England, in the year 1913, imported two-thirds of 
the German export of half-finished steel products 
for 44,342,000 marks out of a total of 65,270,000 
marks, 

The conclusion drawn from the above facts and 
considerations is to the effect that no general 
interest attaches to the continuation of the Steel 
Union in its present form, although there might be 
a field of usefulness for a union which comprised the 
aggregate production, and which was based on the 
resent capacity of the works, and not, as hitherto, 
on old allotment figures which may have been fair 
enough in the year 1904, but which during the 
twelve years which have since passed have lost 
their representative character on account of diver- 
gent developments of old works and the erection 
of large new works. 





NOTES. 
Tue Sivent DiscHarce. 

Tue silent discharge is technically utilised in 
ozonisers. One of the best - studied forms of 
ozoniser is the Siemens apparatus, consisting of 
two concentric glass tubes ; the air or oxygen to be 
ozonised is passed through the annular space, and 
dilute sulphuric acid is charged into (or flowing 
through) the inner tube and surrounds the outer 
tube. The acid replaces the conductive coatings of 
other apparatus, and the whole system constitutes a 
condenser. According to Warburg, this ozoniser 
behaves as an ordinary condenser until the applied 
ae exceeds a certain limit value; then the 

ischarge across the annular gap, and a 
quantity of electricity must be supplied to main- 
tain the potential difference constant. The ratio 
of this quantity of electricity to the limiting poten- 
tial is a measure of the apparent capacity of the 
system. Assuming the glass to be a perfect di- 


electric, the true capacity of the system would be 
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found by replacing the gas by mercury. The appa- 
rent capacity of Siemens ozonisers has recently al 
investigated by S. T. Sachs (Annalen der Physik, 
vol. xlvii., pages 886 to 926, September, 1915). His 
tubes had a length of 54 cm., and the annular 
a width of 1.2 cm.; the concentration of the sulphuric 
acid was 3.5 per cent. ; alternating currents of 46 

riods, ranging from 2000 to 5000 volts, and a 
fridge arrangement were used for the determination 
of the capacity. Passing various gases—all carefully 
dried with phosphorus pentoxide—through the 
apparatus, he found differences in the behaviour of 
the gases which were due to chemical action. 
When the gas was hydrogen or nitrogen, free of 
oxygen, the apparent capacity proved independent 
of the rate of flow of the gas, and was the same for 
increasing as for decreasing voltages. This held 
also in the case of a mixture of neon and helium, 
when the apparent capacity approached the true 
capacity. In the case of air, oxygen, and carbon 
dioxide, the rate of flow made a decided difference ; 
the greater the rate of flow, the higher was the 
apparent capacity for the same voltage. This effect 
was most pronounced with air where the apparent 
capacity increased to ten times its value for 
stationary air. Hydrogen and nitrogen containing 
air or oxygen also gave higher apparent capacities 
and lower limiting potentials. hs concluded 
that the variable effect was due to the formation of 
chemical compounds (ozone, nitrogen oxides, 
&c.), which increased the conductivity of the 
gas, whilst at the same time they lowered the 
efficiency of the apparatus as an ozoniser, or in 
general as a discharge-producing device. Hence 
technical ozonisers should be worked at such rates 
of flow that a fresh charge of gas is constantly being 
supplied, because otherwise the accumulating pro- 
ducts interfere with the discharge. The experi- 
ments confirm the theory of Warburg, and they 
further confirm the views of J. Franck and E. von 
Bahr that, in ionisation due to collisions between 
positive ions and molecules, the energy is not 
merely kinetic, but taken also from any heat energy 
present 


SHIPOWNERS’ RESPONSIBILITY FOR VESSELS BuILT 
to Lioyp’s REQUIREMENTS. 


Mr. Justice Bailhache, in the King’s Bench 
Division, on Tuesday, the 14th instant, gave a 
judgment of great interest, bearing on the respon- 
sibility of shipbuilders for defects in vessels con- 
structed to satisfy the requirements of Lloyd’s.” 
A Clyde firm built a steel screw-steamer, named the 
Ajana, for the Australind Steamship Company, and 
intended for the Australian trade. According to 
counsel for the steamship company, the vessel was 
fitted with widely-spaced pillars between decks. 
These, it was contended, were put on very weak 
foundations, and with no seating to them to dis- 
tribute the weight. The result was that when 
the vessel loaded her first cargo in Sydney, a 
normal Australian cargo of wool and ore, the pres- 
sure was too much for the floors on which the 
pillars rested, and they tore away. The whole of 
that part of the ship became distorted, twisted, 
and buckled. It was contended that Lloyd’s sur- 
veyors had allowed things to be put in which were 
not proper intercostal bracket-supporting pillars 
and floors. They were found disturbed on the 
voyage, and the real mischief was discovered at 
the port of discharge. The question of liability 
was remitted to Mr. D. C. Leck, K.C., as arbi- 
trator, and, after inquiry, he found that it was 
not possible by calculation to ascertain the strength 
of the foundations of the pillars, and that there 
was no breach of duty or contract by the builders 
in oes and acting on the requirements 
of Lloyd’s with regard to the foundations of 
the pillars and in not making calculation’ them- 
selves. He found the plans were submitted, 
and approved on owners’ behalf by their super- 
intending engineer, but he said that, in his opinion, 
this approval was not intended to relieve, and did 
not relieve, the defendants from any warranty or 
obligation incumbent on them under the contract. 
He decided that there had been no breach of con- 
tract by the defendants, and that they were under 
no liability to plaintiffs for the damages caused by 
the giving way of the foundations of the pillars, 
and ordered that the plaintiffs should pay the costs 
of the award and the defendants’ costs. The 
steamship company appealed against the arbi- 
trator’s decision, and a jal case was stated 
by the arbitrator for the opinion of the Court. On 
behalf of the steamship company it was contended 





that Section 14 of the Sale of Goods Act applied, and 
that there was an implied warranty of fitness for 
the purpose. But the contention of the shipbuilders 
was that the term ‘‘ to the satisfaction of Lloyd’s,” 


space | embraced in the contract, wiped out any implied 


obligation of fitness for the for which the 
vessel was required. After hearing the evidence of 
Lloyd’s surveyors, ‘‘than whom none was more 
competent on a question such as this,” the arbitra- 
tor decided in favour of the builders, and that 
there was no point of law for the Court to decide. 
Owners and builders habitually relied upon Lloyd's 
calculations. Mr. Justice Bailhache dismissed the 
appeal, with costs. In giving judgment he said :— 
‘**The respondents’ counsel had satisfied him that 
the points on which the appeal was taken were 
questions of fact, and that upon those questions 
the arbitrator had made specitic findings, and left 
him nothing to decide. From what he knew of 
the arbitrator he was sure he did not intend to 
shut out the parties from taking another judgment 
on the points raised, but having regard to the 
form of the award and the findings, he thought 
the arbitrator had practically ruled the appellants 
out of Court.” 


Susmarine O1-Priee Lures. 


An interesting account of the laying of the sub- 
marine oil-pipe lines at Tuxpam, in Mexico, was 
iven in a paper on the Mexican petroleum in- 
ustry, read before the Institution of Petroleum 
Technologists, by Mr. P. C. A. Stewart, A.R.S.M., 
A.R.C.Sc., on Tuesday evening, the 19th ult. The 
pipe-lines, as most of our readers are probably 
aware, are used for loading the large tank steamers 
of the Mexican Eagle Uil Company, the water 
being too shallow to allow the steamers to reach 
the coast. This company now has three deep-sea 
loading berths at Tuxpam Bar, with duplicate pipe- 
lines to each berth ; the Penn Mexican Fuel Com- 
ny also have two berths similarly equipped. 
e first two lines, which were laid by the Mexican 
Eagle Company in March, 1910, were com 
of pipes 6 in. in diameter, and were 3608 ft. and 
5150 ft. long respectively, below high-water mark. 
After being hauled through the breakers these 
lines were continued into deeper water by laying 
from barges, but this method proved to be slow 
and costly, and trouble arose from bends develop- 
ing during the process of laying. For this reason 
the later Reon which were of 8-in. pipes, and were 
each 5150 ft. long, were each laid in a single com- 
plete length in the following manner :—The 
pipes were screwed up completely on shore 
on a wooden track 12 in. wide, cvoee (% a straight 
line with the permanent location of the pipe. 
Small wooden trolleys, each running on a single 
roller, were placed under the pipe, and lashed to 
it at each alternate joint. Uprights, with vertical 
rollers, were also placed on both sides of the 
wooden runway at the water's edge to act as guides. 
To protect it from corrosion the whole line was 
coated with ‘‘ Texaco” dip applied hot, and spirally 
wrapped with burlap, on which another coating of 
‘**Texaco’’ dip was applied. After closing the sea- 
end of the pipe with a plug, a 1750 ft. length of 
1j-in. steel cable was attached to the pipe and 
taken out to a 3000-ton steamer, which was used to 
tow the line into its final position. The line was 
started by the steamer’s windlass pulling against 
anchors previously laid ahead, but afterwards the 
vessel proceeded under her own steam, towing 
out the line at the rate of 3 or 4 miles per hour to 
within a few feet of its final position, as marked by 
a buoy. The speed of the steamer was, of course, 
too low to give proper steerage way, so that she 
was attended by a tug to keep her bows in the right 
direction, and correct any tendency to drift with 
the current. While the pipe was travelling outwards 
the wooden trolleys were removed one by one as 
they reached the end of the runway by cutting the 
lashings and allowing them to fall into a pit. The 
lines terminate in 43 ft. of water, at which depth 
wave-action is not felt, and on the end of each pi 
120 ft. of armoured flexible hose was attach 
divers. The free end of the hose is closed by a blank 
flange and allowed to lie at the bottom of the sea 
when not in use, its position being marked by a buoy 
attached to the hose by a chain strong enough to 
lift it. Vessels for loading come into position and 
moor to the permanent mooring - buoys, after 
which the hose is raised by the ship’s derricks and 
attached to her loading connections, the weight of 
the hose being sustained 4 the derricks during 
the process of loading. e control-valves for 


the various lines are situated on shore and are 
arranged so that any loading pump can be used 
on any line, or two pumps can be used to load 
one vessel. The loading station com three 
triple-expansion duplex pumps designed for hand- 
ling heavy crude oils and capable of working at 
a pressure of 450 lb. sq. in. The capacity of 
each unit is 1500 barrels per hour, and, as a rule, 
it takes about 24 hours to load one of the 15,000- 
ton tank steamers of the Mexican Eagle Oil Trans- 
port Company, so that the actual rate of loading is 
about 4375 barrels per hour. A code of signals 
between the versel and the pumping-station has 
been arranged and loading takes place in all 
weathers, except during the fierce ‘‘ northers,” in 
which the wind attains a velocity of over 45 miles 
an hour. In 1914 the total quantity of oil cleared 
from Tuxpam amounted to 8,927,986 tons. 


LITERATURE. 


—_—_——_ 

Modern Iliuminants and Ilwminating Engineering. By 
Leon Gaster and J. 8. Dow. Illustrated. London: 
Whittaker and Co. [Price 12s. 6d. net.] 

Tue formation of the. Illuminating Engineering 

Society, and the issue of a journal to mote the 

objects of that Society, have done much within the 

last ten years to induce the public to regard the 
problem of illumination from a totally new stand- 
point. The construction of improved apparatue, 
and the command of more powerful sources of 
light, are the natural consequences of scientific 
progress, but the arrangement and distribution of 
those sources so as to make the light more effective 
and suitable for the business of life have necessi- 
tated new studies, in which the photometry of the 
laboratory sinks into comparative insignificance. 

**Oandle-power” has acquired a new meaning. 

Artistic arrangement, freedom from glare, exces- 

sive contrast, and the formation of vvih meng are as 

deserving of consideration as accurate photometry, 
and it is ised that ‘‘the proper application 
of light in a service of —s ” demands 

— specially equip and qualified. 

e authors of this Pook are closely connected 
with the Society and ite official journal, the [liwmi- 
nating Engineer ; consequently they are thoroughly 
familiar with all recent suggestions tending to pro- 
mote more judicious methods of he gm e 
valuable foot-notes, lavishly scattered throughout 
the volume, testify to an intimate acquaintance 
with English and foreign literature. In addition, 
it must be remembered that the authors themselves 
have done not a little to improve the conditions of 
artificial illumination, so that by ical know- 
1 as well as extensive reading, they are qualified 
to discuss the many ramifications of a large subject. 
The ground covered includes a description of the 
various illuminante in use; the methods of photo- 
metry, together with the effect of light on the eye ; 
and the problems that have to be solved in order 
to secure efficient, convenient, and healthy arti- 
ficial lighting. Details have frequently to be sacri- 
ficed to a broad treatment, but a vast amount of 
information is collected that makes this book an 
admirable introduction to the treatises that deal 
with the special problems of illuminating engi- 
neering. 

It is, of course, = to escape a chapter 
on ** The History and Development of Methods of 
Illumination,” wherein we may learn, if we will, 
how pine-torches were replaced by oil-lamps, and 
candles gave way to gas. keray has reminded 
us that the gay world of Bath and Tunbridge 
Wells must have presented a very dreary as 
and that the brilliancy of the evening assemblies 
was not due to the amount of illumination. The 
normal condition of London must have been more 
depressing than it is now, and we doubt if the 
waiting audiences in the theatres found it, as 
represented, so 

“* Sweet to view from half past five to six 

The long wax candles with short cotton wicks.” 
For, as in the case of many other developments, 
achievement seems to have been confined, to the 
work of the last pe decades. on current of 
P seems to have started from a stagnant 
pool of indifference: ingenuity apparently ex- 

usted itself in burning gas issuing from a con- 
venient aperture, and contentment was ensured 
by comparing the light obtained with that of the 
oil-lamp it replaced. But the chapter on 
lighting shows that some new thought, such as that 








accompanying the introduction of the incandescent 
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mantle, has been necessary to provoke a new 
departure, and then progress has been rapid. The 
new thought in that case was the perception that 
the illuminating value of the gas might be of less 
importance than its capacity to render a web of 
suitable material incandescent by heat. The sub- 
stitution of a calorific test for that of illuminating 
power is under the consideration of various autho- 
rities, and since the use of incandescent mantles 
has now become general it does not seem impos- 
sible that a gas of high calorific value, but of 
less illuminating power, might be produced, with 
the result that the consumer would get an improved 
light at a reduced cost of manufacture. If the 
time should come when a large supply of oxygen 
should be forthcoming at a cheap rate, we might 
expect an efficiency of 100 candle-hours per cubic 
foot. Leaving, however, such enticing prospects 
to the future, it is important to recognise how 
much has been effected already by paying atten- 
tion to the calorific power, the shape of the flame, 
the rapidity of combustion and flame temperature, 
preheating, and the effect of hot surfaces on com- 
bustion. It is to be feared that many submit to 
the inconveniences of an inferior light because they 
are unaware of how much has been accomplished. 
This treatise is addressed as much to the public as 
to the expert. It tells the former the standard of 
lighting that may be reached, and the improve- 
ments that stand at command. 

Electric lighting is too large a subject to be 
treated adequately in the space at command, but 
the authors give some very useful information con- 
cerning recent improvements that have been placed 
upon the market. The Moore tube is described 
very fully, and no doubt the form indicates a mode 
of Jistribution that is likely to prove popular in 
internal lighting. The neon tube is spoken of as a 
very favourable variation of the Moore, producing 
the same candle-power with considerably less 
voltage from the transformer. A neon tube, 
6 metres long, requires 800 volts to give 900 candle- 
power. The light produced is approximately 200 
candle-power per metre, as compared with 650 
candle-power per metre for the Moore lamp. There 
is no difficulty in procuring the necessary neon. 

Oil, petrol-air gas, and acetylene lighting con- 
stitute another section which might have been 
advantageously enlarged. Acetylene light, espe- 
cially, has made its way in spite of many drawbacks, 
and in the future will find many new applications. 
Ten pages is a meagre allowance for so important 
a medium, and one that in remote situations, where 
gas or electric mains are wanting, is found to be a 
convenient and economical substitute for either. 
It is especially useful in emergency lighting, and 
in these latter days has proved invaluable on the 
battle-field and in the hospital tent. In the light- 
ing of buoys and beacons at sea, acetylene has 
found a special field of utility, and in this con- 
nection it would be ungrateful not to pay a passing 
tribute to Mr. Gustav Dalen, of Stockholm, whose 
experiments have proved so successful and bene- 
ficial to others, but have deprived the ingenious 
inventor, and holder of the Nobel prize, of his own 
eyesight. 

Two chapters on the eye and colour vision 
respectively are very helpful. Without entering 
into the thorny subject of colour-blindness and 
being led to support or controvert any of the 
theories that find favour, we may admit that the 
authors have put forward the views of the com- 
peting schools succinctly and clearly. We are 
more concerned to note that the engineer or archi- 
tect schemes the illumination as much by the 
quality as by the quantity of light, and that the 
public have recognised that efliciency does not rest 
solely on the creation of brightness and economy in 
energy consumption, but that the agreeableness and 
availability of the illumination cannot be neglected. 
In days of feeble illumination the great problem 
was to get more light; but now we are apt to 
suffer from too great a concuntration at the source, 
and the problem has shifted to effective distribu- 
tion and diffusion while maintaining the advantages 
of a white light. 

As a consequence, the object of photometry has 
changed. We may not dispense with the rigorous 
determination of the brilliancy of the source of 
light, expressed in some unit, but we want also 
some measure of the illumination. In the words of 
Sir William Preece, we want to know ‘‘ the inten- 
sity of illumination on the surface of the book we 
are reading, or the paper on which we are writing, 
or the walls on which we hang our pictures.” For 





practical purposes light is not distributed accord- 
ing to the pam law, and for obvious reasons 
the ‘‘cosine law” can be regarded only as 
an approximation. These considerations have led 
to new methods, and a new nomenclature, 
making photometry a process of industrial import- 
ance. The ultimate object is to determine a 
‘* polar curve of light distribution” and the 
‘*mean spherical candle-power.” It is a little 
disappointing, after being led up to the final result, 
to find ourselves referred to existing text-books 
for details, and warned against possible sources of 
error in deriving the mean spherical candle-power 
from the polar curve of light distribution, without 
a fullerexplanation. Rouseeau’s method for effect- 
ing the process graphically is passed over with a 
bare mention, and an indication that his plan is 
obsolete. The Ulbricht globe is spoken of rather 
slightingly, at least that is the impression pro- 
duced, oni we imagine, as a practical integrating 
photometer, the arrangement would give a result 
with no larger percentage of error than the compu- 
tational meth described. The device consists 
of a globe of 6 ft. or 8 ft. in diameter, the interior 
of which is coated a dead white. ‘‘The lamp to 
be tested is hung up inside the globe, and the rays 
are reflected to and fro in such a manner that the 
interior of the globe becomes uniformly illuminated 
all over, and its brightness can be taken as a mea- 
sure of the total flux of light. The globe is con- 
veniently calibrated by inserting a source of known 
intensity.” 

The last portion of the book is devoted to the 
consideration of practical lighting problems, both 
internally and externally. The selection of examples 
must have been a matter of great difficulty, for, as 
the authors remind us, methods are not yet stereo- 
typed, and ideas are in a state of flux. There are 
many variables that will have to be settled by 
experiment, though authority and fashion may 
outweigh scientific deduction. ‘‘ Light on the 
object not in the eye” may be accepted as one of 
the axioms of correct illumination, and therefore 
the employment of globes, shades, and reflectors 
is treated at some length. There are certain prin- 
ciples that may be insisted upon, as the need of 
toning down the excessive brilliancy of an illumi- 
nant, or of directing the light where it is most 
needed, softening the shadows and increasing the 
decorative effect, but the manner of treatment must 
depend on individual taste. Science can only indi- 
cate the results that will follow from a particular 
arrangement, but it is satisfactory to note that 
insistance on sound principles has led to many 
improvements in the method of lighting. The 
numerous illustrations given show what can be 
effected, and supply a standard which, however, 
must be regarded as a minimum, for the practice of 
illuminating engineering is not only changing, but 
advancing. There are, however, certain rules that 
do not change, and if by constant repetition these 
can be impressed on a somewhat indifferent public, 
much will have been accomplished, and we shall 
have travelled a ge Beng on the road towards 
removing the most glaring defects; a necessary, 
but modest, step towards the improvements the 
authors pa Tae. Hq and recommend. 
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THE LATE EARL OF GLASGOW, G.O.M.G. 
Naval architects especially will regret to learn of 
the death, on Monday, the 13th inst., at his residence, 
Fairlie Craig, Ayrshire, of David Boyle, seventh Ear! 
of Glasgow, G.C.M.G., who from 1901 to 1907 inclu- 
sive was President of the Institution of Naval Archi- 
tects. Owing to his early association with the Navy, 
and his continuous interest in all Navy questions, he 
was greatly attracted to the work of the naval archi- 
tect, and with his great administrative ability, shown 
in connection with many public appointments, includ. 
ing the governorship of New 7 between 1892 
and 1897, he was able, especially in Council, to do 
useful service for the Institution. His bluff, cheery 
——- was an important factor in the success 
of all the social functions of the Institution, and it 
is notably to his credit that he was largely instru- 
mental in poy | about the decision that a definite 
tenure of office (five years) should be established in 
connection with the presidency of the Institution. 

Lord Glasgow was in his eighty-third year, having 
been born in 1833, the eldest son of Mr. Patrick Boyle, 
= grandson of the second earl. He entered the 

avy when thirteen years of age and spent thirty-two 

ears in the service, retiring with the rank of captain. 

e was particularly happy in his reminiscences of the 
hardships and lack of scientific medium for control in 
the early days. He was fortunate in being in service 
during the Crimean War, being in the Eurydice 
in the operations in the White Sea, during which he 
was wounded. He was also in action during the 
China War of 1857, being employed in the destruction 
of Chinese war vessels in the Escape Creek and of the 
Fatshan Flotilla. He was in command of the steam 
sloop Niobe when she was wrecked, due to fog and 
irregular currents, off the coast of Miquelon, near 
Newfoundland, in 1874; but, far from being blamed, 
he was highly praised by the Court of Irquiry for his 
efforts to save life and property. He retired from ser- 
vice in 1878, having succeeded, four years before, to 
the estate of Shewalton, and found scope for his 
activity in connection with the management of the 
property, and in county affairs, being a Deputy Lieu- 
tenant and a Justice of the Peace. e came into pos- 
session of the old historic home of his family at 
Kelburn in 1886, but did not take up residence until 
his succession to the earldom in 1890, when he suc- 
ceeded his cousin, the sixth earl. Two years after his 
succession he was appointed Governor and Commander- 
in-Chief of New Zealand, and continued in office for 
five years. At the conclusion of his office, in 1897, he 
was created Baron Fairlie of Fairlie, in the peerage 
of the United Kingdom, which entitled him to sit in 
the House of Lords; but he rarely attended. The 
degree of Doctor of Laws was conferred upon him by 
the University of Glasgow in 1901, in ehidh guar also 
he was elected President of the Institution of Naval 
Architects, and in 1904 he received academic distinc- 
tion from the Dublin University. 

Lord Glasgow married, in 1873, the eldest daughter 
of Sir Edward Hunter- Blair, Bart., by whom 
he had five sons and three daughters. he title 

to his eldest son, Lord Kelburn, who is a com- 
mander in the Royal Navy, and who, for services in 
the “ioe Gulf, in August last, was awarded the 
D.S.O. 

Lord Inverclyde, Sir Archibald Denny, Bart., and 
Sir John H. Biles were deputed to represent the 
Institution of Naval Architects at the funeral, which 
took place at Kelburn on Thursday. ; 





INFLUENCE OF WAR ON ENGLISH 
TRADE. 
To THe Epitor oF ENGINEERING. 

Sin,—We have read with great interest your various 
articles about the influence of the war on English trade. 
However, we have not found much in them about the 
danger of detrimental results of the present English busi- 
ness policy with regard to trade with neutral countries. 
For over half-a-century we have been representing a great 
number of English manufacturers in this country, and it 
is with the greatest regret that we see, as a result of the 
present war, that England is constantly losing trade 
territory in this and other neutral countries. 

We are very much afraid that business between your 
country and ours will be seriously affected not only now, 
but also in the future, by the difficulties now existing in 
trade between England and Holland. 

We have on one side the English manufacturers who 
cannot supply us with what we want, or, if they can, 
charge us terribly increased prices; and on the other 
side the German manufacturers, who can supply us with 
nearly all we want at nearly normal prices. e result 
is, of course, that in many instances the Dutch people, 
against their wishes, are compelled to place their orders 
in > 
Also in weeny instances, when we have placed orders 
lately in England, we have received the information from 
our manufacturers that they are not even allowed to 
begin manufacturing the ered goods, and that they 
therefore have to refuse our orders. From Germany, 00 
the contrary, we have hardly got any such information, 
and even machine-tools we can get from that country 1D ® 
few weeks. Orders destined for English makers therefore 
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have now to go to Germany ; this also gives rise to a 
somewhat unfriendly feeling here tc England 
Already more than once we have got orders from cus- 
tomers, to whom we had supplied formerly expensive 
machine-tools, for tools or parts for same, which we 
could not get executed, with the result that thece expen- 
sive machine-tools are now standing idle in the works 
of our customers. This bas caused great financial dam 

and does not serve the purpose of promoting friend), 

feelings between the English manafacturer and the Dute 

eustomers. : : 

Further, with regard to machine-tcols, the American 
makers do everything in their power to secure the trade 
of the neutral countriee, and when Dutch engineers and 
shipbuilders are overwhelmed with work it is a matter 
of course that a great number of American machine-tools 
are imported into this country. ! ; 

Now weare much afraid that after this war, the English 
manufacturer will find it very difficult, if not impossible, 
to regain the lost ground, and even if Germany be abso- 
lutely defeated by she Allies, English business in this 
and other neutral countries will have received an irrepar- 
able blow. 

We think it even of more importance toour many 
English business friends than to ourselves that such steps 
should be taken by the English Government that at 
the earliest possible moment it will be possible again 
for us to get our orders executed by English manufac- 
turers. 

We, of course, quite understand the difficulties, and 
that the making oi munitions should come first of all ; 
but, on the other hand, with a view to future business 
relations between the two countries it seems most desir- 
able that the condition of affairs should be understocd by 
British manufacturers. 

Weare, Sir, yours truly, 
LaxNDRE AND GLINDERMAN. 

Amsterdam, December 7, 1915. 





‘“*TORSION STRESSES IN FRAMED 
STRUCTURES.” 
To THe Epiton or ENGINEERING. 

Sir,—I regret that the time required for communica- 
tion between London and Montreal, especially under 

resent conditions, has not allowed me to reply earlier to 
Mir. Ritchie’s letter concerning my paper on ‘‘ Torsion 
Stresses in Framed Structures and ‘Thin-Walled Prisms” 
(ENGINEERING, October 15, page 392), which appeared on 
page 466 of your issue of November 5. Mr. Ritchie’s 
criticitm seems beside the point, as the paper dealt only 
with thin wallcd cylinders or prisms, or their equivalent. 
Perhaps the following discussion may clear up some of 
your correspondent’s misconceptions. 

In the case of a framed structure as considered in § 2 of 
my paper (ENGINEERING, October 15, page 392), the 
theory of torsion does not enter into the problem, since it 
is concerned only with the distribution of forces in a 
framework loaded at the corners, whose members are 
supposed, as in most calculations for framed structures, to 
be small in cross-section compared with their length, and 
thus — of withstanding tension and compression 
only. hus the use of -—- theorem, applied as in 
example(iii.) of my paper, will give the correct longitudinal 
forces inthe members. The shear S given by the theorem 
refers, of course, to the total transverse shear across 
each panel of the lateral system, as understood by bridge- 
designers. The manner in which the longitudinal force 
in any member of an actual structure, calculated by use of 
the theorem, is distributed over the cross-section of the 
member may be somewhat affected by its resistance to 
bending and its end connections, and the effect of these 
on the distribution, if required, may be estimated by the 
well-known methods of Mohr and others for the calculation 
of ‘‘secondary stresses” in framework, given in treatises 
on the subject—e.g., Johnson, Bryan, and Turneaure’s 
“Framed Structures,” vol. ii. 

The general form of the theorem given in § 3 (c), as 
clearly stated in the paper, refers only to thin-walled 
cylinders or prisms. Following the demonstration of the 
theorem, the term ‘‘hollow” is used in its enunciation, 
but this should not lead anyone to infer that the theorem 
is applicable when the walls are thick. Mr. Ritchie, 
however, has applied certain approximate formule for 
thick-walled hollow prisms to the limiting case in which 
the walls are thin. It cannot be expected that this will 
give results which represent accurately the conditions of 
the problem. For instance, the walls of a thick-walled 
hollow rectangle offer considerable resistance to bending 
at the corners, while such resistance is inappreciable 
when the walls are thin. In the case of a solid prism the 
theorem cannot be applied directly. I stated at the end 
of my paper that it —_ be extended to obtain approxi- 
mate formule for solid prisms, having in mind its pos- 
sible use in conjunction with Prandtl’s elastic membrane 
analogy. It is evident that the theorem in the form 
given has no meaning in the case of a solid prism, 8 beirg 
the total shear over a longitudinal section of the walls, 
not to be confounded with the surface shearing stress, so 
that I do not think that this statement is misleading. 

I now ropose to demonstrate the validity of my treat- 
ment of the thin-walled prism, and to extend the analysis 
to the determination of the warping of the cross-section 
in the general case of a thin-walled prism of any shape, 
showing the incorrectness of Mr. Ritchie’s assertion that, 
if the shear is uniformly distributed, the cross-cections 
necessarily remain plain, 

In any hollow cylinder or prism subjected to torsion 
the stresses at both the inner and outer surfaces must be 
along the surface. If the walls are thin, there will not be 
—~ other component, of appreciable magnitude, intro- 
— and the forces acting on an element of the wall 

unded by two cross-sections and two longitudinal 








. | edges of 





sections Gocngh the axis of the prism will be along the 
the 
(page 392). This is the only assumption made in the 
proof of §3(b). That the total longitudinal shear is 
constant over any cross-section of the wall parallel to 
the axis follows immediately from this. Ifthe walls are 
thick, other conditions enter, and the above assumption 
will, of course, be incorrect. 

The truth of the assumption for the case of a thin-walled 
prism seems to me fairly obvious from the above, but, 
if further evidence is required, it may be obtained from a 
consideration of Prandtl’s elastic membrane or soap-film 
analogy to torsion.* 

I may note here that I do not feel inclined to the 
confidence in Autenrieth’s ged formula for hollow 
rectangular prisms that Mr. Ritchie expresses. Even 
allowing his ic assumptions to be substantially correct 
for a eolid rectangular prism, the inference that an inte- 
pa between different limits will give correct results 

or @ hollow prism with walls of constant thickness is 
doubtful, because the condition that the stresses on the 
inner surface must be along the surface will make it 

that the inner boundary should be a line of 
resultant shear stress for the solid section. Again, in 
the case of other than pen sections, Autenrieth’s 
assumption that the surface shear stress at any point 
varies inversely as the length of the perpendicular drawn 
from the centroid to the tangent to the contour at the 
point, may be seen from the above to be incorrect for the 
case of a thin-walled cylinder of uniform thickness, and 
it is an open A pw whether it may be applied even to 
a thick-walled hollow cylinder, with wale of constant 
thickness. 

In the second paragraph of Mr. Ritchie’s letter he 
states, referring to non-circular sections, that ‘‘ sections 
initially plane do not remain plane under the action of 
a twisting moment, but become warped. The net result 
of this is that the surface shear stress is nolonger uniform 
throughout the contour of the section.” The firs» state- 
ment is in general correct, but the second does not follow 
from it. ‘This may best be shown by a consideration of 
the warping of the cross-section of a thin-walled cylin- 
der or prism using the theorem of § (iii.) of my paper. 
The walls will be considered to be of uniform thickness 
throughout, so that the shear-stress intensity is every- 
where the same. 

Consider a small element of the prism bounded by two 
cross-sections distant 5/ from each other, and by two 
lines parallel to the axis of the prism, including a length 
5s of the contour. Such an element is shown in Fig. 3 
of my paper if 6 be supposed small. Let the ch in 

of 5s under a twisting moment T be é, and the 
change in length of 51 be». Then 7 is the warping of 
the cross-section between the extremities of the element. 

The angle of shear, 6 ¢, of the element will be the sum 
of the angu’ar distortions produced by the linear distor- 
tions and 7. Thus 


ae oe 
So= si +55 
But 
6g= ~’ 


where f is the intensity of shearing stress, and G the 
modulus of rigidity of the material. 
Now from the theorem of § (iii.) c 
i _ 2.88 
mandi othe 
where S is the total longitudinal shear, and A the area of 
cross-section of the cylinder or prism. The intensity of 
shearing stress, since the walls are thin, is given by 
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Now let the angle of twist of the prism between the 
two cross-sections considered be 6@. Then, if m be the 
point on the surface of the prism at which the element 4 s 
18 situated and O the centroid of the cross-section, the 
radius Om rotates through the angle 50 relatively to 
the corresponding radius vector for a parallel section dis- 
tant 6/ from it. Leta be the angle between the tangent 
to the surface at the element ds, in the plane of the 
cross-section through mand Om. Then é is the projection 
of the total movement of m in the direction of 5 s—t.e. 


(2) 
where Om = r. 
The value of 5 @ may be found by considering the work 
W stored in the portion of the prism bounded by the two 
cross-cections distant 5 / apart. 


W =4T 38. 
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Also 
w= f x volume of the portion considered. 


But the volume, since ¢ is small, a omy to Pt5l, where 
P is the perimeter of the section. us 
0 S* pen_tt 
di TG 4A2tG 
Substituting this and (2) in equation (1) 
Pa, ‘a . dé 
n=["> .58 rd ssina |Sr. 


* See Féppl, “Technische Mechanik,” Band V., page 
173; or Love, ‘“‘ Theory of Elasticity,” page 310. 
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lement, as shown in Fig. 3 of my paper | P 





In the case of a circular cylinder r is constant sin a = 1, 
= 2-7 r, and thus 7 .¢., Plane cross-sections 
remain plane. 
aa (4) on the warping of a small element 4 s. 
In order to find warping between two given points, 
n and m, of the contour, the length of the contour between 
— 8, the expression must be integrated. 
us 
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The integral ds may be most easily 
evaluated by using polar co-ordinates, taking r as the 
radius vector, and the line joining the centroid of the 
— = _ point n as initial line. Then, if the polar 
ang 4 
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In the case of a thin-walled rectangular prism of sides 
2a and 2b, taking as n the mid-point of the side 2a, and 
as m any other point on the same side, distant d from n 


2ab b? 
on [2s}-4 | coxra-4® | 
(a —b) Td 
~~ Warb tu’ (6) 
Thus 7 varies as d, and the side 2a remains « straight 
line, but turns through an angle. The warping of the 
other sides may be found in a similar manner, and the 
cross-section into a skew surface bounded by 
straight lines. If the prism is square a = b, and there 
is no warping. “ 
The application of the above to example (ii.) of - 
paper, the case of a thin-walled rectangular box, will 
show that the distortions of all the sides and since 
the edges offer very little resistance to change of angle 
because of ep enenaes of the walls, the — of i. is 
case, to which your corres ent apparent es 
exception, is justified. If = edges were relnforeed 
against change of angle, stresses would be called into 
pla ey more or less to the secondary stresses 
in the mem of the framed structure. I cannot think 
that the distribution of stresses shown in Fig. 4 of Mr. 
Ritchie’s letter is correct for the case of the thin-walled 
rectangular prism. i 
To sum up, I claim in the above to have given full 
justification for the methods used in my paper for framed 
structures and thin-walled prisms, and also to haveshown 
that ing of cross-sections may occur in thin walled 
prisms of other than circular section, even when theshear 
stress is uniformly distributed. I further call into ques- 
tion the applicability of Autenrieth’s approximate method 
to thin-walled rectangular prisms. 
Yours sincerely, 
Cyrit Bartuo. 
McGill University, Montreal, November 29, 1915. 
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“THE ESKDALE RAILWAY.” 
To THe Enitor or ENGINEERING. 

Srr,—I am much interested in your account of the 
Eskdale yn which I have known since I was a boy. 

I do not think you are right in attributing the closing 
of the mines at Boot to the increasing demand for basic 
instead of hematite iron ores. There is still abundant 
demand for good hematite. How about the Hodbarrow 
mines at Millom or the hematite mines in the Cleator 
Moor and Egremont districts? The Boot mines stopped 
because there was not enough of the ore. The hematite 
ore in the hills of the Eskdale Valley is in small pockets ; 
they look very rich, and are so while they last, sometimes, 
bub they are apt to peter out suddenly. Everybody there 
used to be mad about iron ore; everywhere you like to 
walk on those bills you will come across little adits, with 
heaps of reddish, hematite-stained soil, monuments to 
disappointed prospectors. Between Beckfoot and Boot 
a line—not shown on — map—was built to the south- 
east, with a girder bridge over the Esk bigger than any- 
thing on the main line, to take ore away from mines on 
the other side of the valley; but just about as soon as it 
was finis the ore petered out and left the line and 
bridge derelict. ‘ ; 

The article also gives a wr impression of the time at 
which the line fell into difficulties. It was long before 
1908. Indeed, although there was a great boom in its 
shares about 1873-5 (I believe it opened in 1874, rather 
than 1876), it was always in difficulties, and my impression 
is that it was in the 8 of a receiver nearly all its life, 
certainly long before 1908. At one time you could see 
a train of two passenger vebicles and half-a-dozen or more 
ore-trucks come down the valley every afternoon ; but the 
ore traffic dwindled, and stopped in the early ‘eighties, 
if not sooner. The passenger and goods traffic of the 
Rat Road, or Rat Trod, as it was called locally, certainly 
increased 


in ; but while the revenue ——— to pay 
working expenses, there was not enough for main- 
conenel and that ultimately led to the closing of the line. 


The permanent-way got ho) and there was no money 
to buy new engines. Of don ton were two, built by 
Messrs. Manning, Wardle and Co., Limited, somewhere 
about 1875, and years ago, as a precautionary measure, 
the working lt meet was reduced to 80 Ib. I have 
ridden on them often, even driven them. é 
The passenger rolling-stock consisted of two vehicles, 
one & composite first and third. The latter was usually 
pot run in the winter, but the authorities would 
On one occasion I and a friend thought we would indulge 
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in the extravagance of first class tickets; the combined 
guard, ticket-collector and station-master, agreed with 
alacrity, saying it would ‘‘do her good to have a run.” 
There was also a wondrous “‘saloon,” a sort of box with 
& narrow row of windows just under the eaves, which was 
built by the carpenter of the line, who kept an inn in 
Ravenglass. 

There are, or were, two, not one, under-line bridges 
over the main road at Raveng for the main line 
and the other beside it, at a higher level, for the ore- 


staiths. 
The description of the road over Hard Knott and 
Wrynose as ‘ fair” is unduly flattering (unless it has 


been enormously improved of late). It isan old Roman 
road, but is now a stony track. motor-maps show 
it as a road, but, in fact, only one or two cars have ever 
ma it. 

If I had some money to throw about, I should dearly 
love to get hold of the line and electrify it. At Boot 
there is a large beck running out of Burnmoor Tarn, 
which passes station, with a big fall in rapids and 
short falls. No doubt the amountof water varies greatly, 
but I have the idea that enough could easily be stored for 
the small traffic of the line. y plan would be to have 
the generators working only when a train is on the line, 
and I should think that could be managed with the aid of 
a telegraph line and one attendant. 


Yours, &c., 
December 11, 1915. Ross’s Camp. 





HOW TO KEEP A DAMAGED SHIP AFLOAT, 
To tae Eprron or ENGINEERING. 

Srr,—In your issues of ENGINEERING dated November 19 
and 26 you print letters on ‘‘Compressed Air for the 
Salving of Battleships” and ‘‘ How to Keep a D 
Ship Afloat” respectively. As I cannot agree with the 
views of Mr. Brunton, the writer of the last-mentioned 
letter, I will be — if you will kindly give the same 
publicity to the following :— 

Mr. Brunton stated : ‘‘ Assuming that a ship is 
forward, there are three methods whereby the bows can be 
prevented from sinking.” I think the words might be 
should have been used, as I believe it would be very 
risky for a shipowner or our Admiralty to trust to either 
the first or third methods mentioned by Mr. Brunton, 


stern down and lifting the bow.—This system is, in my 
Opinion, very little better than system No. 1, owing to 
its narrow of usefulness. 

I agree with Mr. ton, ‘‘ that any water above the 
damaged part of the ship should not be reckoned as 
weight.” But it must not be forgotten ‘“‘ that the whole 
of the compartments open to the sea have lost buoyancy,” 
and such part of the ship will have to be supported by 
the sound part of the vessel. 

In some types of damage this loss of buoyancy may be 
so extensive as to prevent salving a ship by such a 


system. 
Let us look well into an exact case again, say, the 
Titanic, as it will compare with what I have written 
under system 2, and will also keep to the case named by 
Mr. Brunton. 

I reproduce a drawing of the Titanic from Lord 
eemy #1 report. The vessel’s length was 8524 ft., the 
beam 92} ft,, and the weather deck 64 ft. above the keel 
amidships. The displacement was 52,310 tons av 34 ft. 
7 in. draught. Assuming that the immersed length of the 
vessel, say 825 ft., was constant, and the 34 ft. 7in. draught 
was equal throughout its 1 , the average breadth of 
the parallelopipedon would 64 ft. Therefore, at the 
time the Titanic struck the iceberg, as the draught was 
32 ft. only, the di ment would be about 48,000 tons. 
When the loss of buoyancy occurred to 304 ft. of the 
vessel forward, the remaining 521 ft. had to carry the 
whole of the 48,000 tons; and assuming an even keel, 
the draught would be increased to 48 ft., without 
reckoning anything for weight of water in the ship below 
the damage. Then, if water was pumped into compart- 
ments aft, to balance the loss of buoyancy and the 2600 
tons of water in the forward compartments below the 
damage, the four aftermost compartments would have to 
be filled up to the tops of the watertight bulkheads. By 
ys cealetion I find that, allowing 20 per cent. for 

ttin, 
15,828 tons of water in such four compartments, and that 
it would just about balance the turning moment forward. 
It would, however, have put the vessel down to 64 ft. 
draught on an even keel, and the water would then have 
been 17 ft. above the line of reserve buoyancy ; therefore 
the ve-sel could not have been saved. 

In conclusion, I thank you for the notice which you 
have given, under ‘‘ Books Received,” in your issue of 





S.S “TITANIC” 
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Longitudinal section showing decks and water-tight bulkheads. 


Nors.—The heavy line shows the top of the water-tight bulkheads. 
The compartments opened to the sea by the iceberg are shown shaded. 


whilst the second method, which Mr. Brunton deprecates 
the use of, is, in my opinion, the very best system the 
shipowner could adopt. . - 

4b us review the systems in the order given by Mr. 
Brunton :— 

First System. The admission of compressed air into the 
damaged compartments, &c.—I agree with both writers 
that such plant could not be serviceably used, because 
with any perforation high up in the flooded compartment 
the air would escape instead of forcing out the water. 

Second Syst The pumping of water out of the 
compartment as fast as it enters, thereby limiting the amount 
of water in the ship.—This method is, in my opinion, the 
safest to adopt, because not only is pumping machinery 
of to-day almost immune from breakdown over long 
periods of time, but also because the greater t of the 
ship and its contents could be kept dry, and the vessel in 
most instances would not be suffering from either ‘‘ heel” 
or ** trim.” 

Take the case of the Titanic, mentioged by Mr. 
Brunton, as an exampie. If Lord Merséy’s report on the 
loss of the vessel is carefully read, it will beseen that the 
water entered through the at a rate of about 300 





tons minute; and if 30-in. suction- ; 
vined into the bilge from each of 29-in. centri- 
| circulating pumps, and the water-tight doors in the 


bulkheads had eft open, or means provided for 
passing the water through the double bottom to the 
pump sucti such pumps could have put the whole of 
the water quaaheena as fast as it entered, and | would 
only have been doing their ordinary daily work. Further, 
if four electric lighting engines had been arranged 
with four 50-in. centrifugal pumps, with the circu- 
lating pumps, could have put overboard four times the 
quantity of water entering the Titanic, without having 
to close a water-tight door in the ship. — ? 

Electric pumps might have been provided if ferred. 
With pumps of either type no difficulty arise, in 
my opinion, in getting the vessel into port from the 
middle of the Atlantic. In fact, as the damaged com- 
partments would have been open for inspection, most 
of the damage could probably have been closed. This 
establishes a good case in favourof pumping, and I could 
, —e | other examples dealing with other kinds of 

jamage, i ; 
Third System. The pumping of water into the stern 
to create @ head which would have the effect of forcing the 


| November 26, of my book, “‘ How to Save a Big Shi 
from Sinking,” in which your readers who are interes’ 
in this subject will find much more about the Titanic and 


other ships. ; 
Yours faithfully, 
Cuaries V. A. Exzy. 
10, Cambridge-crescent, Edgbaston, Birmingham, 
December 11, 1915. 





SHELLS ; MORE SHELLS. 
To tHe Epiror oF ENGINEERING. 
Sir,—In your last issue I read, “‘ It has been estab- 
lished beyond all cavil that victory can only be achieved 


way in advance of attack, and no action tending to check 
the supply can be allowed, es liy as there are sutfi- 
cient available men for the Colours without taking men 
from the manufactories which must be kept going. . . 
The men the women of the nation are, as a general 
rule, searching for the means to show their patriotism 
and to terminate the present world holocaust . . . There 
is much that can be done by production to improve the 
economic situation.” ‘ é 

For six months and more I have been labouring, in 
season and out of season, in the columns of ENGINEERING, 
to impress upon the Government and the engineering 

fession the importance of following more or less the 
ead of our enemy, the Germans, in adopting cast-metal 
shell-casings in addition to forged-steel casings, in order 
that we might all the sooner be victorious in this terrible 
war, and I make no apology for again return to the 
subject. Hitherto the argument in the Press has been 
altogether one-sided, but now, in the best interests of the 
country and our engineering industry, which, as you 
truly say, ‘‘ must be kept going,” we must come to grips, 
and that, too, in a severely practical manner. 

As I have previously pointed out in your columns, our 
Ally, the French, has now adopted cast shell-casings in 
addition to forged-steel ones ; and not only is a special 
mixture of metal for the shell-casings being regularly 
sent over to France from this country, but thousands of 
cast shell-casings are being manufactured weekly in 
a and Scotland for the French Government ; but, 
so as I know, no cast shell-casings are yet being 
regularly used by the British war authorities. 





, Stores, machinery, &c., there would be| break 


if the men have an abundance of shells to plough the | j., 





Under correction, I understand that the constituents 
of the forged steel used in our shell-casings are something 
like the following :— 


Per Cent. 
Total carbon ... 0.12 
Silicon ... * Hd 0.02 
Sulphur ion a 0.04 
Phosphorus ... as 0.05 


(Made from the usual mild steels ; hence their 
inferior splintering properties.) 

Well, after considerable trouble, I have discovered 
that an iron manufacturer in the Black Country, of un- 
doubted attainments in the science of metallurgy, has 
succeeded in perfecting a process whereby a mixture of 
cast metal is made which has the undernoted pro- 


perties :— 
Per Cent. 
Total carbon ... 2.8 to 3.2 
Silicon ... ss 0.4 ,, 0.6 
Sulphor trace ,, 0.15 
Phosphorus 0.03 ,, 0.2 
Manganese 0.15 ,, 0.5 


which, it will be seen, has not only practically the same 
advantage of the steel mixture in low expansive property 
in the gun and also great tensile strength, as well as 
strong ing resistance, but has the enormous addi- 
tional advantage of being able to be used as a casting 
metal for the formation of perfect shell-casings moulded 
and run into metal chills. 

I have not only seen this special mixture of metal 
made, but castings of Cy from it both in 
the unannealed - in vs ann a condition, ~~ have 
been present at breaking up of these casings. Briefly, 
the unannealed castings broke up like glass, while the 
annealed ones were scarcely breakable under the most 
severe internal tests, and when the latter did ultimately 

up at a strain that would only wreck — steel 
of similar thickness, they broke up in strips and streaks 
as forged steel would break up in. 

The cost of these castings 
additional cost of — by 
to only - o pound. Presumably (after allowing for 
all other ) 50,000 tons—minimum—of this special 
mixture of metal could easily be produced and supplied 
per week from the different iron-smelting works through- 
out the United Kingdom. 

The importan = of what rt _ stated will at least 
a to practical engineers, if it {does not ap to our 
Meets of Munitions, and should show that if our ry 
smelting and iron industry was as much exploited and 
encouraged by the Government as our steel industry is 
to-day, there ought to be no great difficulty in furnishing 
a supply of cast metal shells in sufficient quantity to (as 
you have put it) “plough the way in advance of the 
attack ;” or, as one a well say, hack through and pave 
with shells a roadway figuratively a mile wide all the way 
from France to Berlin. 

Might I again remind you that it has been impressed 
upon the public by the Minister of Munitions that the 
present war is an “‘engineer’s war,” and that only the 
engineers of this country can enable the Allies to win 
the war, and, although, unfortunately, there is neither 
an engineer in the Cabinet, nor at the War Office, surely 
if the general mass of the engineers and founders in this 
greatest and most skilled iron-founding nation in the 
world are not allowed to assist in the only way open to 
them, how can they be blamed for not doing their share 
= bringing the war to the glorious conclusion desired by 

of us? 

Another question — be asked at this stage, and 
that is: We have in don the head-quarters of the 
two sup greatest ineering institutions in the 
world. ell, what may the governing bodies of these 
Institutions be doing at the present time in the encou- 
ragement of amongst our metallurgists and iron- 
founders in order to enable our Government to compete 
with and beat the Germans at the game of making and 
using all forms of shell castings, as well as forged-steel 
shells? True, these Institutions are giving the use of 
their buildings to the authorities, but, seeing we have 
n so authoritatively told this is an *‘ engineers’ war,” 
surely pressure ought to be brought to bear on the 
Government by the practical and leading engineers in 
these great Institutions in order to secure the whole 
service of the engineering and ae profession 
throughout the country in solving these shell problems, 
as undoubtedly has been done in Germany from the very 

inning of the war. : ‘ 

t may be noted that I have in this letter refrained 
from using the words ‘‘cast iron,” which are misleading 
and a misnomer, as ordinary cast iron for shell-making is 
of very little use; but metal or iron of a special and 
suitable mixture, properly treated, such as has been 
described, and which, although in the nature of malleable 
iron, can be used in the form of castings, is quite another 
thing, and which, I feel sure, has not received the atten- 
tion which it deserves of the powers that be. ; 

With your permission I may be able to return to this 
matter very shortly, and possibly produce a sample shell- 
casting for your inspection. 

Yours truly, 
James K&ITH, . 
Assoc. M. Inst. C.E., M. 1. Mech. En 

**Dunottar,” Brondesbury, .I. Mar. E, 

London N.W., December 14, 1915. 


in being normal, the 
@ new process amounts 








Tue P. anv O. Company's Freer: Enratum.—Io 
the paragraph on the subject of the P. and O. fleet in 
the last issue of ENGINEERING ( 604 ante) the tonnage 
is given as ‘‘displacement.” ‘This should be “‘ gross. 
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OIL-LIGHTING SYSTEM AND FLAME PROJECTOR. 
CONSTRUCTED BY THE KITSON EMPIRE LIGHTING CO., LTD., ENGINEERS, STAMFORD. 
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Fie. 4. 


We illustrate in Figs. 1 to 3, on the present page, 
the automatic incandescent -lighting system of the 
Kitson Empire Lighting Company, Limited, of Stam- 
ford. In this system the oil supply is contained 
in steel tanks as receivers, and is conveyed through 
fine copper tubes, } in. to ,; in. in diameter, to the 
various lamps under @ pressure of air, which may 
be obtained either from a hand-pump or a com- 
pressor. The installation is shown in the dixgram, 
Fig. 1; the feed and drain-valve is illustrated in 
Fig. 2, where A is the oil inlet from the receiver, 
B the outlet to the lamps, and C the passage 
through which the oil in the conduits is allowed 
to drip back to the receiver when the lamps are 
extinguished. The shut-off valve is shown in Fig. 3; 
one of there is fitted to each lamp, as shown in 
Fig. 1. In Fig. 3, D is the connection for the oil- 
feed, E is a cork-seated valve, F the body of the 
valve, G a brazed joint, and H the connection to the 
oil-vapour tube-nipple. The shut-off valve is so con- 
structed that when the oil is turned on at the switch 
it forces the cork-seated valve E off its seat and allows 
the oil to pass between it and the body F, and thus to 
reach the vapour-tube. When the oil is turned off 
the spring forces the valve back against its seat. As 
will seen from the diagram, Fig. 1, the lam 
are all connected to a gas-main which supplies the 
lamps with gas for preliminary heating purposes only. 
Gas is also —- to the pilot-light on each lamp. 
For running the system with oil the tanks are put 
under air pressure, the gas is turned on and ignited, 
the feed and drain-valve on each tank or receiver is 
opened, the switches for the oil supply are turned on, 
and each lamp is fed with oil through the automatic 
shut-off valve, Fig. 3. The main gas supply is then 
turned off. For extin uishing the lamps, the air-pres- 





sure supply on the oil in the receivers is cut off, the 


switches are turned off, and the feed and drain-valve 
closed, the oil in the fine copper tubes running back 
gradually to the receivers. Each lamp burns from 
500 to 1000 hours without cleaning or needling ; the 
light is bright and agreeable ; the > oe is economical 
in itself, and since each lamp is lighted automatically, 
the system, from the point of view of saving in labour, 
is on a par with gas and electric lighting. , 

The company, whose works are at Stamford, Lincs., 
inform us that the system is the subject of patent 
applications. They add that attempts have been 
made, without success hitherto, to produce 4 
method of lighting a large number of oil-lamps from 
one central point. The reason for previous failures 
has been that no provision was made for shutting off 
the oil from the lamps the instant when the lights 
were required to be extinguished; the consequence 
was that the oil from the oil-tubes would siphon over 
into the lamps and flood them with oil, so that when 
the next lighting up came, it generally resulted in 
blaze and smoke. As will have been seen, this great 
disadvantage is totally eliminated from the company’s 
system. This is in operation in the Kiteon Company’s 
factories, in those of the Manifold Printing Com . 
West Bromwich; of Messrs. Peter Brother > 
Peterborough ; the Campbell Gas- Engine Works, 
Halifax ; and many others. 

The same company have also designed the flame- 
projector which we illustrate in Fig. 4. It consists 
of a drawn-steel receiver of a capacity of about 
30 gallons, anda supply-tube about 1} in. in diameter, 
which connects it with the burner. The burner is 4 
tube in which methylated spirit is used for heatin 
purposes and for starting ; the nozzle through whi 
the combustible liquid is projected is about ,, in. in 


as 6 or 7 
manufacture of alundum—that is, fused alumina for 
use as an abrasive. 
manufacture of calcium aluminate to give a quick set 
to plaster compositions. 
abrasive from bauxite is effected in electric furnaces 
by fusing calcined bauxite. 
alu 


artificial corundum. 
control—a factor of great importance in the abrasive 


is pseudomorphous, after syenite. 
form it occurs as small round bodies, varying from the 
size of a pea up to an inch in diameter. Occasionally 





diameter. The fuel is a special mixture of hydro- 
carbons, With a pressure of abcut 200lb. w the 


square inch a flame of intense heating power can be 
projected over a distance of from 60 to 70 yards, and 
the heat is so 

within from 1 
scorched. The company are at the present time 
experimenting with a view to carry the flame a dis- 
tance of over 100 
ject of patent applications. 


reat that no one could possibly come 
to 20 yards of it without getting 


ards. This device also is the sub- 





BAUXITE: A SOURCE OF ALUMINIUM. 
Bauxite is the sesquioxide of aluminium, with 


varying amounts of the corresponding oxide of iron ; 
it is highly refractory when free from silica, and it is 
but feebly basic. 
furnace for the production of large quantities of alu- 
minium, as it yields the metal more readily than olay. 
Chemically, bauxite is alumina (a com 
nium and oxygen), with hyd 
same 
tains from 50 to 70 per cent. of alumi, 
25 to 30 per cent. of water, with small amounts of 


Bauxite is treated in the electric 


und of alumi- 
m and oxygen in the 
e ore commonly con- 
from 


portion as water. 


iron ore, and titanium oxide. Bauxite is 


uartz, 

} ose with kaolin, clay, and other minerals of alumi- 
nium ; it varies in colour, and is found yellow, brown, 
whitish and reddish; its lustre is generally earthy. 
The streak usually corres 
is no distinct cleavage, and, being earthy, it has, 
if anything, an uneven fracture; the hardness is 
ray 1, occasionally more ; the specific gravity is 
in hydrochloric acid. 
material for the production of metallic aluminium ; 
in the manufacture of aluminium salts; in the manu- 
facture of bauxite bricks for use in kilns and furnaces, 
as described in detail below ; as well as in the manu- 
facture of alundum for use as an abrasive. 
containing less than 2 per cent. of ferric oxide can be 
— in the manufacture of aluminium salts ; the more 
erru, 

aluminium. 


to the colour. There 


auxite is brittle, infusible, and slightly soluble 
It is used mainly as a raw 


Only ores 


us ores are used for the production of metallic 


Parer grades, which may, however, carry as much 
per cent. of silica, may be utilised for the 


Bauxite has also been paced in the 
The manufacture of artificial 
It is high in crystalline 


minium oxide, and becomes practically a form of 
Its quality is under complete 


industry. 
Bauxite occurs in various forms—the granitic, the 
pistolic, and the compact, or clay-like. The granitic 


In the pistolio 


the ore has the appearance of gravel, the pistolites 


separating regularly from the matrix, which resembles 
clay. This type constitutes the gravel ore, and can 
generally be worked with pick and shovel. 


Pistolic 
ores are found in which the matrix and the pistolites 
are very compact and have to be blasted. The clay- 
like form is very different in appearance from ordinary 
grey or reddish clay. 

Attempts have been made to render bauxite avail- 
able as a refractory material for use in kilns or 
furnaces. Sir William Siemens experimented many 
years ago, and although he used an inferior grade of 
bauxite, containing as much as 35 per cent. of iron, 
he stated that it lasted five or six times as long as 
Stourbridge bricks. He found that bauxite when 
exposed to intense heat is converted into a solid mass 
of emery, so extremely hard that it can searcely be 
touched by steel tools, and that it is capable of resist- 
ing mechanical as well as the calorific and chemical 
action to which it may be exposed. Other experts 
have found bauxite to be extremely refractory when 
not impure on account of admixture of foreign sub- 
stances, especially iron. Within the last four or five 

ears bauxite has been used as a lining for cement 
Lins, also as a lining for lead-refining furnaces. For 
the former purpose it has shown unusual durability. 
As an experiment, from 10 ft. to 12 ft. of a 60-ft. 
rotary cement kiln, fired with coal-dust, was lined 
with 6-in. bauxite lining, compared with a 9 in. of 
fire-clay blocks. A block for lining rotary Portland- 
cement kilns in the hot zone must possess the follow- 
ing qualities :—It must be neither too hard nor too 
soft; for if too hard it will not allow the cement 
coating to stick to its surface, whilst if too soft it will 
not hold the coating, as that will fall off, bringing por- 
tions of the brick with it. The cement coating affords 
an excellent protection for the lining, as if bricks do 
not hold this coating | soon burn out. Bauxite 
blocks possess this essential quality. 

The hearth of a lead furnace may be 10 [t. by 
13 ft. in dimensions, lined over the bottom with 9-in. 

uare bauxite bricks set on end, whilst the sides 
of the furnace can be lined with a single course of 
9-in. bauxite bricks laid with ends against the wall. 


| Pig lead containing many impurities is charged into 
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the hearth of the refining smelter, and when melted 
by the action of hot gases affects the brick lining as 
follows:—The temperature of the furnace ranges 
from 1300 deg. to 1400 deg. Fahr. That in iteelf 
would not affect the bricks, as they are sufficiently 
refractory to withstand much greater temperatures. 
They are, however, affected by chemical action, due 
to ® scum consisting largely of yellow oxide of 
lead, PbO, copper oxide, CuO, and antimony oxide, 
Sb, O.; aud in some cases other oxides, which 
form during the process of refining on the surface of 
the molten lead. It is this scum which attacks the 
bricks, more especially around the doors, where there 
are larger quantities of oxygen. The bricks are 
literally eaten away, and only last a few weeks; in 
fact, within a fortnight they require attention and 
patching, with loss of time to the kiln plant for 
repairs, and a consequent reduced output. An expert 
has described the chemical prozess which destroys 
the bricks as follows :—Multiple silicates are formed 
between the oxides of the metals in the scum, and the 
silicates of alumina and the free silica in the bricks ; 
these are very fusible, as the lead oxide, PbO, is one 
of the most fusible of the oxides. It comprises the 
main portion of the base element of the silicate. As 
very fusible silicates are formed between the scum 
and the fire-bricks, the latter are very rapidly decom- 
— and eaten away. It is noteworthy that a porous 

rick wears away more rapidly than a dense one ; 
further, that the scum penetrates along the joints for 
several inches beyond the exposed face of the bricks, 
no doubt due to the fact that the raw fire-clay, which 
is used in making the joints, is much more soluble in 
the scum than is the burnt clay in the bricks. It fol- 
lows that great care should be taken, when the bricks 
are being set, that the joints are made as tight as pos- 
sible. When a lining of bauxite is used wherever the 
bricks are ex to this slag, they outlast fire-brick 
lining five to six times and increase the output by 
reducing repairs. 

A —s brick, high in alumina and low in silica, is 
required for basic open-hearth steel furnaces ; bauxite 
enables such a brick to be obtained. A pure white 
variety of the pistolitic bauxite, well washed, with a 
portion of the free silica removed, is sieved ; the fine 
material passing through the sieve is rejected, as it 
contains the greater part of the silica. e pistolites 
(the pea-like pebbles) are retained, as they are higher 
in alumina and freer from silica than any other part 
of the bauxite. By the use of lime with a minimum 
of silica, as a bond, a brick can be made containing 
as little as 6 or 8 per cent. of silica. 

In preparing bauxite for use as kiln or furnace 
lining, the crude material is first worked to remove 
some of the free silica, as already stated. It is next 
calcined at a temperature of 2500 deg. Fahr., and 
during this process it gives off its chemical water and 
under shrinkage. Bauxite shrinks very little 
until it reaches a temperature of about 2390 deg. 
Fahr.; between that temperature and 2500 deg. the 

reatest shrinkage takes place. It follows that the 
owest temperature at which bauxite should be cal- 
cined is 2500 deg. The calcined material may be 
bonded with fire-clay, sodium silicate, or lime, and 
worked up into bricks or tiles. As little as 4 per cent. 
of plastic fire-clay may be used for a bond tor hand- 
made bricks. When bonded with lime the bricks 
become quite hard in a few hours after being made— 
so hard that they will not take the impression of the 
finger-nail. This setting or hardening is probably due 
to the formation of a calcium silicate between the lime 
and the free silica, analogous to the setting of silica 
bricks when bonded with lime. After careful drying 
treatment the bauxite bricks are burned in down- 
draught kilns at a high temperature, and when burned 
they are hard and tough and can be thrown on the 
pavement or struck vigorously inst one another 
without breaking. A brick 9 in. by 24 in. by 44 in. 
weighs 7} lb., and will stand a crushing test of 
10,000 Ib. per sq. in. 

Some years ago difficulty was experienced in cal- 
cining washed granular bauxite ; it cannot be calcined 
in a vertical-shaft kiln, as it packs and clogs through 
its fineness, and by so doing obstructs the passage of 
the kiln gases. It cannot be calcined in the ordinary 
down-draught kiln, on account of the perforated floor ; 
it can only be dealt with on a commercial scale in 
rotary kilns using oil, gas, or powdered coal for fuel. 

The chief sources of baux'te are the following :— 

France.—The bauxite deposits occur in many dif- 
ferent areas under varying conditions, and they are 
a extensive ; they are worked both as open pits 
and by galleries or subterranean quarries, like the 
Honister slates in the Lake district. The local and 
patchy extent of the deposits makes each locality a 
unit, so far as mode of working is concerned. Under 
the French mining laws the Government retains the 
title, which may be extended by concession to private 
owners, but bauxite deposits are excepted ; they are 
regarded as accidental pockets, and are not subject to 
concession ; the title to the deposits is vested in the 
owner of the land. Bauxite occurs in the ~~ a 
of Hérault, in the Baux-de-Provence, in the ches- 





du-Rhone, and in many localities along the Mediter- 


ranean. In Lozére and ‘- Auvergne, 
Charente, and the department of Gard, Provence, and 
the East Pyrenees. 


Both the red and the white varieties of bauxite occur 
in France. The red bauxite of the Var is characterised 
by the extremely small silica content, frequently less 

1 per cent.; the proportion of alumina varies 
from 60 to 80 per cent., a considerable quantity of the 
red variety containing 2.5 per cent. silica, 60 per cent. 
alumina, and 1.5 per cent. titanium. The white 
variety always contains a large percentage of silica, 
which may amount to 15 and even 25 per cent. This 
type of bauxite was not employed in the production of 
metallic aluminium by the alkali processes, as the 
silica caused an appreciable loss in alumina recovery, 
also in the consumption of soda, which it rendered 
insoluble. This white bauxite, high in silica, is con- 
sequently used for the production of chemicals, such 
as aluminium sulphate, as well as the potash and soda 
alums. The largesilica percen is not detrimental 
to the wet process treatment of bauxites, nor is silica 
detrimental to the use of these bauxites for refractory 
bricks. Recent French outputs have been as follow:— 


Tons. £ 
1912... 259,000 104,315 
1911... 254,800 104,550 


Great Britain.—Very extensive deposits occur in 
County Antrim, known as alum clay, in the form of 
seams lying between sheets of basalt. It is used for 
be production of alumina. The output has been as 
‘ollows :— 


Tons. £ Tons. £ 
1912.. 5,790 1415 1905... 7,300 1825 
1911. 6,000 1295 1901... 10,190 2900 
1910... 3,790 880 1900... 5,780 1350 
1908... 11,700 3025 1890... 11,525 5760 


These figures suggest a stationary output and indus- 
try. The Irish bauxites vary in composition, as shown 
by the following figures of percentages :— 

I 


‘ II. III. 
Alumina 49-54 51-52 45-46 
Water 26-30 23-24 23-24 
Iron oxide 17-22 4-5 15-16 
Silica 8-16 11-12 10-11 
Titanic acid 5-6 67 4-5 
ime 0.5-6 0.7-0.8 0.15-0.2 


The Irish output is quite insignificant in compari- 
son with that of France and the United States. 

Germany.—The German bauxites occur in Hesse- 
Nassau; the colour varies from grey to yellowish, 
brownish, and reddish-grey, due to iron, which is 
exceedingly variable in percentage throughout the 
deposits ; at some points it surpasses the alumina per- 
centage. The German bauxites are used mainly for 
the production of refractories. 

Austria,—Bauxite deposits are worked in North-East 
Carinthia ; the bed is over 12 ft. in thickness. It 
resembles a grey clay, but varies locally from yellow 
to red. It contains well over 60 per cent. of alumina, 
the yellow deposits containing 58 per cent. of alumina, 
and from 8 to 9 per cent. of oxide of iron. In Hungary 
extensive deposits of high-grade and easily accessible 
bauxite ores are found in the counties of Bihar and 
Torda-Aranyos. The abundance of water-power is 
highly favourable for the aluminium industry there. 

Italy.—Bauxite is found in Calabria, in the Central 
Apennines, intercolated in chalk; the output is 
about 6000 tons per annum—about the same as the 
Irish production. 

India.—There are extensive deposits of bauxite in 
the Central Provinces, which have been prospected to 
a considerable extent, whilst some areas have been 
taken up for mining purposes, but as yet no industry 
has been established there. 

America,—Bauxite occurs in several portions of the 
United States, although it has only been discovered 
there quite recently. In 1887 it was recognised a few 
miles north of Rome, in Floyd County, Georgia ; also, 
a@ few years later, in Alabama and Arkansas; the 
latter soon b the principal source of the ore in 
America. Bauxite has also been found in Tennessee ; 
one mine is worked which is of interest, in so far as it 
resembles a well-known African diamond-mine. The 
mine is an open-air excavation, circular, 200 ft. to 
300 ft. in diameter, and over 100 ft. in depth ; a still 
larger area has been strip The deposit forms 
— a solid mass, the depth of which is not 

nown. New Mexico has a output of bauxite. 
Other deposits are in layers, as in the European 
bauxite areas. 

The year before the war—1913—was the most pros- 
perous in the United States bauxite industry, as 
shown by the figures iven below ; it has develo 
with great rapidity during recent years, with one 
set-back during 1908 :— 





Tons. £ Tons. £ 
1913... 210,240 208,000 1907... 97,770 100,000 
1912... 159,860 160,000 1906... 75,330 76,700 
1911... 155,610 156,000 1905... 48,120 650,060 
1910... 148,930 149,000 1902... 27,320 25,000 
1909... 129,100 149,700 1900... 23,180 18,750 
1908... 52,160 55,000 — 





Australia.—Bauxite Soqgsin were found in New 
South Wales, in 1899, at Winyello, about 100 miles 
south of Sydney ; and about the same time important 
deposits were announced in the north of that Colony. 
The colour varies from yellow to red, with the vary- 
ing proportion of iron. 





THE PHYSICAL SOCIETY OF LONDON. 


AT the meeting held on November 26, at the Imperia! 
College of Science, Dr. A. Russell, M.A., Vice-Presi- 
dent, in the chair, a paper on ‘Obtaining and Main. 
taineng a Bright Hydrogen Spectrum, with Special Refer- 
os oe 4341 Line,” was read by Mr. J. Guild, 
' The paper treats of the conditions of pressure, dis- 

&c., most suitable for the production of a bright 
hy spectrum, such as is required for refractometry 
and similar purposes. The rapid deterioration of the 
tubes with use is shown to be caused by a rise of pressure 
due to the evolution .a by the electrodes. The 
trouble may be obviated by sealing an auxiliary bulb of 
14 or 2 litres capacity to the discharge tube. This reduces 

e rate of pressure variation and prolongs the useful life 
of the tube nearly a hundredfold. The use of capacity 
and inductance is shown to be very helpful with partially 
deteriorated tubes. : 

Discussion.—Mr. F. E. Smith asked if the hydrogen 
could not be expelled from the electrodes before sealing-off. 

Mr. 8. D. Chalmers said he had had asimilar experience 
with the deterioration of hydrogen tubes. e@ was 
surprised that the author found all the lines to be most 
satisfactory at the same pressure. He had sometimes 
a it convenient to use different tubes for the C and 

’ lines. 

Mr. G. H. Gardiner mentioned that when taking some 


pho! phs of vacuum-tube spectra he had been struck 
with the rapid deterioration of some of the ultra-violet 
lines. This been traced to the formation of a scarcely 


perceptible deposit on the quartz window, due to the 
scattering of the electrodes, and he thought a similar 
cause might be sufficient to account for the decay of the 
violet a a, line. 

Professor J. W. Nicholson thought the paper, although 
written from another point of view, formed a useful con- 
tribution to the knowledge of the conditions under which 
different spectra of the same were produced. The 


hydrogen trum was a difficult one to deal with, and 
anything which threw additional light on it was welcome. 
. D. Owen referred to the rapid rise in the heating 


of the = near the electrodes at pressures under 1 mm. 
What happened at still lower pressures? Presumably 
the rise could not go on indefinitely, as, under the condi- 
tions of the experiment, the current decreased as the 
exhaustion p , 

The author, in reply, said he had tried to get rid of 
the hydrogen occluded in the electrodes before detaching 
the tube from the pump, but without success. His ex- 

ience that all the lines attained their maximum 
Coightness at the same pressure was borne out by all 
other observers who had made quantitative observations. 
A tube which does not show any G’ may still have pve 
of OC F, on account both of the greater energy of these 
lines and of their greater visibility, but he could not 
conceive of a tube having a usable G’ being deficient in 
either C or F. It wasshown conclusively in the pope 
that the deterioration was due to pressure o 
“im tible” deposit could affect lines in the visible 
trum, however effective it might be in the case of 
ose in the ultra-violet. Moreover, no deterioration 
due to deposits on the glass or to the condition of the 
capillary would be retarded in the least by the addition 
of an auxiliary volume. 

A paper on “The Determination of the Coefficient of 
Diffusion of Potassiwm Chloride by an Analytical Method,” 
by A. Griffiths, J. M. Dickson and C. H. Griffiths, was 
— by Dr. Gri as 

is paper represents an attempt to develop an 
analytical method of determinirg the coefficient of diffu- 
sion of a salt in water capable of giving consistent and 
accurate results. : 

The lower ends of a number of vertical and parallel 
diffusion tubes end in a reservoir of — capacity, con- 
ee a solution of potassium chloride. e greater 
part of the reservoir is above the lower ends of the tubes, 
and by gravity the solution at the lower ends is kept at 
an ae constant concentration. The upper 
ends of the tubes are covered with a cap provided with 
an outlet and an inlet-tube. Water enters the cap by the 
inlet-tube, and a weak solution containing the diffused 
salt leaves the cap by the outlet-tube. Time, which may 
be as | as a fortnight, is allowed for the attainment of 
the s y state, and an individual experiment may last 
six weeks. The quantity diffused is obtained by chemical 
analysis. In the case of a solution containing 0.2237 
gramme of potassium chloride to the cubic centimetre (a 
3 N solution) the ‘‘mean diffusivity” with respect to 
water is 1.703 x 10-°(C.G.S. units) at a temperature of 
18.5 deg. Cent. . 

Discussion.—Mr. B. W. Clack said that the difference 
of 10 per cent between the author’s results and those 
obtained by him was not nearly so great as the discrep- 
ancies between the results of other workers on similar 
solutions. He showed slides containing the tabulated 
results of other observers for solutions of KCl and NaCl. 
These differed from one another by 20 to 30 per cent. 
He believed Dr. Griffiths had had some difficulty at first 
in the analysis of the dilute solutions. The method by 
which he had overcome this was, he thought, notewortby- 

Dr. 8S. W. J. Smith said he was interested in diffusion 
from the point of view of electrolytic phenomena. The 


way in which the diffusion depends on the concentration 
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for different salts had an important bearing on the eleo- 


trolytic behaviour of dilute solutions. 
Dr. T. 


results and those of Mr. Clack. 
cient appeared to be about 7 per cent. for 3 deg. Cent. 


Was it certain that in both methods the temperature 
intai constant to within this amount for the 
riods of six weeks or so required for an experiment? 
There was another effect of tem re variations. Any 
reservoir had to take 

the diffusion tubes, and this would affect 


expansion of the solution in 
place through 
the results very 

Dr. Griffiths, 
temperature has 


seriously. 
% constant to within 0.5 deg. 
the 10 per cent. question. 


results about 4 per cent. lower 
method. 


An apparatus for ¢——: elliptic integrals was 


exhibited by Mr. A. F. Rav 


The apparatus produces by mechanical means a graph 


The graph is 
tchet-scriber, which is controlled as regards 
direction, but is otherwise free to move anywhere over the 


integral as an 


of the in 
made by a 


1 in rec’ co-ordinates. 


surface of the paper. 
example :— 


Taking the 


1 
=|— = 40 
r F + asin? 0) Ji — c?sin® 0 


the apparatus comprises (1) the scribing appliance ; 


(2) a mechanism which evaluates 





equal to the product (1 + asin? 6) ./1 — csin® 0; and 


(5) director which is variably inclined to the axis of X 
so that the tangent of its inclination is negative and 


equal to the above-mentioned product. By a 


parallel 
linkage a line in the hatchet-plate at right angles to the 
rallel to the director, so that the 


hatchet is kept € 
hatchet has an inclination ¢ to the axis of X, such that 


1 
tan ?= (1 + asin? 0) J1— ein? & 
Since the hatchet is always tangent to the graph which 
it describes, d y /d « = tan ¢, whence 


1 
=| — — 0. 
’ — Ji- @sint 0 * 


By suitable adjustments the apparatus deals in a similar 
way with the first and second integrals. 

iscussion.—Dr. A. Russell thought the instrument 
was very ingenious and likely to be of the greatest utility. 
The third elliptic integral was of frequent occurrence in 
electrical engineering and in hydrodynamics, and an 
apparatus for its easy evaluation would be welcomed by 
many. 





GERMAN ELECTRICAL INDUSTRIES 
DURING THE WAR. 


Next to the annual report of the Krupp Company 
(see page 553 ante) few reports have a awaited 
with more interest than that of the Allgemeine Elek- 
tricitiits Gesellschaft, eleven months of the period 
under review being included in the period of the war. 
The report is not quite so exhaustive as is generally 
the case, yet it throws considerable light on the more 
important happenings of the year. marked in- 
crease in wages and in the cost of raw materials was not 
always adequately covered by a rise in prices. Prompt 
and extensive purchases of t and ment of 
works made it possible to bring about the change in the 
manufacture from peace to war products, and large light 
and power installations had to be carried out for the 
army, for chemical works, and for powder factories. The 
cen station section received extensive orders for the 
State saltpetre and nitrogen works. The Electro-Nitrum 
Company gave orders for the electric installation of two 
factories for nitric acid, and the Elektrowerke Company 
gave an order for a large power-station with a capacity of 
about 185,000 k.v.a., the largest power-station which 
eee — been i in Germany * , time. 
savarian Nitrogen Company placed wi meine 
Elektricitiits Gesellschaft A order for a long istance 
power-transmission line between the A.E.G.’s power- 
station and the Bavarian Company’s chemical works. 
Also an order for a large installation in ge Silesia 
and -for the long-distance line between chemical 
works situated in that locality and the power-station of 
the Silesian Electricity Works, where other important 
installations also were carried out. Ami t the foreign 
orders were orders for the turbo-dynamos of 12,000 k.v.a. 
aggregate capacity for a coal-mine in South Sweden. 
The re does not coatain the usual information, 
about the yield of the various shares and debentures 
held by the company (for the previous year this figure 
was 9.079 per cent.), but it does give some facts. 
Tocreasing revenue is anticipated from company’s 
National Automobile Company, which is fully employed 
with war contracts. For the company’s undertaki 
and credit in enemy countries and over the sea, amp 
reserves have been set aside. The A. E.G. Union 
Electrique Société Anon 
6 per cent., or nearly ing 
year. The Italian A.E.G. -Thomson-Houston Societa 
Italiana di Electricité has again paid 6 per cent. The 


same as for the 








Barratt asked if variations of temperature might 
not account for the discrepancy between the authors’ 
The temperature coeffi- | toril. 


us] 
sapiving for the authors, said that the 











1 — c? sin? 0, where @ 
is the value of the abscissa of the middle point of the 
hatchet; (3) a mechanism which determines a length 


adequate com 


board foreshadows a decrease in profi 





of Mr. Robert Samuel Lloyd, one of the 


in Brussels was able to pay | a 


A.E.G. Union nT] —- . ae 
against cent. for preceding 
’s ad ig establishments in Scan- 
, and Spain have worked satisfac- 


paid 4 cent., 
year. The com 
dinavia, Switzer’ 


y: 
The profits of the year amounted to 30,884,711 marks, 


er: 22,651,668 marks for the preceding year. A sum 
4,612,414 marks had been applied to war reserves, and 
educted, there i 


having dedu x 
available a sum of 21,298,115 marks, i 
marks for the previous year. 
dividend, 11 per cent., against 


10 
and 14 per cent. for 1912-13, absorbs 17,050,000 marks ; 
, 542,500 marks; remunerations 
to employees and welfare institutions, 1,500,000 marks ; 
Cent. He had gone intoall the possible errors due to tem- | added i 
perature variations, and — not comparable with 

is convective method gave 
than. the analytical 


commissions to 


to the aid and pension funds, 1,500,000 marks ; 
carried forward, 705,615 marks. The balance-sheet com. 


prises stocks to an amount of 56,867,345 marke, and a 
less affiliated con- 
9,553,704 marks ; 


number of shares in different more or 
cerns—bank for electric undertaki 
i Elektricitiits 


Allgemeine t undertaki 
10,000,000 marks ; 


Gesellsc! 
Felten and Guillaume (12,000, 


marks), 8,122,626 marks; Elektro Trenhard (12,000,000 
marks, 25 per cent. paid up), 3,000,000 marks ; electricity 
933,329 marks. During the 
ided 6,000,000 marks to the 


works and electric railways, 
ear the company has su 
Gomen 


and 1,000,000 kr. to the Austro-Hu war 
loans. The company’s bank credit amounted to 90,618,734 
marks, and has since, by payment of money o by the 
Berlin ee Works, been raised to 103,326,846 


marks. 


the year under review must be considered 


tive period some few 
four years 1909-10 to 1912-13 having been 14 per cent., 


and prior to that iod, 12 and 13 per cent. for some 
extensions of 

ion of the 
fits of last two years. The year 1912-13 was the 
t yeas, the surplus then amounting to 28,904,483 


years. But invisible reserves and sundry 
works may have absorbed a material 


mar 

The Berlin Electricity Works’ gross profits for the last 
financial year show a decrease, as com’ oe 
ceding year, from 23,281,407 marks to 19,854,223 marks, 
the of current having receded 


13.32 pfennig per kw.-hour, on account of a p 
ally larger of cheaper high-voltage current. 
profits, after customary writings off, 
8,532,852 marks, inst 11,354, 
on the ordinary s 


12 per cent. for the preceding year ; th 
marks, against 3,839,120 marks the previous year. 


Company, but the 


fc on ony bout th: f y= all. 
information about the company’s future especially 
in connection with the exploitation of the Bitter- 
feld lignite deposits in the Golpa-Jessnitz and Zschorne- 
witz districts controlled by the company. The exploita- 
tion is effected through the Bi eld Electric 
Company, which so far has concluded the following 
agreements for the sale of energy :—The Bavarian 
Nitrogen Works Company has, for a period of fifteen 
years, with the right of prolongation for another ten 
pears, contracted for 500,000,000 kw-hours a annum. 

hhould the Bavarian Company avail itself of the stipu- 
lated right to withdraw after the lapse of five years, an 
tion has been upon. further 
contract is with the Electro-Saltpetre Works Company 
at Zschornewitz for the supply of 240,000,000 kw.-hours 


annually, the delivery to begin with the spring of 1916. 


In spite of these vazt quantities of energy already con- 

for, and which amount to about three times the 
Berlin Electricity Works Company’s sale in Berlin, the 
ts, on account of 
the extraordinarily cheap price at which the Bitterfeld 


high-voltage energy has 





Tue tate Mr. Rosert Samugt Liorp.—We 


ret to 
have to record the death, which occurred on Septem 


r 23, 
irectors of 
Messrs. Hayward-Tyler and Oo., Limited, London and 
Luton. Mr. Lloyd was a member of the Institutions of 
Civil Engineere, Mechanical Engineers, Naval Architect=, 
Electrical Engineers, and Water Engineers. He was born 
in 1856, the sen of Mr. William Lloyd, M.D., of Birming- 
ham, whose father was head of Lloyd’s Bank in that city 
in the early part of last century. He began his education 
in engineering in Switzerland, and gained further experi- 
ence at works in Wednesbury. In 1877 he joined Messrs. 
Hayward-Tyler and Co., the two ers in the firm 
at the time being Mr. Robert Luke Howard and Mr. 
Eliot Howard, both of whom remain directors. For man 
years he was ——- partner of the Luton works, which 
were greatly exten under his supervision. Mr. Lloyd 
designed and carried ovt many important installations of 
both metas and electrical machinery for home and 

he also took an active in the various insti- 
tutions to which he belonged. e was well known and 
much respected at St. Albans, where he resided for many 
years, 
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shares of the Allgemeine Elektricitiits | be 
Gesellschaft were quoted at 220 on the first official list 
of quotations of the Berlin exchange at the middle of 
November, 1915, against 221 at July, 1914. Although 

i quite satis- 
factory, the company seems to have had its most lucra- 
ears back, the dividend for the 





with the pre- 


from 267,589,125 
kw.-hours to 252,762,233 kw.-hours, and the average 
selling price having at the same time fallen from 14.22 to 
rtion- 
he net 
&c., amounted to 
marks. The dividend 
was fixed at 9 per cent., against 






@ sum paid to the 
city of Berlin as its share of the profits was a 
o 
will be remembered that the city of Berlin has now taken 
over the electricity works of the Berlin Electricity Works 
cn ali ae. cael oh, the ‘Kies 

junction with, or am ma wi e i 
Geeellechaft + and the report contains some 







orks 


m contracted away—at about 
an average of 1 pfennig (0.12d.) per kilowatt-hour, against 
an average of the Berlin central of 13.32 pfennig (1.6d.) 
per kilowatt-hour. 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 


foreign engineering projects, taken from the Board 
Trade . Journal. Further information on these hd 
can be obtained from the Com: ial Inbelli 


mercial 
Board of Trade, 73, Basinghall-street, E.C. 


Australia: H.M. Trade Commissioner in Australia 
reports that a munitions company has been formed, with 
a capital of 100,000/., for the pu of manufacturing 
high-explosive shells. Their cocks will be close to 
steel works at Newcastle, N.S.W., which produced 
tons of steel for shell-making up to the end of A 
lant to the value 


P35, 


d Se Sl, Pintoweot 
an ° oi 
Sydney, N.S.W., at which aiieaie anol cues at 

ved up to Spe. on February 7. Each tender 
must be accompanied by a cash deposit of 10/., or a 
marked cheque for that amount. 


New Zealand: H.M. Trade Commissioner for New 
Zealand has forwarded extracts from the local Press, 
from which the —* putierions are taken :—The 
estimates for the year 1915-16 submitted to the New 
Zealand Parliament by the Minister of Public Works on 
October 1 include the following items :—Railway con- 
struction, 700,000/., and additions to open lines, 500,000/. ; 

e construction and maintenance, 500, : 
frep’ extension, 327,000/.; public buildings, 427,060/. 
he vote for telegraph extension is made up by auto- 
cation, 10008, ; 
connecting new 


works at Wanganui has been 
—- i. < successfu —z ~~ 

wi © avce contract pri b- 
tained by United King’ coat gp Bet 


Kingdom firms desirous of su plying 
t, &c., on application to the Commercial Intelligence 
ranch of the of Trade. 
Pi 


ortugal: The Diario do Governo notifies a call for 
tenders by the Portuguese Mini 

nat rms, for the execution 

Ibo. Tenders are to be opened at the offices of the 
Ministry (la, Reparti irecgio i 
Ministerio da i Lisbon) on December 19, and 
prices must be quoted for (1) repairs to the hull, (2) 
repairs to the motor oom, and (3) repair of 
damage abaft. With reference to the foregoing it is to be 
observed that H.M. Consul at Lisbon states that although 
the competition is restricted, the matter may be of 
poe > = ae Kingdom ae as the suc- 
cessful Portuguese tenderer wi uire to 
obtain materials from abroad. _ ee 


Spain : The Gaceta de Madrid publishes a notice to the 
effect that tenders will be opened at the Direccién- 
General de Obras Piblicas, Ministerio de Fomento, 
Madrid, on January 29, for the construction and working, 
for a period of ninety-nine years, of a secon railway 
from Alicante to Alcoy. The cost of construction is esti- 
mated at 13,478,236 pesetas (about 539,100/.), on which 
interest nod exceeding 5 per cent. per annum will be 
guaranteed by the State. The minimum rolling-stock 
required to work the line will be six locomotives, twenty 
passenger coaches, seven brake-vans, and fifty-eight 
goods-wagons. Oonstruetion work must be commenced 
within a period of three months from the date of the 
notification of the award of the concession, and must be 
completed within four years from the same date. An 
option on the concession is held by Don Domingo 
Arcarazo Arné. “7-4 - the foregoing contract will 
probably be awarded to Spanish firms, nevertheless the 
carrying out of the works may involve the purchase of 
some materials outside Spain. 


Dominican Republic : H.M. Chargé d’ Affaires at Santa 
Domingo reports, under date November 5, that the con- 
struction of a en 1130 ft. in length, and Customs 
buildings, is proj at Puerto Plata. Tenders will be 
called for after the scheme has been a ved by 
(which was to have met on Novem 20). A 
—? of a sheeting, as well as steel 

oors, &c., will be required in connection with the pro- 


pane Customs buildings. A plan of the Customs 
ildings may be inspected by United Kingdom manu- 
mercial 


of Marine, limited to 
repairs to the gunboat 


facturers contractors interested at the Com: 
Intelligence Branch of the Board of Trade. 

Brazil: The Diario Oficial, Rio de Janeiro, publishes 
a decree conceding to Dr. José Agostinho dos Reis per- 
mission to construct and work a railway from Cuyabd, 
the capital of the State of Matto Grosso, to Santarém, in 


the State of Pard, by way of the tableland between the 
Rivers Xingti and Tapajoz. The line will be single track 
and of metre gauge. Plans relating to sections of not 
leas than 100 km. (about 62 miles) must be submitted for 
the approval of the Government. concession is 
for a period of sixty years, counting from Jan 4 
1919. The Diario may be consulted by United King- 
dom firms interested at the Commercial Intelligence 
Branch of the Board of Trade, 
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ADJUSTABLE COLLAR FOR MILLING- 
CUTTERS. 


Tue annexed illustratious are reproduced from photo- 
graphs of a useful device known as the ‘‘ Wear-ever ” 
adjustable spacing collar, which is intended for the 
quick adjustment of milling-cutters and similar tools 
after they have been ground. The two component 
parts of the appliance are shown in the left-hand and 
cen illustrations, while the right-hand view shows 
the device complete. As will be seen, it consists of 
two rings, one of which fits the arbor, and is provided 
with a keyway, while the other part is bored out large 
enough to clear the feather, and is kept central by a 
flange ring shown in the central illustration. The rings, 
which are of hardened steel, each have three series of 
twelve ratchet-like teeth cut on theiradjacent faces, and 
each tooth is 0.002 in. higher than the preceding tooth 
in the same series. If the two parts are put together 
so that the three highest teeth of one 
three lowest teeth of the other part, the thickness of 
the collar will bea minimum, the thickness can then 
be increased in steps of 0.002 in. by turning one rin 
relatively to the other; a total adjustment of 0.024 in. is 
obtainable in this way. One of the rings is graduated on 
ite periphery as shown, so that the collar can be adjusted 
instantly to any required thickness within its range. 
When set for the minimum thickness all the flat faces 
of the teeth are in contact, but the number of teeth in 
contact gradually decreases as the thickness is in- 
creased by turning one part round until only three 
faces are in contact at the maximum thickness. A 
moment’s consideration will show that the accuracy 
of the device is not affected by the wear of the tops 
of the teeth, since the parts bear together on the com- 
paratively large flat faces which are not ex to 
wear durin the process of adjustment. The collars 
are sup lied by the Brooke Tool Manufacturing Cum- 
pany, Limited, of Birmingham, and are made in four 
sizes of j-in., l-in., 1}-in. and 14-in. bore and § in., 
vy in., 4 in. and ¥% in. in thickness respectively. 
Among other advantages, it is pointed out that the 
collars have no threads to strip, and can be used in 
close quarters. They are also claimed to save much 
time in milling-machine operations. 


rt fit into the 





CATALOGUES. 

Electric-Light Accessories.—An illustrated catalogue 
and price-list of lamp-holders, cut-outs, ceiling-roses, 
tumbler- switches, —— fuse-boards, and other 
accessories for electric lighting has been issued by the 
India-Rubber, Gutta-Percha, and Telegraph orks 
Company, Limited, of Silvertown, London, E. 


Drop-Forgings.— A catalogue and price-list of spanners, 
wma, tool holders, lathe-dogs, clamps, caliper-gau; 
Sa —- -rods, - ou - 

rop-forgi which they supply in the rough, partly 
finished ~y finished states, has reached us from mtn 
J. H. Williams and Co., of Brooklyn, New York, U.S.A. 
The company manufacture all kinds of drop-forgings in 
coppers nze, and aluminium, as well as in iron and 
8 


Protection of Steelwork from Corrosion.—A pamphlet 
giving some particulars of their well-known “ Bitu- 
mastic” solution and enamels for protecting iron and 
steel structures from corrosion has been received from 
Messrs. Wailes, Dove and Co., Limited, of 5, St. Nicholas 
Buildings, Newcastle-on-Tyne. Several illustrations of 
structures, and other steelwork, on which it has been 
employed are included in the pamphlet, and a number of 
testimonials from users are also printed. 


Induction Motors.—A descriptive list recently is-ued 
by the British Thomson-Houston Company, Limited, of 
Rugby, gives very full particulars of induction motors 
for two-phase and three-phase currents. Motors with 
squirrel-cage or slip-ring rotors are made in all sizes and 
for all purposes, and can be supplied in the protected, 
enc! -ventilated, pipe-ventilated, drip-proof, totally- 
enclosed, and flame- f slip-ring types. Their con- 
struction is illustrated and described, and dimensions and 
shipping particulars are given of all standard sizes. 

Electric Grinders.—The Chicago Pneumatic Tool Com- 
pany, of Fisher Building, Chicago, U.S A., have sent us 


a bulletin giving full particulars of Dantley electric 


grinders. include portable heavy-duty and uni- 
versal grinders, portable surface grinders, tool-post and 
angle-plate grinders, tal and bench grinders, and 


precision grinders for internal and external work. Most 
types are made for either direct or alternating current. 

London address of the company is the Consolidated 
Pneumatic Tool Company, Limited, 9, Bridge-street, 
Westminster, S.W. 


Heating and Ventilating Factories.—We have received 
fom am, os ° aoe = ary of Sirocco 
ingineering Wor ast, & > giving some 
postionian of their apparatus for we onl veniiinting 
factories and workshops. After briefly outlining the 
general principles governing the selection of a heating 
and ventilating system, the pamphlet illustrates and de- 
scribes steam air-heaters, direct-fired air-heaters, fans, 
air-washers, and other apparatus, and afterwards illus- 
trates a number of installations. the latter are 
included the machine-shop and car-repair shops of the 
Central London Railway at Shepherd’s Bush, which in- 
stallation was dealt with on page 267 of our ninetieth 


ADJUSTABLE SPACING COLLAR FOR MILLING-CUTTERS. 
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volume. A complete list of installations is given, and a 
number of abel tables are also included. 


Electric Fires.—A catalogue giving prices and fall 


g | particulars of ‘‘ Revo” electric fires has reached us from 


the Cable Accessories Com Py Limited, of Britannia 
Works, Tividale, Tipton, Bini ordshire. In these fires 
the heating element consists of a bare wire wound on a 
reflector of refractory material so as to reflect 
the radiant heat in a forward direction. The complete 
elements are eopeestes on springs in such a way that 
they are firmly held when hot or cold, but they can be 
very easily detached when necessary ; provision is also 
made for automatically taking up the slackness in the 
wires resulting from their expansion. Among other 
advan it is pointed out that these fires give out 
their full heat almost immediately they are switched on. 


Marine Oil- ines.—Messrs. Plenty and Sons, Ltd., 
of Kagle Iron Works, Newbury, have sent us a copy 
of a klet issued to owners of the British Krom- 


hout marine oil-engines, which they manufacture. The 
booklet illustrates and describes the construction of these 
engines and also gives instructions for running them. 
Another valuable feature to users of the engines is a 
complete list of its different parts, which are all num- 

and ny 8 — — = 4 —— ae 
spare parts can thus be ordered without the possibility o' 
mistakes arising. A number of vessels on which the 
engines have been installed are illustrated in the booklet. 
The engines, it should be mentioned, are sold onlv by 
Mes:rs. Perman and Co., Limited, of 82 and 83, Fen- 
church-street, E.C. 


Motor-Ships.—We have recaived from Messrs. Bur- 
meister and Wain, of Copenhagen, Denmark, an attrac- 
tive booklet giving some particulars of large ocean-going 
motor-vesrels built and engined by them. Altogether 
sixteen ships, ry from 6550 to 9700 tons dead weight, 
and from 2:00 to horse-power, have been completed, 
including eight for the East Asiatic Cempeay. Limited, 
and six for the Rederiaktieholaget Nordstjernan, of 
Stockholm. At the present time the firm have on order, 
and in course of construction, sixteen motor-ships of about 
10,000 tons, one of 8300 tons, and four of 6500 tons, as 
well as two sets of marine Diesel engines of 2600 and 4000 
horse-power for vessels building in other yards. The 
bave also supplied designs for eleven other vessels built 
or building by licensees. The booklet contains a number 
of full-page illustrations of motor-ships, one of which is 
reproduced in colours from a painting. The company’s 
shipyards and engine works, and a set of 3100-horse- 
power marine Diesel engines under test, are also illus- 
trated. 

Ball-Bearings.—A_ catal 
cently been received from 
pany. of 115, Southwark-street, S.E. One of the special 

eatures of these bearings is the peculiar construction of 
the cage, which is composed of two parts.of stamped sheet- 
steel connected by stay-bolts riveted over and electrically 
welded. Oontact with the balls only occurs at the points 
of lowest peripheral velocity, so that friction is reduced 
toaminimum. Another point in the design of the bear- 
ings is that the grooves in the ball-races are sufficiently 
deep to enable journal-bearings to withstand a consider- 
able amount of axial thrust, which may be as much as 
one-third of the radial load when both are acting at the 
eame time. The catalogue gives dimensions, and states 
prices for plain and self-aligning journal-bearings, which 
are made in light, medium, heavy, and special patterns, 
with either a single row or double rows of balls. Thrust- 


bearings are similarly dealt with, and particulars are also 
given of ball-bearing boxes for art mena &c. The 
company also manufacture limit-gauges, and dimensions 


of these are included in the catalogue, but prices are not 
stated 


ue of ball-bearings has re- 


Electrical Machinery and Engineering Contracts.—A 
handsome book giving a brief general survey of the busi- 
ness of Messrs. Dick, Kerr and Co., Limited, of Abchurch- 
yard, Cannon-street, E.C., has reached us from that 
firm. Illustrations of their general engineering works at 
Kilmarnock, and of their electrical works at Preston, 
together with some particulars of these plants and their 
on my a ow lag —_ include steam- 
rbines urbo-genera: large alternators, ro 

converters, and other electrical machinery, of whi 

numerous examples are illustrated. Electric traction 
forms a very important item of the firm’s business, and, 
as would be expected, several railway and tramway 
schemes carried out Ae in this country and abroad 
are dealt with in the book. Steam-railway construction, 


e S.R O. Ball-Bearing Com- | and th 


mention the Walton pumping-station, the Surbiton 
= ea ee works, the experimental tank for the 
National Physical Laboratory, the Crossness pumping 
works of the London County Council, and the Littleton 
reservoir for the Metropolitan Water Board. The book 
contains 40 pages, profusely illustrated and bound in 
strong cloth-covered boards. It is well printed and in 
every way a credit to the firm. We understand that 
editions in the Spanish and Portuguese languages are in 
course of preparation. 


Determination of Critical Points.—From the Scientific 
Materials Company, of Pittsburg, Pa., U.S.A., we have 
received a very interesting pamphlet describing their 
method of determining the critical points of iron, steel, 
and other alloys, and also illustrating and describing the 
apparatus necessary for the work. th the method and 
apparatus, which have been protected by patent applica- 
tions, are claimed to give results sufficiently accurate for 
high-class research work, and, at the same time, to be 
simple and convenient enough to use for routine work in 
a works meeye 2 We cannot deal here with the many 
special features of the apparatus, but will indicate briefly 

e method of working. The apparatus includes an 
electrically-heated furnace having a vertical cylindrical 
chamber in which the specithen is placed, the temperature 
of the furnace being controlled by an automatic rheostat, 
so as to give straight line heating and cooling curves. 
The specimen is made in the form of a cube, with 2 cm. 
sides, and two holes are formed in it with a special drill 
of the type used for centring the ends of a shaft before 
turning it. The specimen is placed in the furnace together 
with a cube of a special bauxite mixture having only one 
hole, but otherwise exactly similar to the metal speci- 
men. This bauxite cube has approximately the same 
rate of heating and cooling as steel, and its purpose 
is to act as a neutral body. An ordinary platinum- 

latinum-rhodium thermo-couple mounted in an irsu- 

ting tube is then inserted in one of the Lolea of the 
specimen, and a differential couple of the same materials 
is placed with one part in the second hole in the speci- 
men, and the other part in the cube of bauxite. The 
insulating tubes of the thermo -couples, it should be 
mentioned, fit closely into the holes in the specimen, and 
may also be luted round with alundum cement to prevent 
oxidation. The leads from the thermo-couples are con- 
nected to a duplex galvanometer, the moving coils of 
which are partly suspended and partly supported on 
single pivots. One coil is connected to the ordinary 
couple in the metal specimen, so that its pointer shows 
the temperature of the metal, while the other coil is con- 
nected to the differential couple. The pointer of the 
latter coil moves over a scale with a cen zero, and 
shows the difference in temperature between the metal 
e neutral body, if any such difference exists, due to 
physical changes in the metal. When a test is in pro- 
gress, the temperature-indicator moves steadily upwards 
as the temperature rises, while the temperature difference 
indicator remains practically stationary until the critical 
point is reached, when the former becomes stationary, 
and the latter is sharply deflected; the temperature 
at which this occurs, shown by the temperature- 
indicator, is an Ac point, and similar o¢currences 
during the cooling process give the Ar points. This 
suffices for a simple test when the factor of time is 
lected ; but if time is to be considered, a chronograph 
time-marker are required. The operator (or opera- 
tors) then a key as the pointers pass over each 
division of the scale, thus making marks on a strip of 
per moved at a uniform rate by the chronograph. 
ntervals of time are also marked on the pa strip, and 
from the reaults thus obtained sensitive pam reliable dif- 
ferential curves can be plotted. The phiet, which 
is well printed and clearly illustrated, fully explains the 
processes involved, and is well worthy of perusal by all 
interested in the determination of critical points either 
from a scientific or commercial point of view. 





Danish State TeLecRarus.—The Danish State Tele- 
graphs have had a very busy year during the war, the 
telegraphic intercourse between the belligerent Powers to 
@ great extent having been done via Denmark. The 
surplus for the year 1914-15 amounted to 1.700,000 kr., 
aguas 376,000 kr. for the preceding year. The number 

international telegrams had increased 37 per cent.. and 
the number of words telegraphed from 18,000,000 to 
46,000,000. The number of transit telegrams has only 
increased 2.1 per cent., but the number of words rose 
from 17,000,000 to 27,500,000. The home service showed 





water works, sewage-disposal plants, bridge constr n, 
ferro-concrete buildings, and other contracts completed, 
are also illustrated and described. Of these we may 





of 13 cent.. As the international 
the onic connection with Germany was 





suspended directly the war broke out, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 


OATIONS UNDER THE AOT OF 1907. 


mber of views iven in the Specification Drawings is stated 
i y Seens ts mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, é&c., 


in each case ; 
illustrated. 


of the Communicators are a Office, Sales 
= ranch Bs 2s Southampton Buildings, Chancery-lane, W.C., at 
the u 


ri dae of ke ebtraament — 
is, in each case, 


ive notice at inet the ofa pte 
Patent payne f epm eb. EE ys Act. 
ELECTRICAL APPARATUS. 


a, H. J. 8. Sand, London. 

(2 Figs.) December 30, 1914.—Attempts have been 
— at various times to replace mercury vapour-lamps by such 
in which a metal is employed in place of ‘mercury which is solid 
at ordinary temperature. More particularly, experimental a 

lamps have: been constructed in which the mercury has bee 
d b: or solid cadmium alloys, usually with the 
object of obtaining a a containing the red cadmium line. The 
applicant proposes to refer to any metallic vapour us in 
which anatl or alloy Goonmaeel which is solid at ordinary tem- 
peratures, as a solid metal re lamp. Hitherto such lamps 
could not safely be run at a high temperature, as there was great 
risk of cracking the glass when the metal was heated and allowed 
to cool. This is largely due to the fact that clean surfaces of 
metal adhere firmly to the glass on solidification, and strains are 





Fig. 2. 





(24168) 


thus set up. This objection does not hold to the same extent 
when the metal is covered with a solid skin of oxide, but such 
skin is iteelf a source of danger, as it may attack the glass and 
yield gases when the lamp is burning. The invention comprises 
a solid metal electric vapour-lamp in which the adherence of the 
metal to the glass is minimised by the nce in the lamp of a 
loose fine powder, such as zirconia or like refractory material. 
illustrates a Jamp of a form frequently employed, which is shown 
before the metal has been run in and attached to a tube leading 
tothe pump. Ata, athe loose powder is indicated. M is a rod 
of the metal which, after melting, = run through the con 
strictions 6, b, b into the lamp. Fig. 2 illustrates a modifiation 
in which the metal has been placed inside the wire- 

and the constrictions have been dispensed with. ( csapted 
ember 22, 1915.) 


Ay tt a —— yp Ancare des Ly 
ectromagnetic Make- 
ondtive: Bae Devices. [10 Figs.) July 7, 1913. et inven- 


tion relates to electromagnetic make-and-break devices, and 
more particularly to make-and-break devices for controlling a 
dynamo installation, such, for example, as is described in the spe- 
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cification of Patent Application No. 16,080, of 1914. An electro- 
ea See oe according to a 

oprises, in addi rating et, an aux! mag- 
net adapted to be intermittently pare Same grow pagruae the 
Ftc ag which is not carried on the armature of the make-and- 
reak device, continuously forward so as to compensate for the 








som to the grant 1f 2 


Electric Vapour- 


wear of the t 





is, and te for or prevent the couse- 
quent change in ampiitude of the vibrations in the armature of 
the device, and the consequent change in reluctance in the mag- 
netic circuit of the device. In the installation as shown a dynamo 
A has a field-winding a. B is a battery of accumulators joined 
across the working circuit C. Lamps are also joined across this 
circuit. The an armature ¢, which, 
under certain conditions, 1s ‘vibrated by the electromagnet, so as 
to make and break contact between the contacts d! and d®,. The 
contact d! is carried in a screwed holder l. The holder / is 
mounted in a fixed nut m. A worm-wheel actuates the holder / 
to which it is keyed by means of a key working in a slot in the 
holder. A worm engages the worm-wheel, this worm carrying 
ratchet-wheel o. An electromagnet r is pro’ armature 
of which carries a pawl p adapted to engage the ratchet-wheel o. 
The electromagnet r is connected through a Fesistance S across 
the terminals of the dynamo. When the ar of the 
r is in ite unattracted position, the resistance S is Short-<ireutied 
as shown, through a t on the t 
spring. On the attraction of the a _ resistance s is 
connected in circuit with the windi tr 
to compensate for _ effects of variation > sebustanes. “AS ‘the 
contacts d! and d2of the electromagnet E A 2 worn, the 
amplitude of the movement of the armat , and the 
rate of vibration of the armature D is varied, “aude causing an 
increase in the difference of potential at the terminals of the 
dynamo. When the difference of potential rises to a certain value, 
the electromagnet r will be energised, thereby operating ite arma- 
ture and rotating the ratchet-wheel o th h the pawl p, thereby 
rotating the contact d! through the medium of the worm and 
worm-wheel and holder |. Consequently the holder, and with it 
the contact d!, is raised, at the same time being rotated. A spring 
pawl q is preferably provided to control the movement of the 
ratchet-wheel 0. (Accepted October 6, 1915.) 

















GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


24,293/14. A. } Midgle > Cc. A. Vandervell, 
Acton Vale. for ternal-Combustion 
Engines. [1 ig ] December 18, 18 —This invention relates 
to an improved electric starter for internal-combustion engines, 
more particularly for use on motor-cars and the like, and of the 
kind wherein an electric motor is employed, the armature of 
which is moved automatically and in a longitudinal direction 
relatively to the field magnet in order that the motor may he 
thrown into and out of engagement with the engine to be started. 
In the electric starter constructed to the t 
invention, the shaft to which the longitudinally movable arma- 
ture is secured is formed with an extension which is provided 
with a helical thread on which is slidingly mounted an mye 
helically-threaded pinion provided with teeth adapted to engage 

with nding teeth formed on the fly-wheel or other rotary 
member of the engine. The drawing illustrates the invention 
by way of example ; a is theelectric motor ; b the longitudinally 

















movable shaft thereof; c an extension of the Joxgitudinal'y 
movable shaft b; da quick thread provided on the extension c ; 
¢ an internally helically-threaded pinion provided with teeth 
ad spted to enwage with corresponding teeth formed on the fly- 
wheel f attached to the shaft of the engine ; and ga spring for 
keeping the pinion ¢ in its disengaged position when the engine 
is running under its own power. The operation of the starter 
is as follows :—The displaceable armature, which is secured to the 
shaft b, is drawn into the field of the motor in any suitable 
manner, until the teeth of the pinion ¢ engage with the teeth 
on the fly-wheel f, the armature rotating at the same time at a 
slow speed, thereby forcing the pinion ¢ properly into mesh with 
the fly-wheel f. When the engine starts to rotate under its own 

wer and tends to over-run the motor, the pinion ¢ is forced 

slide in the opposite direction, thereby being brought out 
of engagement with the fly-wheel. The pinion ¢ is then kept in 
its oon position by the spring g. (Accepted September 22, 
1915. 


GUNS AND EXPLOSIVES. 


ag Sir A. T. Dawson and G. T. Bu 
London. Bréech-Loading Ordnance. [3 Figs.) ~~ 
ember 18, 1914.—This invention relates to firing mechanism for 
breech- -loading ordnance of the wedge or sliding-block type in 
which the breech-block carries a pivoted cocking and firing-lever 
connected to the firing-pin or striker, and serving both to cock 


“<< 








the striker and im: me it forward to fire the gun when a sear en- 
gaging with the lever tc hold it in the retracted poe is 
| released, this lever having a projection which, duri 
ward movement of the lever, comes against a toe- 
sear and serves to positively move the sear into 
with the lever. According to the present invention, the pre- 


the rear- 
on = 





| jection is so constructed and arranged in relation to the toe 


piece on the sear that it permits over-cocking a of the 
cocking and firing-lever tu occur and at the same time retains 
ph a pets position. A is the breech-block ; B the 
—_— fring lever, Bary © the — -pin or striker. D repre- 
sents the sear, whose nose D! is adapted to engage with a projec- 
tion B! on the as and firing-lever ; d represents the toe- 
ece on the sear. e proj B! on the cocking and firing- 
ever B, with which the nose PD! of the sear engages, is 
to co-operate with the toe-piece d formed on the sear between the 
vot of the sear and the striker. The projection, as shown in 
. 2, strikes the toe-piece during the over-cocking movement 


ot the cocking and firing-lever, forces the sear into its en; 
the | position, and then, as shown by Fig. 3, decane Geuneed 


and holds the sear in its engaging position during the remainder 
of the over-cocking movement by means of a radial surface b! 
crccpesans provenns Tete sn © teruuee, the tobe. 
arrangement preven y of jammin —-. projec- 
tion and the toe-piece. (Accepted Sept ember 29, 1985.) 


MINING, METALLURGY, & METAL-WORKING. 
18,992/14. The met reat Gorzinge, Wagen, 008 
Finance Company, L re et ret Westen tt Pie 
Knowles, West Bromwi 
August 24, 1914.—This inventian - w-- improvements in th the 
manufacture of rolled wheels and discs, and refers more particu. 
larly to rolled car-wheels, but may be used for forming blanks for 
~ -wheels and for any other analogous purposes. In apparatus 
this purpose it has been proposed to employ two rotary diec- 
like dies to form the two side. surfaces of the wheel, the rotary 
dies being mounted at an anglé toeach other, and one being held 
against end movement, while the other is advanced in a path at 
an angle to it. The invention consists in arranging the rotary 
dies so that the axes of both have a very slight divergence from 
the straight, and employing an adjustable rim-roller in conjunc- 
= with the inclined dies. a,b represent two dies mounted upon 
ndles c, d, which are inclined to a straight line drawn thi A 
K e centre of the bloom ¢ between the dies. The axes of 
spindles c, d would meet on the 6 ht line aforesaid at the 
central point in the boss of the bloom n in position between 
the dies. Both dies may be rotated, and both may be withdrawn 
to permit the insertion of the bloom, and advanced for the rolling 
operation. At the back of the dies a, 6, where they ie oe 
each other more closely, is a rim-roller g adapted to bring the 





desired cee upon the metal of the bloom, asit expands under 
the roll action, 80 as to compel it to fill the lateral es 
between dies to form the rim of the disc or the whee 


bloom ¢ is inserted between the dies a, b, which are both 
advanced to close upon it, so that ite bossis held in the accommo- 
dating recesses a!, b! of the dies. The surfaces of the recesses 
a, ty are slightly conical, 80 that in the inclined position of the 
dies the rear half of each forms a rolling surface for the boss from 
the centre to ite periphery, while the front half forms a clear- 
ance. The rolling operation upon the heated bloom is then com- 
menced, the dies being rotated and ee. advanced to shape 
the bloom between their surfaces and gradua!ly expand the meta! 
toward the rim-roller g. The configura ion of the fm! will, cf 


course, depend upon the article to be produced ; as here shown, 
the dies are suitable for produci acar-wheel, In such an article 
the rim is of greater thickness the web or disc portion, and 


to enable the — a®, b2 of the disc to be filled with the metal 
so as to give desired solidity to the rim the rim-roller g is 
arranged so as to exert a pressure upon the metal to cause it to 
expand laterally. By this action, and by the gradual nature c 

the rolling action owing to the slight angle of the rolling die. 
faces, a very clean shaping of the metal is effected, free from the 
distortion, but with great eolidity at the boss and rim, (Accepted 
ctober 6, 1915.) 


MACHINE AND OTHER TOOLS, wre syns 
a oo Albion Motor-Car Com tibrieai 
age Poel 


T. B. Murray, Scotstoun. L 
January 16, 1915.—This invention a 
returnin devices for bearings for KF horisontal ts, 
and of in which there is an oil-throwing disc upon the 
shaft immed ly beyond the bearing, which disc is surrounded 
an annular catchment channel] from which a duct leads to the 
oil container or reservoir, as, for example, the interior of a gear- 
box or crank-case, for the return thereto of the oil. The inven- 
tion has for its object to provide an improved constructicn of 


Fig 





Fig.2 



































such oil-returning device of this t 
channel surrounding the throwi 
the top of which is above the leve 





one side thereof. The basin oe aeee ane > au ee 
of lubricant thrown centrifugal force from the disc. 

uct connects this basin with the oil ag A 
ot the gear-box, crank-case, or what may The horizontal 
shaft A has on it an oil-throwing disc B at « part immediately 
beyond the bearing-bush C. This diec is su ed by an annular 


S| eenmres channel D set eccentrically to the disc so that its 





lower part is closely adjacent thereto, the channel and disc thus 
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September 29, 1915.) 


4. Entwisle and Kenyon, Limited, and 
R. W. ‘on, mm. Parallel V.ces. (3 Figs.) 
December 11, 1914.—This invention relates to parallel vices in 
which a longitudinal rack is affixed to the underside of the base 
of the fast jaw, and a block with corresponding teeth is carried by 
the loose or movable jaw, and moved into and out of contact with 
the rack of the fast jww by a scroll-cam, which also imparts a 
longitudinal movement to the toothed block. As at present con- 
structed the longitudinal rack has been screwed or bolted direct 
to the underside of the base of the fast jaw, no provision being 
made for adjustment of the same to compensate for wear. The 
object of this invention is to provide for the adjustment of the rack 
so that it may be readily fitted into position and easily adjusted at 











any time. The base of the fast jaw A is made with a longitudinal 
rib a between the ves or slides b in which the loose jaw B 
moves. The rack C, which is preferably thicker than has hitherto 
been in use, is formed with transverse holes parallel to the 
teeth, to receive screws or bolts d to affix it firmly to the longi- 
tudinal rib a of the base of the jaw A. The rib a is provided with 
vertical slots d@! for the bolts d, so that the rack C can be moved 
up or down for adjustment. A number of set-screws ¢ screw into 
the base of the jaw A, and oo the top of the rack O, so 
that as wear takes place the can be set further away to 
engage the teeth of the movable toothed block F by slacking the 
bolts d and screwing down the set-screws ¢. (Accepted October 6, 
1915.) 


PRINTING AND ALLIED MACHINERY. 


8822/15. E. J. Smith, London. Stereotype Plates. 
{4 Figs.) June 15, 1914.—The present invention has reference 
to machinery or apparatus used for finishing stereotype plates for 
rotary prin -machines, in which a; us the interior of the 
ly is planed and the head or riser is cut off in one operation. 

e invention consists in the vision of a pair of side supports 
for the plate and means for lifting the same with a parallel move- 
ment within the tunnel which holds the plate during the finishing 
operation, the said lel movement being imparted elastically 
and with an equal reon both sides. J) and ¢ are rotary 
shafts carried in different planes on the framing carrying the 
tunnel a. The shaft } receives its motion from some external 
source of power, and the shaft c is rotated from the shaft ) by a 
train of skew or worm gd, d',and d2, The shaft cis placed 
on the centre from which the arc of the tunnel a is struck. This 
shaft c carries fast on it the radial arm ¢, which supporte in 


Fig.1. 





a 








bearings the shaft of the cutter f by which the head of the cast 
talso carries the structure A fixed to 
o> ae 


i 
: 
: 
i 





movement to the device v by means of a bow! at one end engaging 
with the cam and the pivotal connection at the other between it 
and the plates g. The device v comprises a lever consisting of 
two parts, w and 2, which are cranked and mounted on the same 


shaft y, w being loose on the shaft, and z being fast thereon. | of the 


cegusher by ‘9 aysing enmuestion &. GR cosugh to apart. te 
together by a spring conn z, enough to im 
requ'‘site rocking to the device for moving the plates q without 
effecting too — unyielding a contact between the stereo- 
type plate g and the inside of the tunnel. It will be observed 
that the shaft y extends across the machine and that the lever z 
is duplicated so as to connect the device v to both the sliding plates 
q on oO} te sides of the machine. object aimed at is to 
lift the wet plate from both sides equally, so as to give a 
firm, even, elastic pressure and avoid distortion of the plate 
which may result from raising it sideways or forcing it unequally 
against the tunnel. After the cutting and planing has been 
effected the plate is n lowered and can thus pushed, 
generally by a following plate, out of the tunnel and over 
the rollers a2 on to a cylinder or other su pport, where the cleani 
or picking of the type may be effected. ré ecepted October 6, 1915. 


20,021/14. Lino and Machinery, Limi Lon- 
don. and T. R. @ Parker, Broadheath. Web t- 
-Presses. (3 Figs.) September 22, 1914.—This invention 
relates to improvements in web printing-presses of the kind in 
which a plurality of paper-reels are contained in a magazine 
situated above each printing unit, so that when the web of one 
of such reels becomes exhausted, the end of web can be 
pasted to the leading end of the web of another reel and the 
printing resumed after the brief interruption necessitated by that 
operation. The object of the invention is to provide new or 
improved means for enabling the reels to be readily introduced 


into the magazine, and to that end it consists in constructing the | o¢ 


side frames, which constitute the ae, and on which the 
reels are rotatably supported, so that they can be readily moved 
out of the path of the reels when the latter are wheeled on trolleys 
into the magazine, and so that after such introduction they can 
be readily returned to their — normal or reel-supporting 
positions. In the arrang t illustrated, each of the side frames 
or bars 1, constituting the front and back of the magazine, is 
capable of being turned at one end about both a horizontal and a 
vertical axis. this parpose, the frame or bar 1 is Fosg oy b: 

a vertical pivot 2 to a horizontal stud or pivot 3, which is itself 
capable of being turned about its own axis, in the upper end of a 
standard 4 rigiy secured at ite lower end to the tive side- 
frame 5 of ti unit 6. The opposite end of the bar 1, 
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during the normal working of the press, is supported in a crutch7 
fast to the press-frame 5, and the bar is capable of being lifted 
clear of the crutch by turning about the axis of the pivot 3, and 
then swung aside by turning on the pivot 2, thereafter 
lowered into the position in which it is shown in chain lines, in 
which ition it is supported by a stud 8 fast to the standard 4. 
Each of the bars 1 is formed or vided with an bearing 9 
within which the spindle 10 of the reel 11 is ng. 
The floor 12 of the magazine is in, or approximately in, the same 
plane as the floor 13 of the reel store, so that a trolle 








reel 11 thereon, can be readily conveyed from the into the 
magazine. When, with the it, a new reel 
ia to be introduced into the o ine, the two bars 1, then in 
their horizontal! position, are li off ve crutches 7 

\y aside or out’ from the zine, lowered 
into the position in which they are shown in lines, wherein 
they are out of the path of the incoming reel 11 and the 4 
su) ing it, the bars 1 th ft Hi to rest 





the lower or thinner chain-line circle bearing that number in 
. 1. By a further raising movement of the bars 1, the ree! 
indie 10, together with the reel 11, is raised so that the weight 
the latter is transferred from the trolley 14 to the bars 1, 
lines, brought into 

cogegunest wee Os ore es 7 ; the reel spindle and reel are or 
may be then in or about the tions indicated by the respective 


thick chain-line circles 10 11 in Fig. 1, and after that, assum- 
ao oe 1@ not to be already in the 9, the 

is rolled al the top of the bars 1 until it enters 
those as indicated in full lines in Fig. 1, The trolley 14 
can then be wheeled out of the ree] magazine and returned to the 
reel store for receiving the reel next to be inserted in the maga- 


zine. The foregoi escription has dealt with only the reel and 

ede at the right-hand side of the standard 4 in 
Fig. 1, on the left-hand side of which there is provided a replica 
reel and devices, so that there may be always one reel 
in the ine ready for use when the web of the other reel 
becomes (Accepted September 22, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 
20,366/14. The Hon. Sir C. A. Parsons, Newcastle-on- 


e, and R. J. Walker, 8. 8. Cook, and R. A. Simon, 
alisend-on- e. Turbines. [7 Figs.) Sept- 
ember 30, 1914.— present invention relates to marine-turbine 


installations of the type in which the ratio of the revolutions of 
a turbine to the revolutions of the propeller it drives differs at 
low re from the ratio at full power. The present invention 
has for its object the economical employment at cruising or low- 
power conditions of the main or full-power turbines, and the 
efficient utilieation of the energy of the steam throughout its full 
range of expansion, from boiler pressure to the high-condenser 
vacuum usually obtainable under such conditions. is invention 
consists in use, in an installation of the type indicated, of 
_— or additional toothed transmission gearing to maintain 

speed of the main turbines at low powers, in combination 
with means for maintaining an efficient range of expansion in the 
turbines. The invention consists in installations of the type 
indicated in the main turbine or turbines are fitted with 
one or more initial cru’ stages, whereby substantially the full 
— of expansion of the steam may be —_ at low powers, 

are connected by clutches to one or other of two sets of 
toothed transmission gears, the power being transmitted from 
the turbines to the propeller-shafts by one or other of these sets 
gearing, the ratio of reduction of the ing to which the tur- 
bines are connected under cruising conditions being greater than 
that to which they are connected under full-power conditions, 
whereby at low powers, in conjunction with the maintenance of 
the full range of ex ion by the employment of initial cruising 
pom rm a high of rotation is maintained in the turbine or 
turbines and the energy on the full range of expansion is effi- 
ciently utilised. The invention further consists in such an arrange- 
ment in which, instead of cruising stages at the He aga | of the 
turbines, separate cruising turbines are fitted for the same pur- 
pose, these cruising turbines being connected in any suitable 
manuer to the main turbines or ay yy In carrying the 
invention into effect, according to the form illustrated in Fig. 1, 


Fig. 1. 
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a high-pressure turbine a and a low-pressure turbine } are pro- 
vided, the low-pressure turbine ) having incorporated with it an 
astern turbine c, while the peg turbine may have a 
cruising stage k incorporated with it. The turbines a and } are 
disposed on either side of the propeller-shaftd. Upon the shaft d 
two double-helical gear-wheels ¢ and f are mounted. The tur- 
hines @ and } are connected to the gear-wheel f by pairs of 
pinions 9:9 and to wheel ¢ by the pairs of pinions h,A. The 
ratio of reduction pn by the pinions A, h and the gear-wheel ¢ 
is greater for each of the turbines than the ratio given by the 
pinions g, g and gear-wheel f. Clutches c!, c2 c3, and care 
. Under full-power conditions the clutches cl and c? are 

closed, and the clutches c* and c4 are open, and steam is admitted 
to the high-pressure turbine a by the conduit j. The exhaust 
from @ passes to the low-pressure turbine b, from whence it goes 
to the condenser. Under these conditions, the lier-shaft d 
is driven by the full-power gearing f, gy. For low-power con- 
ditions the clutches:c!, c2 are open, while the clutches c%, c are 
closed. Steam is admitted to the cruising stage k of the high- 
pressure turbine by the conduit J, and passes as before through 
the high-pressure turbine to the low-pressure turbine, and then 
to the condenser. In some cases clutches m and n may be pro- 
vided between the propeller shaft and each of the gear-wheels ¢ 
and /, so that when the high-power gearing is in operation and 
the clutches c*, ct and m are open the gearing é, A remains 
stationary, while when the low-power gearing in operation 
cl, c?, and _ are open, the high-power gearing /, g remains sta- 
tionary. The arrangement nay, if desired, be modified by placing 
the gears adjacent to each other in a single gear-case. Fig. 2 
illustrates the application in a two-shaft installation of two setsof 
turbines and gearing, similar to that shown in Fig. 1, but each 
having in addition cruising turbines 0, o epeecting te pro- 
peller-shafts d!, d2 through double-reduction gearing. The double 
reduction is obtained by mounting a gear-w p upon the 
indie of each of the low-pressure turbines and providing 
on cruising turbines and to 
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to the cruising tur- 
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THE ELECTRIFICATION OF THE 
RIKSGRAUSEN RAILWAY AND ITS 
ROLLING-STOCK. 

(Concluded from page 588.) 

Tue locomotives for the railway are illustrated 
in Figs. 8 to 11, on Plate XXXVI., and also in 
Figs. 19 and 20, on page 644, Figs. 8, 9, and 19 
showing a goods locomotive, and Figs. 10, 11, and 
20 an express locomotive. As stated incidentally 
in our last article, the goods engines’ were con- 
structed jointly by the Siemens-Schuckert Werke 
and the Swedish General Electric Company, Vis- 








A. Collectors on train. 
B. High-voltage insulator. 
©. \ Maximum-current  circuit- 


. Coupling for 


current. 


D. f breaker. 

E. Main transformer. 

F. Auxili traneformer. 
G. Main switch. 


. Reversing device. 
Driver's controller. 
. Brake controller. 


were 


unit control. 


Fia. 12. 


teras, while the passenger engines were built by 
the Swedish General Electric Company, Viisteras. 
The mechanical portions, including - framework, 
wheels, axles, brakes, &c., were all supplied by the 
Carriage and Machine Company, Talun, Sweden. 
As regards the goods locomotives the following 
requitements were laid down in the specifications : 
Two locomotives must be able, over the distance 
extending from Kiruna to Riksgriiusen, to deal 
with an aggregate weight of 1855 tons, the speed 
on @ 1 per cent. ps a not falling below 283? 
miles per hour. The highest speed was to be 
‘imited to 31 miles per hour, and the total time 
cccupied 3 hours 20 minutes. On the section from 
Xiksgrausen to Kiruna a locomotive must draw an 
empty train weighing 455 tons and an idle locomo- 
‘ive at a speed of 25 miles per hour with 1 in 100 
gradient, the total time to be 2 hours 56 minutes ; 
the locomotives, however, to be so constructed 
that they can attain a maximum speed of 374 miles 
per hour. Two locomotives must jointly work two 
ore trains in the day and two empty trains back to 


Motor on locomotive. 


. Coup!ing-box for multiple- 


Kiruna. In this service the locomotives will have 
to work six consecutive days, and in the year 
must cover 56,000 miles each. 

The consumption of energy was teed not 
to exceed 22.6 watt-hours per ton-kilometre (36.4 
watt-hours per ton-mile) of the loaded ore train, 


and 23.9 watt-hours per ton-kilometre (38.5 watt- | th 


hours per ton-mile) of the empty train, and main- 
tenance was nteed not to exceed 12.5 dre oe 
locomotive-kilometre (2.72d. per locomotive mile). 
The consumption of energy, with 15 per cent. addi- 
tion for contingencies, was calculated at 1360 k.v.a. 
on an average and 2150 as a maximum, exclusive 





of the stoppages at the stations. 


an adhesion coefficient of 0.27, corresponding with 
about three times the average draw-bar : in 
oO — — All axles are of i 
steel, of about 34 tons per sq. in. tensile strength. 

The crauks are forged in one piece, and then 
pressed upon the respective axles. The | of 
e bearings is 12 in., and the diameter 11 in. 
The corresponding figures for the lay-axle are 
ar peg | 12 in. and 9} in. Over the frame is 
built a y of wood, covered with steel plates ; 
it is provided with carefully-fitted windows and 
necessary —— arrangements. 

The mechanical brake system is operated by 
compressed air, according to the methods of the 





The goods locomotives are short-coupled, of 
the type 2-6-6-2, consequently with six driving- 
axles. In each half of the locomotive is placed a 
motor, which, by means of cranks, a lay-axle, 
and coupling - rods, works the driving - wheels 
(Fig. 19, page 644). The two halves of the loco- 
motive are exactly alike, each divided into a 
driver’s compartment with requisite controlling 
apparatus, and a machine compartment, containing 
transformer, motor, and instruments (Fig. 9). 

The mechanical part is very solidly built. Ex- 
perience from previously-built locomotives of this 
type has shown that the mechanical strain upon 
the framework and its connections is particularly 
severe on account of the special form of power 
transmission. The motor and lay-axle bear- 
ings are joined by riveted connection - pieces 
to the frame-plates (see Fig. 9), the frame- 
plates being again mutually connected through 
the bottom plates of the motor and other 








atrengthening parts. The — 
calculated to utilise the entire ad 





controiler oO. ame ay for train- T. Automatic light recoupler. Z. Heating element for lay- 

ighting. U. Motor for air-compressor. axle 

P. Motor for vacuum-leakage Vv. Recoupler. A}. Heating element for motor 
pump. W. No-voltage switch. compartment. 

Q. Motor for main vacuum X. Measuring-instruments. A®. Automatic operating cur- 
pump. Y. Heating Samant in driver's rent ° 

R. Battery he reserve lighting. compartment. O!. Heating elements for sand- 

8. Lighting transformer. spraying apparatus. * 


DiaGRaM OF CONNECTIONS FOR PassencEeR LOCOMOTIVE, 


New York Air-Brake Company. The locomotives 
are fitted with both automatic and direct-acting 
brakes. For the supply of compressed air there is 
in each half of the locomotive a 10-horse-power 
compressor, which, in addition to the brake, sup- 
plies compressed air for the whistle, sanding, and 
pneumatically-working electrical apparatus. 

As to the general arrangement of the electric 
equipment, the high-voltage current is transmitted 
from the current-collectors into the two halves of 
the locomotive, and through the main switches to 
the transformers. The two current-collectors are 
electrically coupled together through a conductor 
placed in the roof. The main swi are operated 
pneumatically, and fitted each with a maximum 
release ; they can also be switched on by hand. 
The main transformer is oil-cooled, and is arranged 
with 20 voltage steps or tappings on the low- 





mechanism is/|elemente, &c. 
esion weight at! voltage winding of heavy copper strip, laid edge- 


voltage side, and some extra tappings for current 
for special p es, auxiliary motors, heating 
t is of the core type, with low- 
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wise. The high-voltage winding is of strip laid 
flatwise. So as to increase the cooling effect the 
oil-box is fitted with a double row of cooling-tubes, 
welded in, by which the total cooling effect is 
tripled at the same time as the box is materially 
iffened. The efficiency of the transformers at the 
teed continuous load of 440 k.v.a. amounts 
to 96 per cent. The transformer can, however, 
without extra ventilation, be continuously loaded 
to about 550 k.v.a. 

Energy is led to the driving-motor from the low- 
voltage side of the transformer through a triple 
choking-coil. Normally the three legs of the coil 
are attached to three terminals on the main trans- 
former, placed close to the former ; re-coupling is 
effected with one leg at the time. Through this 
arrangement one obtains the advantage that the 
motor current is divided into three parallel branches, 
each with one-third of the main current volume, 
which materially facilitates and cheapens the con- 
struction of the switches. The system is an ex- 
tended modification of the old and well-known 
arrangement used for similar purposes with a two- 
branched choking-coil. The switches are operated 
electrically ; the current is taken from the main 
transformer, the breaking contacts being provided 
with magnetic blow-outs. So as to prevent short- 
circuits arising from accidental faults in the 
operating system the switches are electrically inter- 
locked. All the switches with their own operatin 
conductors are firmly mounted in a frame, which 
can easily be lifted from out the locomotive (see 
Fig. 13, annexed). , 

There are two controllers in each driver's com- 
partment, fitted in the usual manner (see = 17 
and 18, page 633). On account of the heavy fall of 
voltage on the line (up to 30 per cent.) and the 
requirements of the heavy trains a large number 
of steps on the controller is n . There are 
coupling-boxes arranged for multiple unite in each 
end, besides the electrical short coupling between 
the two locomotive halves. 

The driving motors (Fig. 14, page 633) are com- 
pensated series motors, with auxiliary poles, and 
working with an average voltage of 200 volts, and a 
8 which is normally 190 revolutions, but which 
rises to a maximum of 300 revolutions per minute. 
The average current is about 3000 amperes, but 
at starting it reaches 4000. The motors have 24 

les, the bore of the stator being about 200 cm. 
794 in.). The rotor winding is parallel-coupled ; 
the poles are arranged as a shunt from a special 
winding on the main transformer, whereby also the 
field winding and a smaller ohm recoupling resist- 
ance are included in this current circuit, so as 
to obtain the right phase displacement on the 
commutating field, which has to compensate both 
reactance and pulsation voltage. Special care has 
been bestowed upon the windings and commutators. 
Between the segments of the commutators the 
mica has been cut down about 1 mm., so as to 
reduce the wear. In commutators of the size 
used here (1600 mm. (63 in.) in diameter, 1100 

ents), the utmost accuracy in the workman- 
ship has been found absolutely necessary. The 
efficiency of each motor at the guaranteed con- 
tinuous load—400 horse-power—amounts to 90 per 
cent. The average load during a trip amounts to 
about 650 horse-power. 

The ventilation of large single-phase railway- 
motors calls for special attention. The efficiency 
of these machines is for several reasons inferior to 
that of continuous-current motors, while the mecha- 
nical construction tends to detract from the natural 
ventilation, and it is therefore of great importance 
to provide for a more efficient outlet, through suit- 
able appliances, of the heat produced. The motors 
of the goods locomotives are arranged with com- 
pressed-air ventilation, which for locomotives with 
a low speed offers considerable advantages, as their 
natural ventilation is of smaller importance. The 
back of the motor is completely shut off from the 
cabin (Fig. 9), and into the closed-in compartment 
thus formed air of 70 mm. (2j in.) pressure is forced 
by a 7-horse-power ventilator, the air afterwards 
passing through the air-gap and the ventilation 
channels to the commutator side, and from thence 
through trellis-work shutters in the sides of the 
cabin into the open. This system of ventilation 
has proved very effective, and the rise of tem- 

rature in the windings of the motor is materially 

low that guaranteed. The same is also the case 
with the main transformer, which is efficiently 


cooled by the air which is sucked from below by the | th 


ventilator referred to through a shaft round the 
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Fig. 13. Switcnsoarp on Goops Locomotive. 


transformer-box. 
has proved necessary to make special arrangements 
so as to prevent snow from making its way into the 
motors. 

On the motor is fitted a pneumatically-operated 
reversing controller. A number of smaller auxiliary 
appliances and current circuits are operated from 
the instrument-boards placed in the driver's com- 
partment and within his immediate reach. 

The dimensions and weights of the goods loco- 
motives are as under :— 

Length of 
buff 


~ ra con 
Total weight of locomotive 


locomotive over 
... (18,600 mm. (61 ft.) 
136.0 tons 


_ 9 on driving-wheels 104.0 ,, 
Maximum weight per axle ek Me os 
Weight of mechanical part TRO wo 

99 electrical - ad 60.0 ,, 

#9 motor, exclusive of 

axle and bearin 13.0 


Weight of eee includ- . 
ing oil... és 7 jis 10.0 ., 
Diameter of driving-wheels ... 1100 mm. (43 in.) 
leading and trail- 
ing-wheels ke ve i ee (29% ,, ) 
Crank radius fed me 33 o Genus 
We shall probably, gn a subsequent occasion, 
refer in detail to the consumption of energy on 
gradients, ard here We shall only mention that at 
starting with full train weight each motor, as a 
rule, takes 4000 amperes, as it does also on 1-in-100 
gradients. The corresponding draw-bar pull for 


two motors equals about 25 tons. The maximum 
pull rendered possible by the adhesion weight 
amounts to 56 tons, corresponding to about 7500 
amperes, a pull, however, which never can be fully 


applied. e motors work at the start—which for 
one-phase motors is a particularly critical point— 
almost without sparking, and al] spark formation 
ceases es between speeds of 20 km. and 
40 km. (125 and 25 miles), with current up to 3000 
amperes. The motors altogether have worked 
particularly well, and are that part of the loco- 
motive equipment which has given least trouble. 
The joint use of two locomotives on a forty- 
wagon train gave some trouble to begin with, but 
18 was soon overcome, On account of the want 
of strength in the couplings of the ore-wagons, it 





During the winter, however, it | was originally intended to couple one locomotive 


at each end of the train, the one pulling, the other 
pushing. But it was soon found that both at 
starting and also later on oscillations were apt to 
arise, which caused breakage of couplings, not only 
at the front of the train, but anywhere. By start- 
ing with only one motor a reduction of the pull 
was obtained, which eliminated the difticulties at 
starting. By means of a so-called auxiliary-brake 
line, by which the release of the brakes took place 
first at the rear of the train and only later at the 
front, the difficulties during running were also 
overcome. 

The Express Locomotives. —The express loco- 
motives were constructed to fulfil the following 
conditions :— 

A locomotive shall be able to draw a train of 
200 tons carriage-weight between Kiruna and 
Riksgriiusen and back within a running time of 
2 hours 15 minutes. The s on a 1-in-100 
gradient to reach 50 km. (31 miles) per hour. The 
highest speed on the level to be 100 km. (62 miles) 
per hour. 

Thé locomotives to run between Kiruna and 
Riksgriiusen three times a day, thpre and back, 
on six consecutive days, atid to cover at least 
100,000 km. (62,500 miles) in the year. The con- 
sumption of energy is not to exceed 31.5 watt-hours 
per ton-kilometre (50.7 watt-hours per ton-mile), 
and maintenance not. to exceed 10 dre. per loco- 
motive kilometre (2,;d. per locomotive - mile). 
In calculating the energy consumption, with 4 

in of safety of 15 per cent., a mean result was 
obtained for the express locomotives of 960 k.v.a. 
for an average speek of 61 km. (38 miles) per hour. 
The maximum consumption amounts to 1400 k.w.a. 

The locomotives are of the type 4-4-4. The type 
has been specially omtuahel for high speeds. 
The express locomotive, like those of the goods 
trains, is arranged with driver’s compartment at 
both ends, and the motor in the middle, there 
being only one motor and one transformer (see 
Figs. 10 and 11). The motor is carried by strong 
traverses, which connect the frame-plates for their 
entire depth. There is also a horizontal, longitu- 
dinal stay-plate, and this, with the traverses, forms 
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DETAILS OF ELECTRIC LOCOMOTIVES ON RIKSGRAUSEN RAILWAY, 
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Fie. 14, 


Motor or Goops Locomotive. 


Fie. 15. 








Fic. 16. TransrorMeR on Passescer Locomorive. 


a box. The stay-piece above the lay-axle is here 
made of cast steel. 

The brakes are on the vacuum system. There 
are two motor-worked vacuum pumps, the one 
working at high speed for emptying the train- 
pipe, whilst the other runs continuously at low 
speed to deal with leakage. The former pump, 
which only works intermittently, absorbs about 
8 horee-power, the latter 3 horse-power ; the vacuum 
is 52 centimetres (204 in.). 
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Fic. 17. 


The electrical 


differs from that the goods locomotive. The 


transformer and motor have higher efficiencies, the | 


operating gear also being arranged according to an 
entirely different system. The high-voltage switch- 
gear is in the main the same. The construction of 
the main transformer is materially simplified on 
account of the nature of the operating-gear, which 
was invented by Mr. Ofverholm. The system was 
tried on previous occasions, amongst others, on an 





— in some respects, | 
oO 




















Fig. 18. 


Fics. 17 anp 18. ConrTROLLERs. 


experimental locomotive built in the year 1910. 
The special feature of the system is the employ- 
ment of coils E and F, Fig. 12, with three tappings, 
which, by means of double-throw switches, are 
coupled with or against each other in a special 
way, whereby, with few switches, a large number 
of steps for speed regulation are obtained. 

With only six switches and four tappings on the 
main transformer there are consequently obtained 
twenty-four steps for speed regulation, which ig 
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more than sufficient for express-train service. The 
four switches nearest the motor should not require 
any interlocking, as no short-circuit can arise from 
any error in their operation, but they must be 
interlocked with the outer switches. is inter- 
locking, to ensure ter safety, is done both 
electrically and mechanically. In addition, the 
main switch is so interlocked with the other 
switches that it cannot be switched on except when 
the latter stand in their — position. As these 
switches, partly on account of their greater strength 
of current as compared with those on the goods 
locomotives, partly on account of the double-throw 
construction, are comparatively heavy, it has been 
considered — to operate them with com- 
pressed air. The operation is so arranged that they 
are kept in their one outer a by stron 
springs, in the other through e ectrically-opera 
air-cylinders. Also these switches are fitted with 
durable spark-contacts, but have no magnet blow- 
outs. All switches, with the choking-coils belonging 
to them, are enclosed in the same iron core. 

Compared with that of the goods locomotive, 
the operating system just described has the advan- 

of greater simplicity and cheaper mounting. 
The small coils for the air-cylinders require com- 
ratively little current, and all the operating con- 
uctors can therefore be made lighter. As com 
with the goods locomotives, which have thirty mul- 
tiple-unit lines, of which twenty alone are used for 
the voltage regulation, there are only ten on the 
express locomotives, of which six are for the 
volt e regulation, while the number of steps 
for a regulation is eighteen against 
twenty-four. For the uction of the compressed 
air a 4.5 horse-power Christensen compressor, with 
a pressure-regulator and other requisites, has been 
installed. 

The main transformer (Fig. 16) is constructed 
on analogous lines to that on the goods locomotives, 
it having a core with edgeways-wound primary 
coils, and flatwise-wound secondary coils. The 
coils of the different sections of the primary are 


so placed in relation to each other that | is 
reduced as much as ible. The oil-box is fitted 
with numerous colina eiens, and is besides so 


constructed that it can be lowered between the 
frame-plates and strongly stayed in position. 
Round the transformer is'an open ventilation-shaft, 
through which air is sucked from below. The 
output of the transformer without special ventila- 
tion is about 750 k.v.a., and the efficiency with 
this load and cos @ = 0.8 is 97.5 per cent. 

The driving motor (Fig. 15), as on the goods 
locomotive, has twenty-four poles, and in the main 
is of the same mechanical construction, although 
about 15 per cent. . The ventilation, however, 
is so arran; that the motor itself sucks in suffi- 
cient air h a ventilator placed at the com- 
mutator side. “The back of the motor is left o 
and the air sucked through the transformer-shaft 
can flow in here. On the collector side the air is 
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forced out into a chamber, which, through trellis 
shutters in the side of the body of the locomotive, 
communicates with the open. The efficiency of 
the motor at full load is 91 per cent. The average 
load during a trip with 200 tons weight behind 
(apart from work done during stoppages at the 
stations) amounts to about 850 horse-power. In 
technical respects the motor is constructed on the 
same lines as those of goods locomotives. 

The principal dimensions and weights of the 
express locomotives are as under :— 


Length over the buffers . 14.050 m. (46 ft. 1 in.) 
Total weight... i ne 90.0 tons 
Weight of mechanical part 54.0 ,, 
» Of electrical part ... 36.0 ., 
»» On driving-wheels... 33.4 4, 
» on ie-wheels ... 66.6 ,, 
»» Oneach driving-axle  — 
o = ie-axle tie 
»» _Of motor exclusive 
of axle and bearings __... MS « 
Weight of transformer... 12.0 ,, 
Diameter of driving-wheels 1575 mm. (61.7 in.) 
ee bogie-wheels... 970 ,, (33 .,:) 
Crank radius... ae a 300 ,, (1L8,, ) 


The Board of the Swedish State Railways has 
just forwarded a communication to the Govern- 
ment in which the electrification of the remaining 

rtion of the Lapland iron-ore railway—the 

iruna-Svartén (Lulea) section—-is strongly recom- 
mended. It is sta that the electrification of 
the State Railway section Kiruna-Riksgriiusen has 
fully answered, and in some respects exceeded 
the expectations with which the work was under- 
taken. The various difficulties which have arisen 
have happily been got over, with one solitary ex- 
ception. is one exception refers to the disturb- 
ances in the telephone and telegraph lines con- 
structed along the line. The drawbacks, which were 
very serious to begin with, have certainly been 
reduced through suitable arrangements, but not 
yet entirely removed. The investigation of this 
matter as to the most effective manner of over- 
coming this trouble is still going on, conjointly 
with the State Railway Department. Now that 
sufficient experience is available as to electric iron- 
ore traffic, the State Railway Board considers it 
icularly desirable that the electrification should 
extended so as to include the section Kiruna- 
Svartén. Thereby the whole of the railway line 
over which the iron-ore traffic takes place would be 
provided with uniform working, whereby a more 
economical use of material and personnel would be 
possible, besides the profit on the working and the 
advantage of not having to buy foreign coal during 
these times of high prices. The desirability of 
uniform traffic arrangements has been further em- 
phasised, more than ever, in fact, on account of the 
conditions at present prevailing as the ore 
traffic between Kiruna and Riksgriiusen, this having 
been materially reduced, whilst the traffic south- 
wards to Svartén, on the contrary, has very materi- 
ally increased. The revenue from the Porjus Power- 








Opener CYLINDER. 


Station would, in addition, be enhanced by an in- 
creased output of energy. Should the Government 
fall in with the views of the State Railway Board, 
the latter will be prepared promptly to forward 
a report and estimate of the cost of electrification 
of the Kiruna-Svartén section. With reference 
to the electrification of the Kiruna-Riksgriiusen 
Railway, the accounts have now been made up, 
showing that the actual cost of electrification has 
exceeded the calculated cost by a sum of 27,0001. 
On account of the rise in price of materials and 
increased duty, a margin had been provided 
whereby the above sum is reduced to 11,6001. Also 
on the works carried out under the State Railway 
Board the calculated cost has been exceeded by 
24,0001., chiefly on account of the houses built. 
The total excess cost thus amounts to 35,6001. For 
late delivery there certainly was a sum of 13,4001. 
due to the State Railways; but as the deliveries 
had given complete satisfaction, and the firms in 
question are understood to have been losers on the 
locomotives, it is proposed to waive this claim. 

In conclusion, we beg to express our indebted- 
ness to Bureau-Director Ivan Ofverholm, of the 
Electrical Department of the Swedish State Rail- 
ways, and to Mr. J. Korner, engineer, of the 
General Swedish Electric Company, for assistance 
in compiling this description. 





COTTON-OPENING MACHINERY. 

Tere has been a very marked tendency during 
recent years to improve the machinery employed 
in mills for the — of opening cotton, so that 
the treatment is less brutal and less liable to 
da: the fibre. It is a generally acknowledged 
fact that the mechanism hitherto and still largely 
employed is much too severe on the fragile fila- 
ments that pass through it, but it must be remem- 
bered that in the several machines the cotton fibres 
are treated in a mass. When cotton arrives at 
the mill it is in the form of a bale containing 
approximately 480 lb. of fibre. This fibre is 
in a hard, compressed state, and it is necessary 
to open it out as speedily as possible. Conse- 
quently the action of early machines is a tear- 
ing apart and beating out of the caked cotton 
into a fluffy mass, during which process a great 
deal of the dust and dirt inherent to cotton 
in bale form is separated. Until quite recently 
it was assumed that this result could only be 
secured by the action of heavy parts revolving at a 
comparatively high rate of speed and dashing the 
material against metal bars. This is a fallacy 
which has been fully exploded. Absolutely the 
best method to open cotton is to blow it through 4 
long tube of increasing diameter and allow it to 
expand gradually. Of course, this method is not 
commercial, but it goes to show that gentle treat- 
ment is possible, for as the cotton gradually opens 
the heavy impurities will fall out. ; 

What are termed ‘“‘ dust-trunks” are used in 
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Frae. 12. Opener ror Kapok. 


cotton-mills, and in the illustration, Fig. 1, page 
634, an improved form of such trunks is illustrated. 
Here the cotton is delivered from the first machine 
to the trunks, through which it is drawn by an air 
current. Periodically transverse bars or grids are 
interposed, against which the material impinges 
and by means of which a great deal of the dust is 
knocked out. At intervals, flap-valves are also 
let into the trunk, so that the material can be 
delivered to any of the mixing-bins desired. 
These valves are operated from one central con- 
trol, and the whole system is extremely useful and 
ingenious. 

As was stated earlier, machinists are now alive to 
the fact that it is not necessary to subject cotton to 
the hard blows it hitherto sustained. The present 
article will not describe the whole of the plant 
necessary to the opening of cotton, but only those 
improved machines that are now being installed 
with such satisfactory results. A great deal more 
use is being made of what is termed the Buckley 
opener ; and in Fig. 3, e 635, a combination of 
machines, including two of this type of opener, are 
shown. The cotton is fed into the hopper-feeder 
at the right of the set of machines, then it passes 
between a pair of cages A (through which air is 
induced, but which are so constructed that no 
cotton will pass through), then up the lattice of the 
Buckley opener, repeating the process through the 
second machine of this type, and then to the single 
seutcher. If the machine on the left is considered, 
it will be noticed that a bladed beater C is employed. 
This revolves at a high rate of speed, and knocking 
the cotton off a ren end D, dashes it against the 
bars E. This action is one that cannot be too 
severely condemned, and in machines or combina- 
tions of the type shown it is minimised as much as 

ible. The Buckley opener cylinder is shown in 
Fig. 2, page 634, and it will be noticed that it com- 
prises a series of fingers. These carry the cotton 
round, knocking it against the projections shown at 
H, Fig. 3, and against the grids K. The action, 
however, is much more gentle than that of the 
scutcher. The cotton is induced to traverse the 
duct L by means of an air current, and as it passes 
over grids, which can be seen, a further cleaning 
action is secured. The point to be observed in the 
combination of machines shown is that the cotton 
undergoes a very — opening and cleaning 
action by comparatively gentle means before it 
reaches the bladed beater cf the scutcher, in con- 
sequence of which the latter can be run at a lower 
rate of speed than is customary. 

Figs. 4 to 7, page 635, show the old section of 
grid, and the new, as adopted by Messrs. Howard 
and Bullough, Limited, Accrington. In the latter 
the bars are smaller in cross-section than those 
ordinarily employed, and a ter number can be 
used than hitherto. The effect is to give a greater 
number of im 
fact that the 


edges, which, coupled with the 
are flexible, increases the clean- 


ing effect considerably. These bars have been de- 
signed to meet the competition of the Schacllibaum 
grid, an American invention, in which the grids 
are sharpened to produce a stripping effect on the 
cotton thrown on to them. 

In Fig. 8, page 635, a new addition to scutchers 
is shown. It is a travelling lattice under the grid- 
bars to remove the dirt automatically, this ensuring 
better cleaning and the extraction of considerably 
more dirt. The chain-driving arrangement for this 
lattice is illustrated in Fig. 9. It has been pointed 
out that the tendency nowadays is to treat the 
cotton more gently, and recently new machines 
have been tried which follow thistheory. At least 
one has very clearly demonstrated its usefulness 
and value. This is the ‘‘ Onyx ” machine, a sec- 
tional view of which is shown at Fig. 10. The un- 
doubted cleaning properties of this machine, 
coupled with its gentle action and treatment of 
the cotton, will impress themselves upon spinners. 
Essentially the machine comprises an enclosed 
chamber, within which is a perforated cylindrical 
drum f. Passing through this drum or cage and 
mounted eccentrically to the axis of the cage is a 
shaft b, on which a series of fingers u, v (Fig. 11) 
are mounted helically. The outline and extent of 
these fingers is indicated by a, Fig. 10. Below the 
drum and rotating in contact with it is a brush o, 
and below this brush are worms p and 7, which are 
used to convey away the dust and dirt cleaned out 
of the cotton. The cotton is blown into the interior 
of the drum through the pipe m. and when within 
it is vibrated in the air by the fingers u, v, which 
are rapidly revolving. The dirt, &c., is beaten 
out and falls through the meshes of the perforated 
cage. The cotton is induced out of the cage by an 
air current and passes through », but this air 
current is not powerful enough to induce the cotton 
until the latter is fully opened and cleaned. This 
machine is a distinct advance on existing types of 
opening and cleaning machines, and under test 
has been proved to fulfil all expectations. With- 
out going into matters which are purely textile, 
it may be said that a very considerable saving of 
useful raw material is effected owing entirely to the 
gentle treatment. 

Another machine which might be tried on cotton 
—hitherto it has only been used to deal with kapok 
and cotton-waste—is that illustrated at Fig. 12. 
It comprises, in so far as this article is concerned, 
double helical beater-fingers 5 to 7, mounted on 
shafts parallel to one another, the fingers of one 


shaft alternating with the fi of the other. The 
material is rapidly trav through the machine 
by this arrangement, and in its e is combed 


through tho teeth of the combs 23 and drawn over 
the grid-bars 8, which can be adjusted to suit the 
class of material under treatment. 





A most interesting machine, which, it is understood, | 
has also been tried successfully,is Prestwich’s opener | 





shown in Fig. 13. In this machine no heating what- 





Fic. 13. Prestwicn’s Opener. 


ever is employed. In combination with such a ma- 
chine as the ‘‘ Onyx” this pneumatic cleaner might 
prove of value. The cotton passes between the 
rollers c, d, and is delivered beneath an air-pipe e 
having a nozzle as shown. Air under pressure is 
blown from the nozzle, and blows the material down 
on to a deflecting plate b, from which it passes to 
an exhaust-cage i, and then to the rollers j. From 
these rollers the material passes under a roller |, 
beneath which is a suction-pipe k with a nozzle m. 
Here the material is subjected to a sucking action, 
and the dust left in it is drawn out. There can be 
no doubt that in the future we shall see a much 
greater use of currents of air for cleaning and open- 
ing cotton. 





THE INSTITUTION OF 
ENGINEERS. 


AN ordinary general meeting of this Institution 
was held on Friday last, the 17th inst., at the 
Institution of Civil Engineers, Great George-street, 
Westminster, the President, Professor W. C. 
Unwin, F.R.S., occupying the chair. 

The minutes of the previous meeting having been 
read, it was announced that fifty-nine candidates 
had been found to have been duly elected on the 
opening of the ballot-lists, while five transferences 
had been made from the class of associate-member 
to that of full member. 

The President then stated that as the paper 
about to be read had reference to the supply of 
munitions, he must direct the attention of the 
meeting to a resolution of the Ministry of Muni- 
tions, which in effect was an appeal to those re- 
sponsible not to make public the position of works 
(other than those already well known as munition 
factories) now engaged in the manufacture of guns, 
munitions, explosives, &c. ; and not to make any 
statement calculated to show, directly or indirectly, 
the scope of the Government work in this respect. 


MECHANICAL 


ENGINEERING COLLEGES AND THE Wak. 


The paper set down for reading and discussion 
was one entitled ‘‘ Engineering Colleges and the 
War,” by R. Mullineux Walmsley, D.Sc., F.R.S.E., 
Principal of the Northampton Polytechnic Insti- 
tute, London, and Mr. C. E. Larard, Member, 
head of the Civil and Mechanical Engineering 
Department of the Northampton Polytechnic Insti- 
tute. This paper, which we print in full in another 

of this issue, was read in abstract by Dr. 
almsley. 

Professor Unwin, in opening the discussion, re- 
marked that it was a revelation to him to find that a 
great deal of the work which engineers were accus- 
tomed to consider as skilled work had been under- 
taken by unskilled persons, and even by women. 
It was really astonishing to see a line of lathes 
worked entirely by women in tidy khaki overalls 
and mob-caps, dealing with 3}-in. and 44-in. shells 
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with very slight male assistance. He had pleasure 
in proposing a hearty vote of thanks to the authors 
of the paper. This vote was carried by acclamation, 
and was acknowledged by Dr. Walmsley. 

The first speaker in the discussion gave some 
interesting information as to the results which were 
being obtained with unskilled labour. He had 
brought with him one or twosamples of work, which 
he exhibited. The first was made entirely by un- 
skilled labour, and the men who made it were 
entirely unskilled engineers who last July had 
known nothing about the work. The speaker then 
submitted another sample—a part of munitions— 
which had been made, and in which there were, 
he believed, eleven operations. It showed very 
highly skilled work and very accurate gauging. 
This article was also being made at the present 
time in a factory—in fact, in several factories—by 


boys whe had not received a training of more than | had 


four weeks. At the end of the first week’s training 
they were put on piecework and rated at 9s. a 
week, and at the end of three weeks the lads were 
earning 26s. per week at making that particular 
article. With regard to training, so far as munition 
—i.e., shell—work was concerned, his experience had 
proved conclusively that training could be done in 
the large engineering shops, with modern tools, in 
a period ranging from a fortnight to a month. A 
knowledge ot the making of the whole shell could be 
gained by unskilled labour in the course of a month. 
He would offer no opinion as to whether it was 
possible for those technical institutes which had 
not modern tools or capstan lathes to take up that 
class of work. The speaker had been connected 
with certain institutions for eighteen years, and 
held twenty-three certificates, so that he knew 
something about the matter. One concern had 
trained over 1000 men in munition work this 
year. These men were picked up from the street. 
Physically fit men were selected, and they were 
trained up to the work until they were efficient. 
Many earned 31. and more a week on piece-work. 
At the present time about 100 had been trained in 
the London County Council schools ; but, unfor- 
tunately, they had to be specially trained for the 
modern machines, as in the schools there were 
only one or two machines that were modern in the 
same sense as, say, Ward’s capstan lathes. In the 
course of a short time shell-making would be done 
entirely by unskilled labour, and very largely, up 
to a certain weight of shell, by women, 

Dr. Garnett, who spoke next, was glad to have 
had an opportunity of listening to the paper, 
because it would be difficult to find two authors 
more competent to deal with the manufacturing 
and teaching sides of the munitions problem, as 
presented in educational institutions. After sum- 
marising the past and present situation in respect 
to tools and training, the speaker stated that there 
were two respects in which our mechanical training 
must be developed : the first was the use of pre- 
cision tools, and the second was tool-making and 
tool-setting. He did not think much could be done 
with the automatic tool, properly so-called, in the 
schools ; it was too productive and too highly 
specialised. But the capstan lathe might quite 
properly be introduced for the purpose of teaching 
tool-setting. Automatic tools were frequently so 
unique that it was necessary to learn separately 
tool-setting for the tools of each maker. Normal 
training, as the educationalist called it, would not 
suffice, because there was not enough transfer from 
one tool to the other. When a capstan lathe was 
employed for training in tool-setting, and, inci- 
dentally, in tool-making, it was practically outside 
the productive field, for as soon as the tools were 
ground and set so as to produce a perfect piece 
of work, the time had come for taking them out 
and starting afresh with a new set of tools or a new 
pupil. There could be no doubt that, in normal 
umes, tools of this description should find a place 
in all engineering schools of the first rank ; but 
the question might well be raised whether, at the 
present time, it was justifiable to transfer tools 
of such capacity from production to education. 
The answer to these questions depended on whether 
makers were wanting tools or tools were wanting 
workers. Some time ago he had paid a visit to a 
private works engaged on munitions, where the 
management was so keen on securing half-skilled 
workers with some experience of the semi-auto- 
matic tool that he was offered the free loan 
of 4 new capstan lathe if it could be employed 
for that work, and he had since seen larger 
and more specialised tools similarly lent to a 





school by more than one munitions company. 
When the war was over it would be necessary to 
aim at securing in the schools a higher degree of 
accuracy than that which had been hitherto attained. 
At present it was rare to see a universal grinder— 
while universal milling-machines were not plentiful 
—in the engineering schools, and where precision 
tools were to be found they were wholly out- 
numbered by the ordinary lathes and shaping- 
machines of thirty years ago. 

The extent to which teaching could be combined 
with production in the engineering schools had not 
been definitely determined. The distribution had 
settled this, for better or worse, more or less per- 
manently in London, and the institutions possess- 
ing well-equipped shops, with, say, a couple of 
dozen machine-tools, had been used almost exclu- 
sively for production, and in some cases extra tools 
been transferred from smaller institutions to 
these workshops, where there had been room. On 
the other hand, the lathes, drills, and vices belong- 
ing to the manual-training centres of the ele- 
mentary school system, which formed units too 
small for economic supervision, had been concen- 
trated for the most part in two institutions which 
had been used almost exclusively for teaching pur- 

ses. In one of the institutions countershafts had 

m erected for all the treadle-lathes brought from 
the centre ; in the other a fast-and-loose pulley had 
been placed on the crank-shaft at the end remote 
from the flywheel, avoiding the necessity for sepa- 
rate counter-shafts, with the inconvenience only of 
introducing more moment of inertia into the 
system than might, 4 priori, be thought desirable. 
The authors had asked about the results of this 
teaching work. The speaker was not at liberty to 
state precisely where and in what work the students 
had found employment. The great majority, on 
joining the classes, had had no experience of engi- 
neering work. The course extended over six weeks, 
and included 144 hours of actual work. The jobs 
were a series of ed exercises of the type well 
known to manual instructors, but towards the end 
of the course the better students might be en- 
trusted with the carrying out of some useful work, 
such as the turning of test-pieces to gauge. Of 518 
workers who had completed the course of instruc- 
tion in one school, 357 had been placed in Govern- 
ment or in private munition works. Many were 
employed on turret and capstan lathes, many more 
on plain turning, and one at least had gone’as a 
gauge-maker for cylindrical gauges. 

It would be noted that, in the school to which 
he had referred, the course of instruction extended 
to 144 hours. In those provincial institutions in 
which the course had been reduced to 10 hours no 
pretence had been made at a course of training. 
When the speaker was asked some months ago 
what course he would recommend for these workers, 
he said that he should throw over all the prin- 
siples he had advocated before the war, as the 
business now must be production, and not educa- 
tion. 

The authors had referred to the difficulty of 
suitably hardening gauges in the workshops of 
technical institutions. The speaker had taken up 
this subject some months ago, and had recom- 
mended that all gauges made in the polytechnics 
and technical institutions in London should be 
hardened in, say, two institutions, where electric 
muffies should be maintained at a temperature of 
750 deg. Cent., or a little higher, and reduced to 
that temperature when the gauges had been suffi- 
ciently heated ; and all the hardening should be 
carried out by workers devoting themselves exclu- 
sively to it when required. He had found, how- 
ever, that when he suggested this he was met with 
the reply that a gas blow-pipe, a cherry-red heat, and 
a practical operator were all that could be required. 
In conclusion, the speaker desired to express his 
hearthy thanks to Dr. Walmsley and Mr. Larard 
for bringing the subject before the Institution in 
so able a paper. 

Mr. H. G. Taylor, of King’s College, thought it 
would be recognised that the paper afforded 
considerable room for discussion, and it was 
impossible to escape, in such a paper, from the 
educational aspect of engineering. He felt, how- 
ever, that the discussion should turn on the best 
method of teaching students, either at regular 
colleges or institutions, to become useful in as short 
as of time as possible. Since the beginning 
of July the speaker had been in charge of a class 


for training munition workers, and gs that | carry 


time he had come in contact with many c > 














comprising every imaginable profession or calling, 
and in a great many cases these people had turned 
out successful ; at least 90 per cent. had been satis- 
factorily established in munition factories. He 
had reason to be proud of one feature. At the 
outset of the training scheme, he had been 
approached as to the advisability of training 
tool-setters, the inquirers having to run automatic 
machines without having anyone to set up the 
tools. He reviewec the machines in his work- 
par ay and he found v. 2m all old, although per- 
fectly efficient. The men were accordingly put 
through the recognised course, with an average 
of seven men per instructor. The instructors 
were not merely teachers, but skilled men, who 
had done the work themselves. Every man had 
to do his share of hardening and tempering, drill- 
ing and tapping; of the machine - planing, 
slotting, milling, and drilling, and then the usual 
screw-cutting on the lathe, such as V threads, 
left-hand threads, inside threads, &c.—all in a 
period of four weeks. The men were then sent to 
the works, and proved satisfactory ; quite one-fifth 
of the King’s College men had been sent to these 
particular works. A recent visit to the works in 
question had shown him that some of the men sent 
from the college shops had advanced far enough to 
teach tool-setting to incoming men. The manager 
had also intimated to the speaker that, if pos- 
sible, any machine of which the speaker approved 
should be supplied to the college. The manager, 
however, also exp the opinion that the 
college could not; do better than continue their 
present procedure, and teach the men the A BC 
of the work, and with this opinion Mr. Taylor 
agreed, eventually deciding not to have any 
automatic machines at the university. He 
thought some confusion existed in the applica- 
tion of the term ‘highly skilled ;” a man who 
could set up a ‘‘ Lincoln,” or the like, was not 
highly skilled, but highly specialised. He had been 
told by the manager of the works referred to that 
he had taken turners and fitters from other de- 
partments in the hope of training them as tool- 
setters, but the experiment failed, as the men had 
become too fixed in their grooves. The men 
wanted at this particular juncture were the 
highly specialised and not the highly skilled men. 
It might be of interest if he gave some particulars 
of the course at his college. In every case the 
man carried out the work of making a flat gauge 
true to yop in. Every man was shown how w 
read a micrometer, was taught gauging, and given 
some idea of a limit-gauge. By the aid of the 
blackboard the speaker proceeded to indicate the 
practical work performed by the students. A 
iece of cast steel, roughly 2 in. long, had to 
filed to 2.001 in. in one case, and to 
1.199 in. in another, while with a lump of cast 
iron of H section they were taught to drill and 
tap holes through the web, to make slots (on 
the machine), to shape one eud, to plane the edges, 
and to mill the top. The piece of iron cost 6d., 
and was about 10 in. long, 14 in. wide, and 3 in. 
high. \V-threads were made, ten to the inch on 
? in., and twelve to the inch on }in. In another 
piece of metal the students cut left-hand square 
threads five to the inch at one end, and at the 
other end a square thread five to the inch. There 
were other operations, including boring, so that by 
the time the. work was done the students had a 
good practical knowledge of all the tools available 


at the shop, and the men were ready to be sent to 
works. ese men had been found to be a marked 
success. 


A member who withheld his name said that he 
would confine his remarks to the training of men 
for the output of shells. The criticism which had 
reached him from many of the factories where 
trade students had been sent was to the effect that 
the general knowledge which such students had 
acquired in six weeks was of necessity somewhat 
superficial, and did not enable them to start 
off with that uaintance with the work to be 
done which would have assisted the management in 
getting a quicker and better output from those pe 
ticular men. It remained therefore to see how 
best to train for the work, because engineers would 
agree that a general training in six weeks was 
entirely out of the question ; the men could only 
do the simplest operations. If the technical 
institutions trained the men to a single operation, 
corresponding to that which they would have to 
out in the factory, the purpose of the 
Ministry of Munitions in issuing the circular 
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referred to in the paper would be achieved. If, 
however, this course were not taken, the purpose 
would not be carried out, because the men 
who had received training in all the various 
things discussed that evening would really be of 
little more use to the factories than men taken out 
of the labour market without any previous ex- 
perience. It had also been brought to the speaker’s 
attention that students, on entering the factories, 
believed that they had acquired a considerable 
degree of skill; a dangerous illusion, which made 
them more difficult to teach than the men who 
openlyadmitted that they knew nothing, and started 
without any prejudices; these latter had no bad habits 
to unlearn, an advantage in view of the fact that each 
foreman had his own particular methods. He 
therefore strongly urged that if the output of shells 
was to be the chief consideration, training should, 
as far as possible, be confined to one operation. 
He disagreed with the previous speaker on the 
subject of capstan-lathes, considering that these 
should be introduced as largely as possible, and 
thinking that all idea of training as an engineering 
course should, for the time, be abandoned. Thou- 
sands of workers were required for the factories, 
and the supply was insufficient. If, therefore, 
the training referred to was going to fit men to 
go into the factories and turn out good work, 
with the minimum of scrap—work which would 
be passed by the authorities at Woolwich—such 
training would be really successful. Turning to 
the matter of employment, he had not, in the 
course of his investigations, met with any subject 
on which the difference of opinion was so wide as 
on the capabilities of the students ; they and their 
results were described as wonderful on the one 
hand, and as total failures on the other. In 
this regard, he thought all depended on the 
managers, and on their ability to apply to the 
best purpose a particular training to the men they 
had. It would, of course, be a great advantage 
to have a closer correspondence between the 
managers of the different factories and the tech- 
nical cvulleges from which they were to draw their 
men. He would like, in this connection, to give 
a great deal of credit to the manager of a certain 
Labour Exchange who had made it his business to 
call on the managers of factories and find out their 
requirements. is course obviated loafing, or 
waiting to get a place, the men being drafted 
from the training centres with the least possible 
trouble. 

Mr. G. J. Wells, of East London College, spoke 
next. He referred to the question of the conflict 
between the professors and the shops. It had been 
observed in the paper that ‘‘ many practical engi- 
neers and some engineering professors have in the 
past looked with disfavour, almost with contempt, 
on the college workshop.” He thought that 
question should have been dealt with by the 
committees. If an institution required that the 
head of its department should be a D.Sc., it 
was unreasonable to suppose that such a degree 
was obtainable through the medium of workshop 
training. Had the authorities recognised in 
the first instance that engineering should be 
taught by engineers, the trouble would have been 
avoided. The authors had remarked in the paper 
that the education authorities should take charge 
of the pro centralisation, but the speaker 
considered that this was properly the business of 
qualified engineers. In the case of the East 
zondon College, early in the session the question 
was raised as to what should be done. Two courses 
were open—either to train munition workers, as 
they were now doing, or to send their skilled 
workers to places where their skilled labour could 
be suitably utilised. The Government decided, 
at the time, upon the latter course, and the 
college lost its skilled workers. The next step 
was to take up testing, and the college had 
been very busy in this direction, the tests made 
being physical, chemical, and electrical. The 
college then realised that what was wanted 
was to eupply workers for the shops, to get into 
touch wit e local munition committee, and to 
discover the exact kind and quality of work going 
on about them. In this they had been successful, 
and scarcely a day passed without an inquiry 
being made for men of this or that particular 
capacity, such as turners, &c. This was very 
satisfactory, but was only achieved by throw- 
ing over the educational machine. The latest 
development was in the direction of shell-turning, 
the materials for which consisted of the ends of 





steel bars that had been actually used in the shops. 
The speaker described the various operations by 
which the men were trained in the turning of a 
4}-in. shell, such as grooving, preparing the base, 
nosing, and soforth. The college had been able to 
place the men thus trained, and it had been a great 
surprise to the speaker to find that the different 
jobs could be carried out with sufficient accuracy 
after a few hours’ instruction and experience. 
Further, in the matters of gauging and taking off 
chips a surprising degree of accuracy was achieved 
by many of the men in a very short time. It would 
interest him to know in this relation the proportion 
of wasters found in other centres. 

Mr. C. E. Larard then replied briefly to the dis- 
cussion, on behalf of himself and Dr. Walmsley, 
stating that he would deal with points he omitted 
by written communication. He thought that the 
chief object of the paper—namely, to evoke dis- 
cussion on matters now of vital importance to the 
country—had been accomplished, and little more 
could done by additional remarks. Professor 
Unwin’s reference to the utilisation of unskilled 
and partly-skilled labour struck the speaker as 
peel sos apt, particularly in relation to women 
workers; and to old engineers who had gone 
through their apprenticeship and picked up skill 
and knowledge in the ordinary way, the employ- 
ment and aptitude of unskilled workers and women 
must certainly have been a revelation. 

The remarks made by the first speaker, by Dr. 
Garnett, and another speaker were ar 
valuable, and worthy of special emphasis. He 
fully agreed with the opinion that, at the present 
time, general training was out of the question ; 
the unskilled worker should be trained to one 
simple operation. Of course, in the technical 
schools there were students who were, and would 
be, able to do more than one thing. With —— 
to the course of simple instruction outlined by Mr. 
Taylor, he doubted whether that system would be 
of any value to workers in the munition factories ; 
it would be impracticable for a man, on short train- 
ing, to apply that sort of exercise work to the 
making of munitions of any practical importance. 
If a man could produce the work outlined to 
an accuracy of, say, y;45) in. or 74, in., it might 
be useful, but this could not be done, as it called 
for the employment of very special men, who had 
received the necessary instruction. The first speaker 
had directed attention to some articles which were 
manufactured by labour initially unskilled, but 
skilled in the particular operation in a very short 
time. It was, however, common knowledge to 
the ergineer that boys who were taken fresh 
from school and put on to capstan lathes, had 
been able, in a fortnight, to earn 15s. a week on 
piece-work ; they would probably be rated at 4s. 
to 5s. a week, but would soon be able to earn 
15s. a week. On the subject of combined 
teaching and manufacture, he had understood 
Dr. Garnett to say that this could be done effec- 
tively, but he (the speaker) did not agree. His 
experience, in the case of combined munition work 
and instruction, was that the instruction had to go. 
If a shop was organised for munition work for 
a great part of the day, and unskilled men were 
then brought in to the same tools, a great deal of 
up-setting work had subsequently to be done ; 
lathe-centres were damaged, and hours were 
spent the next day in putting the tools right. 
[f the tools could be kept separate, some for 
munition work and others for training munition 
workers, the scheme might be satisfactory. 
|Dr. Garnett here explained that he had not 
suggested that the combination could be ‘“‘ effec- 
tively ” carried out.] Continuing, Mr. Larard 
fully agreed with the opinion that the widely differ- 
ing views as to the ability of engineering students 
were mainly attributable to inequalities in the 
application and utilisation of such ability. In his 
own experience, engineering students with no pre- 
vious training had, in two or three months, been 
able to finish gauges to a particular jin. ; but, 


as pointed out by Dr. Walmsley, such students 
were few and far between ; they were the select 
students. He thought Mr. Wells had misunder- 
stood the remark in the paper about centralisation. 
The authors did not exactly recommend that cen- 
tralisation should be carried out in engineering work 
conducted by educational authorities ; the educa- 
tional authorities having power to use tools, the work 
should be carried out by the trained engineers who 


"Were available at the numerous technical centres. 





Mr. Wells had referred also to gauge-making, and 
inquired what proportion of ‘‘ wasters” were likely 
to be obtained at the technical centres. The 
speaker would say that at the Northampton Poly- 
technic Institute hundreds of gauges had been 
turned out true to —* in., and had been worked to 


10,000 

ticular ten-thousandths. The first rejections 
id not amount to 5 per cent.; after improvement 
the final rejections were not so much as 1 per 
cent. He had been informed that, in the 
middle of this summer, a very large proportion of 
gauges, even from engineering firms, had been 
rejected ; the proportion was, in fact, quite start- 
ling. The Northampton Polytechnic Institute had 
not, however, had that experience, and the estab- 
lishment ranked, he believed, as one of the first in 
London for gauge-making. 
The President then brought the proceedings to a 
close with the announcement that the next meeting 
would take place on Friday, January 21, when a 
paper entitled ‘‘ The Flow of Air through Nozzles” 
would be read by Captain Thomas B. Morley, 

associate member. 





INDUSTRIAL NOTES. 

MEN who have been attested for Army Reserve B 
will be called up for service in their age groups, 
except in the case of men :— 

(a) Whose National Register pink forms have (by 
reason of the occupation in which the men are engaged) 
been starred. 

(b) Who are authorised to wear a badge issued by 
the Government denoting that they are engaged 
upon esential work for the Government. 

(c) Who are actually engaged in a reserved occupa- 
tion, lists of which have been published in the Press 
and are also in the possession of local tribunals and 
recruiting officers. 

Against the name of any man coming within (a), ()), 
or (c) @ mark should be placed on the Army Register, 
indicating that so long as the man continues to come 
within any of those categories he is not to be called up 
for actual military service unless it has been decided, 
after due inquiry by the competent authority, that it 
is no longer necessary in the national interest to retain 
him in his civil employment. —- to the pressure 
in recruiting offices during the past few weeks, Lord 
Derby, Director-General of Recruiting, thinks it 
is not unlikely that in some cases the necessary mark 
may have been omitted. He is desirous of avoiding 
mistakes in respect of men who are within the above 
categories. If any man within the above categories 
receives a notice calling him up for service (Army 
Form W. 3195) he should at once see his employer, 
who should forward the notice forthwith to the 
recruiting officer who has issued it, together with a 
certificate signed by the employer, stating the precise 
occupation in which the man is actually engaged, and 
the name, address, and business of the firm by which 
he is employed. 

On receipt of these particulars, the recruiting officer 
will provisionally cancel the notice calling up the 
man, and if, on investigation, it was found that the 
statements made by the employer are correct, a mark 
will be placed in the Army Register against the name 
of the man. If the recruiting officer has reason to 
doubt whether the man is entitled to have a mark 
placed against his name in the Army Register, he will 
take steps to have the matter investigated by the 
Home Office, the Ministry of Munitions, or the local 
tribunal, as the case may require. 

The strictest accuracy must be observed in state- 
ments by an employer as to the occupation in which 
the man is actually engaged. Cases of misrepresenta- 
tion will be reported to the War Office. 


According to the Board of Trade Labour Gazette, 
the retail prices of food in the United Kingdom rose 
less than 2 per cent. during the month of December. 
Flour, bread, milk, potatoes, and cheese showed 
advances of from 2 to 3 per cent. The price of eggs 
continued to rise, partly owing to seasonal causes. 
With these exceptions, prices remained practically 
the same as 8 month ago. As compared with Decem- 
ber 1, 1914, there was an average increase of 24 per 
cent. Beef and tea were dearer at the latter date by 
about 30 percent. Mutton, flour, bread, butter, and 
eggs have advanced since a year ago to the extent of 
nad 25 per cent. Milk, cheese, and bacon showed 
increases of about 20 per cent.; sugar and potatoes, 
15 per cent. Fish was dearer to the extent of 50 per 
cent. The price of margarine showed an increase of 
3 per cent. only as compared with a year ago. 

‘aking the country as a whole, and making allow- 
ance for the relative importance of the various articles 
in working-class household expenditure, the average 
increase in the retail prices of food since the beginning 
of the war may be put at 44 per cent. This figure 
relates to food only, and in estimating the inc 
cost of living, this increase must not be applied to the 
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total family expenditure, but only to that proportion 
which is expended on food. 





According to the returns published in the official 
journal Statistische Korrespondenz, retail food prices 
in Berlin showed an increase in October as compared 
with the preceding month in twelve out of nineteen 
articles considered. The rises amounted to 29.1 per 
cent. for butter, 24.3 per cent. for lard, 23.5 per cent. 
for eggs, and 10.5 per cent. for bacon, while smaller 
increases were recorded in other cases, varying from 
0.5 per cent. for pork to 7.9 per cent. for haricot 
beans. On the other hand, sugar and mutton became 
slightly cheaper in October, and bread, flour, and 
potatoes showed no change. Taking all articles 
together, and making allowance for their relative 
importance in working-class consumption, the net 
result arrived at is that food prices in general were 
8.3 per cent. higher in October than in September. 
On the whole, the general level of food prices in 
October was 93.2 per cent. higher than in July, 1914. 

Certain figures compiled by the Berlin Municipal 
Statistical Bureau, published in Vorwiirts of Nov- 
ember 24, showing the average prices of a somewhat 
different series of articles of food in November, 1914, 
and November, 1915, indicate that the average 
increase works out to about 61 per cent. between the 
two periods, or, in other words, if an equal quantity 
of each commodity (say, 1 lb.) were purchased in 
November of each year, the total cost in 1915 would 
be 61 per cent. greater than in 1914. 





In Italy, and compared with corresponding figures 
for July, 1914, the prices for September show, on the 
whole, on advance of 26 per cent. 





The Commercial-Motor Users’ Association has now 
completed its arrangements for the establishment of 
a Special Employment Bureau to place discharged 
Army motor-drivers in immediate touch with firms 
who are in need of drivers for their commercial-motor 
vehicles. The Association has, with the co-operation 
of the War Office and the National Association for 
Employment of Ex-Soldiers, arranged for each driver 
on discharge to be handed pontine of the Bureau, 
and his name is at once put on the register for employ- 
ment. In addition, the National Association for 
Employment of Ex-Soldiers is trausferring the names 
of all motor-drivers on its register to the Commercial- 
Motor Users’ Association Employment Bureau, which 
is, in effect, a central employment bureau for dis- 
charged army motor-drivers. Particulars and appli- 
cation forms may be obtained from Mr. F. G. Bristow, 
F.C.1.S., Secretary, the Commercial-Motor Users’ 
Association, 83, Pall Mall, London, 8. W. 





Mr. C, Marks, of Sydney, recently waited upon the 
Commonwealth Minister for Customs (Mr. Tudor) with 
regard to the imposition of a duty to assist the wire 
industry in Australia. He stated that the Broken 
Hill Proprietary Company proposed to make rods at 
their Newcastle works for the purpose of wire-draw- 
ing, and he urged upon the Minister the necessity of 
protecting the vivodunwing industry in the Common- 
wealth. He pointed out that of the wire which was 
used annually in the manufacture of barbed wire, 
over 50 per cent. had come from Germany before the 
war. Now that the Broken Hill Company intended 
to make the rods, he contended that a wire-drawin 
plant should ba established as well, if protection ps 
be obtained to ensure its success. The importations 
since 1912 amounted to 77,000 tons, and in 1913 to 
65,000 tons, and in both years more than half came 
fromGermany. Mr. Marks stated that if the Govern- 
ment could impose a duty, it should be at a specific 
rate of co much per ton. The Minister informed Mr. 
Marks that the natural corollary of such an action 
would be a specific duty on barbed wire itself. He 
assured him, however, that any bond fide attempt to 
establish an industry in Australia would be given 
protection, and added that he would be only too glad 
if this industry could be added to the list of those 
carried on in the Commonwealth. 





_Under the heading of ‘‘ Where Co-operation Shows 
Up Badly,” says the Textile Mercury, there appears 
the following paragraph in the Co operative Employee, 
& monthly journal of the Amalgamated Union of Co- 
operative Employees :— 

‘* Record is made in the Press of the fact that the 


has ine 
obtaining high 
been earning 20s. per week, and several under sixteen 
years receive 163. 9d. per week. This condition of 
thin 8 is, of course, exceptional, just as, on the other 
hand, is the 4s. and 5s. per week said to have been 
paid by the Sunderland Co-operative Society to youths 
of fifteen years.” 
An interesting point to notice in regard to the above 
paragraph is that co-operative societies and co- 
operative factories and workshops are controlled by 
committees of working men, who are mostly trade 


number of a entering cotton-mills as ‘ little piecers’ | Go 


This is due to the opportunities for 


wages. One boy, age fourteen, has | W. 


unionists. The Amalgamated Union of Co-operative 
Employees is a trade union of co-operative employees, 
consisting of about 50,000 workers, who, to maintain 
what they consider right and justice, have to fight 
employer committees consisting of members of trade 
unions, just as the piecers in the cotton trade have 
to contend for fair play and justice against the 
operative spinners who are their employers and pay- 
masters. While the operative weavers of North-East 
Lancashire were harassing millowners for a 5.per cent. 
war bonus (which has since been granted), operative 
weavers who formed the committees of co-operative 
societies in North-East Lancashire refused to grant 
their co-operative employees an increase of wages. 
The applications of the operative weavers and of the 
co-operative workers to their employers were based on 
the same groundse—that of the increased cost of living. 
The operative weavers have got their increase ; the 
co-operative employees have not so far received any 
concession. The matter is in the hands of the Board 
of Trade for arbitration. There has been a similarly 
curious situation in Oldham. The Amalgamated 
Union of Co-operative Employees there insisted that 
women who were employed to fill the positions of 
men who had enlisted should be paid the same w 

as the men. The committee of the co-operative 
society refused the application. A strike was 
threatened. No doubt the co-operative committee 
of em loyers consisted mainly of cotton-workers, who 
had obtained a war bonus from their own cotton-mill 
employers, and also the assurance that women re- 
placing men in spinning-rooms would be paid men’s 
rates of wages. Yet the committee of this co-opera- 
tive society, and a general meeting of members (con- 
sisting almost wholly of cotton-trade workers), refused 
to grant the same concession to thsir own employees 
as the mill-owners had granted to them. This incon- 
sistent attitude was maintained till the notices to 
strike had terminated. These comparisons are matters 
of interest to people who make a study of democracy, 
and of social a | economic questions. 





The Minister of Munitions having accepted invita- 
tions, conveyed through the National Advisory Com- 
mittee, to visit Glasgow and Newcastle for the purpose 
of holding conferences with the local e-union 
officials in trades engaged in the manufacture of 
munitions of war, the visit to Newcastle took place on 
Wednesday, and the one to Glasgow on Thursday. 
The chairman of the National Advisory Committee, 
Mr. Arthur Henderson, M.P., presided at both con- 
ferences. These were private, and Mr. Lloyd George’s 
speeches were said to be largely directed to the 
imperative need of some measure of dilution of skilled 
labour at once being put into operation as the only 
means whereby the output of munitions could be 
increased, so as to satisfy the growing requirements 
of Britain and her Allies in the war. The Minister of 
Munitions was accompanied by Lord Murray of 
Elibank and other officials of the Ministry, and he 
took the opportunity for visiting some of the controlled 
establishments in the Clyde and Tyne districts. We 
hope to be able to give a few data on the proceedings 
in our next issue. 





Tue German OCasie Karret.—The German Cable 
Kartel has again decided upon a temporary prolongation 
—this time to April 1, 1916. It has nm decided not to 
bring about any definite renewal until after the war, as 
the allotment question might give some trouble so far as 
new firms are concerned. 





Tue Socizty or Enornggers (INcoRPORATED).—The 
sixth annual ral meeting of the Society of Engineers 
(Incorporated) was held at the offices the Society, 
17, Victoria-street, Westminster, London, 8.W., on 
Monday, the 13th inst. The awards of premiums made 
in respect of papers published in the Journal of the 
Society during 1915 were announced as follow :—The 
President’s Gold Medal to Mr. Arthur H. Barker, B.Sc., 
for his paper entitled ‘‘Some Future Developments in 
Heating and Ventilation.” The Bessemer Premium, 
value 5/. 5s., to Mr. Alphonse Steiger, M. Inst. C.E., for 
his paper on “ The Modern Development of Water- 
Power.” A Society’s Premium, value 3/. 3s., to Mr. 
Sydney G. Turner, barrister-at-law, A.M. Inst. O.E., for 
his — entitled ‘‘ Law and Engineering : Some Points 
of tact.” A Society’s Premium, value 2/. 2s., to Mr. 
Frank Grove, for his paper on ‘‘ Main Roads, Past and 
Present.” The report of the Council was read and 
adopted. The scrutineers of the Postal Ballot reported 
that the following had been elected as members of 

uncil and officers for 1916 :—President: Mr. 
Griffith ; Vice-Presidents : Mr. Henry C. Adams, Mr. 

. B. Esson, and Mr. W. Noble Twelvetrees ; Members 
of Council: Mr. Henry Adams, Mr. C. T. Walrond, 
Mr. F. L. Ball, Mr. Burnard Geen, the Right Hon. Lord 
at Mr. F. H. Hummel, Mr. T. J. Gueritte, Mr. 
B. H. M. Mr. G. A. . G. O. 
Case; Associate Member of Council: Mr. C. E. May; 
Hon. Secretary and Hon. Treasurer: Mr. D. B. Butler. 
Messrs. Begbie, Robinson and Cox, chartered accountants, 
were reappointed as auditors for the year 1916. Votes 


of thanks to the Council and officers for 1915, and to the 
scrutineere of the ballot lists for the election of the new 





Coundil, were passed unanimously. 








YEAR-BOOKS AND ANNUALS. 


The Post-Ofice London Directory.—The volume for 
1916 of this directory, the 117th annual edition, has 
pow been issued; the publishers may well receive the 
congratulations which they feel are due to them at 
the fact that even in this, the second year of the t 
war, regularity in the issue has not been broken, 
except to the extent of a delay of some twenty-four 
hours. They have had to meet serious difficulties in 
the canvass of the book, in the clerical work con- 
nected with it, and also by reason of the depletion of 
their printing-offices due to enlisting. The book is so 
well known—it has, in fact, been for years t an 
indispensable companion in every office—that it needs 
no recommendation and practically no comment. As 
the publishers state, it will be found that the number 
of pages of the present edition shows avery slight de- 
crease com with that of the preceding one, the 
decrease amounting to a fraction of over 1 per cent. An 
examination, made by their agents, of the streets in 
the more distant parts of the Metropolitan area showed 
that no inconsiderable number of small tradesmen had 
given up business during the past year ; in some cases, 
the percentage has proved to be no less than 20 per 
cent., though it is an undvuubted fact that there has been 
no increase whatever in the number of cases of bank- 
ruptcy or liquidation in the last two years. The veri- 
fications in this connection have had for effect greatly to 
increase the work of the publishers. They have intro- 
duced about seventy new trade headings ; thesenotonly 
increase the range of usefulness of the directory, but 
point to the welcome fact that we are actively en- 
geged in the ——— of the German markets. The 

irectory is published by Kelly’s Directories, Limited, 
182 to 184, High Holborn, London, W.C. It can also 
be obtained in Birmingham, Glasgow, Leeds, Liver- 
pool, Manchester, Sheffield, New York and Paris. I's 
price, including the county suburbs, is 40s. 





** Daily Mail” Year-Book.—We have received a 
copy of this year-book for 1916, the sixteenth year of 
issue. It contains, in its 280 pages, a vast amount of 
interesting information on the war, on the various 
organisations made, both in this country and on the 
Continent, for meeting the war contingencies from the 

int of view of supplies, armament, and finance, It 

as also a chapter o biographies of celebrities, and 
gives many data of general interest. It will appeal 
to a very wide circle. The book is issued at the price 
of 6d. net, by Associated Newspapers, Limited. 





Gas- Works Directory and Statistics, 1915-16.—This 
is the title of a book, the thirty-eighth issue, which 
is published at the price of 10s. 6d. net, by Messrs. 
Hazell, Watson and Viney, Limited, 52, Long Acre, 
London, W.C. It covers the gas works of England 
and Wales, Scotland and Ireland, also the colonial 
and a number of foreign plants. It opens with an 
alphabetical index of officials of gas-lighting works, 
the statistical data which follow being ar 
alphabetically, also under the names of the towns. 
The information includes the population, the railway 
company serving the town, the name of the owner of 
the plant, date of installation, capital, &c., quantity 
of —- annual make and sale of gas, and 
so forth. 





NorRTHAMPTON PoLyTEcHNIOC INsTrTUTE.—On the 18th 
inst., the eighteenth meeting of students and members 
was held for the distribution of prizes to the former. In 
the course of his address, the Principal stated that the 
We number of > quins the session had been 

as against in the preceding one, owing to 
enlistments. The number of students presented for the 
examinations in the Faculty of ineering of the Uni- 
versity of London this year was three in the final and 
eleven in the intermediate. The numbers so entered had 
been materially affected, however, especially as regards 
the final examination, by the war. It is, therefore, 
gratifying to note that, of the three students presented, 
two passed with first-class honours and the other with 
second-class honours. In the intermediate examination 
seven students passed, being the same number as in the 
preceding year. 

Tue Roya. Trcunica, Cotiecr, Grascow. — We 
learn from the report of the Royal Technical College, 
Glasgow, that the rooms and laboratories of the college 
have been at the service of the Government, on 
whose behalf much testing work was executed by the 
staff. Every encouragement was, moreover, given to 
enlistment, both of staff and students, and as a con- 

uence the college roll is much below the normal. Past 
and present stadenta have joined the Forces to the number 
of 1819, of which 966 have enlisted as privates. Ninety- 
one out of this roll of honour have already lost their lives. 
One, Private Henry May, of the 1st Scottish Rifles, has 
gained the Victoria Cross; one has been made a Com- 

ion of the Distinguished Service Order ; whilst five 

ve gained the Military Cross and two the Distinguished 

Conduct Medal. At the request of the Minister of 

Munitions, courses of preliminary train in munitions 
making have been established at the college. 
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TIME-ELEMENT AND RELATED MATTERS |y 


IN SOME SHIP CALCULATIONS.* 


By Professor J. J. Weicu, M.Sc., M. Inst. C.E., 
Member of Council. 


In estimating the stability and trim of a veasel after 
specified damage, attention is generally confined to the 
results of calculations for the particular case where the 
total loss of buo resulting from the damage has 
been compensated for by deeper immersion of the veseel ; 
and on these results opinion is based as to whether the 
ship will be safe or not after such damage. But at some 
intermediate time before the calculated final condition is 
reached, it may happen that other conditions supervene, 
which render the conclusions drawn from that calculation 
invalid ; and it becomes necessary, therefore, to study 
intermediate conditions, th h which the vessel passes, 
to ensure that no factors will be introduced which will 
vitiate the final result. 

One or two illustrations of this are given below, and 
some closely - related questions are briefly discussed. 
ae bodies of regular form are taken for the sake of 
simplicity. 

In a box-shaped vessel, 200 ft. long, 30 ft. wide, floating 
at 10 ft. draught, and having its centre of gravity 11.8 fo. 
above the keel, a central transverse compartment, 50 fp. 
long, assumed empty, is opened up to the sea. Will this 
vessel be stable after and free from danger in 
still water, with a row of eide-lights open, the lower edges 
of which are 15 ft. above the keel? metacentric 
height of the undamaged vessel is 0.7 ft.; and treating 
the problem of damage as one of loss of buoyancy, we 


have, when the water-level inside is the same as that 
outside :— — 
Sink — 0 x x 30 _ 3h ft. 
— one af 


Centre of buoyancy above keel = 4 x 13) = 68 ft. 
BM = i * & * 200 x 155 _ ' 
200 x 30 x 10 cian 
.*. M above keel = 12,7, ft. 
.. GM = 12, — 11.8 = 05 ft., say. 


We should sonia therefore, from these calculations, 
that the ship would be stable after damage and safe 
under the conditions assumed with ports open. But it is 
well known that in the early stages of the filling of such 
a compartment there will be a decided fall in the position 
of the virtual metacentre. This follows at once from the 


general formula: B M, = i *, where I is the moment 


of inertia of the water-plane area about its middle line, 
é the moment of inertia of the free-water surface about 
a fore-and-aft line through its centre of figure, and 
V, the volume of ry = 35 W, w W is 
the constant weight of the ship. Now, in the early 
stages of filling, with a comparatively small quantity 
of water in the damaged compartment, there may be 
a considerable area of free-water surface, so that i is 
an appreciable proportion of I, whilst, as the ship has 
only slightly sunk in the water, the value of I remains 
tically unaffected, and the centre of buoyancy is also 

t very slightly raised. The metacentre sh after 
damage, therefore, is distinctly lower than it was before, 
and it is quite possible that at some intermediate stage of 
the filling-up process the metacentric height may become 
negative. 18, indeed, is the case for the s vessel 
now under examination. The following table shows the 
variation of initial stability of the vessel as the compart- 
ment fills, whilst Fig. 1 shows the corres: ing meta- 
centric diagram, observing that since problem is 
treated as one of loss of buoyancy, the displacement 
remains conotant for all water-lines in damaged condition. 
For pu of comparison the curves of centres of 
ancy and metacentres'‘are-also given for the intact 








tion, in which case the disp! ¢ increases with 
increasing draught. 
| ! 
| 
Height of Centre of | 
Drqgunte ©! Water in| Buoyancy |Mstauntr |Metacentric 
* |Gompartment above Keel. ‘ eng 
ft. ft. } ft. ft. | ft. 
10} 1 5.24 10.87 -0.98 
rT 2 | 6.46 11.00 -0.71 
1 3 | 5.67 11.29 -0.51 
ll 4 | 6.85 11.48 -0 32 
Tt 6 | 6.16 11.79 -0.0t 
12 9 6.52 12.14 0 34 
1 | 13} 6.67 12.3 +0.5 


Here we see that in the early stages the stability will 
be negative, and the ship will evince a tendency to “loll;” 
and, if the hole through which the water enters is of com- 
paratively dimensions, there would be an appreciable 
time for the list to develop. 

The magnitude of the angle of loll varies with the 
depth of the admitted water ; and, to calculate this angle 
- cera = possible, = curves of stability (see 

ppendix) with water to different heights in compart- 
ment have been constructed and are shown in Fig. 2; 
from these an ordinary curve can be made for any desi 

ight of internal water, as shown in Fig. 3, and the 
where G Z is zero, which give the required angles 
of loll, can be ascertained. These angles 








ned. have been set off 
in Fig. 4, from which it will be seen that the angle of loll 
rapidly increases with inflow of water until a maximum 
angle of about 18 


deg. is reached, when the water attains 


* Paper read at the Nortly-East Coast Institution of 
Engineers and Shipbuilders, Newoastle - upon - Tyne, 


C207 | well abo 


a height (supposing ship held in upright position) of 34 ft. 
rom this point the angle rapidly diminishes with inflow 
of water, and vanishes w water is ata depth some- 
what exceeding 6 ft. The extent to which the side of vessel 
becomes immersed depends, of course, upon the depth 


and the angle of heel. Taking a depth of water of 4 ft., 
giving a mean draught of 11 ft., the corresponding angle 
is 174 deg., and the length of immersed side mes 
1l + 15 tan 174 deg. = 15.73 ft. ‘bus, whilst the usual 
method of calculation, as already mentioned, would indi- 
cate a final result with open ports 20 in. above the water- 
line, we see that at some intermediate time the ship will 
(particularly if the size of hole below the water is mode- 
rate, so that the list would have time to develop) attain 
& position in which the lower ed <_ oles are 
practically 9 in. below water, and therefore in actual 
practice the vessel would be unsafe under the conditions 
assumed. It may be mentioned in passing that, with a 
vessel heeling to the extent shown, any weights on board 
free to shift would move to the lower side, and so accen- 
tuate the angle of heel. 

If, instead of o ports, a bulkhead deck were fitted 
at the height indicated for these ports, and the damage 
to the compartment from collision were of moderate 
amount below water, whilst being of considerable amount 





Draught of Water in Feet 





above the bulkhead deck, the resulting list at an 
early stage would allow water to flow in above the 
bulkhead deck, so reducing the stability still more, 
and probably causing the vessel to founder. This would 
not r-% if the damage were wholly below the bulk- 
head deck, as water could then only flow to adjacent 
compartments from the damaged one over the tops of 
the bulkheads, and with only a few feet of water in the 
ship when listing occurs, such overflow is, of course, 
im ible. In this case the temporary condition of in- 
stability would have no untoward results if ports, &c., 
ve water were closed, and if no important weights 
on board were free to shift. Even in the case of damage 
both above and below the bulkhead deck, if the injuries 
were ——— that —— 2 id influx of em 
spreading evenly across the ship, the danger-point might 
be ay passed before the ship developed sensible list, 
-~< no = —_ would a ree 
or calculation pu @ compartment has 
assumed empty, which involves the greatest loss of 
stability. In practice, with a compartment occupied by 
re stores, the value of 4 would be less than that 
calcu above, in the ratio which the permeability of 
the compartment to unity. 

As it is probable that damage by collision would in- 
volve the parts both above and below the bulkhead deck, 
it becomes interesting to inquire what is the minimum 
metacentric height which can be adopted so as to avoid 
danger from instability duri fooding. Obviously the 
safe plan would be to have such a metacentric height as 
will ensure stability at all stages during the flooding of a 
com t or compartments ha the greatest per- 
missible length under the rules of Board of Trade 
Bulkhead Committee, and this can often be done without 
prejudice to the other qualities of the ship. Cases may 
arise, however, when the metacentric height thus deter- 
mined would militate against the desirable quality of 
steadiness at sea, and it may become necessary to deter- 
mine whether a smaller metacentric height may be 
accepted without undue risk. This seems possible, for 
al h under such circumstances heeling will not be 
al eb eee the safety of the vessel will not be 
— if, throughout the process of flooding, the bulk- 

deck is continuously above water, with all ports, 

&c., in side closed. Turning to the box vessel, an 
initial metacentric height of 1.87 ft. would be required to 
vent all tendency to incline when the com ent is 

1 ; but a consideration of Fig. 4 shows that less can 





December 17, 1915, 





be adopted with safety. Fig. 4 shows curves of roll when 





of admitted water, which determines the draught of ship, | theref 


the initial metacentric height of the intact vessel is 0.7 ft., 
0.9 ft., and 1.1 ft. respectively. Considering the last 
named, it wfll be seen that the maximum heel is about 
11? deg., and the bulkhead deck under these circum- 
stances would be 1.3 ft. above the water. We may assume 
‘ore that with a G M of 1.1 ft. or 1.2 ft. this vessel 
would be safe — the a age yee —_ a 
margin to provide against the possibility of weights on 
board moving, and to allow for the fact thes initially the 
incoming water is on the lower side of the ship and so 
tends to accentuate the heel. 

Ordinary ship-shaped vessels can be dealt with simi- 
larly. To ensure no heel during the filling of a compart- 
ment having a permissible length = c times the length 
of the ship, the maximum metacentric height required is 
given by :— 

1 x 


12° a 


where b is the block coefficient, ~ the permeability of the 
compartment (assumed in the region of amidships and of 
the full breadth of the vessel), B the breadth of the 
vessel, and D its draught. ‘I'his supposes that as soon as 
water enters the ship the free surface has a breadth equal 
to the full breadth of the vessel—an error on the safe side. 
If a certain amount of heeling is allowable, the following 
tentative expression gives a reasonable deduction which 
can be made from the amount determined by (1) whilst 
ensuring that the bulkhead deck will be well above water 
throughout. 


Deduction = _'_ [e+ D (2 -v/1 + 
2 f2 a UC; 
es a = coefficient of area of water-plane; F 


where f = 
m—e- 
b 


c 
¢s-E = 


ab 


the freeboard to bulkhead deck ; C, » where 


STABILITY. 





G.Z. tn Feet. 


n is given by :—Moment of inertia of load-water-plane 
about its middle line, divided by (length of water-plane 
x BS’). Applying these formule to the ae vessel 
already considered, the G M obtained is 1.3 ft., thus 
giving a margin on the side of —y- 

It is obvious that where heel is likely to occur it is 

epee n to see that all side lights, &c., below 

bulkhead-d are securely closed when the vessel is 
in crowded waters, or in other circumstances where a 
collision is probable. 

Another case may be mentioned where the element of 
time has an influence on the final result. Suppose the 
box-shaped vessel previously mentioned—but with centre 
of coy ew ft. above keel to ensure transverse ay 
duri ing—to have two end compartments eac 
25 fo. . In the event of the foremost compartment 
being bilged by collision, what will be the final draughts 
and trim if at the same time the after compartment is 
also put 2 — - yon with Pay sea by opening 2 
valve? Here, if the openings in the two compartmen 
ha: to be of the same size and similarly situated, it is 
evident that the ship will sink, without change of trim, 
until the buoyancy lost through opening up the end com- 


partments is made up by the intact ion of the 
vessel above the etgnal water-line. is sinkage is 
2 x % x 30x 10 _ 34 ft. Moreover, the same final 


lov x w 
result would be shown by calculation, irrespective of the 
relative sizes and ——_ of the openings in the two 
compartments, or of whether the inrush of water to both 
occurred simultaneously. To illustrate this, assume, a8 
an extreme case, that the forward com t is first 
opened to the sea, and that then, after equilibrium has 
been reached, the after compartment is Calcu- 
lating sinkage and trim in the usual manner, we should 
have, due to opening up the forward compartment— 


sinkage, supposed uniform, = 7 _* 30 = 10 — 1 45 ¢, 


Ta XW 
Moment changing trim = 25 x x 30, 100 
== 150.000 54 tons. 


7 

itudi =8 x 30 x (HP — 994 ft. 
Longitudinal B M ee es 

Longitudinal G M = 11-49 4 994~10.5 = 21 


2. 








9.2 ft, 
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Moment to change trim 1 in. = mam xe 
x 219.2 + 12 x 200 = 156.6 ft.-tons. 
‘ 150,000... 
ftrim = — .=114f 
Change of trim 7x 186.6" b. 
.*. Final draught forward = 11.43 + ery x 11.4 
= 17.88 ft. 
., Final draught aft = 11.43 - 87-5 x 11.4 
= 6.48 ft. 


This water-line is shown at W L, in Fig. 5. 

If we now assume the after compartment opened to the 
sea, we have 

Lost buoyancy = x 25 x 30 = 7.2x 23 
x 30 cub. ft. 
7.2 x 25 x 30 

150 x 30 
7.2 x 2 x 30 

35 


648 +791 
2 


Sinkage, supposed uniform, = 1.2 ft. 


Moment changing trim = x 87.5 





= 13,500 ft.-tons. 





—-—-»«--—-- Positive 


Scale of GZ. 








Leneteets a % x 30 x 75% = 
mgitudinal BM 200 x 30 x 10 140.6 ft. 
Longitudinal G M = 140.6+6.67—11.5=135.8 ft., say. 


Moment to change trim lin. = = = B . 


35 
x 135.8 + 12 x 200 = 97 ft.-tons. 


Change of trim = cae 


And as this change takes place about the centre of 
flotation of the intact portion of the water-plane, one-half 
of this gives the alteration of draught at each end. 

Thus final draughts : 


Forward = 17.88 + 1.2 — 5.8 = 13.28 ft. 
Aft 6.78 + 1.2 + 5.8 = 13.48 ,, 


which is practically 13.33 even keel within the limits of 
accuracy of working. 

Thus we are justified in concluding that whatever the 
relative sizes of holes, &c., the final calculated result will 
ulways be the same, providing no additional factor enters 
into the account, although the time at which the final 
result occurs and the intermediate positions of the vessel 
depend on circumstances, such as sizes positions of 
holes. This, of course, simply confirms the usual method 
of calculation, the ship being assumed held at the original 
water-line until the level of the water inside is the same 
a3 that outside, and then released to sink until the lost 
buoyancy of the compartments is made u 

But suppose the inner of the end compart- 
ments terminated 15 ft. above the keel, the question as to 
whether the ship will remain afloat after the two end 
compartments are in communication with the sea cannot 
be answered by reference only to the result of the usual 
calculation, but the position of the ship at different times, 
re hE oy sone the relative 4-4 and positions of the 
I ie two compurtenen as) 
= — If the influxi th Soatenesieten 
uniform and regular, the tops of the inner bulkheads 
would be well above water when equilibrium was estab- 
lished and the vessel would continue to float. If, how- 


= 139 in. = 11.6 ft. 


pee J Ly hole in the forward compartment made by 
filled 


large, that compartment would be 


were very 
ost instantaneously, whilst comparatively little 


alm 








PART CURVES OF STABILITY FOR VARYING 


into the two compartments were | 


water would enter aft through the relatively small valve 


opening. 

The vessel would therefore way take up a ition 

approximately as shown by W, L, in Fig. 5. In that 

ition the water would be 18 in. above the top of inner 

of the foremost compartment, and would there- 

fore overflow into adjacent com te with conse- 

= foundering of the vessel. For moderate damage 

‘orward, and with the valve aft simultaneously \ 

the extreme line W, L, would not be reached, and the top 

of bulkhead forward might not, for any in late 
position of the vessel, be brought below the water-line. 

These ae have a bearing upon the question of 
providing flooding or pumping appliances to introduce 
water at one end of a vessel to correct trim due to 
at the other end, with a view to improving the chances of 
safety of the vessel. 

It should be noted that the effect on the trim of the 
vessel inetant by instant is exactly the same whether the 
valve aft is opened below water, or whether, i of 
the valve, a pump is employed to introduce water into 
the compartment to the same height instant by instant 
as it would enter through the valve. If the capacity of 
the pump were such as to introduce water into the after 
compartment more quickly than it would flow through 
the valve, the extreme trim reached would be less in ‘the 
first than in the second case. 
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If the hole made by the damage is of moderate size 
and the flooding or pumping appliances are got to work 
quickly, we have seen that the ship may sink more or 
less on an even keel throughout and the tops of the bulk- 
heads may at no stage be submerged ; but with extensive 
damage forward, these appliances could not be in effective 
operation before water would be flowing into adjacent 
compartments forward and the safety of the ship jeopar- 
dised. The height of the bulkheads should be arranged 
to meet the worst likely condition of extensive damage 
to the ship, and then the function of flooding or pumping 
apparatus becomes limited to that of getting the ship 
more nearly on an even keel to render her more easily 
navigable, and more seaworthy in heavy weather. 

If da somewhat in excess of that assumed occurs, 
it may still be possible by the prompt use of flooding or 
pum appliances to keep the tops of bulkheads bound- 
ing the damage above water. It will be noticed that the 
flooding-valve aft should be situated well below water, 
otherwise, with extensive damage to the foremost com- 
meen it may be lifted above the water-line and so 

inoperative. It will further be seen that the use 
of pumping apparatus has one advantage over the em- 
ployment of flooding from the sea, in that the compart- 
ment aft can be completely filled by the former, whilst by 
the latter method the height of water in the compartment 
is limited by that of the water outside. Similar con- 
siderations apply to arrangements for correcting heel 
after damage. 

The foregoing will, I hope, be sufficient to illustrate my 
point that in certain classes of ship calculation problems 
it is not always sufficient to consider the results of the 
usual calculations relating to the time when the loss of 
buoyancy involved by the damage is finally restored, but 
regard must also be paid to her position and condition at 
intermediate times, since factors may be introduced at 





such stages which render the results of the usual calcula- 


APPENDIX. 

Calculation of Oross-Curves of Stability. —Since the 
numerical values of GZ are very ar nee SS Sees 
mentioned in the foregoing text, it was necessary to u- 
late these with some care to ensure accurate results. It 


will be noticed that for emall de of water in the com- 
t, the admitted water for very angles 
of triangular section for the of the : 


length 

partment, as indicated in Fig. 6. For other depths and 
angles the admitted water may be of trapezoidal section. 
The volume of displacement is that having the section 
ABCD for the length of the ship, minus i 
pestion DEF (or trapezoidal portion, as the case may 

) for one-fourth of the length. Algebraical expressions 
are known for co-ordinates of the centre of aig 
of each of these portions with reference to K X, KY ; 
and as the volumes of these ions are also known, the 
co-ordinates of the centre of yancy B, can be easily 
calculated. If B, has co-ordinates (x), y,), the length of 
righting (or upsetting) arm is given by 

G Z= x, cos 0 + y, sin 8 — K G cos 0. 


In this way the cross-curves of Fig. 2 were obtained. 

I» will be noted that these curves show sharply-marked 

itions of minimum stability, and these positions can 
determined as follow :— 


Fig4. ANGLES OF ROLL. 
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Scale of Degrees. 


At any given angle assume a slight addition to the 
internal water ; there will be a corresponding sinkage of 
the vessel, and the position of the centre of buoyancy will 
be modified by the transference of a layer of buoyancy 
from ¢, the middle of EF, to d. The consequent move- 
ment of the centre of buoyancy will be parallel to this 
— 80 bay in bang ——— = tt nth ed line is 2 
right angles to the water-lin centre yancy wi 

move at right to the latter, and there will be no 
alteration of le of G Z. This is the required condition 
for maximum or minimum stability, and an examination 
of the conditions will show that for the case in question 
the stability at the positions so obtained will be a mini- 
mum. Thus the angle cd K for the required position 


for any angle @ must be = 0, and ob ~ tan 0, 
Let length ED =a; then FD =a tan @ and cl = 
a tan 0 


2 
The volume of water in the compartment is e _ 8 


x 50, and the consequent inovense of draught of water 
from the original 10 ft. is @ wae x 60 + 200 x 30 = 


ou’. The corresponding depth of water in com- 


2 
partment, with vessel upright, is = tan 0 
Thus Kd = 10 4+ 7"? and be = 15 - + and for 
minimum stability ? = tan 0. 
1 - * 
Fi ; = tan 0, 
“10 + a2 tan? _arand . 
240 2 


whence a? tan? @ + 120 a (1 — tan? @) = 1200 (3 — 2 tan 9), 
an equation from which to determine a when @ is known. 
As an illustration, determine the height of water in the 
compartment for which the stability is a minimum for 
15 deg. inclination. Here 
tan 0 = 0.268 and tan? @ = 0.074 
.*. 0.074a2 + 1204 x 0.926 = 1200 x 2.464 


0.074 a? + 111.124 = ORR 

_ 112 + WJ/ 125 45 + B16 
0.148 brs 

_ 194.12 4 115 





tions unrealisable in practice, 


i v,148 
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Which gives the positive value of a - 35 = 26.2, 
Whence required depth of water : 
— (26.2? x 0.268 _ 5 06 ¢, 
60 


This agrees with the position shown on the 15 deg. 
cross-curve in Fig. 2. 

Caloulation of Angle of Loll.—It may be noted that if 
the conditions of stability assumed for small angles near 
the upright are not materially de from up to the 
angle of loll, this angle, for the wall-sided v can be 


got from the expression tan? @ = — 7.9 M where GM 


is negative. - But for small of water, the condition 
assumed near the upright—viz., that during inclination 
there is, in the damaged compartment, a 

portion of buoyancy transferred from right to left—is 
not realised at moderate ange, and the results obtained 
from the f ing formula may depart far from the 
truth. For example, with 5 ft. depth of water in the com- 
partment, condition assumed is realised for consider- 
able angles ; the G M is—0.16 ft. and the BM = 38 ft. 


Thus tan? ¢ = °-32_. 9.957; tan = 0.24 and @ = 13°, 
a result only differing by # deg. from that obtained in 


Fig. 4. If, however, the same method is applied for the 
2 ft. depth of water, where G M = -0.71 and B M=58, 


tan? @= 1 = 0.252 tan @ = 0.5 and @ = 26°} which 
is very psf in excess of the truth, as may be seen by 
reference to Fig. 4. In this case the conditions assumed 


in applying the formula are materially departed from at 
very moderate angles. 





ImMINGHAM.—The Local Government Board has in- 
formed the Grimsby Rural Council that permission can 
only be granted to it to proceed with an Immingham town 
planning scheme upon the condition that it is prepared 
to co-operate with other local authorities in providing a 
road between Grimsby and Immingham Dock. The con- 
struction of the proposed road has been the subject of 
considerable debate for some time. Although Imming- 
ham Dock is only 6 miles from Grimsby by water, it is 
nearly double that distance by existing roads. 

Heat TRANsMIss‘ON: ERrratuM.—A printer’s error 
occurs in the formula given on page 500 of our issue of 
November 12 on the above subject, where the formula 
for losses by radiation, printed as 

“Q = 5.0 x 10-18 (T,4 - T,),” 
should read : 
Q = 5.6 x 10-0 NS] (T;* - T,*), 


where Q denotes the energy radiated in B.Th.U. per 
square foot per hour, S the area of the surface in square 
feet, and T, and T, the absolute temperatures respec- 
tively of the radiating surface and its surroundings. 





Ratine or Couiiierizs.—In a case dealing with the 
assessment of collieries, judgment, we are informed, was 
given unanimously, on the 9th inst., in favour of the 
opeieot, Messrs. D. Davis and Sons, Limited, of Fern- 
dale, the well-known South Wales colliery proprietors, 
in their appeal against the decision of the Glamorgan 

uarter ions. The respondents to the appeal were 

Pontypridd Union Assessment Committee. Elec- 
trical generating stations had been erected by the — 
lants to provide power for coal-hauling and -winding, 
ventilation, and other purposes at their collieries, and 
the assessments placed upon these stations by the Ponty- 
pridd Assessment Committee were 15,000/. gross and 
75001. rateable in the case of Messrs. D. Davis and Sons ; 
and 15002. and 7501. in the cases of both the Glamorgan 
Coal Company and the Cambrian Company. The case 
arose out of an agreement made between the Assess- 
ment Committee of the Pontypridd Union and a 
number of the colliery owners within the Pontypridd 
area in 1902, when the assessments of the collieries 
were largely increased, but were reduced as the result 
of successful appeals undertaken upon the advice of 
Messrs. Humphreys-Davies and Oo., London. With 
& view to avoiding future litigation an agreement was 
concluded by which the collieries were to be 
on a@ tonnage basis which would include each colliery and 
its appurtenances ; the agreement was to continue until 
either of the parties gave notice to terminate it. In 1907 
& new generating-station was erected, and in the Supple- 
mental Valuation List for the Spring Rate of 1913 an 
additional assessment was placed upon the new station. 
This assessment was the subject of an objection, and, 
failing to obtain relief, upon advice of Messrs. Hum- 
phreys- Davies and Co., Messrs. D. Davisand Sons carried 
apes! to the Quarter Sessions. It was contended on 
behalf of the Assessment Committee that the Court could 
not take cognisance of the agreement, because the last 


clause did not bind the overseers, and that the overseers | the 


were entitled to rate the electrical generating-station as a 
separate hereditament. The Quarter Sessions 


the contention that they could take no notice of the agree- | ing 


ment, and that they could not strike out the rating of the 
generating-station, and the appeal was dismissed. The 
——— - the Divisional ——_ enaaaenns this = 
and it is of importance not only to colliery proprietors, but 
to all o:cupiers of property which may be assessed under 
the terms of an agreement made between any such 
cecupier and the local Assessment Committee, because it 
apparently decides that in the circumstances set out an 
Assessment Committee must abide by the terms of an 
pany eon made by their predecessors, and upon which 
they have acted. 





NOTES FROM THE UNITED STATES. 
PuiLave pu, December 8. 

Tue chief feature of the market is the rush of speci- 
fications on existing contracts, the orders for delivery 
extending in many cases far into next year. New 
orders for the week have been unusually light, because 
the mills are so crowded and so far oversold that 
business is impossible except for late delivery. The 
possible emergencies are so many between now and 
spring or summer that buyers feel it is safer to await 
developments, especially as to prices. Even now some 
business is coming in for delivery between July and 
October. Structural requirements are expanding. 
Plates are in most urgent request. The volume of 
business in plates and shapes for the past week was 
85,000 tons. The tin-plate contracting season is now 
on, and there is a rush of orders at top prices. All 





steel mills see a fog of orders ahead, for every uncertain | } 


delivery when accepted. 

Prices are steadily advancing ; steel plates 3 dols. 
to 5 dols. a ton since Mevenher 14. Wire is up another 
2 dols. in the past week; boiler tubes and sheets 
2dols. to 5dols. Over 50 miles of loaded cars are 
near New York awaiting unloading. Ores are to be 
advanced 75 cents to 1 dol. a ton for next year’s 
delivery. The railroad embargo on freights has upset 
many calculations, as well as production at mills. 
Everything possible is being done to overcome it. 
Some roads have sent ‘‘rush orders” to car plants at 
high prices. Car shortige is more pronounced. 
Crowded car tracks are keeping thousands of cars out 
of profitable use. The upward tendency in prices 
is strong, but it is not checking business where it is 
possible to place it. Pig-iron is seriously disturbed ; 
on steel pig prices have moved up 50 cents during 
the week. Some curtailment of production is inevit- 
able ata time when fullest production is demanded. 
The entire iron and steel industry is under the heaviest 
possible pressure. Peace talk makes no impression. 
The ship-load of peace advocates which left on Satur- 
day is laughed at. It is impossible to forecast prota- 
bilities in iron and steel. Munition contracts are few, 
but large requirements arein waiting. The new Con- 
gress isregarded with anxiety as to what it will do. 





Accurate Sorews.—In a recent letter to Mr. Brashear, 
Dr. Anderson, of the Johns Hopkins University, Balti- 
more, gave some striking data showing the extraordinary 
accuracy now attained in the screws used for ruling the 
gratings used in ae work. e@ maximum 
variation in pitch the screw does not exceed one- 
ten-millionth of aninch. The curvature of the axis of 
the screw is less than would correspond to a radius of 
250 miles. The axis of each pivot or bearing coincides 


with the axis of the’ screw within .. 4) in. When the 
screw is mounted for use it is also important that it is 
we from moving axially when rotated. Using a 
at ruby bearing inst a spherical surface this axial 
motion has been reduced to less than one-millionth of an 
inch. The limits of error above set forth were deter- 
mined by means of the Fabry-Perot interferometer. 





Tue WILLIAMSON SuBMARINE Morion-Picrorgs.—An 
instructive demonstration of kinematic photographs, 
taken under water,on board of a slowly-moving craft, 
was given by the Transatlantic Film Company, Limited, 
of 37, Oxford-street. W., in the Philharmonic Hall, 
Great Portland-street, on December 21. The apparatus 
used are the invention of Captain Charles Wilitiamson 
and his two young sons, Ernest and George Williamson, 
born in Virginia, and the pho pbs dis layed were 
taken in 19140n the Williamson Expedition, between the 
Bahama (coral) Islandsof Nassau and San Sal vador—where 
Columbus first Janded—a distance of about 100 miles. 
The essential parts of the apparatus are a spherical 
chamber, 5 ft. in diameter, of cast-iron, provided with a 
funnel attachment ; the funnel-mouth has also a diameter 
of 5 ft., and isclosed by a glass plate, 14 ia. in thickness. 
This chamber is suspended from the bottom of a barge by 
a steel tube, 3 ft. in diameter, consisting of collapsible sec- 
tions, built up of overlapping steel plates and rings, each 
section having, when expanded, a length of 8 ft. The steel 
tube is encased in water-proof canvas and rubber, which do 
not interfere with its flexibility. The centre of the barge 
forms a well, and from this the chamber is suspended. 
The chamber can hold five men, but two men work it. 
a the tube, and fix the camera close to the 
window ; the tube remains open above, but the funnel is 
put under air-pressure to balance the water-pressure out- 
side against the window. From the fore part of the barge 
a gridiron of powerful Cooper- Hewitt lamps is lowered into 
water ; in the clear water this illumination was not 
required, asa rule. Some of the photographs shown 
were taken through nearly 100 ft. of water ; very interest- 

remens the sea-bottom, with its wealth of life, 
were exhibited. The wreck of a boat—a blockade-runner of 
the American Civil War—was discovered on this trip and 
subsequently examined by one of the Williamsons, who 
later had a fight with a shark, duly photographed. The 
Governor of who was on the could 
also examine the state of his harbour sea-walls. The 
interesting exhibition, which will be open to the public 
on and after Boxing Day, also comprises photographs 
of the work of sponge-gatherers. The unique 
were first exhibited at the Smithsonian Institute in 
Washington, 





NOTES FROM SOUTH YORKSHIRE. 
kshire Coal Trade Th proposed hee of 
South Yorkshire .—The poo! rs) 
ivately-owned wagons has been chief subject of 
di —~ ial meoting organised by the Sheffield Cosi 
Ata ial meeting organi 
Exchange, traders passed a resolution expressing their 
deepest concern at the proposal, and placing on record 
the conviction that any attempt to interfere with 
the statutory rights of traders to supply their own 
rolling-stock would render it impossible for them to 
secure and maintain adequate supplies during the 
present crisis. Copies of the resolution have been for- 
warded to the President of the Board of Trade and 
to Sir Richard Redmayne, chairman of the Coal nisa- 
tion Committee. House is in heavy demand from 
the consumers in all parts, particularly the South, and 
merchants have full order-books, but, owing to the in- 
different working on the railways, supplies are coming to 
and irregularly, and business is being impeded. Hard- 
steam users are asking for maximum quantities, and are 
trying to make provision for the holidays. With ard 
to nuts and cobbles, there is a very active demand both 
for home consumption and shipment, and prices have a 
firm tone. Top prices are easily obtained for slacke, the 
scarcity of which is causing no small amount of incon- 
venience to manufacturers, some of whom are depending 
on daily deliveries. All qualities of coke are firm at 
unchanged rates. Quotations :—Best ch hand-picked, 
20s. 6d. to 21s. 6d. ; ey best Silkstone, 18s. to 
19s.; Derbyshire best brights, 17*. 6d. to 18s. 6d. ; 
Derbyshire house, 16s. to 17s. ; best large nuts, 15s. to 
16s. ; small nuts, 14s. 3d. to 15s. 3d.; Yorkshire hards, 
16s. 6d. to 17s. 6d. ; Derbyshire bards, 16s. to 17s. ; best 
slacks, 11s. to 12s. ; seconds, 9s. to 10s. 6d.; smalls, 8s. to 9s. 
Iron and Steel.—All the engineering works will close 
down this Christmas. The wear and tear of the past 
twelve months has told seriously on men and machinery. 
and both are in urgent need of a rest. Advantage wi!! 
be taken of the set-down to overhaul machinery and 
boilers in every department. Fitters will be kept busv 
dealing with renewals and repairs. Every firm will 
suspend activities on Christmas Eve, some for two days, 
some for three, and others for four, while a few depart- 
ments will not re-open until the new year. In most 
cases, however, the Christmas holiday will be confined 
to four days, and some time will te allowed off on 
New ‘Year's Day. The ircn market presents a very 
firm appearance. Makers of hematite have held out 
and secured advanced prices for immediate delivery, and 
current rates have been strictly enforced in the latest 
forward bookings. The majority of local steel-makers 
have covered their requirements, and, judging from the 
resent feeling, there is little prospect of those who have 
Peld off the market securing more favourable considera- 
tion, unless the Government quickly step in and fix a 
minimum. The upward movement in common irons con- 
tinues. Foundry sorts are quoted at 2s. 6d. to 5s. above 
last week’s level, and buyers are coming steadily forward. 
Forge iron is a slower market, but there also prices are 
steady, with a firm tendency. There is little movement 
in bariron, quoted at 132. net cash monthly. The special 
steel and tool trades are working at great pressure to 
complete big contracts before the end of the year. A 
large amount of new business is to hand on commercial 
account for special cutting - tools, but only a small 
proportion of it can be undertaken for execution in the 
new year, and that at uncertain dates of delivery. The 
heavy trades dealing with railway, tramway, mining and 
shipbuilding requirements will be closely engaged up to 
the Christmas stoppage. Generally speaking, manufac- 
turers are well booked forward. Several of the new 
factories being practically completed, employers are once 
more on the look-out for skilled and unskilled labour. 
The scarcity of basic billets is causing a good deal of 
anxiety. A record tonnage of acid steel is being pro- 
duced to meet war requirements. 





Tue Crty Guitps EXAMINATIONS IN TECHNOLOGY.— 
The report on the work of the Department of Technology 
of the City Guilds of London Institute, just issued, shows 
a large falling-off in the number of candidates examined, 
as compared with previous years. The total number of 
candidates sitting was 15,623, as against 23,119 in 1914; 
in fact, the figure is the lowest registered since 1902. 
The proportion of candidates to the total number of 
students in attendance is also very small. Both circum- 
stances are, of course, attributable to enlistments and to 
the large amount of overtime which has been necessary in 
all trades concerned in the production of munitions of war. 
The decrease in numbers has been specially marked in the 
case of mechanical engineering, where the total is down 
50 per cent., and in the allied trades, where a decrease of 
45 per cent. has been experienced. The report of the 
examiners in mechanical engineering describes the teach- 
ing in Grade I. to be unsatisfactory, and mistakes in 
arithmetic are said to be very common. Elementary 
questions involving the use of steam-tables ved too 
much for most of the candidatee. The opinion is expressed 
that more laboratory work is required, and it is probably 
true that the less intelligent class of students is in- 
capable of assimilating text-books without some assist- 
ance of this kind. In Grade II., the answers in the 
hydraulic section of the paper are stated to have been 
invariably disappointing, owing to the failure of the 
candidates to grasp the first principles of the subject. 
On the other hand, a high standard was attained in the 
section on drawing and designing. This remark does 
not, however, apply to the candidates taking the final 
examination, and in the written portion of this examina- 
tion the mathematical knowledge of the candidates 


' proved inadequate, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—An increased advance in 
the price of Cleveland warrants was recorded last Wed- 
nesday afternoon, when cash business was transacted at 
77s. per ton, and on forward account up to 77s. 3d. one 
month, and at these figures 3000 tons were dealt in. 
At the close sellers’ prices were 77s. cash and 77s. 5id. 
one month—Is 6d. to ls. 74d. 
previous day. These sensatio : f 
strides on Thursday forenoon, cash iron being done at 
77s. 94d., and one month’s iron at 78s. per ton, closin 
sellers being quoted 77s. 11d. per ton cash, and 78s. 4d. 
one month. The turnover a to 5000 —_ In 
the afternoon prices were a trifle irregular, losing 
quotations showing a decline of 6d. to 7d. per ton 
from the morning’s level. Only a small business of 
1000 tons was done. Part of this was recovered on 
Friday morning, prices reacting about 6d. per ton, 
one month’s warrants realising 77s. 8d., while cash iron 
was dealt in at 76s. 11d., with sellers over at the close. 
Business was again on a small scale, a trifling turn- 
over of 1500 tons being all the dealings. A sharp recovery 
characterised the afternoon market, and one month’s iron 
rose to 78s. per ton—the closing figure—and after being 
done at 77s. cash, sellers were quoted 77s. 7d. cash, show- 
ing a net gain of 8d. per ton. The transactions totalled 
3000 tons. When market resumed operations on 
Monday morning the tendency was towards a lower level, 
and some 2500 tons were dealt in at 77s. 3d. cash, closing 
sellers being quoted 77s. 44d. cash and 77s. 104d. one 
month. Business was steady in the afternoon, a limited 
turnover of 2000 tons realising 77s. 9d. one month, this, 
with 77s. 4d. cash, being sellers’ closing quotations. 
figures are all the more remarkable, as only in two years 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


The Cleveland Iron Trade.—There is rather unsteady 
aes in Cleveland pig-iron, due to eae in Middles- 
brough warrants by outside speculators. Su 
warrants cause ra violent fluctuations, and the move- 
ments are, to a considerable extent, reflected in quotations 
for makers’ Oleveland pig-iron, to the detriment of 
genuine business. The prevailing opinion, however, is 
that top prices have not yet been reached, and there are 
sanguine traders who confidently predict that the sug- 
gested maximum quotation of 83s, 6d. for No. 3 will be 
touched at an early date. ions in No. 3 g.m.b. 
Cleveland pig have been put through this week at 
78s., but ie general market quotation is now 77s., and 
mer are quite prepared to accept 
ruling quality. Values of other descriptions of Cleveland 
pig are in the proportions that have ruled for some time 
past. No. 1 is thus round about 80s., though some makers 
are inclined to hold out for rather more; No. 4 foundry 
is 76s. 6d.; No. 4forge, 76s.; and mottled and white iron, 
each 75s. 6d. All the foregoing quotations are for early 
delivery. 

, Hematite Iron.—The situation in the East Coast hema- 
tite trade is rather perplexing. There are very substan- 
tial inquiries in the market on both home and Conti- 
nental account, and producers generally are so well sold 
ahead that they cannot book further orders for delivery 
before April next. The order just issued prohibiting 
export to all countries has been much discussed, and is 
taken to mean that licences are necessary for shipment 
to our Allies, whilst export to neutral countries is alto- 
gether anges gel bp en a> 2 ~ the 
, ; maximum price of mixed num at much less, buyers 
700 1 gg aagh ER gpk a are keen to place orders for delivery over periods next 
78s. +h per ton, so that the 77s. 9}d. of Thursday last was | Ye®™ 9° ~y —— = led as the general market 
only 54d. per ton below this level. Yesterday (Tuesday 2 rrr though, as a matter of fact, more has been 
forenoon a slight reaction took place, and prices dro oe. : 2 
about 6d. per ton. The only dealings were for cash iron,| Furnaces in Blast.—The number of blast-furnaces in 
a restricted business of 1500 tons being transacted at <i in the Cleveland district now stands at 67, of 
76s. 9d. per ton. Ab the close cash sellers were quoted | which 28 are running on Cleveland pig, 26 are producing 
76s. 10d., and one month’s iron, 77s. 3d. ° . hematite, and 13 are manufacturing special kinds of iron. 


Sulphate of Ammonia.—No change has taken place| Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
locally in connection with sulphate of ammonia. It is} re being steadily drawn upon to meet current needs. 
still scarce, in considerable demand. and increasing in| What makers hold at their oe is not known, but the 
price, the rates being still round about last week’s| quantities are understood tobe onlysmall. In the public 
figure. bey meg key wry Let a a o a? at 

Scotch Steel Trade.—Steel-making in the West of Scot- | 120.920 tons, all of which is No. 3 Olev > = 
landshows no slacking off ; indeed, every effort is being _ meguaing of nt moath - —_ neve ” — 
made to get as much of the arrears put out of hands the _ snipments o ee a So far thie es th 
within the next few days as possible—a normal condition th . a Te Oe i } we be he total 
of affairs in the closing weeks of the year. In addition, d ~ f pee tama hi pay ne wera Say, with parm 
the increasing demand of the Government for more —~ os sencuing 38 ae = commnese with to f 
war material is again raising the question as to the Tyg ———s a _—— men ~ Senliieee of 
possibility of further raising the output. Meantime it 16 Ayn to the same naa oo > it ~ pe 
remains to be seen whether any re-arrangement or re- for th mm Se ag a D = Working Gage 
adjustment may be practicable. Authoritative opinion | *°* the corresponding part o - © your ago. 
seems now to limit the duration of the war in accordance| Foreign Ore.—Values of —- ore are well main- 
with the supply of munitions. Therefore, although | tained on the basis of 38s. ex- ip Tees for Rubio of 
Glasgow and the West of Scotland has responded nobly | 50 per cent. quality, and consumers report very adequate 
to the call, if any further effort oan be put forth it will supplies eS, Official returns give the imports of 
help to hasten the desired end. Steel for shell bars is one foreign ore to the Tees to date this month at 104,309 tons. 
of the Government’s most pressing demands, and all the 
available plant is fully engaged in its production. The 
high cost of raw and semi-manufactured material, and 
the difficulties of freight and transport, combine to 
increase the values of the finished material to a very 
extraordinary extent, and consumers are not viewing 
with equanimity the probability of still further advances, 
for it is confidently affirmed t the maximum has not 
yet been reached. Boiler and ship-plates and angles are 
still much on last week’s level, but in most cases prices 
are more or less a matter of arrangement. 


Malleable-Iron Trade.—Local malleable-iron makers, 
while doing excellent business, are onl procuring the 
necessary raw material with extreme ifficulty, and in 
consequence the work of production is not proceeding as 
ay = might pA desired. i Tenaya yo this, 
orders are being ba in great number, and all at the iron and steel shi each 112. ; iron shi | 
firm rates now ruling. Iron and steel bars are much in 13/.; steel shi “gry 15s. ; ship-rivets, Ta ro 
demand, and so also are the various other products of | sheets (singles) 13 10s. ; steel sheets (doubles), 13/. 15s. ; 
the malleable-iron makers. ‘Crown” bars, both for steel strip, 12/.; steel h 122. 10s.; steel joists, 11/.; 
Prompt home delivery and for export, are quoted at heavy steel rails, 117. to 11/. 10s; and steel railwa 
about 13/. per ton, 5 per cent. discount. sleepers, 12/.—all less 24 per cent. discount, except valle 
_ Scotch Pig-Iron Trade.—The Government's proposal to | #nd sleepers, which are net. 
limit the maximum price for Pig-iron has had a very 
special influence on the local trade during the past week. 

usiness continues to be remarkably good, and while 
many brands of makers’ iron have advanced considerably 
in price, further developments are still expected, and 
without doubt higher values will rule before very long, 























































Freights Bilbao-Middlesbrough are strong at 21s. 6d. 


Coke.—Coke keeps very scarce, and sellers with any to 
ee of for promptdelivery are able to obtain high prices, 
Difficulty is experienced in fully meeting the heavy local 
requirements. Few sellers are dis to name below 
34s. for spot lots cone medium “beehive” Durham 
furnace coke delive at Tees-side works, but forward 
contracts could probably be made at round about 33s. 


Manufactured Iron and Steel.—The various branches 
of the finished iron and steel works present few new 
features of moment ; Government work still monopolises 
the attention of manufacturers to the continued exclusion 
of ordinary commercial business. Prices all round are 
firm. The following are among the principal market 
p mee a :—Common iron bars, 13/.; best bars, 137. 7s, 6d.; 

ouble best bars, 137. 15s.; treble best bars, 14/, 2s, 6d.; 





Cryton PiumBaco.—At the end of last year the im- 
portant plumbago mining industry in Ceylon was suffer- 
ing very severely from the loss of the German and Belgian 
" e markets and from other causes connected with the war, 
the greatly increased costs of production rendering this, | and steps were taken by the Imperial Institute to induce 
in & way, necessary. There is still a strong demand for | users o! plumbago in the United Kingdom to buy the 
hematites, the bulk of the inquiries, meantime, being | whole of their supplies from Ceylon instead of partly 

. ¢ § Yy | from Ceylon and partly from foreign countries, as pre- 
laid in such supplies as will keep them out of the market | viously. Recent statistics indicate that progress has 
for afew months. Like all prme be ice has already been made in this direction, for it is significant 
to mount up and has now hed 1 that the tage of Ceylon plumbago e to the 
thereabouts. For <a qualities, also, the demand is | United Yolen during the first ten months of the pre 
trend. sent year is considerably greater than in 1913. Moreover, 
the total exports to this country from January to October 
this year are more than double those of the correspon1- 
ing months in 1914, and, in addition, Russia is a 
new purchaser. The most important use of plumbago is 
ie, | in the manufacture of steel works crucibles, 
"3 re ge gy appt effects of nets of tem - 

P I ture, it is gratifying to know that a source within 
= 7 (both at rossan); Dalmellington, 94s. (at| the British Empire is available to supply the demands of 

Yt); Shotts, 97s, 6d. (at Leith). our munition works for the article in question. 


dealings in | j 


that figure for the | has 


large | According to the French jou 


which are | trale. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Business in the steam-coal trade has been 
restricted ty Scalia in regard to immediate supplies of 
tonnage. liery-owners are imistic i to 


Monmouthshires have been relatively steadier, even 
immediate delivery, than Admiralty classes. H. 

coal has not shown much and patent fuel has 
been steady. The best Admi ity large steam coal has 
been, to some extent, nominal; secon descriptions 


recently sold for 55,000/.; five years ago she was dis 
of for 14,000/.; she carries 4750 tons dead weight. The 
hitherto Spanish-owned screw-steamer Cabo 
has been sold to Norwegians for 20,000/.; the Cabo 
Espartel, which has been recently lying at Newport, 
carries 1600 tons dead weight. ‘At the last monthly 
meeting of the Swansea Harbour Trust, Mr. 
in moving the adoption ef the minutes of the finance 
committee, said in October there was only-a stock 
burthen of ships to carry the tonnage offering, and the 
receipts were considerably less in consequence, the fall- 
ing-off for the month, as compared with October, 1914, 
having been as much as 16001. There was, however, 
an increase of nearly 9000 tons in the shipments of 
tin-plates in October, France having taken nearly 5000 
tons more. Major Bedford Glasier, of the War Office, 
has visited Swansea, and conferred with the South 
been | Tin-Plate mye pe Associa y) with 
to railway congestion and rolling-stoc shortages. e 
difficulty has arisen from the heavy demands made on 
railway traffic resources by the Government, and it is 
suggested that current shortage of labour might be 
obviated to some extent by the oy tees of soldiers 
in training. The directors of the Tirdonkin Collieries, 
Limited, report that during the past year the company 
benefited from the high prices obtained for fuel in con- 
sequence of the heavy requirements of the allied and 
neutral countries. The improvement was, however, only 
partial, as forward contracts for a certain proportion of 
the output had been previously entered into. Miners’ 
have also increased to the extent of 2001. per week 
andl mnteclale ene foom 95 ts fp = cent. dearer ; the 
cost of pit wocd has more than doubled. A new seam 
of coal lying to the west of the Tirdonkin Fault is giving 
an qusdiant and clean section of good steam coal, the 
thickness ranging between 5 ft. 6 in. and 5 ft. 9in. The 
Town Line (London), Limited—Meassrs. Harrisons, Sons 
and Oo., iff—announces a second interim dividend 
of 5s. per share for 1915-16; this is the sixth interim 
dividend of 5s. pe share paid for 1915. The Town Line 
has purchased from Messrs. Bell Brothers, G1 iw, the 
Bellevue steamer, 4419 tons gross register ; the Bellevue, 
formerly the Harford, was built at South Shields in 1908 ; 
100,000/. has now been paid for her. The Western Shipping 
Company, Limited, has declared an interim dividend at 
the rate of 20 per cent. per annum. Outward freight rates 
from Cardiff for the U; Mediterranean have been 
higher than ever, as m as 72s. 6d, per ton, with 800 
tons delivery, being quoted for Alexandria. There has 
also been an advance of 2s. 6d. per ton in freights for 
Genoa. At the same time, tonnage has been offered 
more freely for the near Mediterranean, and a reduction 
of 2s. 6d. per ton has been noted for Bordeaux. Freights 
for Lisbon have been secured at 32s. 6d. per ton, with 
400 tons delivery ; this isan advance of 1s. per ton. In- 
uiries have been received for steam coal from the Greek 
vernment, quotations being asked for 50,000 tons for 
shipment as early as possible, or alternatively over three 
mon 





OanapiAN Steam NavicaTion.—A new line of trans- 
Atlantic steamers, under the direction of the French and 
Canada Steamship Company, which emanates from Boston, 


has been ised to on a service between France 


’ | and Boston in the winter, and Quebec in the summer. 





Tue Paris “Ecote CentraLe” and THE War.— 

Le Génie Civil, the 
the French i i pt Ta, A 

t engineer num » ii 

of the annual figure of about 240 which obtains in normal 

times. All the young men who were studying at the 

college when hostilities broke out are now with the 

French armies, 


candidates admitted recently to 
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FRIDAY, DECEMBER 24, 1915. 


THE SHORTCOMINGS OF THE MUNI. 
TIONS LABOUR DEPARTMENT. 


Tue record of work by the Ministry of Muni- 
tions which Mr. Lloyd George gave to the nation 
through the House of Commons last Monday night 
is satisfactory only when superficially examined. 
When studied closely it is Ticapipéiating, almost 
humiliating. It must be admitted that as the war 
developed preconceived ideas of warfare were found 
to be fundamentally wrong. Without considering 
whether this was due to Tack of prescience or to 
inaccurate reading of the immense potentialities of 
engineering developments in connection with war 
implements, we are faced with the undoubted result 
that our enemies more quickly and more resolutely 
applied—if they did not preconceive—the new con- 
ditions which emerged and secured the new media 
for combating 


+ those conditions. This is proved 


the statement that in May last, nine months 
ter the outbreak of the war, when Germany 
was producing 250,000 explosive shells per day, 
mostly high explosives, our output was only 

of high-explosive shells and 13,000 of shrapnel ; 
that Germany made vast havoc with her machine- 
guns; and that it was only thus late in the day 
that we discovered that more than 90 per cent. of 
the casualties were due to machine-guns and only 
about 5 per cent. to rifles. Again, to-day, the 
heaviest siege-gun which we had at the beginning 
of the war is now the lightest. 

Mr. Lloyd George, in a characteristically per- 
suasive speech, made a good case out for the 
work already done by the Ministry of Muni- 
tions, but he was forced to admit that the best 
yet achieved was far from the maximum possible ; 
and, further, that the ‘‘ unquestionable resistance 
of the labour unions” was an obstacle to the 
achievement of the best results. His contention 
was that the employer must face the local trade 
unions and enforce demands for the overcoming 
of this resistance. Une honourable member inter- 
jected a reminder of the influence of martial 
aw, and Mr. Lloyd George made the reply that the 
employer must take action. To quote Mr. Lloyd 
eorge :—‘‘ It is a question whether you are going 
to bring this war to an end in a year victoriously, 
or whether it is ag, Be linger on in blood- 
stained paths for years. Labour has got to answer.” 

The statement by the Minister of Munitions— 
that the employer inust enforce the new labour 
conditions in the Munitions Act— when ex- 
amined, clearly indicates’ one cause of the great 
friction which is at the root of all the labour difti- 
culties. The Act under which the Ministry 
of Munitions was established made Mr. Lloyd 
George, as he is sometimes fond of claiming, the 
greatest employer of labour that the world has 


_|ever known, as he has now more than 2000 fac- 


tories under his control. In framing the Act he 
consulted the labour unions. The employers had 
no hand in it; they were not even consulted. 
Under it the a — a a 
test ible degree of compulsion. eir 
Ssotita, ahes tom over and over again established, 
are restricted. They have to conform in every con- 
ceivable way, not only in respect of contracts, 
but of the management of men, to the firmly 
defined regulations in the Act. At the same time 
the Act provided for the curtailment of the 
workmen’s right to strike, under penalty of fine 
and imprisonment ; the curtailment of the work- 
men’s freedom to — employment if engaged on 
e consent of his present 

employer, the right to appeal to the tribunal being 
nted if such consent was unreasonably with- 


1 held ; the enforcement of discipline in controlled 
, | establishments by penalties for bad time-keeping 


and other offences; the removal of trade-union 
rules or practices restricting output ; and compul- 
sory arbitration in the event of difféfences as to 
rates and working conditions in commection with 
munition work. 

The Act thus framed was accepted by the 
employers, and as an emergency measure it was 
even commended. But the first and grave blunder 
made by the responsible authorities was in failing 
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to give lead or direction to the tribunals eet up for 








carrying the Act into effect ; and, further, in omit- | 


ting, until after mischief was done, to issue regula- 
tions for the guidance of all concerned, including 
employers and workers. Lord Balfour of Burleigh, 
in reporting on difficulties on the Clyde, stated :— 
“* We think that, having regard to the divergent 
views held by cumligens and workmen, the 
position should be made clear by an official 
statement from the Ministry of Munitions, or, 
if necessary, by the publication of a rule. The 
present uncertainty eee much unnecessary 


controversy and a .” This was 
applied to one blem, but is equally true of 
1 questions. . Lloyd George created what is 


termed the National Advisory Board, composed 
exclusively of trade - union leaders. We say 
nothing about the use of the word ‘‘ national ” in 
the title of this Committee, and we may even 
excuse Mr. Lloyd George for ite composition, on 
the principle that he believed that, as far as the 
Act affected labour, the Advisory Board might 
be able to impose salutary discipline on their 
followers. The leaders had given hima pledges, 
but, as events have proved now—as at all 
times, in recent labour movements—they were 
powerless to enforce upon their members compli- 
ance with these pledges, and from the first day 
of the Act’s operation the antagonism of the “free 
lances,” who, unfortunately, control the districts, 
nullified any chances of success. The strike in 
South Wales and the way the Government handled 
it had enormous influence on the ‘‘free lances,” 
and now it is not too much to say that the condi- 
tions prevailing in many trades are in reality no 
better than they were before the Munitions Act was 
passed ; nor will they be improved by the policy 
which dictated the Bill to amend the Munitions Act. 

It is not possible to manage a works by Act of 
Parliament. The forces of human nature, ever 
varying, cannot be brought within the water-tight 
compartments of legislation ; this truism has been 
neglected. There is innate in the minds of all 
workers an unfortunate tendency to believe that 
their interests are antagonistic to those of the 
employers. For this very reason joint conferences 
are almost invariably a failure, use the pro- 
e of an employers’ representative is suspect. 

or this reason, also, the workers refuse to 
recognise that the employer and the capitalist 
are, in all controlled works, only agents on 
behalf of the nation. It was for this reason thata 
year ago we contended in favour of the complete 
absorption by the State of all works necessary for 
the production of munitions of war. This could 
either have been done on a purely financial basis or 
associated with the idea of a fusion of the industrial 
army with the fighting forces. National service, or 
compulsion, or whatever it may be called, has been 
imposed on the employers ; why not also upon the 
men? The a are in the service of the 
State, and to intents and purposes are carry- 
ing out national duties vital to the State. The 
restrictions imposed, alike on employer and worker, 
by the original Munitions Act were dictated 
by State necessities. Why, therefore, should the 
State not enforce, with all the public machinery 
available, the fulfilment of the conditions laid 
down in the Munitions Act against workers, aa 
well as against employers, as is now the case / 
The employers are placed in a false ition in 
having themselves to prosecute their workers 
at the tribunals for offences against the interest of 
the State, and, human nature being what it is, 
the result unavoidably is irritation, leading to 
further trouble. 

It is true employers may seek the help of the 
Ministry of Munitions in such prosecutions, but 
in such event there is almost invariably delay, 
which minimises the effect of the lessons of prosecu- 
tion, and by reopening forgotten sores engenders 
resentment. Where employers take action oppro- 
bium results owing to the lack of judicial authority 
during proceedings, apart altogether from the 
direct irritation resulting. The Bill for the amend- 
ment of the Munitions Act not only perpetuates 
this grave blunder, but intensifies the evil. The 
men are no longer to be imprisoned for failing 
to pay their own fine, but the fine is to be 
collected by the employer in weekly instal- 
ments. So long as these instalments have to be 
paid, the worker and his friends are in a state 
of active resentment. A workman, too, may 
move into another establishment, and the new 
employer is put in the invidious and entirely 
regrettable position of extracting a fine from a 
workman for an offence committed in another 
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works. That is not the way to develop content- 
ment. Mr. Lloyd George seemed to be conscious 
of the condition which may develop—namely, that, 
as the employer receives the minimum of reward 
for his enterprise, energy, and continuous applica- 
tion to meet the needs of the service, he may cease 
to out the conditions of the Munitions Act 
dictated by national needs to achieve increased 
output, because it is at the expense of great worry 
and vexation of spirit. This is a conti cy which, 
although remote, because of the patriotism which 
has been so nobly and unselfishly displayed by 
leaders of industry in this country, Mr. Lloyd 
George should carefully keep before him and his 
staff. 

Mr. Lloyd George finished his speech with the 
plea :—‘* Let us cast aside the fond illusion that 
you can win victory by an elaborate pretence that 
you are doing so. Let us fling to one side revilings, 
trade jealousies, professional, political, every- 
thing.” But has he, by his continuous yielding to 
the ae classes, done anything towards a realisa- 
tion of this hope? That the Bill amending the 
Munitions Act is a case of yielding, and must add 
further to the friction within the works, can easily 
be proved. Mr. Lloyd George himself said that 
- tubeer alone can help to reduce costs.” This 
may be done by one of two ways: by making 
the most of all the mechanical appliances available, 
and by the men being satisfied with a fair rate 
of wage. Early in the war it was found that, 
owing to the great demands for skilled labour, 
there was a continuous movement of workers, 
partly induced by the competition of employers to 
get men, and the Munitions Act made it illegal 
for an employer to engage a workman who had, 
within the preceding six weeks, been employed 
elsewhere on munitions work, or had not a certi- 
ficate from his previous employer that he had left 
with his consent. This tended to a state of 
equilibrium in the labour market. No provision 
was made that in the event of an employer dis- 
missing or discharging a workman the latter should 
be free to take employment elsewhere. This has 
caused much friction, owing to the refusal of some 
employers to grant a certificate to a workman so 
dismissed to the effect that he had left by consent 
of the employer. The Amendment Bill makes the 

iving of a certificate compulsory on the employer. 
Bat now a member suspended for a period of two 
days is to be entitled to such a clearance certificate. 

his change will lead to the nullifying of the 
whole scheme for the prevention of the migra- 
tion of workers. In the case of a riveters’ squad, 
for instance, one member may remain absent, 
intentionally or otherwise, for two days, so that 
the whole squad may claim certificates. A break- 
down in the electric power, which is not infre- 
quent, owing to the immense overload on elec- 
trical machinery at the present time, may result in 
a whole shop being idle for two days. Excessive 
demand for material may involve delay in deliveries 
to such an extent as to require the suspension of 
men for even two days. In this and similar ways it 
may be that men must be suspended for two days, so 
that either by subterfuge on the part of the men, or 
by unavoidable causes, beyond the control of the 
employer, many men can acquire the right to exact 
the clearance certificate. From the national point 
of view the best cannot be got from such men as 
transfer their services from one establishment to 
another, because it is an axiom that men become 
most efficient when thoroughly accustomed to the 
conditions prevailing in an establishment. That 
there is a hardship in men being suspended for 
two or even more days is admitted, but in many 
trades this temporary suspension is faced weekly 
by numbers of men for their own enjoyment. 

Another disadvantage in the Amendment Bill is 
that no workman may be dismissed or discharged 
with less than a week’s notice. This may seem quite 
reasonable, and in normal conditions no employer 
willingly transgresses. There are, however, cir- 
cumstances where it is impossible exactly to deter- 
mine the time occupied in work. As an instance, 
we may take the case of the completion of a ship. 
With painters, joiners, and kindred craftsmen it is 
not possible, without knowing whether they will 


work during the whole week, to determine how 
soon the vessel can be completed. Moreover, when 
a workman is under notice to leave, he has a 
tendency to slacken off ; we have known cases even 
where there has been an increase in accidents, 
resulting in the advantages of the Workmen’s 
Compensation Act being gained. 


Employers may 


find it better to pay the men for the week in 
lieu of giving notice, just as they may find 
it better to pay men for doing nothing rather 
than suspend them for two or three days. Olaims 
for clearance certificates are put forward by 
workmen on the slightest pretext; they are 
lodged at the local Labour Exchange, and, with- 
out any preliminary examination, automatically 
come before the tribunal for adjudication. If 
the department had an official responsible for 
making preliminary investigations, a large propor- 
tion o "ees cases could be dealt with on the spot, 
without resort to the tribunal and without involving 
so much friction. As agents are not allowed to 
appear, the consequence is that the experienced 
members of the staffs of employers, who could be 
oe usefully on productive work, are com- 
pelled to attend ; or otherwise, as is now becoming 
more frequently the case, the clearance certificates 
are granted in the absence of the representatives 
of employers who cannot afford the time of their 
representatives in resisting claims. 

he tribunals, indeed, are the cause of an enor- 
mous waste of time. We have already referred to 
the absence of guidance. The chairman is in most 
cases inexperienced in the industries affected by 
the Act, and seldom has he experience of judicial 
work. The assessors are drawn from panels which 
were originally set up in connection with Reference 
Courts under the Chsconiepentad Section of the 
National Insurance Act, and are quite unsuitable. 
The assistance of the assessors has not been 
utilised by the chairman hitherto, probably 
because he has not the opportunity of becoming 
acquainted with them, since they vary at every 
sitting. The chairman need not consult them 
before giving his judgment. This has been a 
source of complaint by the unions, and they have 
endeavoured to secure an amendment to the effect 
that the assessors should each be entitled to 
a vote along with the chairman, the majority 
deciding the case. This pro l was defeated in 
connection with the Amendment Act, but it was 
agreed that the chairman should give judgment 
when the two assessors, one representing the em- 
ployers’ organisation, and the other the unions, 
were in agreement. It is quite satisfactory to 
know that in cases where women workers are con- 
cerned one of the assessors should be a woman. 
Equal agreement, however, cannot be conceded to 
the amendment that the Ministry of Munitions 
shall fix the wages, conditions of employment, and 
hours of labour of women in munition work. This 
power is unrestricted, and could only be justified 
on the assumption that there was ‘‘sweating ” of 
female labour. This supposition is indefensible, 
and itis matter for some surprise that the proposal 
that State regulation of wages, even in this limited 
case, should be accepted even by the unions, as it 
may lead to far-reaching results. 

The whole scheme is open to serious objection, 
and there are some works where no resort is had 
to the labour tribunals. In such cases employers 
act on normal lines with or without maximum 
efticiency from the national point of view. Fines 
are imposed as under ordinary conditions of con- 
trol, but in most establishments the trade-unionist 
spirit is so dominant that the ‘‘free lances” assert 
themselves, and insist on the reference of all ques- 
tions to the tribunal. In other words, the machinery 
set up by the Ministry of Munitions is utilised for 
the purpose of defeating Mr. Lloyd George’s own 
aim to achieve the maximum output. It is idle to 
dispute the fact, notwithstanding the agreement to 
waive all restrictions of trade-union regulations, 
that among the workers the spirit of trade-unionism 
is stillassertive. Although business experience and 
acumen, and the greatest conceivable desire to 
meet national needs, should be directed entirely to 
efficient organisation of resources to ensure the 
maximum output, the employers find themselves 
still faced with trade-union restrictions supposed 
to be suspended by Act of Parliament, but main- 
tained in face of the Act. It is left to employers 
to break these restrictions down, and there will 
be little wonder if they grow weary in attempt- 
ing the herculean task, which only a State Depart- 
ment could ever hope to accomplish. Employers 
have found their time and energy unduly consumed 
in trying to carry out the disciplinary measures 
which the Munitions Act provides, and which 
it is clearly the duty of the Ministry to enforce. 
Whether it be the removal of trade-union restric- 
tions, the prosecution of workmen for bad time- 





keeping—and how hopelessly bad time-keeping is, 





and has been, is well known to the Ministry—or 
resisting the unceasing efforts of a large section of 
workmen to migrate from works to works in the 
pursuit of higher wages, the employers have found 
the Ministry quite inept, and unwilling to enforce 
on their own initiation the power given by the Act. 
This may drive the employers to rest content with 
accepting things as they find them. One would 
fain hope, however, that it is not ‘‘ too late” even 
yet for the Ministry to assert the power given them, 
and to make trade unionists realise that, in a time 
of national crisis, when the efficient control and 
organisation of labour is a matter of life and death 
to the nation, its efforts will not be in the future, 
as they have been too much in the past, just make- 
believe. 





FRENCH RAILWAY TRAFFIC AND 
THE WAR. 


ComMERcIAL traffic on the French railways, so 
far as military needs allow, is gradually recovering, 
but the number of ‘emagge and goods trains 
remains exceedingly low, even on the systems 
which are at a distance from the fighting zone. The 
receipts, as a consequence, also remain low. The 
very great reduction in the industrial and commer- 
cial activity of the nation has, on the other hand, 
led to the temporary disappearance of a very large 

rtion of the elements of railway traffic. The 

rench State does not grant the companies any 
compensation for the total or partial suppression 
of ordinary traffic, and compensates ra but 
meagrely for the military use of their lines and 
rolling-stock. All these conditions together mean 
very heavy losses to the French railway companies. 

Since 1913, the French railway systems, in 
common with the railway systems of other coun- 
tries, have been in a period of crisis of a political, 
rather than economical, nature, and the receipts have 
not been satisfactory. Thegross receiptsof the French 
railways had only increased by 46,000,000 francs 
(1,840,0001.) in 1913, whereas the corresponding 
figure in 1911 was 60,000,000 francs (2,400,0001.), 
and exceeded 88,000,000 francs (3,520,0001.) in 
1912. Several French railway companies were 
showing an improved situation for the first seven 
months of 1914, compared with the same period of 
1913, and hopes were being entertained that the 
general situation for the whole year 1914 would be 
at least comparable to that for the preceding year. 
The war which supervened caused the total gross 
receipts for the five large railway companies to fall 
from 1,698,000,000 francs (67,920,0001.) in 1913 to 
1,385,000,000 francs (55,400,000/.) in 1914, equal 
in round figures to a loss of about 313,000,000 
francs (12,420,000/.) for a total developed length 
of about 30,000 km. (18,640 miles). Fortunately, 
the companies have been able to reduce in a certain 
measure their working expenses, with the result 
that the net receipts have not fallen to the same 
extent as the gross receipts. 

In a review of the traffic receipts and expendi- 
ture of the large French railway systems, first con- 
sideration may be given to the Rathon of France 
Railway Company, which is not only the greatest 
of the French railway concerns, but also the one 
which has suffered the most from the invasion and 
from the loss of ordinary commercial traffic. As 
far as can be gathered from the moneys paid at 
the stations, the settlement of accounts with the 
other French railway companies and the payments 
received from the War Department for military 
transports, the total receipts on the system 
amounted to about 241,000,000 francs (9,640, 0001. ), 
equal to more than 95,000,000 francs (3,800,000/.) 
under the corresponding figure for 1913. I[tshould 
be borne in mind, in this respect, that all receipts 
have ceased from the — of the system occu- 
pied by the enemy, and this portion was the most 
productive of the whole system. These figures do 
not take into account numerous outlays for main- 
tenance, repairs, and reconstruction work, nor do 
they include losses of and damage to stock, all of 
which cannot be estimated for the present. 

Taking into account all the that are 
known, the net receipts of the Northern of France 
system appear to about 58,000,000 francs 
(2,320,000/:). In the matter of this system, how- 
ever, the agreement dealing with the guarantee of 
interest by the State terminated with the year 
1914. According to this agreement, as our readers 
are aware, the State completed the share revenue 
when the working did not yield a sufficient remu- 





neration, We may here add that the Paris-Lyons- 
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Mediterranean system is in the same situation 
with reference to the State guarantee of interest. 
Moreover, in regard to the Northern system, the 
guarantee of interest applied of late to a part only 
of the system, and could only have reached a sum 
of about 12,000,000 francs (480,0001.). The situa- 
tion in this respect is made worse by the fact that 
the results for 1915 will in all likelihood be more 
influenced by the war than were those for 1914. 
In order to facilitate matters in a measure, the 
French Parliament has authorised both the 
Northern of France and the Paris-Lyons-Mediter- 
ranean systems to credit their first cost account for 
1914 and following years, including the year in 
which peace shall be signed, with the sum which 
will be found necessary to cover all insufficiencies 
in receipts. In the case of the Northern of France 
system the amount is of some 57,000,000 francs 
(2,280,0001.), from which are to be deducted the 
indemnities paid to the company as a consequence 
of the war. We may add with respect to the 
Northern of France system that the company has 
decided to borrow 200,000,000 francs (8,000,000/.) 
with a view to meeting its most urgent needs. 

The Eastern of France Railway system has also 
suffered greatly from the invasion of the enemy and 
from the work of destruction caused by the war. 
The reduction in its gross receipts is all the more 
marked, seeing that for a number of years its traflic 
had considerably increased, especially by reason of 
the working of the extensive ironstone beds found 
in Meurthe et Moselle. The total developed length 
of the system exceeds 5000 km. (3109 miles) ; in 
1914 the receipts were about 225,000,000 francs 
(9,000,0007.), corresponding to a decrease of 
75,000,000 francs (3,000,0001.), compared with 
those for 1913. Important works were in p 8, 
especially in the Rheims region, and the rolling- 
stock, even in 1914, was being greatly improved 
and increased, the increase comprising 92,000 
horse-power more in locomotives, and increases of 
over 11,000 passenger seats and 56,000 tons in 
goods-carrying capacity. When the war broke out, 
the receipts of the Eastern of France Railway for 
the first seven months of 1914 were about on a par 
with those for the preceding period. Since then 
they have fallen badly. 

On the Eastern of France, as on the Northern 
system, military transports have been and are 
still most important. During the period of con- 
centration of the troops, when the mobilised 
soldiers were being sent to their headquarters, 
there ran on the Eastern system, in sixteen days, 
4100 trains of troops and equipment. At certain 
periods the trains amounted to about 400 per day. 
Since then the system has been most active ; in 
August last the company ran 7900 trains for re- 
victualling the armies, bringing back the wounded, 
and for tactical transports. Notwithstanding this, 
the receipts for military transports, so far as the 
accounts show, have only reached a total of about 
32,000,000 francs (1,280,0001.). The company has 
endeavoured to minimise expenditure as far as has 
been practicable; the total has been about 
175,000,000 franes (7,000,0001.), being about 
12,000,000 francs (480,000/ ) under the figure for 
1913. Of a necessity, much has been saved in 
regard to work on the permanent way and other 
work, but in this respect expenditure is simply 
postponed, and expenditure under this heading 
will, unfortunately, be largely increased ultimately, 
owing to the destructiveness of the war. A notable 
fact is that, notwithstanding mobilisation and the 
evacution from the invaded regions of a number of 
the company’s agents, the expenditure on staff and 
the running expenses have largely increased. 
Military transport is carried out under abnormal 
conditions, and without any special regard to 
economy ; traffic arrangements are of a complicated 
nature, and the engines are not regularly utilised 
to the full. It is not surprising therefore to find 
that coal consumption has increased from 18 kg. 
to 31 kg. per km. (64 Ib. to 110 lb. per mile). 
The coefficient of working expenses appears to 
have risen from 61 to 98 per cent. 

_ Considered as a whole, and taking into account 
the charges on bonds and shares, the deficit 
exceeds 62,000,000 francs (2,480,0001 ) which sum 
has to be found by the State on the terms of the 
convention entered into between it and the com- 
pany, whilst in 1913 there was an excess in the 
profits of 7,000,000 francs (280,0001.), after pay- 
ing the bond and shareholders, which sum the 
State divided with the company. This affords an 
indication of the influence of the war upon the 








finances of French private concerns. It may be re- 
marked here that in the years 1870-1871, the period 
of the Franco-Prussian war, the Eastern of France 
Railway had to claim the State guarantee of in- 
terest for a sum of about 32,000,000 francs 
(1,280,0001.) only. 

The other French railway companies have been 
less directly hit by the war than the two whose 
situations we have briefly outlined, but, neverthe- 
less, their productivity has been greatly reduced 
owing to the slackening in trade, the impoverish- 
ment of the country, and the decrease in the number 
of commercial trains of all sorts, and passenger and 
tourist trains. 

Taking, for example, the Paris-Lyons-Medi- 
terranean Railway system, the deve'oped len 
of which exceeds 9700 km. (6000 miles), we find 
that the gross receipts were approximately 
503,000,000 francs (20,120,0001.) in 1914, whilst 
they approached 597,000,000 francs (23,880,000/.) 
in 1913. In both instances we leave out of con- 
sideration the Algerian lines, which are worked by 
this ee The above figure for 1914 is equal 
to that obtained as far back as 1906. On the other 
hand, in 1914 the company had been able to 
reduce its expenditure by about 27,000,000 francs 
(1,080,000/.). War transports, which brought in 
about 48,000,000 francs (1,920,0001.), have far from 
compensated the fall in normal commercial traffic. 
Although the system is outside the fighting zone, 
during the four days of mobilisation proper the 
company ran over 3000 trains ; since then military 
transports have continued with extraordinary in- 
tensity. 

Notwithstanding the rise in the price of coal and 
an inevitable wastage in coal consumption, due to 
the abnormal way in which the lines work, the Paris- 
Lyons-Mediterranean system was able to reduce 
expenditure to the extent of about 27,000,000 francs, 
as above stated ; this is due mainly to the renewal 
and maintenance of the permanent-way being 
effected less carefully than usually obtains. The 
company’s expenditure for 1914 amounted to 
313,000,000 francs (12,520,0001.), leaving a net 
result of 190,000,000 francs (7,600,000/.), as against 
over 256,000,000 francs (10,240,0001.) in 1913, for 
a system of slightly less developed length. As a 
consequence, the company, which had ceased ap- 
pa to the State for the guarantee of interest, 

as been compelled to have recourse to the State 
funds for a total sum of over 32,000,000 francs 
(1,280,0007.), this forming a debt which the com- 
pany has to redeem, and which bears interest at the 
rate of 4 per cent. 

The Orléans Railway Company’s system, al- 
though also situated outside the actual military 
zone, has likewise been largely under contribution for 
the transport of military supplies proceeding from a 
large area of French territory. This system also 
carries to the Front supporting troops in consider- 
able numbers coming from the south, south-west, 
and centre of France ; it also carries to the rear the 
sick and wounded. Military traffic has occupied 
a large portion of its activity to the detriment of 
commercial traffic, the only traffic which really 
pays. The total developed length of the system is 
7500 km. (4650 miles) ; in 1914 the total receipts 
amounted to 281,000,000 francs (11,240,0001.); 
in 1913 the total was over 308,000,000 francs 
(12,320,0001.). The difference is less than that 
for other French systems, which points to the 
fact that the industrial and commercial activity of 
the districts served has suffered less than has 
been the case for other French districts. From 
August 2 to 5 of last year the company ran 1500 
trains; from the fifth to the eighteenth day of 
mobilisation the military trains numbered 2000, 
carrying, approximately, 600,000 officers and men, 
144,000 horses, and 40,000 guns on carriages. e 
expenditure for 1914 amounted to about 183,000,000 
francs (7,320,0001.), approximately equal to the 
total expenditure for 1913. The balance between 
gross receipts and expenditure is not sufficient to 
meet the charges on capital and the dividends 
which were guaranteed to the shareholders by the 
State when the latter demanded the construction 
of such and such lines. For 1914 the Treasury 
has had to pay the Orléans Company a guarantee 
of interest of over 51,000,000 francs (2,040,0001.), 
or 33,000,000 francs (1,320,0001.) more than in 
1913. The company had never before required 
such a Jarge sum, even in the periods of greatest 
industrial and commercial depression. 

The Southern of France Railway system has a 
total length of about 4000 km. (2500 miles). Its 





gross receipts were about 135,000,000 francs 
te’ sen: ou0e.} in 1914, as against 157,000, 
6,250,0001.) in 1913. This company 
tourist traffic, which the war greatly interf 
with. Thus in August, 1913, the passenger receipts 
amounted to about 8,000,000 francs (320,000/.), and 
they fell to about 2,500,000 francs (100,000/.) in 
August, 1914. The ex iture in 1914 amounted 
to 77,000,000 francs (3,080,000/.), and the State 
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has had to pay the company a sum of 19,000,000 
francs (760,0001.) in the shape of guarantee of 
interest. 


We are not able to give any figures for the 
French State Railways, the necessary statistical 
and financial documents not having yet been pub- 
lished. But we may note that a part of these State 
railways—the former V’estern of France Railway— 
has had to deal with a most heavy military traffic 
—* Havre, Rouen, Le Mans, Brest, and 

aris. 

However, and as we stated at the commence- 
ment of this article, the commercial traffic on the 
French railways is, notwithstanding the continu- 
ance of the war, gradually recovering. 





GERMAN TECHNICAL HIGH SCHOOLS 
DURING THE WAR. 


Berore the nineteenth century there existed but 
very few schools or colleges for higher technical 
education, and amongst those few the Ecole des 
Ponts et Chaussées, in Paris, erected in 1747, and 
the Ecole des Mines, also in Paris, erected in 1760, 
deserve special mention. It was, however, only 
during the Revolution that they were transformed 
into regular schools for engineers. The Revolution 
created a demand for engineers, and the necessary 
theoretical provisional instruction for them was 
— in the Ecole Polyte hnique, which was 
ounded in 1794. 

The demand for polytechnic high schools in 
Germany and Austria arose from the havoc 
wrought by Napoleon’s wars upon the commerce 
and industry of Central Europe (whilst those of 
England flourished). In the year 1806 the Tech- 
nical High School in Prague was erected ; in 1815 
the one in Vienna ; then followed the high schools 
in Berlin and Karlsruhe, and in 1831 the one at 
Hanover. Since then their numbers have swelled, 
the last being the technical high schools in Danzic 
and Breslau, each of which entailed an expenditure 
of 6,000,000 marks. Little by little many of the 
old schools have also been very materially enlarged 
and extended, some attaining to a very consider- 
able size. 

When in the year 1884 the Berlin Technical 
High School was removed to its new quarters at 
Charlottenburg, the building was said to be the 
largest in Germany. In Hanover, when in the 
year 1866 King George had to leave his country, 
the Polytechnic High School was removed to the 
large castle which had been built for the king, the 
Welfenschloss, and in connection with this college 
immense extensions have taken place during the 
last twenty years, huge buildings being erected 
for electrical engineering, machinery, chemistry, 
metallurgy, &c. During the winter session 
1912-13 the number of ordinary students at some 
of the leading technical high schools was as 
under :-— 


Berlin ... me me a o ue 2110 
Munich m2 aS - 3 bs 2215 
Dresden ¢ a ah a a 1055 
OR oe ee 
Karlsruhe... a re mn a 955 
Darmstadt... i? : “és pil 1245 
Hanover on te ssh 904 


’ After all this, it is not to be wondered at that 
Germany had advanced in the domain of technical 
science, that she, at the commencement of and 
during the war, was able to spring surprises on her 
enemies, not only as regards her 42-cm. guns, her 
gas shells, &c., but also on account of her technical 
measures to meet the want of articles of food, of 
manure, &c. 

It is interesting to consider how the technical 
high schools have fared since the war broke out. 
Whilst, during the summer session 1914 there 
were entered an ag te of 12,232 students at the 
German technical high schools, the number for last 
winter session receded to 9992 ; but of these, 8000 
were supposed to have gone to the Front before 
the beginning of 1915. Teaching, consequently, 
more or less came to a standstill. The printed 
programmes of the high schools certainly comprise 
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the usual number of lectures and courses; but 
on the front page of the me of the Berlin 
Technical High School, for instance, is printed a 
notice to the effect that a reserve is made as to all 
alterations necessary on account of the war. 

As the teaching was reduced, not only from 
shortage of pupils, but also because a number of 
professors and lecturers had gone to the Front or 
aided the defence in other ways, a number of 

remises became available for military hospitals. 
us, as carly as December, 1914, Professor von 
Bach's laboratory and lecturing-hall in Stuttgart 
was transformed into a hospital with seventy-five 
beds for wounded soldiers (Professor von Bach is 
one of Germany’s most-renowned professors of 
mechanics). Beds were placed in the engine-room, 
and the engine, with its pumping plant, was put 
in motion every day, and once a week an engineer 
came to explain the construction of the engine, &. 
Twice a week the engineers from the material- 
testing section showed instructive sliding lantern- 
pictures and lectured on the subjects in question, &c. 

At the Hanover Technical High School the 
number of students dwindled to 234 last winter, 
and to 182 this last summer, up to July 1, 1915; 
and out of 910 who had gone to the Front, 65 
students had fallen. . Of 19 professors, lecturers, 
and assistants who had gone to the Front, four had 
fallen, whilst Professor Lang, during some a. 
ments with a propeller for an aeroplane, had been 
so severely injured that he died. According to the 
wishes of the Ministry, the lectures and demonstra- 
tions, to the number of about 300, were delivered, 
saving about a score, while a hospital for 280 
wounded soldiers was arranged within the precincts 
of the school. At the Berlin Technical High School, 
out of 2248 ordinary students, 1879 had applied for 
leave this last summer, so that there were barely 
400 left. The programme only records three 
studentsas having so far fallen, whilst out of 135 
students at the Mining College 111 had gone to 
the Front, 40 of whom were either killed, wounded, 
taken prisoners, or missing. 

The above examples will suffice to show how 
very seriously the war has interfered with the 
working of the German technical high schools. The 
figures are taken from the Danish journal Politiken, 
in which there recently appeared an article on the 
subject from the pen of Professor H. I. Hannover, 
the Director of the Polytechnic College, Copen- 
hagen. 





THE LATE RIGHT HON. SIR HENRY 
ENFIELD ROSCOE. 


WE regret to have to announce the sudden death 
from heart failure, at his residence, Woodcote 
Lodge, West Horsley, Surrey, on Saturday last, 
the 18th inst., of the Right Hon. Sir Henry Enfield 
Roscoe. 

Sir Henry Roscoe was born in London, on 
January 7, 1833. He was educated at Liverpool 
High School, at University College, London, where 
he graduated as B.A., and at Heidelberg. He was 
made a Ph.D. in 1853, and honorary M.D. of that 
University in 1887. At the University of Heidel- 
berg, Roscoe was a pupil of, and became assistant 
to, Bunsen. When twenty-four years of age, in 
1857, he was appointed Professor of Chemistry at 
Owens College, Manchester, a position which he 
retained until 1887, and in which he introduced 
a new spirit of research, which rapidly developed 
throughout the omer When he entered upon 
his duties at Owens College, in 1857, as stated, 
this College, now the University of Manchester, 
was in a very precarious state, and was not 
expected to remain open for any length of time. 
Roscoe, however, soon succeeded in throwing 
new life into the concern, in collaboration with 
the Principal, J. J. Greenwood, who, like him, 
was also newly appointed to the College. Early 
in his career he received an invitation to a pro- 
fessorship at Oxford, but ha decided to remain at 
Owens College. A feature of his teaching was the 
great incitement which he gave to his students to 
carry out research work, and a vast number of 
renowned scientists in the United Kingdom rank 
among his former pupils. 

In the early years of his active life in England, 
Roscoe worked in conjunction with William Dittmar. 
Later he had as a co-worker Carl Schorlemmer, and 
both published, in 1877, the first edition of the 
** Treatise on Chemistry,” a work which has since 
run through many editions. Among his other works 
we may mention ‘* Lessons in Elementary Chemis- 





try "—first published in 1869 and translated into 
many languages—and ‘* New View of the Genesis 
of the Atomic Theory of Chemistry,” which he 
published in conjunction with Dr. Horden. 

Sir Henry Roscoe may be said to have discovered 
metallic vanadium. In this connection we may be 
allowed to quote from a paper on “The Use of 
Vanadium in Metallurgy,” read by Mr. Léon 
Guillet, D.Sc., at the Shettield meeting of the Iron 
and Steel Institute in 1905. The French scientist 
in his paper in question said that ‘‘ Vanadium was 
discovered in 1830 by Sefstrém, in the laboratory 
of Berzelius. He encountered the new element in 
the following circumstance. Rinman had pointed 
out that a brittle iron, after being acted on by 
hydrochloric acid, left a black residual substance, 
whereas this substance was not met with in non- 
brittle steels. Sefstrém applied this method to 
an iron which was admi y non-brittle, and dis- 
covered that a similar reaction occurred, which 
seemed to him to be abnormal. He examined the 
residue obtained, and established the fact of the 
presence of a new element, which he was able, later, 
to extract from refinery cinder. He gave it the 
name of vanadium. The early investigators who 
devoted themselves to the preparation of vanadium 
frequently confused the metal with ite oxides and 
even with the nitride. It is to Sir Henry Roscoe 
that the honour is due of having been the first to 
prepare the metal by reducing the chloride at a 
red heat by hydrogen.” 

Sir Henry was created a Knight in 1884, 
and was made a Privy Councillorin1909. He was 
elected a Fellow of the Royal Society in 1863. 
He sat in Parliament as a Liberal Member for the 
South Division of Manchester from 1885 to 1895. 
He was a member of Royal Commissions on 
Noxious Vapours, Technical Instruction, Scottish 
Universities, Secondary Education, &c. The B.A. 
degree was the only one which the London Univer- 
sity could confer upon him at that time ; his hono- 
rary D.Sc. came from Manchester, his D.C.L. from 
Oxford, and five universities in the United Kingdom 
made him LL.D. He was President of the British 
Association when the Association met in Manchester 
in the autumn of 1887, on which occasion he deli- 
vered an admirable address on the progress of science 
down to that date. In 1874 he was awarded the 
Royal Medal by the Royal Society for researches 
on the chemical action of light and on the metal 
vanadium. Sir Henry Roscoe was President of the 
Society of Chemical Industry in 1881, and Presi- 
dent of the Chemical Society in 1882. He was 
Vice-Chancellor of the University of London from 
1896 to 1902. He was also a correspondent of the 
Paris Académie des Sciences and an officer of the 
Legion of Honour. 





THE PROBLEMS OF IRRIGATION. 


Wir increasing pressure on many social 
activities, due to the spread of population in all 
uarters of the globe, and the absorption of lands 
t are the most easily cultivated, the problem of 
further expansion becomes equally difficult and 
important. The methods of intensive cultivation 
practised within the old and confined limits will 
not satisfy the demand for progressive develop- 
ment: new lands must be brought under tillage, 
the desert areas of the earth must be reduced, 
masses of unused and infertile lands must be made 
productive. The reclamation of such areas brings 
with it more advantageous consequences than that 
of ministering to immediate necessities. When suc- 
cessful, substantial communities are built up, ensur- 
ing the spread of a higher type of civilisation, the 
numbing effect of isolation disappears, since a bridge 
is provided connecting these scattered centres of 
ce with those settled in more - favoured 
ocalities, adventurous spirits find an outlet for 
their energies, laudable ambition is encouraged, 
and industrial enterprise of all kinds feels the re- 
action and is benefited. This advance in agricul- 
tural and social development depends in the first 
place on the command of a sufficient water supply, 
and in many districts a judicious method of water 
conservation and distribution is all that is needed 
to accomplish such happy results. 

Irrigation is destined to be practised on an ever- 
increasing scale, though we in this country of rainy 
skies and moist atmosphere may be slow to realise 
its importance as an economic factor of world-wide 
significance. We have no interest in conserving 


our water supply for icultural p' and 
with our congested population we could have but 





little opportunity for utilising such stores. But 
when it is realised that about 25 per cent. of the 
earth’s land surface receives a bare 10 in. of rain- 
fall annually, and approximately another 30 per 
cent. an insufficient supply of between 10 in. and 
20 in., it is evident that the problem of irrigation 
and its possibilities is one that merits profound 
attention, appealing most forcibly to the engineer 
and the agriculturist, to the student of sociology, and 
the economist. This wider outlook, touching some 
of the more recondite problems, such as the difti- 
culties introduced by vested interests and prior 
we, the control and supervision of water 
rights by the State, schemes of settlement, &c., 
has been recently emphasised by the publication 
of a report by Mr. A. D. Lewis, of the Irrigation 
Department of the Union of South Africa,* who, 
after acquiring much experience on the irrigation 
puke of oo Fesiath ban considered the con- 
ditions under which irrigation is practised in the 
United States, apparently with the view of advising 
his Government on the most efficient manner of 
— and distributing water for agricultural 
needs. 

Certainly much useful information can be gleaned 
from America, for in no other country has so much 
been done to render arid and desert regions pos- 
sible for settlement and farming. The task under- 
taken by the FederalGovernment is in an instructive 
stage, since it is possible to observe the results of 
the practical gene of conservation in progress, 
and to study the working of the methods in com- 
munities of considerable size and of varied interests. 
At the same time, every scheme has to be decided 
by its own physical environment and the social 
status of the people it is intended to benefit. The 
conditions that have recommended, or compelled, 
the adoption of particular schemes will not be 
found elsewhere. The arid and semi-arid areas of 
America extend from the Canadian frontier to that 
of Mexico, and in longitude embrace half the con- 
tinent. There is ample room here for every 
diversity. The temperature varies from above 
100 deg. to far below zero, and in some places the 
altitudes reach 5000 ft. above sea-level, and in 
others sink below it. Sometimes the rivers are 
ice-bound, and can give an abundant supply only 
when the melted snow of the mountains their 
banks, others are intermittent in their flow and the 
scanty stream dries up when the thirsty earth most 
needs it. In one well-known case, a river, whose 
normal course is one of unstable equilibrium, for- 
sook its ancient bed and wandered away into some 
of the courses it had followed in geologic times, 
and it is not certain that such a disaster will not 
be repeated. Mr. Lewis visited some eighteen 
centres, in which typical treatments have been de- 
vised to meet the difficulties imposed by topo- 
graphic and geological conditions, by the nature of 
the water source, the formation of the soil and the 
character of the crop, but he found little that 
= the conditions that prevail in South 

Tica. Only in the western part of the Great 
Basin, that lies between the great mountain ranges 
of the Rockies and the Sierra Nevada, did he see 
a similar country to that which he left in Cape 
Colony. The surroundings of Humboldt Lake 
and Carson Sink conjured up the not too agree- 
able aspect of the Fish and Zak Rivers in the 
north-west of Cape Province. Yet, possibly, a 
quite different scheme of handling the problem will 
be required in South Africa. The same boldness 
of conception and of readiness of adaptation to 
meet local conditions will be demanded, but will 
need to be differently applied, and the endless 
variety presented, with the ingenuity practised in 
overcoming difficulties, lends charm and fascination 
to the story of irrigation enterprise. In one respect, 
however, whether on the Colorado, or the Nile, or 
the Indus, similarity“is to be found in the extent 
and magnitude of the work contemplated and the 
fearlessness with which it is attacked. Reservoirs, 
or lakes, of an area of 25 square miles, and dams 
capable of regulating the flow of rapid rivers are 
gigantic undertakings, whose successful completion 
claims our admiration. To construct a system of 
levees with a length of 73 miles, that serve to pro- 
tect the bottom lands from overflow, and a pumpir g 
_ that utilises the surplus water from such 

uge areas, is a work that demonstrates the confi- 
dence placed in engineering and mechanical skill. 
Cement-lined tunnels, 6 or 10 miles long, carrying 


* “Trrigation and Settlement in America,” by A. D. 
Lewis, M.A., A.M. Inst. C.E. Pretoria: The Govern- 
ment Printing and Stationery Office, 1915, 
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swift rivers under lofty mountains tell of a long 
purse as well as of consummate skill and persever- 
ance. The magnitude of the forces against which 
the irrigating engineer contends is shown by the 
necessity of such works as the Arrowrock Dam, 
328 ft. high from bed rock to top of parapet wall, 
and 100 ft. thick at the bottom. 

In the technical journals and in special treatises 
is given in minute detail the description of such 
mammoth structures; in a summary it would be 
impossible to do justice to their boldness of design 
and ingenious devices. What Mr. Lewis hae fur- 
nished, and what is particularly valuable, is of 
the nature of a comparison between the various 
existing schemes. We can see with sufficient dis- 
tinctness the grounds for the oy of the general 
plan, the broad outlines on which that plan has 
been, or is being, carried out. But the description 
is not so overloaded with detail that we lose the 
sense of proportion or have difficulty in appre- 
ciating the essentials. It is evident that American 
engineering has — successfully the econo- 
mical arrangement of large masses of work. Full 
advantage is taken in many cases to obtain cheap 
power from the river falls. Labour-saving devices 
on a large scale are very effectively employed in 
transporting materials. Conveyor-belts, bucket- 
ladders, and drag-line excavators find a grand field 
for display. Sand and silt and other ingredients, 
locally deposited, are largely used in cement manu- 
facture in specially designed ype but the propor- 
tioning is controlled by careful experiment before 
and during construction. Concrete is deposited 
through shoots, and, when possible, cement is 
blown through pipes. 

But, however economically expended, the out- 
lay has necessarily been large. me 120 million 
dollars have been expended on reclaiming about 
three million acres, or an area equal to that of 
Wales. The method of financing the operations is 
interesting and important. Those who "+ the 
prosecution of irrigation schemes contend that by 
the use ofa trust fund, which is being returned and 
used over and over again, the valueless land is 
being converted into highly-productive farms, pro- 
viding incidentally relief to congestion in indus- 
trial centres and extending home markets. The 
origin of this trust fund is apparently the monies 
received by the State from those who have acquired 
land of profitable character under favourable con- 
ditions of climate. Any citizen of the United 
States, who does not already own land to the 
extent of 160 acres, may make a ‘‘ homestead entry 
filing.” This ‘‘ filing” entitles theapplicant, after 
fulfilling, within a specified time, certain conditions 
on the land, and other requirements, to obtain an 
indefeasible title by payment of approximately 
lj dols. per acre, in addition to some necessary 
legal fees. The funds accumulated from the sale 
of the better lands are thus used for the develop- 
ment of those areas which would not otherwise 
taken up. This arrangement seems to be judi- 
cious and well planned, so far as the recovery of 
the land is concerned, but. some difficulty is ex- 
perienced with the homesteaders. It must be re- 
membered that on desert land—that is, such land 
as will not produce a crop without irrigation—a 
citizen could take up as much as 320 acres, and on 
condition that he brought water on the land and 
cultivated but one-eighth of it, he could claim a 
title to the whole on payment of only 400 dols. 

Naturally when the jac aade | undertook re- 
clamation works they suspended this privilege, 
and equally naturally the suspension was resented 
by the speculative element. On a minimum esti- 
mate, 1600dols. had been expended ona moderate 
farm of 40 acres, and though no claim was made for 
interest, it was hoped to recover the capital. To 
recoup the State, the Government needed a trust- 
worthy class of tenants,and therefore wisely reserved 
the right to determine the size of the farm, and 
especially insisted upon effective residential occu- 
pation It was never intended that capitalists in 
adjacent cities should purchase these lands culti- 
vating them through tenants, who would have no 
interest in their permanent improvement, or 
exhibit no just appreciation of the duties of citizen- 
ship. The Government rightly set their faces 
against absentee landlordism, and their action 
seems to have operated adversely against settle- 
ment, and to have awakened some heart-burning. 

To require a man to enter upon an unfamiliar 

system of farming, and to 

capital to build a house to live in, to pro- 














































sufficient 


vide fences and barns, to purchase provisions 


for a family, and to feed stock for at least one 
year, must restrict the number of applicants. 
On the other hand, to those in the neighbourhood, 
the hope of acquiring one of these homesteads from 
the Government on easy terms was particularly 
attractive, since it seemed possible to fulfil the 
residential qualification by a few occasional visits, 
by adding a few improvements, and by hiring a 
man to look after the Ly op hy the pioneerin 
days should and the d become a soli 
asset. It is due to the Government having stood 
firmly to this requirement of real occupation that 
the desirable settlers have come in slowly, only 
about one half of the reclaimed land being occupied. 
To induce a desirable class of tenants to enter on 
reclaimed land is one of the pressing problems of 
irrigation, and will no doubt be carefully con- 
sidered in South Africa. 

Another problem that is particularly pressing in 
America, and will come more prominently forward 
as vacant lands are occupied, is the operation of the 
law of priorappropriation. As arule, in the States, 
riparian owners of land have no vested interest in 
the water that flows past their property. Everyone 
has the right to turn to beneficial use the waters of 
any natural stream, priority of appropriation giving 
the sole right to those who use the water for the 
same purpose, or, as the Idaho Constitution ex- 

the general principle, ‘‘ priority in time 
shall give superiority of right in the numerical 
order of settlement and improvement.” This 
method of iy epee ensures to the pioneer, as 
a reward for his enterpirse, an unassailable water 
right, which cannot be annulled by any later or 
more judicious plan of development. There is, too, 
the convenience that the establishment of rights 
along a stream proceeds almost automatically. When 
there is plenty of water, and no occasion to restrict 
the supply, and it is under such circumstances that 
the law or custom has crystallised, such a prin- 
ciple works satisfactorily. Each appro 
can prove beneficial use is allowed to take a definite 
quantity of water, but B, who comes later in the 
tield than A, can only draw his share after A is 
completely satisfied ; and, similarly, C’s claim has to 
wait till both A and B have made their due deduc- 
tions. Whether the supply is bountiful or scant, 
D and the resi of the po a Bn can have only what 
is left after the early comers have taken the quan- 
tity they originally claimed. One consequence is 
that if the flow falls off D and E may get no water 
at all, and their treatment appears hard. It is 
debatable in equity whether A, B, and C should 
be allowed to take only a definite proportion of the 
total flow, instead of what appears to be their 
undoubted legal right, a definite number of gallons. 
Of course there are objections to the proportional 
method—patent objections—but the Courts appear 
to be moving in this direction, at least in some 
States. 

The principle applies to direct irrigation ; the 
problem becomes more involved, but scarcely more 
satisfactory, when the method of storage by reser- 
voirs is adopted. Use has sanctioned the same 
custom : the first appropriator who constructs a 
reservoir may prove his title by beneficial use to as 
much water as, for example, will flow into his 
reservoir ina month. At the end of that time he 
must allow as much water to flow out as comes in. 
A second a may then in to fill his 
reservoir, but if he has constru adam above 
the first reservoir, he must — all the water to 

for the month that the prior appropriator 
-neotnor Similarly, no one above the scone can 
interfere with his supply till the expiration of 
the period necessary for filling the second reser- 
voir. It may happen that direct irrigation and 
storage reservoirs exist on the same stream. Then 
the law becomes very complicated, at least to the 
layman, who becomes conscious of the necessity, 
in a new country, where irrigation is in its infancy, 
of placing, at the earliest possible date, water rights 
po irrigation law on a sound and intelligent basis. 

Another matter of urgent importance to the 
country turns on the word “beneficial,” not so much 
in a legal, as in an agricultural, sense. An irrigator 
not infrequently exhibits a too-selfish interest in 
his water rights, and regardless of the necessities 
of the community, insists on wasting water in the 
mistaken belief that the more he has of a good 
thing, the better. Experience all over the world 
shows that this reckless abuse of water too often 
ends in depreciating the land in value, and destroy- 





















































Energy, skill, and thrift are demand 
who aspire to success. 
the fortunate are shouted abroad, the drawbacks 
and disappointments are less ardently advertised. 


iator who | P u . 
in America. The three units tested each developed 
over 4000 horse-power. 
head of about 365 ft., the flow to each being about 
1600 cub. ft. per second. Stringent guarantees as 
to the performance being required, special methods 
were n 
measurements. According to Mr. 
racy obtainable with the usual methods of water 
measurement is as follows :— 


Usin; 
Dr. R. Mellet, of Lausanne, a very high order of 


The strength of the salt solution 
duced was accurately determined, as was also the 





ma areas by washing out the valuable salts in 
soil, or concentrating the salts in particular 


localities until their value is reduced by becoming 
overloaded with the valuable residue. 
valence of the dreaded ‘‘ alkali” in America—that 
is, the accumulation of salts of soda, in which sul- 
phate or bicarbonate predominates—is generally 
the result of too copious an application of water. 
Other evils, as the rise of the water-table following 
.= bundant application of water—a trouble 

t 
remedied by systematic and 
The possibility of such mischief shows the necessity 
of strict regulation of the quantity supplied and of 
the methods of irrigation. Butthese are of the nature 
of details, demanding local treatment, into which 
it is not necessary to enter. 
to notice is that the actual work of construction 
of reclamation projects requires a full knowledge 
of what has been attempted, as well as of what has 
been achieved. The South African Union has 
been wise in making a thorough study of 
conditions and future needs before embarking on 
or extending an enterprise of no inconsiderable 
magnitude. 
past from loss by drought, and believe that irriga- 
tion offers a 
may need to be reminded that cultivation by irri- 
oan is not a roe business, nor is it an ideal 


The pre- 


been experienced in Kgyyt—can only be 


expensive drainage. 


What is of importance 


resent 


Those, too, who have suffered in the 
magical road to wealth and prosperity, 


orm of agriculture for the lazy or the im nious. 
from all 


The roseate descriptions of 





NOTES. 
Cuemt-HyDROMETRY. 
IN a paper recently published in the Proceedings 


of the American Society of Civil Engineers, Mr. B. 
F. Groat describes the application of chemical 
methods to determining the quantity of water sup- 


lied to the turbines at a large hydro-electric station 


They operated under a 


to secure accuracy in the water 


roat, the accu- 


} to 1 per cent, 
ms 1 per cent. 
. 2to8 per cent. or more 


the very exact methods of titration due to 


With moving screen 
With weirs oe 
With current-meters 


is, Mr. Groat states, obtainable by chemi- 


accuracy 

cal methods. The plan followed was to disc 

into the head-race a measured quantity of a strong 
solution of common salt, 
from the tail race were then a: 
and knowing the strength of the original solution, 
the — of ogee pene Sy determined, and 
consequently the total weight of water passi 
the turbines per second. Very elaborate preune 
tions are, however, necessary 

results. The salt solution was made by shovelling 
commercial salt into a ‘‘ dissolving box” 3 ft. in 
diameter by 10 ft. high, through which a flow 
of water was maintained by a 3-in. centrifugal 
pump. The suction of this 
to the city mains. A trough led from the top of 


Samples of the water 
ysed for this salt, 


to secure reliable 


mp was connected 


the dissolving-box to a screen-box placed over a 
5000-gallon salt-solution tank. e fine-wire 
screens in the screen-box in most of 
the impurities in the commefcial galt used. 


thus pro- 


natural salt content in the head-race leading to 
the turbines. An 8-in. centrifugal pump was used 
to add the charge of salt solution to the head-race. 


The suction-pipe of this pump drew both from the 


river and from the salt-solution tank, and the 
supply from both sources was thoroughly mixed 
in its passage through the pump. The delivery- 
pipe of this pump termina’ in a series of 
sprinklers, which distributed the charge as uni- 
uber, as possible —e 4 the head-race. The 
su uent ge of the water through the 
turbines sotdueall @ very uniform distribution of 
the salt throughout the whole volume. Samples 
were drawn from the tail-race through a system of 
twelve pipes extending across the race at different 
levels, and perforated with fine holes in the up- 
stream faces. These samples were su qently 
titrated, thus determining the relative weight of 
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the salt to the water in the tail-race. The total 
weight of salt passed in during the whole dura- 
tion of the test being known, the total weight 
of water ing the turbines could be deduced. 
By using the accurate methods of titration devised 
by Dr. Mellet, the error of measurement was kept 
well below one-tenth of 1 per cent., and Mr. 
Groat claims that the precision of his tests is 
in excess of any peney made with equally 
large discharges. is paper contains numerous 
tables for facilitating the necessary corrections and 
reductions of the observed data. 


Metat-Porcetain Roxtcen Bus. 


Some stir was caused last winter by the an- 
nouncement that a new, very powerful Réntgen 
bulb, built up of metal and china without glass, 
had been used with remarkable success in the 
Réatgen Institute of the Ziirich Canton Hospital. 
Approached from various quarters, Professor L. 
Zehnder gave, in the Elektrotechnische Zeitschrift of 
Febru 4, 1915, a detailed description of his 
new bulb, which is not patented. The body of the 
bulb is a brass cylinder, to which is cemented, 
by its wide base, a porcelain tube; the general 
arrangement is vertical. Through the end of 
the porcelain tube is inserted a tube of copper, 
which is closed above by a valve, presently to 
be mentioned, and below, at its entrance into 
the brass cylinder, by the cathode, a large concave 
disc of stout copper. The brass cylinder itself 
serves as anode, and is earthed for safety sake. 
The anti-cathode is attached to the bottom of the 
cylinder, and in order to allow of carefully 
adjusting the anti-cathode to the focus of the 
cathode, the bottom of the cylinder is made of 
corrugated metal, which can be bent to a certain 
extent. The anti-cathode is a block of copper, 
obliquely cut off in the usual fashion and covered 
in some way (by plating, electro-plating, or by the 
Schoop spray process) with tungsten or platinum. 
Opposite the anti-cathode is the window through 
which the rays leave the bulb ; the window is made 
of aluminium or glass. On the other side of the 
cylinder is a lateral appendage which is charged 
with charcoal ; the containing vessel is wound with 
a bifilar coil to heat the charcoal when the vacuum 
in the bulb becomes too high ; the vessel can also 
be cooled in liquid air or hydrogen to improve the 
vacuum, While the bulb is being evacuated with 
the aid of the pump, it is heated by the current 
or flame ; and when a sufficient evacuation has been 
attained, the above-mentioned valve is closed ; this 
valve consists of iron, and is packed with rubber ; 
a magnet is used to close the valve, which can 
easily be opened again, being outside the porcelain 
tube. When electrons are to be liberated, the 
cathode is covered with magnesia, on which some 
refractory metal is sprayed, and the copper tube 
(within the bore of the porcelain) is doubled, for 
special heating of the cathode by battery current. 
the bulb in question had been in use for several 
months in the Réntgen Institute when the descrip- 
tion was written. The large dimensions of the 
cathode and of the leads allow of working with 
strong currents, without undue heating of the 
parts, which can easily be cooled, and a high 
efficiency is claimed. Exposures of 0.2 second are 
said to be sufficient for taking photographs. The 
apparatus is thus very convenient for kinematic 
work ahd also for X-ray pees ry omg y. Itis men- 
tioned that the insulation should be kept cool when 
the cylinder and copper tube are heated during 
evacuation. 


Dissociation or Ioptng Varour By Exectric 
SvaRks, 

In 1887 Sir J. J. Thomson showed in the Royal 
Society that the pressure of iodine vapour was 
increased when electric sparks were through 
it, and he ascribed this increase to a dis- 
sociation of the iodine into positive and negative 
ions. The rise ef pressure, measured by a sulphuric- 
acid pressure-gauge, seemed to persist for many 
hours after the discharge had been stopped, whilst 
in the case of bromine vapour it was momentary 
only, owing probably to the recombination of the 
ions formed. The experiment has often been 
quoted, but the persistence of the dissociation in 

articular was questioned, notably by Gerhard O. 
hmidt, of Miiuster. The latter pointed out that 
in all the ionisation disap rapidly 
again with the cessation of the discharge; and 
though it might last longer in the iodine vapours, 


it could hardly be continued for many hours. He 


did not see, moreover, why bromine should not 
behave similarly to iodine vapour, and he sug- 
gested that the sulphuric-acid ga e had been 
influenced by the heat of the sparks. The account 
of the experiment in the Proceedings of the Royal 
Society did not give a detailed description of 
the apparatus. At the instigation of Schmidt, 
W. Kropp has recently repeated the experi- 
ment (Zeitschrift fiir Elektrochemie, August, 1915), 
and he denies the effect. Kropp took a cylin- 
drical bulb, 10 cm. long, 2.2 cm. in diameter, and 
fitted it with a mercury thermometer and elec- 
trodes of platinum wire at the upper and lower 
ends of the bulb. The bulb was continued below 
in a fine glass spiral of four turns, to the lower 
end of which he fused a vertical glass rod, 12 cm. 
long, carrying at its lower extremity asmall mirror. 
This glass spiral, due to Ladenburg and Lehmann, 
served asa delicate pressure-gauge. The spiral and 
rod were enclosed in a glass tube, which was sealed 
to the lower end of the bulb, and both the bulb 
and tube were joined to apump. To prevent iodine 
vapour from entering the pump during the evacua- 
tion of the apparatus, the gases were passed through 
a heated glass vessel containing some mercury, 
which would combine with iodine. Before a dis- 
charge experiment was started, the connection of 
the bulb and tube with the mercury vessel and the 
pump were sealed off. The bulb and tube were 
placed within a tubular electric furnace, so that 
experiments could be conducted at different tem- 
peratures. The electric discharges made the mirror 
oscillate slightly, owing to the mechanical concussions 
produced by thespark. When the bulb was heated 
to 62 deg. Cent. the pressure increased, of course ; 
when afterwards the discharge was started, there 
was a further increase of only 0.3 mm., while the 
bulb thermometer rose by 1 deg. in half a minute 
At 94 deg. Cent. the discharge caused a pressure 
rise of 0.5 mm., and at 121 deg. Cent. a pressure 
rise of 3 mm. in 5 minutes, while the bulb tem- 
perature rose to 135 deg. Thus the increase in 
pressure seemed to be due to heat, and the further 
slight pressure rises, accompanying the discharge, 
also to be due to the spark heat, the upper elec- 
trode being near the » eon then Bo bulb. Hence 
there was no distinct ionisation effect. But the 
pressures ‘observed were, in fact, lower than they 
should have been at the respective temperatures. 
This is the unsatisfactory feature of the experi- 
ments, which Kropp does not fail to point out. 
The vapour pressure at the temperature of 121 deg. 
Cent. ought to have been 33 mm.; only 25 mm. 
were indicated by the gauge. The discrepancy, 
Kropp thinks, is partly, at any rate, explained 
by the fact that his electric-furnace tube was 
rather short, and that his thermometer readings 
were really higher than the average temperatures 
of his bulb. It is a pity that he did not modify 
his apparatus to settle this question, and that he 
contents himself with urging that the absolute 
temperatures did not matter, the point being 
that the discharge did not produce any note- 
worthy rise of pressure. J. J. Thomson, we 
should add, placed his apparatus in an oil-bath, 
and he observed at 214 deg. Cent. a pressure cor- 
responding to a temperature of 1570 deg. Cent. 
(according to Victor Meyer). If we are not mis- 
taken, Sir J. J. Thomson himself regards the 
behaviour of iodine as peculiar. 
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Dynamometers. By the Rev. Freperick JOHN JERVIS 
Saitu, M.A., F.R.S., edited and amplified by CHARLES 
Vernon Boys, F.R.S. London: Constable and Co. 
[Price 14s, net. ] 

Our own columns have frequently testified to the 

interest and importance attaching to the use of 

apparatus for measuring ‘‘ work” by dynamo- 
metrical methods. The necessity for rigorous 
examination is admitted, aud with the construc- 
tion of more powerful and more complicated ma- 
chinery, corresponding improvements in the test- 
ting apparatus naturally arise. Without some 
reliable test, the efficiency of every new engine is 
more or less a matter of conjecture, and we are 
unable to satisfy ourselves of the degree of economy 
attained by the new construction. The selection 
and arrangement of an appropriate test may be 
difficult. o small amount of ingenuity has been 
exhibited in devising dynamometers that combine 
convenience with the necessary accuracy, and in 





the multitude of contrivances that have been 


suggested, the merits of some can easily escape 
notice, unless some detailed information, classified 
and constrasted, is easily accessible. We there- 
fore welcome a book which serves the twofold 
object of offering an admirable introduction to a 
fascinating subject, and at the same time of assisting 
the practical engineer to select that form which is 
best adapted to his needs. 

The late Rev. F. Jervis Smith possessed in a 
marked manner the qualifications necessary to 
interest the student in dynamometrical appliances 
and the practical knowledge that appealed to the 
expert. He was gifted with a genius for design- 
ing and constructing instruments of delicacy and 

recision, but also he could explain clearly what 

e understood perfectly. His work on a form of 
chronograph for the measurement of minute inter- 
vals of time, that has found so wide an applica- 
tion in the measurement of the velocity of pro- 
jectiles, as well as his inventions and improve- 
ments in dynamometry, display the bent of his 
mind, and it is not surprising that he contemplated 
a treatise which should survey the progress of the 
science of measurement of ‘‘ work,”’ as technically 
understood. It is to be regretted that he did not 
live to carry this intention to fulfilment, but the 
completion and final adjustment of his manuscript 
for the press could not have fallen into abler or 
_— sympathetic hands than those of Mr. Vernon 


ys. 

Loyal adherence of the editor to what he con- 
ceived to be the plan and intention of the original 
writer, coupled with the natural wish to make as 
few alterations as possible, has led in places to 
some unevenness in the arrangement, which we 
think the author would have removed by supply- 
ing some explanatory links in order to ensure 
greater cohesion. For instance, in the middle of 
the book we are suddenly introduced to extracts, 
from Coulomb and from Prony, on the methods of 
measurement of work effected by workmen under 
given conditions, whose connection with the main 
subject is not immediately apparent ; nor is this 
connection made any clearer by the sudden insertion 
of remarks ‘‘on the flow of fluids from orifices in 
vessels,” due to Le Chevalier de Borda. On the 
other hand, where the MS. indicates the clear 
intention of the author to introduce additional 
paragraphs, Mr. Vernon Boys has supplied the 
missing information, and these abstracts possess 
all the interest and charm that attaches to the 
original parts. Collaboration has been rendered 
especially difficult, but on the whole has been 
successful. 

The subject-matter is mainly descriptive and 
historical. The author apparently proposed to 
describe and illustrate any novel device or prin- 
ciple that has been applied to the measurement of 
the output of prime movers, and of the power 
pews | by machines when driven by engines or 
motors. The arrangement is generally historical, 
since simple devices tend to grow more complex 
with the flux of time, but parallel progress in 
the construction of absorption and transmission 
dynamometers necevsarily entails some interrup- 
tion of chronological sequence. Moreover, to one 
who had been for many years Millard Lecturer on 
Mechanism at Oxford, the educational side would 
appeal strongly, inducing the author to discuss 
fundamental principles and to describe contrivances 
in their simplest form, where these principles are 
most clearly illustrated. For the same reason the 
original applications of new thoughts in dynamo- 
metry, the epoch-marking departures in this branch 
of engineering, are as a rule given in the words of 
the original inventors, a plan which has many 
advantages, and one that brings us into close touch 
with some well-known pioneers; for omitting a few 
early measurements, as those of Smeaton and of 
Edgeworth, the development of the science as a 

ractical test of construction and workmanship has 
een approximately confined to the last half century. 
The author Prony, Hirn, Morin, Lord 
Kelvin, and Froude as the founders of accurate 
dynamometric measurement. Prony was the first 
to employ the friction set up between two surfaces 
as a means of testing the output of a prime mover, 
a plan that has had many variations and many 
followers. Hirn led the way in producing those 
work-measuring machines in which bands and ropes 
are employed to drive the machine or particular 
apparatus to be tested. Morin taught us the 
advantage to be gained by employing integrating 
diagrams, and how to construct them. He deve- 





loped the self-registering principle, and suc- 
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ceeded in exhibiting as an area the product of 
force multiplied by the space through which the 
force acted. Lord Kelvin, when engaged in devis- 
ing apparatus for paying out the first Atlantic 
on constructed a brake in which the moment of 
inertia was reduced to the least workable value, 
and as a consequence giving great steadiness to 
the wheel when running. Froude successfully 
tackled the problem of testing the power delivered 
by large prime movers. In the friction-brake 
dynamometer the power delivered to a revolving 
shaft is measured by the rate at which a definite 
weight is being virtually lifted. The arrangement 
may be descri as simple when employed on a 
small scale, but inasmuch as in the friction brake 
very considerable heat must be generated between 
surfaces in close contact, a well-nigh insuperable 
difficulty arose when the power was greatly magni- 
fied, as in the case of marine my ry to which 
Froude applied his method. The heat developed 
cannot be avoided, but Froude showed how the 
temperature could be kept below any limit thought 
proper. The author gives a very full description 
of Froude’s device, and is justified, for the ‘* tur- 
bine brake” marked a new departure in dynamo- 
metry, and supplied the means for substituting a 
decisive and trustworthy test for loose and often 
delusive statements. he large but unknown 
waste of power due mainly to friction could not go 
unsuspected, but conclusive means of testing were 
wanted for determining the type of engine that 
effectively delivered the largest proportion of power 
indicated. 

That the author intended a very thorough ex- 
amination of the subject from first principles is 
shown by two carefully-prepared chapters on fric- 
tion and the theory of A ane sort the treatment 
of both is practical ; graphical methods and the use 
of ruled papers are encouraged, but very consider- 
able scorn is poured on those pure mathematicians 
who fill examination papers with elaborate conun- 
drums in which the weightless cord and the fric- 
tionless table are made to do duty. Only a practical 
engineer could write ‘‘ A single question containing, 
so far as is known, the real conditions of the case 
is better worth answering than a thousand in which 
the many inseparable conditions are neglected.” 

The methods of effecting integration by mecha- 
nical means, though necessarily curtailed and 
limited in direction, will be found to be very 
stimulating to a beginner. Mr. Boys has added a 
rather full note on his engine-power integrator ; 
and it may be said here that in many places the 
application of general principles to mechanism 
other than dynamometers and their immediate 
purpose contributes very materially to the attrac- 
tiveness of the work. The remarks on ‘‘ lateral fric- 
tion” and on the mechanical and optical methods 
of reading the angle of torsion in certain forms of 
dynamometers may be quoted as examples. 

By the fourth chapter the author has sufficiently 
prepared the way to enter on the main subject of 
friction-brakes, in which the Rope dynamometer 
occupies a conspicuous position. Some of the 
modifications suggested in this type, such as those 
due to Mr. Hopps, of Coopers Hill College, and 
more recently that of the portable absorption 
dynamometer constructed by the Griffin Engineer- 
ing Company, were originally described in these 
pages; but here they have the advantage of being 
contrasted with other models, and the purpose 
served by the adoption of a particular construction 
is more clear] oon wen As examples of water- 
brakes in which the resistance to turning is regu- 
lated by adjustable sluices arranged to cut off the 
passage of the liquid within the casing, the forms 
employed by Osborne Reynolds and Froude are 
described, the latter description taken largely from 
Froude’s original paper. The chapter on air- brakes 
—a form of dynamometer in which ene is 
absorbed by means of rotating vanes setting air in 
motion—is almost entirely due to the editor. After 
explaining several recent adaptations, he remarks 
that the “ simplicity of the air-brake and its law of 
resistance leading to great stability of speed make 
this type eminently suitable for testing motor-car 
engines,” but he adds some cautions on the 

method of use that it would be very unwise to 
overlook. Two short chapters on magnetic and 
end-thrust brake dynamometers respectively com- 
plete one main section of the work. In the former 
class, the eddy currents produced in two copper 
discs by a magnetic field are utilised to generate a 
torque by their reaction in that field. To the latter 
class the author himself contributed a novel form, 








which was used to control the motion of a dynamo 
worked by a windmill. 

The term ‘‘transmission dynamometer,” of 
which the types and variations are numerous, is 
applied to those forms of mechanism that are 
Pp between the prime mover and the driven 
machine to measure the power transmitted. A 
familiar instance is that of a dynamo driven by a 
belt ; if we knew the difference of tension in the 
leading and trailing sides of the belt, together with 
the space through which the force ac it would 
be possible to determine the work done, or the 
average horse-power absorbed by the machine 
driven by the engine. The pioneer work of Morin, 
to which allusion has been made, has had an ample 
recompense in this form of dynamometer. Froude 
was another who at an early date saw the oppor- 
tunity for accurate measurement furnished by the 
varying tension in a driving-belt, and devised a 
dynamometer that, being more direct and elemen- 
tary in construction, preceded in date the turbine- 
brake. Many and ingenious have been the varia. 
tions that have followed these models, but it is 
stated that the method now used in the ship’s 
model-testing department of the Admiralty for 
obtaining a record of the measurement of the 
power transmitted follows Froude’s original lines. 

It is impossible to follow these many variations, 
or the grounds for their introduction, but we can 
hardly sympathise with Mr. Boys, who regrets 
that he has omitted many descriptions and patents 
that should have been included. The torsion- 
meters may, however, be regarded as a class to 
themselves, and just as Morin stands out promi- 
nently for his work on transmission dynamometers, 
so Hirn has an equally honourable place in per- 
ceiving the value and utilising the effects of torsion 
ina shaft. lf we know the twisting moment of an 
elastic shaft and its rate of rotation, it is possible 
to compute the horse-power transmitted. The 
function of the device consists in determining the 
angle of torsion which represents a given statical 
twisting moment when the shaft is rotating under 
load ; optical, mechanical, and electrical methods 
have been tried. The ‘‘ Rotostat” may be regarded 
as a by-product of the torsion-meter, and other 
devices exhibit equal ingenuity. Here, in these 
special devices, as in some of the more complicated 
instruments devised to meet ial requirements, 
which are described in the last few chapters, 
we may note with satisfaction the disappearance of 
obstacles that have stood in the path of modern 
progress. It is not many years ago that Froude 
wrote : ‘* No test exists by which it is possible to 
measure concisely the specific constructional merit 
of this or that engine ;” but it is impossible to 
read this work of Mr. Jervis Smith without feeling 
that the dynamometric test, in one of its many 
forms, is capable of providing a sure guide to 
measure the relative merits of prime movers, or the 
power absorbed by machines when driven. 
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Frenuate Lasour oN Munitions.—We have received 
from Messrs. C. W. Burton, Griffiths and Co. an interest- 
ing photograph showing the first ‘“‘Gisholt” combina- 
tion turret lathe rr in England by a girl. i 
machine is installed at the works of the Harland En- 
gineering Company, Manchester, and is working on 
18-pounder shells, previously rough drilled on a drilling- 

ine. Then they go to the turret lathe, are chucked 

and the bore finished and polished, counterbored for the 

thread and recessed, and the nose turned and finished 

onthe bevel. An av output of 33 shells is obtained 

in a shift of 9 hours. The age of the girl is about twenty 

ears, and she handled this machine as above, after about 
Ses or six days’ practice. 


This 9963, 0440. 


THE FOREIGN REPRESENTATION OF 
BRITISH FIRMS. 
To THe Epiror or ENGINEERING. 

nye nage | oe by recent © to London I 
was struck by num ‘oreigners who are passing 
to and fro, and in conversation learnt that such men are 
devoting their very special attention to Russia, one of 
such, to my certain knowledge, ‘‘he told me himself,” is 
—— by an English firm to do business on their behalf, 
an » without any even elemen knowledge of the 
a manufactured by such firm. 

was also told by a mili officer that a number of 
such men, so-called *‘ neutrals,” are ne the appoint- 
ments that our brave sons have relinqui willingly, to 
fight their Empire’s fight. But, Sir, to place ourselves 
well before the Russians, we should endeavour to have 
our interests ted by a Britisher, as we can barely 
expect the subject of any other country to help us against 
the interests of his own country; and there is the 
that while pretending to secure our interests, he is finan- 
cially _ by British manufacturers, at the same 
time doing his best to direct trade to his own country. 

The acceptance of such men ae British 
interests secures them an entry at present moment, 
when Russia’s goodwill is so strong to ourselves. 

Anyone who knows the tactics of the German manu- 
facturer and his representatives will not be in the least 
astonished to learn, when, perhaps, too late, that we have 
accepted in good faith the varnished statements of such 
in their pretended admiration for Britain and Britishers. 
I heard a German state that he would not employ a 
German, that they did not Oe cricket, &c., but who 
actually had his office full o' mans. They have no 
sense of commercial honour, will quote goods of a stated 
manufacture, and supply goods of quite a different coun- 
try’sproduction. — ; ‘ 

I hope some attention will be given to this matter. 

Yours faithfully, 
Davin A. Suepet, A.M.I. Mech. E. 

Enerdale House, Heaton Grove, Newcastle-on-Tyne, 

December 18, 1915. 





LUBRICANTS FOR SCREWING-MACHINES. 
To Tae Epitorn oF ENGINEERING. 

S1r,—I shall be glad if you, or any of your readers, can 
refer me to any published technical information on the 
subject of lubricants used with screwing-machines. Any 
data as to the results obtained with different classes of 
lubricants will be of much value. 


Iam, yours truly, 
December 17, 1915. Munitions. 





SHELLS ; MORE SHELLS. 

To tHe EpiTor or ENGINEERING. 
Srr,—Mr. James Keith’s advocacy of cast-iron shells 
would be more convincing if his letters indicated a com- 
ee knowledge of the subject. His suggestion that 
— shells are made of steel containing only 0.12 of 
car’ is simply ludicrous. If he had seen a shell in the 
lathe he would have no difficulty in believing that the 

percentage of carbon is 0.6, as it is. 
Yours truly, 





Personat.—Mr. Alan Williams, M. Inst. E.E., has 
removed from 9, Queen Victoria-street, E.C., to larger 
offices at 5, Chancery - lane, W.C. He continues to 
represent the Anderston Foundry ~~ , Limited, 
Glasgow, also the British Electric Plant Company, 
Limited, Glasgow and Alloa, besides continuing his elec- 
trical and general engineering business. 





Baitish TeLecrarHy.—The length of telegraph line 
worked by the Post Office in 1913-14 was 81,000 miles, 
the total being made up as follows :—Overhead lines, 
68,452 miles; und nd lines, 9072 miles; submarine 
lines, 3476 miles. The len of wire com in the 
lines thus worked was 2,886,025 miles—viz., overhead 
wire, 947,392 miles ; underground wire, 1,926,743 miles ; 
and submarine wire, 11,890 miles. The number of cffices 
either ially or wholly used by the Postal Department 


was 14,937 — viz., tal yen ey offi ly 
so-called, 11,762; railway and companies’ offices, 
transacti: ph business, 2421; and signalling- 


stati . total number of instruments in use 
was “308,604, the staffs employed comprising 249,606 
persons—viz., 868 higher-grade officials; 88, clerks, 
including sorting clerks, and telegraphists ; and 159,883 
other employees, including messengers. The number of 
telegrams forwarded in 1913-14 was 92,886, 000—viz., inland 
Siem, Te and foreign telegrams, 17,268,000. 
The number of telephones in operation in 1913-14 was 
774,821, the number of trunk calls being 38,220,086. The 
receipts rad ge yey d t 2,287, 6720. ; 
foreign ms, ; and miscellaneous revenue, 
305, 4641. Tis sovenne derived from telephones Gneioting 
royalties) for the year was 6,627,663/., making a combi 
for the year for telegraphs and ones of 
The expenditure for the year was 10,093,669/. 
Of this amount, 4,460,111/. represented salaries, wages, 
and superannuation an construc- 
tion and maintenanee of lines, dings, &c. 
seen that the expenditure of the year exceeded the 
receipts by 339,725/. A curious feature of the Post Office 
finance is that the expenditure always exceeds the 
revenue, anc no account appears to have been taken 
also of the interest anny J u the stock issued to 
provide for the purchase phs and telephones 





now worked by the Government. 
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DOMESTIC ELECTRIC HEATING AND 
TEMPERATURE CONTROL. 


Two drawbacks have prevented the general adop- 
tion of electric heating in our houses: high cost and 
difficulty of control. The two factors are intimately 
interconnected. When the electric plant is designed 
for ave’ winter conditions, it fails on really cold 
days ; when the radiators are adapted to cold 
spells, the rooms are overheated, as a rule, and elec- 
tricity is wasted. A couple of switches are not 
sufficient for economic temperature tions, and 
automatic thermostatic control involves difficulties 
with apparatus direct coupled to the electric mains. 
The novel thermostat and cirouit-breakers which Mr. 
George Wilkinson described before the Edinburgh 
Section of the Institution of Electrical Engineers un 
December 14 are especially designed for domestic 
heatiog, and their peculiar feature, the breaking and 
making of a mercury contact in an atmosphere of inert 
gas by variations of the gas pressure due indirectly to 
alterations in the temperature of the room, is interest- 
ing, because it admits of general application to switches 
and circuit-breakers, e illustrate the Wilkinson 
thermostat and circuit-breakers in Figs. 1 to 4. 

‘The thermostat (represented in frunt elevation in 
Fig. 1, and in cross-section in Fig. 2) consists of a steel 
tuve A closed by the cover B, into which the capillary 
glass tube C is fitted; A is filled with mercury, and 
the capillary encloses the platinum wire D, which is 
joined to one terminal T, ; the mercury rising in the 
capillary makes contact with the fixed wire. The 
glass dome E surrounds the capillary, and is itself 
surrounded by the glass ring F, the mercury in which 
serves as & seal for the inert gas (preferably hyd mn) 
contained in the dome. This dome is ree to 
admit the wire D, and is slotted beneath the mercury 
at G ; the slot corresponds with a slot in the cover B, 
and is required for inserting a nozzle, by the aid of 
which the glass dome is initially charged with gas. 
From the second terminal T, a wire dips into the 
mercury of the seal. By means of the screw H, which 
is provided with an insulating handle, the mercury in 
the steel tube, and thus in the capillary, can be raised 
or lowered, and the thermostat can thus be set to any 
desired temperature. Distance-stops (K, Fig. 2) are 
introduced between the base of the thermostat and 
its wooden cover, to allow of free ventilation. J is 
a duct through which the leads are introduced. Owing 
to the presence of the inert gas, currents of 30 watts 
at 250 volts (alternating or coutinuous) may be broken 
without discolouring the mercury ; this would be five 
or six times the normal duty of the device according 
to Mr. Wilkinson. 

In the automatic circuit-breaker, which is illus- 
trated in elevation in Fig. 3, and in plan in Fig. 4, 
contact is made, again in a hydrogen atmosphere, 





between two concentric bodies of mercury which are 
separated by a cylinder of porcelain, the contact 
point being on the top rim of this insulator. In the 


diagrams, A is a porcelain block on which rests the 
iron tray B, forming one of the poles ; the other pole 
is the bar C at the bottom of the block ; D is the 
cylindrical dome containing hydrogen. The porcelain 
cylinder E separates the outer and inner masses of 
mercury, F and G ; the steel pin H in the inner mer- 
oury G serves for indicating the correct level of the 
mercury on charging the apparatus. There are rubber 
packing-rings between the base of the hollow por- 
celain insulator E and the block A, and K, t 
seen in Fig. 4, is another rubber ring. Connection 
between the mercury in the glass dome D and 
in the iron tray B is established through the ducts 
J in the iron (in a snug cast on the tray) and in 
the porcelain block respectively. The rege ee 0 
cover L is screwed to the wooden base of the device. 
In order to control the rise and fall of the mercury 
by the action of the thermostat the upper portion of 
the dome D is externally wound with caailite’ high- 
resistance wire in series to the thermostat. When 
contact is made in the thermostat (between the mer- 
cury and the platinum wire) at the temperature for 
which the contact is set, current flows through the 
resistance-coil, and the dome is heated. The gas in 
the dome then expands and presses mercury out of the 
outer ring G, through the ducts J, into the iron tray, 
until contact between the mercury bodies in the two 
concentric ring basins F and G is broken. The circuit 
is then interrupted and the radiator put out of action. 
The temperature in the room then , the thermostat 
circuit is interrupted, the nesting coil cools, and the 
gas in D contracts, so that the mercury rises again, and 
the radiator circuit is re-established. Thus the cycle 
is repeated. When the outside temperature is equal 
to that for which the thermostat is set, the radiator 
remains out of action, and on mild days it would only 
light up in the morning and evening. The mercury 
has stood currents of amperes at volts, and 30 


amperes at 200 volts, without becoming oxidised ; but 

the ordinary apparatus are rated at 15 am 
The advantages of the controller comprise the 
absence of yop. Lang apart from the mercury. The 
be connected with a fan, ¢.g., to 


thermostat can 








k the summer temperature in the room, between 
62 deg. and 65 deg. Fahr. When the dome is pivoted 
on the lever-arm of # switch, the comp and 
mercury can ‘orm the part of the oil in an oil- 
switch. There are, on the other hand, disadvantages. 
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In the first place, the operation of the circuit-breaker 
is not independent of the atmospheric pressure ; but 
Mr. Wilkinson stated that, with barometer fluctua- 
tions between 27 in. and 31 in., the change of the 
mercury-level in the dome would only fluctuate by 
tin. Then the filling of the parts with mercury 
and hydrogen. is troublesome. A hydrogen generator 


(zinc and acid) is —— for the pu 3; one 
charging operation will probably suffice for a long 


time, and danger of an explosion—from the ignition 
of the mixture of the hydrogen with any residual air— 
would only arise in the first instance. But the appa- 
ratus, as described, could not be installed on shaking 
trains and on board ship, and for’ these reasons the 
apparatus has been modified. In the most recent type 
thermostat is provided with a very small dome, 
the gas —s being only one-sixth of that of the earlier 
type, the gas is simply air. The sparks then 
oxidise the mercury, but the small amount of oxide 
formed on first use of the —— can be driven out 
of the capillary and washed over into the mercury 
seal ; a further oxidation need not be feared, since the 
dome will afterwards practically contain nitrogen. 
The circuit-breaker has also been simplified into an 
electro-magnetic device. A split iron tube serves 
both as armature and conductor; when the electro- 
m tic shunt coil is cut out, this iron tube dro 
makes contact with a terminal lying at the 
bottom of the mercury, which partly tills the air- 
chamber. The apparatus is illustrated in elevation in 
Fig. 5. A is a porcelain block, B a mercury bath in it, 
C the steel armature of the electro-magnet D 
which is in shunt to the main circuit; T, is the one 
terminal of this shunt, the steel armature itself form- 
ing the second terminal, as stated, and T, and T; are 
the terminals of the main circuit. The upper portion 
of the armature C is covered with paper. The break 
was said to be very quick and the spark rapidly blown 
out by the shunt-field. A circuit-breaker of this type, 
Mr. Wilkinson stated, had operated continuously on 
& 3.25-kw. circuit at 15 or 20 breaks per hour, and had 
borne some 10,000 interruptions with little or no 


wear. 
Mr. Wilkinson also referred to other arrangements ; 





in one of them the heating apparatus is made in two 


distinct parts, the one, larger, part being controlled in 


the way indicated, and the other running continu- 
ously. Two questions might suggest themselves to 
chemists. The continued sparking between mercury 






































contacts in atmospheres of hydrogen or nitrogen might 
possibly give rise to the formation of by ides and 
nitrides. The existence of mercury hydrides is doubt- 


ful, and they would hardly complicate the action of 
the apparatus. But mercury nitrides do exist, and 
they are explosive. 





New Zeatanp.—The Dominion of New Zealand ccn- 
sists of three main islands, with several groups of smaller 
islands, lying more or less near the principal group. The 
main islands are known as the North, the South, and the 
Stewart Islands; and they have a coast-line 4330 miles in 
length—viz., North Island, 2200 miles; South Island, 
2000 miles; and Stewart Island, 130 miles. The minor 
islands included in the Dominion are the Chatham, the 
Auckland, the Campbell, the Snares, the Antipodes, the 
Bounty, and the Kermadac. The Cook group of islands 
and neighbouring islands were included in the Dominion 
by proclamation ing date June 10, 1901. The total 
area of the Dominion (excluding the islands annexed in 
1901) is 66,292,232 acres, or 103,581 square miles. The 
land area of the Cook group is about 150 equare miles, 
and of the other islands annexed in 1901 about 130 square 
miles. New Zealand was discovered in ber, 1642, 
by Abel Jansen Tasman, a distinguished Dutch navi- 
eee Tasman sighted the west coast of the South 

land, which he described as ‘‘ahigh, mountainous 
country.” He was under the belief that the land with 
which he thus @ acquainted belonged to a great 
polar continent, and was part of country discovered some 

ears previously by Schouten and Le Maire, and named 

y them Staten Land. He accordingly gave the same 
name of Staten Land to New Zealand ; but within three 
months Staten Land was found to be an inconsiderable 
island. Upon this discovery being made, Tasman’s new 
country received the name of New Zealand, by which it 
has since been known. 





Inp1an Rariway ADMINISTRATION.—At the close of 
March, this year, the length of line worked by the Bombay. 
Baroda, Central India Railway Company was 3723 
miles. Of this mileage 10014 miles were upon a 5}-ft. 
gauge, 1827§ miles upon a metre gauge, and 297 miles 


u a 25-ft. Of the broad-gauge lines 257 miles 
at tad ith double track, and of the metre-gauge lines 
26} nriles are mixed gauge; the balance the lines 


worked by the wan ge hag miles) are lines worked 
for native States or other companies. Of 

miles are of a 5}-fo. ge, 394 miles of a metre gauge, 
and 247} miles of a 24-fo. gauge. These details appear 
to indicate a lamentable confusion. There was an in- 
creased outlay during the past half-year in the main- 
tenance of way and works; some of this increase was 
attributable to special improvement works, notably the 
semen of the Tapti bridge, and the relaying of 
lines with 90-lb. rails imatead of 69-Ib. rails. There 
was a decrease in locomotive expensee on the : 
gauge lines; this was mainly accounted for by 5 
reduction in the expenditure on fuel; but it was also 
partly explained some saving in the average price 
paid, and partly by a smaller consumption per train- 
mile ; there was, further, some saving in the consumption 
of fuel upon the metre-gauge lines. ere were 851 loco- 
motives, 2769 vehicles used for coaching traffic, and 
18,274 vehicles used for the conveyance of goods upon the 
Bombay, and tral India system at the close 
of March, 1915. The corresponding number at the close 
of Se ber, 1914, was :—Locomotives, 854 ; 

vehi 2758; and goods vehicles, 18,159, 


ing 
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ENGINEERING COLLEGES AND THE WAR.* 


By R. Muciineux Wa.tastey, D.Sc., F.R.S.E., Principal 
of the Northampton Polytechnic Institute, London, 
and OC. E. Lararp, Member, Head of the Civil and 
Mechanical ng Department, Northampton 
Polytechnic Institute, London. 

Anyong who during the last few years had followed 

closely the developments of armaments could have pre- 

dicted that, as has actually happened, the next great 
war would be essentially an engineers’ war, and that the 
engineering aspects of the war would not be confined to 
the old distinctions which separated military from civil 
engineering. The developments of mechanical transport, 
terrestrial, ial, and naval, both on the surface and 
under the sea ; of ordnance and other implements of war 
for naval and field operations necessitating worksho 
tools and trained enginéers in our floating leviathans an 
at the field bases ; of telegraphy and telephony with or 
without interconnecting wires ; of all kinds of new optical 
aids; inevitably pointed to conclusions. 

It was therefore a national duty from the military and 
naval, as well as from the educational, point of view that 
the equipment and staffing of i ng nical col- 
leges and their organisation should be brought to a high 
state of efficiency as a pre ion for national defence 
and offence, if need be, against the contingency, which 
was not very remote, of this country having to face a 
European war. 

On the outbreak of the war it was inevitable that the 
work of the technical colleges in relation to it should be 
put upon its trial, and that the colleges should be asked to 
prove that the large, though insufficient, sums of money 
spent on their equipment and staffing were justifiable 
from the practical engineering as well as from the purely 
educational point of view. 

The object of this paper, however, is not to examine 
the whole of the general questions which obviously sug- 
gest themselves in this connection, but to deal more 
especially with what is being and can now be done by the 
technical colleges in assisting the country in its endea- 
vours to win through. The authors, therefore, venture 
to bring before the Institution the present paper dealing 
with such matters, and with the distinct object of raising 

uestions for discussion. They venture to hope that 
the opinions and suggestions of practical engineers and 
of expert engineering teachers, which may be expected to 
follow the reading of the paper, will prove of consider> 
able value towards the attainment of the end which all 
have in view. 

For convenience of reference, the paper is divided into 


the following sections and sub-sections, though it may be | he 


said at once that close water-tight divisions between the 
— parts are not possible nor perhaps even desir- 
able :— 
1. Munitions Work in Technical College Workshops :— 
(i.) Equipment available. 
(ii.) Personnel : staff, students, and others. 
(ii.} Conditions under which the college workshops 
should be utilised. 
(iv.) Kind of work which can be undertaken. 
(v.) Organisation of this werk. 
(vi.) bar = actually undertaken in the college work- 
shops. 


2. Training of Munition Workers and War Workers 
Generally :— 
(i.) Summary of what is being done at present in 
Se technical coll 

(ii.) Training carefully-selected hands on the direct 
production of munitions under manufacturing 

= conditions. 

(iii.) Whether, and under what circumstances, the 
manufacture of munitions is preferable to 
training munition workers. 

3. Other Engineering War Work in Technical Collcges. 


1. Munitions Work 1n TrcunicaL CoLiEecE 
WokrksuHops. 

(i). Equipment Available.—Many of our best technical 
colleges have well-equipped workshops vided with 
valuable modern tools of precision, such as universal 
grinding-machines, tool-makers’ machines, capstan and 
turret lathes, universal milling-machines, gear-cutters, 

c. Where such equipment is available there can be no 
doubt that the best use to which it can be put is in the 
manufacture, either directly for Government departments 
or through the local Munitions Committees, of munitions 
of all kinds, including the very numerous ancillary details 
necessary for the completion of the equipment of the Navy 
and the Army as fighting forces. 

Many practical engineers and some engineering pro- 
fessors have in the past looked with disfavour, almost 
with contempt, on the college workshop, and have 
doubted whether any serious work or instruction of real 
value can be given in it from a practical engineering point 
of view. This doubt, we are sorry to say, is in many 
cases the result of the amateurish workshop equipment 
= he mone oo» a —— of technical schools, 

‘uding those referred: to in preceding paragraph. 
Owing to the fact that they have gone on pin by oune 
installing cheap examples of old types of machines, fit 
only for the rough machine operations established long 
go, in the days of James Watt and in the machine de- 
velopments inaugurated by Whitworth, the assistance 
which these schools can give to the country in the pre- 
sent crisis is necessarily different from that which can be 
ae by the titter-eqeipped coll which have suffered 
argely from these ill-advised pretentious attempts 
at teaching so-called engineering workshop practice. 





* Paper read at the Institatl ical Ragi- 
neers, December 17, ele ab of Deohonienl 


This, however, is neither the time nor the place to deal 
with the position of the college workshops in their several 
educational aspects ; but it is of urgent importance that 
their equipment and staff should be utilised to the best 
advan in the service of the country during the pre- 
sent national crisis, irrespective of educational, personal, 
or even of local considerations. In this utilisation, the 
type of the equipment which has been accumulated in 
the past must necessarily be a determining factor as to the 
special work to be undertaken. 

As regards the amount of equipment available of one 
type or the other, it may be noted that the number of 
technical colleges and schools in the United Kingdom 
on in the membership of the Association of Tech- 
nical Institutions is ninety-six. The list is nearly, but 
not quite, exhaustive, for 1t does not include the Univer- 
sity Engineering Schools in London, and similar echools 
in some of the provincial universities. There may also be 
some minor technical schools not included. Altogether, 
not fewer than 112 educational engineering workshops, or 
sets of workshops, are in existence, and of them about 
twenty-five fall into the higher category referred to above 
as being more or less well equipped with modern produc- 
tive tools. 

(ii.) Personnel : Staff, Students, and Others.—As regards 
personnel, there are on the staffs of many of these engi- 
neering colleges and schools, including some of those 
which may be poorly equipped with meteen tools, skilled 
instructors and workmen trained in good commercial 
workshops, and familiar with, and engetls of operating, 
modern, up-to-date tools. There are also large numbers 
of skilled and semi-skilled engineering students who may 
be employed, and these may be, and are in many cases, 
supplemented by any outside skilled workmen obtainable. 

(iii.) Conditions of Utilisation.—The question of imme- 
diate importance is, under what conditions and how the 
workshops of our engineering colleges can be made of use 
to the naval and military authorities. This, as remarked 
above, depends to a large extent upon the equipment of 
the particular workshop under consideration. 

Where there is already a collection of modern tools of 
precision, as well as of the other tools suitable for the 
roughing out and finishing of parts of munitions and 
military apparatus, the authors have no doubt that 
the best course to pursue is not to attempt to combine 
educational work with production, but to organise the 
workshop as a factory workshop. and staff it under the 
direction of the well-trained staff which in such « case 
will be available on the spot, employing also such students 
as are available and are likely to io useful in the work. 
In addition, skilled workmen should, whenever possible, 
imported from the outside, if such workmen can be 
found ; but the experience of thelast few months shows 
that it is difficult to obtain many of this type of 
workmen—namely, those who can work to the Bighest 
degree of accuracy required in finishing inspection 
gauges, and in other high-class productive work. The 
available supply appears to have been quickly absorbed 
in the early days of the present development of muni- 
tions works. 

An alternative method in large centres would be to 
assemble under one organisation, and at a convenient 
centre for the purpose, a selection of tools from the dif- 
ferent colleges in the area rather than to distribute the 
work amongst the colleges, no one of which may be com- 
petend to deal with it on broad lines. The object of this 
centralisation would be the carrying on of the best type 
of work mentioned in the next sub-section. Undoubtedly, 
also, much can be done by grouping and concentrating 
special tools in large areas for the manufacture of some 
special work, such as shell bodies. If the education 
authorities in large centres were to concentrate the 
heavier lathes, certain furnaces, presses, and other suit- 
able plant in one centre, together with the necessary 
staff, it would be quite possible’ to obtain an output of 
from 200 to 600 shell-bodies a week, and that with tools 
which in many instances would be doing relatively unim- 
portant work or be lying entirely idle. 

In another centre, furnaces, pyrometers. and the suit- 
able staff may be concentrated to deal with the special 
hardening operations for gauges before the final finishing 
work, such as grinding and lapping, isdone. Many manu- 
facturing engineering firms newly undertaking the manu- 
facture of gauges, as well as some technical colleges, have 
found considerable difficulty, resulting in large waste of 
material, and, what is more valuable, time, in dealing 
neg | with the hardening of cast or tool-steel for 

uges. Gauge-makers will realise the great importance 
of the above suggestion in the case of firms or institutions 
taking up gauge manufacture for the first time. 

hen, again, educational institutions have an artistic 
crafts department, with special craftsmen on the staff. 
These departments might ust fully be employed as centres 
for the stamping or engraving of gauges and other work. 
The authors can state from direct experience that this 
work can be carefully and expeditiously done by such a 
department. 

here, owing to the unsuitability of the equipment or 
for othex reasons, the technical college authorities are 
unable to engage in the manufacture of munitions or to 
employ suitably the valuable tools under their charge, 
they should be required to hand over such tools, either on 
loan or purchase, to Government departments or ‘‘con- 
trolled ” munitions works urgently requiring them. 

In all cases in which the equipment utilised has been 
largely derived in the past from the expenditure of public 
money—that is, where the college workshops are being 
directly utilised as recommended, or where there is a 
centralisation scheme, the conditions under which work 
can be undertaken appear to the authors to be fairly 
obvious. 

In the first place the work undertaken sbould be on 





orders received directly either from the Loca] Munitions 





Committee or from Government departments. The con- 
ditions under which it should be undertaken should be 
the charging to the Government of actual out-of-pocket 
expenses, includin as are directly paid in 
connection with this work, but excluding the full-time 
of the expert members of the staff who are 
engaged upon it. Incidentally, it may be remarked 
that these full-time members of the should, if the 
work is to be effective, be giving to this commercial pro- 
duction a number of hours y in excess of 
the hours required for educational work. This extra time, 
which is not less than from 10 to 20 hours per week, has up 
to the t been voluntarily given by the engineering 
staff, who have fully i that, not being c' 
against munitions, it is a fair equivalent of the time wh: 
would under ordinary teaching conditions be employed by 
them in preparation work outside of the scheduled time for 
Leah bo gelh cock wagek sepemmntiin tip ommmanit 
ou. paid such wages, representing com 
value of their work, as may be determined by the expert 
opinion available. These wages would usually be on an 
hourly basis, though, when the nature of the work allows 
of it, piece-work rates should be fixed, and the work done 
should be paid for per piece, with the view of obtaining 
an increased output at a reduced cost. Students who 
have had some or no previous commercial workshop 
experience are, of course, of the grade of apprentice- 
learner or improver from the s! point of view, and are 
not to be regarded as skilled workmen. 

Under these conditions it is submitted that the total 
cost of production chargeable to the Government should 
not, for all the college workshops considered together, be 
in excess of the cost in well-equipped commercial fac- 
tories ; but it is obvious that if this method of charging 
for the work be adopted, then no orders should be taken 
from pareate firms, as this would lead to the exploitation 
of public property for private profit. 

(1v.) Munitions Work which can be Undertaken by the 
Colige Workshops.— Assuming a well-equipped worksho; 
and a capable engineering staff assisted by students an 
additional workmen with good workshop experience, the 
kind of manufacturing work which can done in 
sufficient quantity to be of real war value may next be 
considered. 

Taking first the highest type of college workshop 
equip with modern automatic tools and representative 
precision machines, together with the necessary gauges 
and ultimate standards of measurement, perhaps the most 
useful work at the present time, from the war point of 
view is the manufacture of gauges—both inspection- 
gauges and shop-gauges—for which there is a very press- 
ing need. As in the manufacture of these gauges the 


limits of error allowed vary from, say, + ss J ) in. to + 
sieo in., depending on the type of gauge, and special 
operations, such as annealing, hardening, stamping, 
grinding, and lapping—all necessitating special skill—are 
required, it is vital, if wasteful expenditure and dis- 
appointment are to be avoided, that what is meant bd ” 
** gauge” should be clearly understood. As a workshop 
operation even this degree of accuracy is eclipsed in the 
case of gauges for small arms, and gap-gauges which are 
worked to simple check-gauges, where a small fraction of 


raven in. can be detected by the skilled worker. 


The first criticism which will at once suggest itself to a 
casual reader is, ‘‘ Yes, it is all very well to talk about 

uge-making in the technical college workshop; but 

ow will you obtain the skilled workerr, who must be of 

the highest type, when there is such a great and un- 
satisfied demand for gauge-makers in the arsenals and 
munitions factories? Further, even many so-called 
skilled workmen can never be trained to be good gauge- 
makers, for it is a case of ‘many are called, but few 
chosen.’” Now. it must be granted at once, and will be 
shown more fully presently, that for the machine opera- 
tions involving the use, say, of a universal grinder, or of 
a good lathe for ow ones making, a highly skilled 
man is required, thoroughly at home with the use of 
machine tools, and sengar oe in addition, the necessary 
temperamental faculty of perceiving by touch and gauge 
very smal] differences of dimensions. Quite a number of 
institutions have such men on their regular teaching 
staff, and not to use such highly skilled ability at the 
present time is a national sin, Further, many engineer- 
ing students attending the technical colleges have had 
previous workshop traiming, and from actual experience 
it can be asserted that a few possessing the necessary 
faculty can, with a little instruction and close oversight, 
be so trained that they quickly pick up the special 
grinding and lapping operations necessary in the final 
stages of gauge-making. ‘ 

Then, again, there are very numerous details wanted 
for gun and small-arms works, poe y bye only the use 
of capstan lathes and operators, but of higher type of 
workman able to use gavge and micrometer in milling, 
a grinding, &c., and for this kind of work 
also the well-equi college workshop can be, and is 
being, made use of. - , —_ _ 

Turning next to somewhat poorly-equipped wor 
these can be utilised provided the necessary tools of o 
ordinary type are available, with students to work them. 
They can ie employed, for example, on rough machini 
for gun and carriage details, details for aeroplanes, s 
as plates, pins, bolts, stays, &c., and on many other 
operations requiring only somewhat crude workshop 
skill. Experience, however, up to the present has shown 
that this roughing work is difficult to obtain from the 
sources indicated, for the following reasons :— 

First, the roughing, and often the finishing, in the 





arsenals and munitions factories are for the most 
done cheaply on automatic and remi-automatic machiner, 
and it is the finished aryicle, worked very often to the 





654 


ENGINEERING. 


[Dec. 24, 1915. 








thousandth or half-thousandth of an inch, that is required 
in quantity. ’ 

Secondly, few munitions firms, and certainly none of 
the Gevernment arsenals, are able, owing to heavy pres- 
sure of work on the controlling staff, to place orders for 
simple roughing work, to be returned for finishing, with 
an individual technical college of limited capacity whose 
output would be so comparatively small as to be almost 
a negligible quantity. : 

It is here that the local Munitions Committee, or the 
es —. — in the —_ Zong — 
with sev technical co pro ised, can 
of use even if it be consid cokes to develop a cen- 
tralisation scheme such as has been recommended above. 
Orders for finished units of work in quantities should be 
freely placed with those authorities by the Government 
departments. The authorities acting as distributing and 
collecting agencies would then place orders and material 


with the various technical coll for — operations. | should be 


Tools at one institution would be found capable of doing 
only the crudest of rough machining to meg ee 
and it should be required to do that work, which would 
hen be collected and passed on to another institution 


capable of dealing with the somewhat finer and more! done, 


skilled operations ; finally, it would be finished at the one 
or two institutions capable of dealing with the most 
accurate workshop operations. 

In the hope that it may be of assistance to the public 
bodies referred to and others, the authors, in Appen- 
dix II.,* have scheduled in detail the chief iculars 
which should bs ascertained as a basis for the decisions to 

arrived at. So far as the authors have been able to 
find out, this system, or some modification of it, does not 
seem as yet to have been adopted. For its proper work- 
ing the Munitions Committee or Education Authority 
would uire to have a well-qualified and trained man, 
with a tod -cosk knowledge of modern workshop methods, 
devailed for this special work, who could give his full 
time to its organisation and administration, and not, as is 
sometimes the case, be employed on other work. Skilled 
advice through a large committee of local engineers is a 
great step in the right direction, but what is wanted in 
addition on these committees is the full-time o jiser 
with executive authority and with full responsibility for 
seeing things put through expeditiously. 

The a ry — —~? a out in pe 
as com with that u y automatic machi 
does not bulk largely when it is remembered that the 
labour may be largely patriotic and unpaid, that many 
munitions ;factories cannot obtain nearly the full number 
of automatic machines they require, and tha 
institutions working together can uce by these less 
modern methods work of considerable value in a far from 
negligible quantity. 

(v.) Organisation of the Work.—Dealing next with the 
question of suitable organisation for the rapid production 
of munitions in college workshops, it should be first and 
chiefly insisted upon that only full-time work is of value. 
Nothing can be more lamentable, or perhaps even 
ridiculous, than to attempt to undertake, as has unfor- 
tunately already been done in some places, the manu- 
facture of munitions at odd times during a regular full- 
time course of engineering college work. The education 
authorities have to make up their minds that if this 
thing is worth doing at all, it is only worth doing well, 
and it is one of the sacrifices demanded by the stringency 
of the present crisis that at least some of the educational 
work, and, from the conditions, that of the higher type, 
has to be set aside for the present, so that the personnel, 
both students and instructors, as well as the material 
equipment, may be freed for national service. It may 
be remarked, parenthetically, that the lower type of 
educational work, such as the first year’s day courses 
in the colleges, may be continued, since the young 
students fresh from school and under mili age are 
rather a hindrance than a help in the workshops, and 
for the time, at any rate, their instruction may be under- 
taken by teachers who are not necessarily so well versed 
in actual workshop operations as their more skilled 
colleagues. 

It being granted, then, that only full-time work is con- 
templa it is essential that it should be organised in 
aclordance with the practice which in some form or other 
now obtains in the best workshops. 

In the first place, a reliable system of cost-keeping is 
essential, and although the various institutions will, 
perhaps inevitably, adopt methods suitable to their parti- 
cular circumstances and differing in details, yet it is im- 
portant that each institution should start on a clearly- 
defined system. 

There will, in general, be several, and sometimes many, 
operations required to produce the finished article, and 
it is of the utmost importance, if the work is to be done 
as quickly and cheaply as ble, that the men should 
be properly grouped, and that each man should as far as 
possible be confined for a reasonable time to one operation 
oaly. Thus, for example, if numbers of a partic type 
of gauge are to be manufactured requiring, say, twelve 
operations, then, if possiblu, twelve men, each on a dis- 
tinct operation, should nym This system is, of 
course, quite the practice in a well-organised Fp ron | 
factory, but in some university colleges and techni 
schools attention to the business side of practical engi- 
neering and of modern workshop methods is conspicuous 
by its absence. 

The records for the cost of such work are best obtained 
by some system of job-ticket and job-cost cards, which, 
when completed, will enable the costs of any or of all of 
the work turned out to be readily determined. In addi- 
tion to direct labour there will be the indirect charges or 


* Pressure on our space prevents us publishing this 
appendix. 





shop charges, which will include :—Cost of power. De- 
preciation of tools based on the life and scrap value. Cost 
of small tools, oil, and the many other incidentals 
uired. Cost of light, gas, water, &c. 

tablishment charges, which in ordinary engineering 
works form a not inconsiderable item, should not be 
charged, remembering that these charges would exist if 
no munitions work were undertaken, and have already 
been paid for from public funds. Moreover, the usually 
heavy item of drawing-office charges is most frequently 
eliminated by the working drawings being 
supplied with the order. To charge any proportion of 
institute establishment charges to munitions would, under 
the conditions of the work, result in making the manu- 
facturing price prohibitive, and is undesirable from other 
points of view. 

In connection with the question of the extent, if at all, 
to which the salaries of the engineering teaching staff 

a c to munitions work, we are glad to note 
that the governing bodies of some institutions feel it 
their duty to allow their staff, in time not urgently re- 
quired for other work, to engage upon munitions work 
without charge to the cost of the work. If this were not 
the utmost that could be properly charged to muni- 
tions work, where the staff are e on this work, 
would be workshop value of the individual on similar 
work in a modern engineering factory. This workshop 
value will, in some cases, be more, but in many cases less, 
than the salaries paid for teaching work. re is then 
the difference, plus or minus, to be considered. ray & 
where members of the teachiug staff have joined the mili- 
tary forces, the governing bodies have, where army or naval 
pay is less the institute salary, made good the defi- 
ciency. In cases where the teacher earns more as a worker 
on munitions, he should be allowed to keep the increase. 
On the other hand, where either whole or part salary is 
charged directly to munitions work, there must neces- 
sarily arise the question as to whether a corresponding 
reduction of grant to the institutions from public funds 
ought not to be made, for it is obvious that to charge 
salaries to munitions work without a corres ing 
reduction of grants from public funds would result in the 
taxpayers and ratepayers paying twice over. The simplest 
solution, and the one to which least objection can 
taken, appears to be to allow engineering teachers in 
public institutions to engage upon munitions work with- 
out rf charge for their services anny es against the 
cost of such work. Exception may made, however, 
where overtime is worked, for which the proper worksho 
value should be paid to the teacher. This procedure will 
simplify matters and avoid the cumbersome business 
(which must operate to the detriment of the rapid and 
u t manufacture of munitions) of transfer and re- 
adjustment of grants as between the Imperial and local 
education authorities and the governing bodies of our 
technical colleges. 

(vi.) Munitions Work Actually Undertaken in the Col- 
lege Workshops.—The authors propose next to give some 
indication of the munitions work which is at present 
being done in the engineering workshops of tho different 
technical coll together with some idea of the actual 
conditions under which such work is being undertaken. 
It is hardly necessary to state that it is inadvisable, for 
military reasons, to be too specific in details with respect 
to the exact kind of work or the ae =e locality in which 
such work is being carried out. To do so might bring the 
paper under the ban of the Censor. Most of the London 

ytechnics and the technical institutions under the 

irection of the Educational Committee of the London 
County Council are either directly a in the manu- 
facture of munitions, or are giving some form of training 
to munition workers. The same holds in London and the 
provinces as r some of the University engineering 
departments, the larger technical schools, and some 
of the smaller ones. 

Dealing with the London educational institutions first, 
and, in this section only, with munitions work, by far 
the most important of the work undertaken is the manu- 
facture of numerous types of gauges which require to be 
finished with a very high d of accuracy. The out- 
put in this respect is considerable, and would astonish 
some of those engineering critics who look with disfavour 
on the college workshop. In addition, both in London 
and the provinces, very numerous details are bei 
manufactured for naval and military work of various 
kinds, such as shell-bodies, gun-mountings, parts for 
motor-lorries, aeroplanes, naval guns, fuses, adapters, 
gaines, details for small arms, armourers’ details, and 
mucb other work, all of which is being effectively carried 
out by these college workshops. In addition, some of 
the workshops are manufacturing small tools, jigs, &c., 
for neighbouring munitions factories. The particular 
type of work undertaken in any institution depends, as 
has just been shown, on its equipment and the conditions 
under which the work is organised and carried out. 

An important question is the cost to the country at 
which this work is being done. Some institutions will no 
doubt be able to show that they can manufacture at a 
price which —_ favourably with that of the outside 
manufacturer. In other institutions the cost price may 
well, because of the conditions, be greater than the proper 
market value. On account of urgency extra cost may 
be faced without miegiving, provided it is not unreason- 
able, as it is output which matters first and cost after- 
wards. It cannot be disputed that, if a college work- 
shop can turn out work up to specification in sufficient 

uantities at a reasonable market price, then that work- 

op is doing good work under difficult conditions ; and 
that if it be possible for one good workshop with good 
facilities to do such work, it is possible for others under 
proper isation to do likewise. 

It will worth while at this — to consider how 
orders for such work are placed, and the kind of agree- 








ment arrived at by different authorities as to payment 
for work delivered. Orders for work are placed by Govern- 
ment departments, either directly with the colleges which 
have inspired sufficient confidence to justify such a 
course, or with the local Munitions Committee, who are 
acquainted with the full circumstances, and who can act 
as distributing agents for the Government department 
concerned. Again, some institutions, both in London 
and the provinces, act as sub-contractors for details 
urgently required to the large armament firms or to 
smaller firms engaged in the manufacture of munitions. 
In another part of this paper it is pointed out how un- 
desirable this latter course is. The methods of charging 
for the work vary considerably, and depend upon 
whether the order is received directly from the Govern- 
ment department, from the local Munitions Committee, 
or from one of the armament firms or other munitions 
works. 

The conditions under which work has been accepted, 
whether that work is done for a Government department or 
for the local Munitions Committee, is practically the cost 
price to the Governin y of the work done, over and 
above any outgoings which would have been incurred if the 
work had not been undertaken. This includes the cost 
of material, direct labour and shop charges, including the 
cost of power, lighting, heating, &c. Hitherto orders 
have not accepted from private firms, and it is pro- 
posed not to accept such orders so long as the necessary 
work is forthcoming from the Metropolitan Munitions 
Cemmittee, or one or other of the Government Depart- 
ments. The objections to accepting orders from private 
firms are set forth above, but it must not be over- 
looked that munitions, wherever manufactured, are 
very urgently required. 

echnical colleges undertaking work for private firms 
must necessarily agree at the very commencement with 
respect to the financial conditions under which the work 
is undertaken. In some instances contracting parties 
have agreed on a definite price for each piece of work to 
be done. In other instances the cost price, with or with- 
out establishment char, has been a to, but the 
conditions vary considerably in relation to the many 
technical institutions which hose undertaken munitions 


be} work. Agreement to pay cost price, plus a. and inci- 
y im 


dental charges, necessari plies a considerable amount 
of confidence by the Government department or firm 
placing the order. The workshops of one large technical 


institution are being run entirely by orders from a pro- 


minent firm engaged on munitions work, which agreed to 
furnish all material, pay the wages _ other charges 
to the extent of 100 per cent. of the wages paid on 
the work, with the proviso that the agreement can be 
terminated at any time. Another very large technical 
institution engaged on munitions work for a large arma- 
ment firm is charging cost price in material and wa but 
nothing for power or establishment charges. To meet 
some of the objections urged above, having reference to 
the danger of exploitation for profit by private firms, it 
may argued that all these firms are ‘‘ controlled ” 
firms working with a limitation of profit for the end that 
all have in view. Thus, if costs are slightly reduced and 
work done cheaply in particular college at the 
result will stand as a set-off against the cost, much higher 
than the market price, at some other institutions working 
on an actual cost-price basi 

Reference has been made elsewhere in the paper to the 
desirability of grouping and concentrating tools collected 
from the technical colleges in large areas in a suitable 
building, for the purpose of manufacturing munitions, 
and it is interesting to note that this has to some extent 
been done by the Education Department of the London 
County Council, and ered at some institutions in the 
provinces. Full details of the results of this work are not 
yet available, and a report to date, fully setting forth all 
the details and the difficulties encountered, as well as the 
effective work done, would be interesting and probably 
instructive. ; 

The authors have endeavoured, from statistics avail- 
able, to form a rough idea of the extent to which technical 
colleges are dealing with the munitions problem, and have 
estimated that about one-third are employed on the manu- 
facture of munitions in some form ; another third have 

training munition workers ; and some of the remain- 

ing technical colleges have dealt with the problem by the 
supply of their workshop tools to munitions factories. 


2. TRAINING OF MunITION WORKERS AND WAR 
ORKERS GENERALLY. 

(i.) Summary of What is being Done at Present in 
Technical Colleges.—A fair number of technical college 
workshops are being utilised for the so-called training of 
munition workers, and the training given depends 
essentially on the type of workshop equipment, as well 
as upon the technical or teaching staff which can be set 
aside to deal with this work. As pointed out above, 
very large proportion of these ool workshops have 
facilities representing more the older type of engineering 
workshop and workshop practice, but the more modern 
colleges have in many instances modern tools of a high 
order of excellence, with the necessary staff competent 
to use them. ; 

The instruction courses given are remarkably varied, 
both in relation to the duration of the course and the 
oty = the work dealt with. Thus we find one — 
nical college ing to give instruction to intending 
munition woolen for @ fee of 5s. for ten hours’ instruc- 
tion, and to train women for the measurement work in 
shell manufacture. Another technical institution has 
arranged instruction courses in screw-cutting in connec- 
tion with the Amalgamated Society of Engineers, who 
supply eight of their members as instructors for lathe 
work. At another institution a mixed *claes of girls, 
youths, and men receives instruction on the ordinary 
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types of machines, in the hope that they will be capable 
of employment by a munitions firm for the manufacture 
of shell-bodies after a fortnight’s instruction. 
courses of instruction of from four to six weeks are er- 
taken by institutions, large and small, for considerable 
numbers of workers, in the exp:ctation that they may be 
placed with munitions firms afterwards. Evening in- 
struction is also being given to inexperienced men and 
girls, in the hope that they may be qualified for admis- 
sion into a munitions works after anything over a fort- 
night’s training. . 
hese examples are sufficient indication of the fact that 

instruction courses are open to the general public for 

riods of time which in many instances are totally 
inadequate to produce any useful result. Comparatively 
few of the eee working a ate 
are prepared to offer any guarantee of su uent em- 
ployment to those being trained, and the authors believe 
that only a very small proportion of workers so trained 
at the outset ever saw the inside of a munitions factory. 
The fact was that the terms ‘‘munitions work” and 
‘munition workers” were very elastic, and excelled 
the word ‘*‘ Mesopotamia ”.as phrases to conjure with. A 
‘‘munition worker” apparently might be anything from 
one who is required to do routine work of such an 
elementary nature that skill and rapidity can be acquired 
in a few hours ae with intelligence and enthusi- 
asm, to the most highly-trained workmen whose deftness 
and dexterity can only be acquired by long experience. A 
** certificate of F gmap | ” in munitions work may there- 
fore mean little or much, and the proficiency certified | and 
requires to be very specifically defined. Better-considered 
courses of instruction than those alluded to are, however, 
being offered and taken advantage of at technical col- 
leges in London and in the provinces. The Education 
Department of the London mty Council has under- 
taken a considerable amount of work in connection with 
the training of munition workers. Many of the tools 
and facilities at the various junior schools under the 
Council have been transferred and centralised, and very 
definite instruction in workshop practice is being given 
to both sexes. It would be interesting in this connection 
to have a report from the authorities as to the success 
of this scheme. bales é . 

Apart from the instruction which is being given to in- 
experienced workers, a good deal is being done in con- 
nection with the supplementary training of skilled and 
semi-skilled workmen. Courses of instruction are offered 
in London and various parts of the country to skilled 
mechanics, fitters, turners, &c., some of whom are mem- 
bers of trade unions and have been brought up on the 
old English workshop lines. We find at one large pro- 
vincial centre a complete Bw for the turning out of 
shells, and we understand that works in the district 
engaged on munitions send their workmen to see the 
process of manufacturing from start to finish. Another 

rominent institution, acting under the local Munitions 
Yommittee, has received thousands of names of persons, 
many of whom are semi-skilled and many unskilled, who 
wish to receive instruction in the use of modern machine- 
tools and measurements for shells and gun manufacture. 
Then, again, more than one institution is combining 
instruction work with a certain amount of munitions 
manufacture, but it is doubtful whether, even given semi- 
skilled and skilled labour of a certain type, much training 
can be done directly in connection with the effective 
manufacture of munitions. 

Tt has recently been ponent by certain of the educa- 
tional authorities to add to the present equipment certain 
modern machine-tools of a very elaborate ter, with 
a view to training selected mechanics or others in the use 
of these particular tools. It is very doubtful whether such 
tools can be obtained from the manufacturers under 
present conditions in time to be of any use, and even if 
they could be so obtained, whether this is the best way 
to utilise them. All tool manufacturers and tool factors 
have received definite instructions from the Ministry of 
Munitions to hold such new tools, as they make or obtain, 
for disposal to munitions works, which would, of course, 
include college workshops directly engaged on the manu- 
facture of munitions. One of the best of the technical 
schools in the country is giving definite instruction in 
capstan-lathe work, a on automatic machines, 
and the use of gauges. All these examples go to show 
that very considerable amount of work is being done, 
and it is proposed to extend this work for the training 
of unskilled, semi-skilled, and skilled workers. It cannot 
be gainsaid that itis possible to do a considerable amount 
of useful work, providing such work is undertaken with 
a clear knowledge of the requirements, possibilities, 
and limitations, and given that a certain definite object 
is in view, and also given the certainty of immediately 
placing the men so trained in munitions works. This 
question is still further considered later. 

(ii.) Training Carefully-Selected Hands on the Direct 
Production of Munitions under Manufacturing Conditions. 
—There are, we believe, in the United Kingdom thou- 
sands of men with some training, more or less thorough, 
as fitters, turners, machinists, erectors, clock-makers, 
artistic craftsmen, &c., who are of various ages, and who 
are not yet employed in the manufacture of munitions. 
These men have received their training and experience in 
the old-fashioned type of shop of the S—— kind, 
or in shops not requiring the costly and elaborate — 
ment of modern machine-shops. Thensess shops in which 
universal grinders, automatic machines, gear-cutters, and 
even milling-machines are either few in number or are 
conspicuous by their absence. The workmen referred to 

have been earning, and have deserved to earn, fairly high 
wages before the dislocation caused by the war a to 
tell; but since then there has been some difficulty in 
finding work for some of them, It is obvious that such 
men should not be offered wages below those to which 


































































tools. 


other. 


culty in finding 


facture, 
tions have 


productions. . 


dard of excellence ; but the 
produce, but also to work them. . 
machine brains were required to start it, but after that 
the attendance did not need to be of the same calibre as 
was required at the start; the watching, the kee 
order, and the feeding of the machine could be d 
less expensive man.’ 

Thus the 


work for inc 
limit-gau 
(making 


ordinary type o 


to be suspended 


cheaply opera’ 


they have been accustomed, but the difficulty is to find 
the immediate work at which such wages can be earned 

To explain how this very curious state of aff 
arisen—namely, the existence of a 
mechanics 


for whom, notwi 


? 


At the moment, however, the problem is to utilise this 
skilled labour, which, like Mahomet’s coffin, would a 
between heaven and earth without 
visible means of support, in the production of the muni- 
tions which are so urgently required. The partial solu- 
tion which has presented itself to the authors is not to 
establish instruction courses for such men, but to find 
work for some of them on munitions in the lower type of 
technical college engineering ere 
would find the tools with which they are familiar, and 
in the use of which some of them at least are expert. I 
ought not to be difficult to give out to such wor! 
work which, owing to its nature or the limited quantities 

uired, is not suitable for the more highly equipped 
lege workshop, on the one hand, or for the more 
labour-saving automatic tool, on the 


There is next a class of men which should be utilised, 
and which consists of men with some practical engi- 
neering training, but who have for a longer or shorter 

od been following other types of employment, and 
oro not been in contact with practical mechanical wor 
for some time. § ing generally, middle-aged or 
fairly young men who have been through an —— 
ship in the works of a mechanical engineer be 





ing has been carried on in the past, 
and the necessity for economic production, have during 
the last two decades undergone remarkable 
amounting to a revolution in workshop methods of manu- 
isation, and management. Machine opera 
me more and more specialised to produce 
greater accuracy in dimensions an 
output, and, by the use of the limit-gauge system, inter- 
changeability of parts. 
Sir (then Mr.) H. F. Donaldson stated before this 
Institution on February 15, 1901, in the discussion follow- 
ing the reading of a paper b 
decessors at the Northampton Institute, that ‘‘ The intro- 
duction of automatic machines was due to the high cost 
of labour and the absolute necessity of getting work done 
without having to expend more in 
sary, and to 


finish and greater 


ing psy 


one of the authors’ pre- | logical ones. This has been 


able mechanic to 
authors have come to the conclusion that many efficient 
bench and machine hands cannot be trai to make 
good precision workers where high accuracy of work at 
machine or vice is required, say, to 


work. All men have not the delicate touch nor the 
power to perceive or work to small differences of dimen- 
sions. Ibis, the authors are convinced, quite as much a 
question of temperament and mechanical instinct as of 
training. A careful selection of suitable men for traini 

as on- 


was neces- 
low of the manufacturer having the possi- 
bility of adopting more or less unskilled labour in many 
. . The result aimed at was to get as large 
as cheap production as possible.... . 
machines had attained the character of a very high stan- 
required brains, not only to 
. With the automatic 


general trend of recent years has been to 
replace costly hand-finishing and the costly work done on 
the older types of English tools by 
time have become more and more automatic, with greater 
accuracy of the work done and with greatly in 
output. Hence the developments in the manufacture of 
the many types of milling-machines (1 
shaping, planing, and slotting machines 
cylindrical and disc grindi' 
stan lathes (replacing the lathe and skilled turner), jig 
and accurate productions, the use of 
ges, instead of the micrometer and calliper 
or interchangeability and increased output, so 
important for the manufacture of guns and small-arms) ; 
these in their turn have led to the development of 
special tool-makers’ machines and the modern tool-room 
equipment. 
Some of the results of these developments have been :— 
1. Largely to replace costly 


ines which in 


y replacing 
hand labour), 
-machines, turret and ca 


workmen by costly machine- | «. 
2. To create two distinct classes of workmen—the 
cheap automatic-machine attendant and the very highly 
skilled precision worker required for the tool- 
for gauge-making. 
Thus it is found that in the highly organised and 
equipped factory there is little requirement for the 
é skilled workman trained on the older 
workshop methods referred to above. 
developments are so recent that thousands of workshops 
are still of the non-specialised kind, and, including those 
in which specialisation is being introduced with the 
gradual introduction of modern tools, are still trainin 
concurrently with the otber two types, the older type 
skilled workman accustomed to receive good wages. 
Thousands of such workmen were, we believe, quite 
recently available for employment on munitions if they 
could be brought into use. 
It might here be remarked that in times of peace 
much can be done by the technical college workshop, 
with a good representative and modern equipment, to 
minimise the evil to the workmen arising from a too 
narrow jalisation consequent on these modern changes 
by the (1) training of the automatic-tool attendant to 
become less automatic himself, and to give i 
tion in the skilled 


And yet ti 


is 
to dec’ 
diately precedes has been written, and full references 
made to the questions involved in the various schemes 
which have so far emerged for the training of different 
— of candidates as munition workers. 

n 


munitions. 
the time of skilled instructors who might otherwise be 
employed on productive work. There should therefore 
be seriously considered in connection witn the value of 


him instruc- 
and more general work of the old 
English type. (2) Training of theskilled worker, brought 
up in the old workshop methods, in the higher work 
required in setting automatic tools, and, where ability is 
manifest, in still higher precision work, 
machine. 


workshop, where they 





capable of profitable employment on shell-work in a 
factory. Even if years have elapsed since their contact 
J with practical work, skill gained is never lost, and two or 
a skilled | three 

ing present 
abnormal demand for engineering labour, there is diffi- 
per employment—a brief digression 
may not be irrelevant even for professional engineers, 
some of whom may not, in the rush of modern work, 
have followed up this particular phase of 
development very closely. 
mechanical engi 


weeks at a factory should be quite sufficient to 


enable such men to regain their manipulative skill with 
ordinary tools, either hand or machine. For such work 
no special training in the schools ought to be required, 
nor should the time of the schools be spent on them. 
Any man -classed as a fitter, for instance, who has 
obtained reasonable proficiency 

——_ himself in the factory itself to work on a good 


as such, should readily 


ne, such as a lathe. 
Attempts are being made in some places, and are under 


consideration in others, to give supplementary instruc- 
tion to selected ae, and it has been pro- 
posed to extend the facilities w 

may receive special instruction on modern tools and on 
modern workshop operations. 


by such selected men 


The problem of training these men, and the engineers 


pou referred to, to become efficient on modern 
igh.cl . 


igh- ision work is quite a different one, involv- 
chological problems as well as physical and physio- 
demonstrated during the 

t summer, for there bave been cases where it has been 
‘ound im ible to train successfully an otherwise admir- 
i an efficient gauge-maker. The 


Ys . 
10,000 In,, a6 In gauge- 


makers can only be made by act 
ial of individuals under close supervision, and such 


work should be so arranged as mot to retard the output 
of munitions. 


Since the above was written a scheme has been drawn 


up for training semi-skilled munition workers in tech- 
nical schools. This scheme has been drafted by the 


of Munitions in co-operation with the Board of 


Education, the Scottish Education Department, and the 


bour Exchanges. In a Memorandum” issued by the 


Ministry of Munitions special emphasis is laid on the 
condition that the training to be given must be thoroughly 
P- | practical and that purely educational ideals must be sub- 
ordinated to utilitarian methods. Th 
too largea proportion of bench work, which educationally 
is very valuable, butreducing this toa minimum, the learner, 
no longer a student in any real sense, must be given as 
quickly as possible the “ machine sense,” and ferably 


us there must not be 


taught to use a definite machine-tool upon which he is 


likely to be employed, or, better still, upon which he has 
been promised employment, in the factory. In fact, the 


training, from an educational point of view, is to be pure 
cram” work in engineering workshop practice of a 


strictly limited type. 


(iii.) Whether, and under what Cirewmstances, the 
Direct Manufacture of Munitions is Preferable to Train- 


ing Munition Workers.—One of the most important and 
urgent problems at the moment is to decide quickly in 
every case what course to adopt in the very complex con- 
hese | ditions revealed in the foregoing sections of this paper. 
The first point to settie in each case will be as to whe 

it is better to arrange for the direct production of 
munitions or for the training of munitions workers, It 


is partly with a view to aiding the responsible authorities 
ide this important point that much of what imme- 


connection with all such schemes, however, there 


arises the important and complicated question as to 
whether it is justifigble to set on one side valuable and 


ine-tools for instruction purposes, when 
y are so u tly required for the direct production of 
schemes also involve the absorption of 


this work—(a) the diversion of large numbers of useful 
machine-tools and highly trained mechanics (worksho 
instructors and teachers) otherwise directly emplepante 
in the manufacture of munitions. (6) The ion of 
men so trained who afterwards find effective employment 
on munitions work. (c) The effect on the acceleration or 
retardation of the uction of munitions by the ——~ 5 
ment of large bodies of short-trained, and therelore only 
at the best, semi-trained, workers. 

With regard to (a), the diversion referred to leads to 
reduction of the resources available for the immediate 
production of the munitions which are so pet needed, 
and the place of this production is to be ta’ y & pro- 
duction of problematical relative magnitade and import- 
ance at some indefinite future time. 

With regard to (b), the portion of men specifically 

i as munition workers who may afterwards find 
effective employment on munitions work will de 
upon whether (i.) before starting the ey of training 
they had had any previous training in bench or machine- 
tool work, or (ii.) were absolutely untrained except for 
what little skill they had picked up as amateurs. 

Most of the workmen who would come under category 
(i.) have been already dealt with fully in the preceding 

and the range of — is so 


previous experience 
k | wide that no general rule can be laid down. But both 





* An abstract of this Memorandum is given in Appen- 
dix L., page 656. 
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for them and for the previously unskilled amateur, it is 
obvious that the chance of obtaining employment must 
depend on the training given. That training must evi- 
Se i =a a oa ene bea 
entered upon, those responsible for teach ould 
have made careful inquiries as to the vacancies likely to 
be available at its close, and should then direct the teach- 
ing strictly to the purpose in view as a piece of “‘ cram ” 
pure and simple.” 

With regard to (c), the conditions are so complicated 
and various that the authors at this stage express no 
opinion, but it has been suggested to them by foremen 
and works managers that an over-utilisation of semi- 
skilled workers so trained leads to serious damage to 

hine-tools, requi constant attention of many 
skilled men, and may result in a retardation of output. 
An expression of the expert opinion and of the results of 
experience by members of this Institution on this impor- 
tant matter would doubtless be of considerable assistance 
to the authorities, 


3. Orner ENciInggRInc WAR pq ai 

This paper has already extended to such a Jength that 
there is no room to deal, adequately with the important 
work, other than the direct production of munitions and 
the training of munition workers, which comes within 
the purview of the engineering colleges and their equip- 
ment, and which has been undertaken by the colleges. 
There is, in fact, room for a very full paper, or even a 
series of papers, upon this work alone, but it may be of 
interést to summarise very briefly the types of work 
alluded to, which may be tabulated as follow :— 

(i) The testing of war materials, for which the splen- 
didly-equipped laboratories of first-class technical col- 
leges and technical departments of the Universities are 
particularly well adapted. ‘ ’ ME 

(ii.) The teating of new constructional details for mili- 
tary and naval goon, which can also be well carried 
out in the same laboratories. 

(iii.) All kinds of chemical and metallurgical analyses and 
analyses of the new products for use for warlike p 

(iv.) The testing of the numerous optical appliances 
which form so important a feature in modern warfare, 
also the working out of new designs to meet new require- 
ments, ¢.g., optical aids for aircraft and anti-aircraft work. 

(v.) General experimental work of various kinds in 
connection with the numerous committees which have 
been, and are being, organised under the Munitions In- 
ventions Department, the Royal Society, and other 


public bodies. 

(vi.) The requisitioning of individual members of the 
staff to give technical advice on subjects in which these 
individual members are ialists. 

(vii.) The training of drafts from the new armies in 
intensive short courses of special work. Range-finding, 
field telephony, and map-reading may be mentioned as 
subjects which, amongst others, can be well taken charge 
of in technical institutes with proper professional guid- 
ance. Other subjects will suggest themselves; but, as 
showing the possibilities, it may be mentioned that at one 
institution over 800 men of the Artillery have been passed 
through such courses. 








APPENDIX I. 


Abstract of Memorandum Relating to the Scheme for Train- 
ing Semi-Skilled Munition Workers in Technicul Schools. 
The Ministry of Munitions, acting in co-operation with 
the Board of Education, the Scotch Education Depart- 
ment, and the Board of Trade Labour Exchanges, calls 
attention to the following scheme for training men and 
women in technical schools as semi-skilled workers for 
munitions factories. 

Inquiries by the Ministry of Munitions have convinced 
it that the scheme for training semi-skilled workers in 
technical sehools is fundamentally sound, and that where 
the training has been conducted on the right lines the 
reports of the education officers and employers alike 
leave no room for doubt as to the value of the training, 
the adaptability of the learners, and their usefulness in 
the factories, and the Ministry has decided to encou 
the use of facilities for training in all technical sch 
to the full, As in certain technical schoo's machinery 
and labour have been, and are being, used for munition- 
making as well as for training, the Ministry desires that 
preference should be given to the training of munition 
workers, except in special cases where very highly skilled 
work, such as the making of gau is being undertaken. 

The scheme gives special emphasis to the importance 
of the training being of a thoroughly practical character, 
and purely educational idealsare to give place to utilitarian 
methods, It is particularly desirable that benchwork, 
which absorbs so large a | ate of the learner’s time 
in technical schools, should be reduced to a minimum, and 
the aim of all such courses should be to impart to the 
learner the ‘* machine sense,” and to teach him to use a 
certain definite machine-tool on which he is likely to be 
es in a munitions factory. To this end it is 
d that the technical echool authorities should get 
personally into touch with munitions works, so as to direct 
the tuition on suitable lines. 

For the purpose of drawing up a training scheme where 
none is in operation, a small training committee 
should be formed to assist the local education autborit 
and the managers or concerned. rd 


of the 
will be the duty of this Committee to draw up a complete 
statement of scheme, Gyine all details of machinery 
available, staff, number of learners, &. The Ministry 
does not propose to insist upon absolute uniformity in 
detail for all training classes, but the following points 
are to be carefully noted.* 


* ‘The numbered and lettered paragraphs which follow 
are verbatim quotations from the memorandum, 





1. No male learner must be — ~~ who is of military 
lebarred from 


age, unless he is for some reason military 
service. 
2. As far as possible, learners should be men or women 


of superior intelli who are likely to learn quickly— 
for example, essional men, those who have had a 
secondary education, men skilled in other trades, such as 
cabinet-makers, jewellers, &c., who will return to their 
ordinary occupations after the war. - 

3. Preference should be given in the first instance to 
those who are willing to leave the town where they live 
and go where there is demand for labour. 

4. h learner entering a class must give a written 
undertaking that he will work whole time in a muni- 
tions factory on the completion of his course. If he fails 
to do this without cause, the cost of the training 
“Es tos dekh to aeeett in respect 

. No fee shou c or any course in 

of which it is intended to claim a grant from the Ministry 

of Munitions. 

6. Each learner satisfying the head of the school 

should, on the completion of his course, receive a certifi- 

cate of efficiency specifying the nature and duration of 

the course. The utmost care should be exercised in this 

matter. The whole scheme will fail if incompetent 
are placed in factories on the strength of their 

cert: 


ificates. 

7. The head of theschool must have absolute power, on 
the advice of his instructors, to eliminate the unfit at any 
stage of the training. This power must be fully used 
if waste of time and money is to te avoided. 

8. Weekly returns must be made in duplicate to the 
Ministry of Munitions for their use, and that of the 

of Education (or the Scotch Education Depart- 
ment). 

9. Periodical inspection of training classes will be 
undertaken by the of Education inspectors and 
representatives of the Ministry of Munitions. 

10. It will probably be found that the number of 
applicants will be far in excess of the accommodation 
available, and that a waiting-list will be necessary. It 
is not essential that learners should be taken strictly in 
the order of their application. Priority should be given 
to applicants who seem likely to make specially 
munition workers. : 

11. The length of the course must be largely condi- 
tioned by consideration of local circumstances. The 
Ministry is not prepared to sanction any course which 
provides less than 30 or more than 100 hours’ instruc- 
tion. It is suggested, too, that in all cases where classes 
are worked in shifos, arrangements should be made that 
no course should last for more than one month. ’ 

The financial arrangements made between the Ministry 
of Munitions, the Board of Education, the Scotch Edu- 
cation Department and the Treasury allow for the pay- 
ment by the Minister of:—(A) Salaries and fees of 
teachers or a oy ao of these, according te the time 
devoted to the work. (B) Actual cost of fuel, light, 
cleaning, and materials so far as not supplied by the 
Ministry of Munitions. (C) Cost of making good any 
damage to jpue. equipment, or apparatus. (D) A 
reasonable allowance for de jation of apparatus. (EK) 
The cost of altering, providing, or reassembling macbi- 
nery to meet the special requirements of the Ministry of 
Munitions. 

The members of the training committee are to leave 
nothing undone to ensure the placing of students in 
munitions factories. 

Normally the output of the technical schools is to be 
absorbed in local factories; but ca‘es will occur where 
local openings are not immediately available, and it is 
suggested that preference should be given to applicants 
who are ready to work anywhere. In such circumstances 
the machinery of the Labour Exchanges should be of 
assistance. 

Where there are technical schcols in non-industrial 
centres, with adequate equipment for training, it may 
probably be found that there will be a considerable 
number of applicants willing to work elsewhere after 
training, in which case transference of labour can be 
effected through the Labour Exchange. If an adequate 
supply of such applicants is not forthcoming, the Ministry 
of Munitions and the Board of Education would favour 
the temporary removal of machinery to training centres 
where there is a demand for labour and facilities. 


to the training of women as well as men, but the Ministry 
is not in a position to decide in what proportion women 
should be acce as learners in particular centres ; 
this must be left to the discretion of the local training 
committee. The Ministry emphasises the necessity of 
getting assurances of employment for women before 
undertaking to train them. 

The ‘trained workers” will not be skilled engineers. 
At most they will be semi-skilled workers, but having 
bad on an average 60 or 70 hours’ practice on lathes or 
the like, they should be more useful recruits in a shell 
factory than those who have never seen a lathe before. 
“The Ministry is convinced that the scheme will help 
in some degree to provide the labour which will be 
urgently required, and that it only a careful at- 
tention to local conditions and the cordial co-operation 
of the various authorities to make it a success.” 





Our Coa. ABRoap.—The war is severely reducing our 
coal exports, which only amounted to 40,247,529 tons to 
November 30, this year, as com with 55,341,006 tons 
in the corresponding period of 1914, and 67,170,665 tons 
in the corresponding period of 1913. October figured in 
this year’s exports for 3,307,771 tons, as com with 
5,280,160 tons, and 5,913,404 tons, so that the decline was 





arrested last month, at any rate for a time, 


It is to be understood that all these proposals apply | Publ 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 
We give below a few data on several colonial and 


f i jects, taken from the Board 
Frade Jeurash. Purther tatormation om these poejecs 


can be obtained from the Commercial Intelli na 
Board of Trade, 73, Basinghall-street, ion, E.C. 


Australia : With reference to the proposal to transfer 
the Small-Arms Factory at Lithgow to Canberra (the 
new Federal capital), it i from & newspaper 
extract forwarded by H.M. Trade Commissioner in 
Australia that this scheme has been dropped, and that 

Government is intending to construct an Australian 
Arsenal in the Federal territory. The Government has 
decided to begin the construction of the first section of 
the arsenal. A site has been selected about 3 miles from 
the centre of the Federal capital, easily accessible to the 
railway, lighting, water supply, and sewerage systems, 
which are already being established. An address to 
which communications from United Kingdom firms 
desirous of supplying plant and equipment, &c., might 
be sent may be obtained on a to the Com- 
mercial Intelligence Branch. The Commercial Intelli- 
gence Branch of the Board of Trade is in receipt of a 
copy of the Victorsa Government Gazette of October 13, 
which contains the names of contractors for the supply of 
stores to the Victorian Railways (State Coal-Mine) during 
the period from July 1, 1914, to June 30, 1916, together 
with prices of the goods contracted for. 


New Zealand: H.M. Trade Commissioner in New 
Zealand has forwarded extracts from the local Press, 
from which the following particulars are taken :—The 
Gisborne Borough Council has decided to submit pro- 
se to the ratepayers for the raising of loans for the 
‘ollowing works:—Sewerage and water works, 50,000/.; 
electric light and_power installations, 10,000/.; tramway 
service, 30,000/. In his annual report the general manager 
of the Wellington Tramway Department states that con- 
sideration will shortly have to be given to the best and 
most economical means of generating and transmittin 
— to outl ing districts, more ticularly South 

ellington an jacent suburbs. The electrical engi- 
neers of both the tramways and lighting departments 
have been requested to report fully on the matter, and to 
consider the advisability of installing such additional 
generators as may be required to supply both under- 
takings. As this would necessitate the use of alternating 
dynamos, it will give rise to the question as to where 
such machinery should be installed, and whether a new 
building should be erected. 


Portugal (Angola): The Diario do Governo, Lisbon, 
publishes a Decree relative to the projected erection in 
the province of Angcla of two factories for the distilla- 
tion of molasses produced in local sugar factories. One 
of these new factories will be situated in the district of 
Loanda, and the other in the district of Benguela. The 
Decree authorises the Governor-General of Angola to 
call for tenders for a concession for the construction and 
working of these factories. Only those enterprises 

ing sugar factories in Angola will be allowed to 
tender in the first place; but should none of these do so, 
the competition will he open to other firms. If the 
tenderer is a foreigner, he must furnish an official docu- 
ment declaring that he submits himself to Portuguese 
law in all matters connected with the concession and 
with the industry to which it relates. The concession- 
aires must present plans for approval within a period of 
six months from the date of the concession ; the factories 
must be ready for working within a year from the date 
of the approval of the plans. The concession will be for 
a term of twenty years. 


Spain: The Gaccta de Madrid of December 7 notifies 
that tenders will be received, within a period of thirty 
days from that date, at the offices of the Junta de 
Obras del Puerto, Alameda de Mazarredo, 3, Bilbao, for 
the electrification of seven movable 3-ton steam-cranes 
and one fixed 25-ton steam-crane on the wharves ab 
Bilbao. The specification and conditions of tender may 
be consulted at the above-mentioned offices. Local repre- 
sentation is necessary. The Guccta also notifies that ten- 
ders will be opened at the Direcciéa-General de Obras 
icas, Ministerio de Fomento, Madrid, on Decem- 
ber 31, for the construction of an embankment on the 
sea-front in the port of Corunna, at an estimated cost of 
1,498,335 pesetas (about 59,900/.). A period of five years 
will be allowed for carrying out the works. The Gaceta 
of December 1 contains a notice to the effect that tenders 
will be received, within a period of thirty days from that 
date, by the Municipality of Miranda de Ebro, Province 
of Burgos, for the construction of a grain and provisions 
market in that town. The povided cost of the under- 
taking is 107,482 pesetas (about 4300/.). The conditions 
of the contracts contain clauses to the effect that at the 
first competition the materi to be used will be con- 
fined, with certain exceptions, to products of Spanish 
manufacture, but that in the event of no decision being 
arrived at, a second competition, in which foreign pro- 
ducts may be accepted, will then take In the 
latter event, Spanish products will have a 10 per cent. 
margin of preference over foreign. 





Rugsy Encingrnine Socsrty.—At the general meet- 
ing of the above society it was decided that no papers or 
lectures would be given before the society this session, 12 
view of the fact that the time of the officials and members 
was largely —— with war work, and that owing to so 
many members having joined His Majesty's forces the 





effective membership was greatly reduced. 
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“‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELBOTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

; - iven in the Specification Drawings is stated 

Heme e elu & adie ae ee ee 


of ine Ooweatfcations taty te ebtained of the Patent Ciics, Bales 

et 25, Southampton Buildings, Chancery-lane, W.C., at 

pan py pn hb 

The date of the advertisement of the of a Complete 
i ion is, in each case, given abstract, unless the 

Patent has need, eee Se Aa S ening S ames. v 

Any person may, time within two months from date 

ive notice at the 


of a Complete Specification, 
yt ha 


‘atent on any of the grounds ment 


ELECTRICAL APPARATUS. 


367/15. A. P. Lundberg, G. C. Lundberg, P. A. 
Lundberg, and G. Pegg, Electrical 
(2 Figs.) January 9, 1916.—This invention has 
reference to electrical switches, in lar to electrical switches 
of the tumbler type, of the kind in which the switch base is pro- 
vided with additional terminals which are of the socket type and 
form part of a plug-and-socket connection. In a combined elec- 
tric switch and wall connection, according to this invention, the 
movable member or members of the switch is or are connected, 
either directly or indirectly, to two of the legs of a locking mem- 
ber of Y formation, the third leg or projecting member of which 
is provided with locking or engaging means in the form of a 
tooth or of teeth, and the plug part of the wall connection is pro- 
vided with an additional member in the form of an el ted 
slotted bar, bye the tooth pA - rr teeth yy _ 
ing member is adapted to engage when the t is in situ 
and the movable member or members of the ewttch is or are in 
the “on” position ; the disposition of the locking member being 
such that when the member or members of the switch is or are in 
the “‘on” position, the insertion of the plug into the socket 
is prevented by reason of the fact that the locking member lies 
in the path of the additional member of the plug part. In the 
arrangement illustrated, the switch p r is mounted in a 
casing 1. 2is the base of the switch, and 3 is the usual bridge- 
piece which carries the switch-actuating lever or levers and 

the contact-making member or members. 5 is a -and-pull 
handle, mounted on a rod 6 connected, by links 7, to the usual 
actuating lever 4 of the switch. The rod 6 paeses through a bear- 
ing 8 in one of the walls of the casing 1. 9 is a rod which 
through and connects together the links 7 and the actuating lever 4. 
The locking member, above referred to, is of Y formation, and the 
leg or projecting member 10 is provided with a tooth or with teeth 





lL. 12,13 are the other members of the Y. The members 12, l3are 
pivoted to the bridge-piece 3 of the switch. In the drawings, the 
members 12, 13 and actuating-lever 4 are pivoted on a common 
pinl4. The arrangement is such that when the bandle 5 is moved 
to operate the switch, the locking member is, by reason of the 
shape of the members 12, 13 and the action of the rod 9, caused 
to move from the full-line position to the dotted-line tion, or 
vice vers. 15 is aspring which tends to move the locking member 
into the locking or operative position shown in dotted lines in 
Fig. 1. 16 isapin which _ transversely through the leg 10 
of the locking member. e plug part 17 has an additional and 
projecting member in the form of an elongated slotted bar 18. 
When the plug has been pushed home into the sockets mounted 
in the switch-base 2, the slot 19 in the bar 18 is in the path of the 
leg 10 of m oeition meee. If = switch is now oy into 

e “on” on by pulling out handle 5, part of the leg 10 
of the locking members enters the slot 19, and the tooth fiver 
the teeth 11 if there be more than one—on the leg (see dotted 
lines, Fig. 1) engages the slot and thus locks the plug against 
withdrawal. The pin 16 carried by the leg 10 is also t 
into contact with the elongated slotted bar 18 prior to the time 
at which the contact-making members of the switch close the 
circuit through the plug: bo withdraw the plug the switch 
must first be returned to the “ off” position. If the switch is 
in the “on” position the plug cannot be inserted into the 
sockets, because the edge 20 of the leg 10 of the locking member 
projects across the path of the elongated slotted bar 18. The 
earthing wire, when one is employed, is in electrical connection 
with the elongated slotted bar 18, and the earthing circuit is 
completed by the pin 16 at the instant the pin contacts with the 
bar 18. The earthing circuit is therefore completed prior to the 
closing of the main circuit by the contact-making member or 
members of the switch. Where the plug body is of metal the 
earthing lead may be brought to the cutelde of the pl bay 
a hole 21, and clamped by means of a screw 22. The hole 23 in 
the casing 1 is only just large enough for the easy 
body of the plug part Someone, 0° as to prevent any tamper- 
ing with or undesirable manipulation of the locking membes. 
(Sealed December 9, 1915.) 

23,778/14. G. Wilkinson, Masregnte. Thermal 
Switches. (3 Figs.) December 9, 1914.—This invention relates 
to electric thermal switches for use as thermostats in which the 
expansion and contraction of mercury or other fluid, due to 


passes | is formed by the metal tube and the mercury c 





heat and cold, is employed to ‘“‘ make” and “ break” electric 
——_ _ —— Te heat aa 

rably of g envelopin e ca’ y tu which 
Emake ” and © break” takes the chamber bein 


Fixed upon the base-board by means of 
the a Oe ee ee 
t-fitting cover 4, forms a closed chamber w is 
mercury through the hole normally occupied by the 
adjusting-ecrew 5. Upon the cover 4 is mounted the fine-bore 
glass tube 6, the superim giaes dome 7, and the ——s 
glass ring 8, all being fixed in position by suitable cement, as 

also the cover 4 upon the steel tube 3. The steel tube is [com- 
pletely filled with mercury till it rises up in the capillary tube 6 
and in the enveloping glass ring 8, thus sealing the bottom edge 
of the glass dome 7 and rendering it gas-tight. The adjusting- 
ecrew is now inserted and ecrewed down till the mercury rises 
up the capillary tube and floods the taper enlargement at its 
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upper end. The glass dome 7 is now charged with inert gas by 
inserting a small rubber or other pipe passed under the mercury 
seal and through a slot formed in the bottom edge of the dome 7 


and a slot in the metal cover 4. The incoming gee rises in the 
dome 6 and expels the air which bubbles through the mercury 
seal and thus escepes. The dome 6 is fitted 


ith platinum or 
other suitable contact-wire 11 hermetically sealed into the glass 
dome above the capillary tube 6, into which it pasees for a t 
distance, thus forming one pole of the apparatus; the other = 
le 2 
and 13 are the terminals, one being connected to the tinum 
wire sealed in the glaes dome, and the other to the metal-work or 
to the mercury charge. The required adjustment for making 
contact at any predetermined temperature within the range of 
the instrument is obtained by screwing in or out of the adjusting- 
ecrew 5, which is furnished with an insulated extension 18 pro- 
truding through the cover of the instrument and steadied by the 
guide-pins 19. 14a isacover, preferably of polished wood, screwed 
= ie base-board 1, but held off therefrom by screws or other 
15, thus forming a narrow slot for the free circulation of 
air. cover is preferably fitted with aglass inspection-window 
16 retained by the rim 17. (Accepted October 13, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


399/15. H. R. Clark, Guiseley. Internal-Combus- 
tion Engines. (2 Figs.) January 9, 1915,—The present 
invention relates to improvements in reversible two-stroke 
internal-combustion engines in which the fuel is injected at or 
near the end of the stroke, and has for its object an improved 
means for operating the feed-pumps of the same. The invention 
consiste in qos the feep-pump or feed-pumps by means of a 
cam which is oscillated to and fro from a suitable going part 
of the engine once for every revolution of the same, the gear up 

that it ensures correct timing of the 


to the cam being 80 arranged 

cam to operate the pumps for either direction of rotation of the 
engine without any manual adjustment of the cam ray necessary 
when the change from one direction of running to the other is 
effected. The pump-ram 3 passes through a casting 4, and is 
normally pressed upwards by a spring 5, the end of the ram being 
actuated by the end 6 of a bell-crank lever 7. This bell-crank lever 
is actuated through a ———— link 8, a die 9 mounteu on the rod 
10 being located between the lever 7 and the depending link 8. 
The of the depending link 8 lies in the path of acam 11, which 
is mounted on a stud 12. This stud 12 carries a crank 13, which 
is ted by a ting-rod 14 to an eccentric 15 loosely 
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mounted on the engine-shaft 16. Keyed on the engine-shaft 16 is 
a driving-plate 17, which carries two driving-pieces 18, which are 
circumferentially adjustably mounted thereon by bolts 19 which 
take through the slots 20. The sheave of the eccentric 15 carries 
projecting piece 21, which lies in the path of the 
driving 18, being mounted on the bush 22 connected to the 
eccentric sheave. The action is as follows :—Owing to the eccen- 
tric 15 and the continual rotation of the shaft 16, the cam 11 is 
continually oscillated oom the connecting-rod 14 and the 
crank 13. In its oscillation the nose of the cam 11 strikes against 
the lower end of ea ayn be - 8 which, through the die 9, 
communicates its motion to bell-crank lever 7. This bell- 
crank lever, by means of ite end 6, imparts its reciprocation tothe 
pump-rod 3, which is returred to its normal position by the 
spring 5. It will be obvious that if it be desired that the fuel be 
ip at the end of the stroke the eccentric 15 may be fixed 
with its centre-line of eccentricity on the centre line drawn 

the centres of the crank-pin and shaft, and that in this 
case timing of the pump-stroke relative to the piston-stroke 
will remain constart for both directions of rotation of the engine 
without in any way interfering with the means whereby the cam 
causes the feed-pump to act. This arrangement, however, while 
applicable in the above case, will not permit of any adjustment 
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the tube 8, of steel or other suitable metal,jwhich, | al 


of the timing of the throw of the pump relative to the 
cycle of operations of the engine, as, although an adjustment 
ph ane ge  A in one direction might prod a desirable 
justmen mp for one direction of run , this adjust- 
ment would have the reverse to the desired eaeot te the ¢ 
of r ing. The tof the driving- 7 
alteretion of the timing et" the pomp In’ the wysie ot asia 
ming o! cle of 
which shall be equall “pplicable te, ~ 
It will be seen that 
the direction 


i 








he 
By the correct adjustment of the drivin pieces 18 
obvious that the retarding of the pump enn be arranged to be 
equal for both directi of running. (Accepted October 18, 1915.) 


GUNS AND EXPLOSIVES. 





6303/15. H. Wade, Lond 
Company. ~ yg } Ae an 
er. (2 Figs.) April 27,1915.—The sent inven. 

tion has for its object to provide an optical instrument 
particularly to be used in conjunction with unde: 
submarines which shall comprise a system of optical elements 
riscope which can be used for general observation, 

another system of optical elements forming a range-finder 
specific observations, by means of which relative dis- 

tances may be determined. The invention has for its further 
object to so arrange the respective systems of elements that the 
eye-piece or ocular of the pe wi ) also serve as the means 
of reading the observations appearing in the range-finder, this end 
—— by the interposing of a movable reflecting element 


which may be adjusted to direct “the rays of light which 
th the range-finder into the axis of the periscope. he 
invention consists in an optical two 


systems of optical elements, one arranged to form scope, 
and the other arranged to form a range-finder located with 
ites axis in a plane intersecting that of the pe , and 
a reflector arranged to receive light rays from the range- 
finder system, and direct them into the axis of the peri sys- 
tem. In the drawings there is shown a periscope, com ng the 
tube 1, which projects vertically from craft upon which Se is 
mounted, its upper end or h 2 being ex , while ite lower 
end 3 is positioned for convenient access to the operator within 
the conning-tower of the vessel, parts of the latter, however, not 
being indicated. The tube 1 contains the peri 


scopic system of 
optical elements, comprising generally the objective 4 at the 
forward side of the head 2, the 


internal system of lenses and 
reflectors, as shown in dotted lines, and the eye-piece or ocular 5 
at the lower end of the tube 1. The latter, it will be understood, 
is mounted for rotative adjustment, so that the complete horizon 
may be scanned, the rotation of the tube being controlled by the 
hand-wheel6 The range-finder is mounted on the upper end of 
the tube or shell of the scope, preferably in proximity to, and 
only a short distance below, the pee objective 4, and is dis- 
posed with the axis of its optical elements in a horizontal plane, 


instrument anyag— | 
& pe 


Fig.2. 


























|o 


- 











as 


80 that it intersects at right angles the e of the axis of the 
pe lens system. The range-finder, as indicated by the 
~y~ 5 Oo tube 7, which is positioned in front of 
the tube 1 carries at its ends the two objectives 8 and 9, 
contains any preferred arrangement of lenses, ——s eur- 
faces, and scales, by means of which a coincidence of the images 
formed by the two objecti may be effected, and the dis- 
tance of the object sighted ined. The internal parts of 
the range-finder have not been indicated, with the exception of 
the centrally-d ocular or eye-piece 10, shownzin dotted lines, 
which is di a Se nee De as & Se pene, The 
field of the finder is smaller than that of the periscope, 
because it has a higher ification ; and in order, therefore, to 
position the image of the object eighted in the centre of the field 
of the ocular 5 of the there is provided an altitude adjust- 
ment of the range-finder. To accomplish this, the range-finder is 
mounted to swing bodily in an arc described about the centre of 
the exit pupil of ite eye- 10. One means of — for this 
adjustment is to mount the range-finder tube 7 eccen ly in 
a circular carrier or head 11, the centre of which is coi t 
with the said exit — 
bearing 12 of the ve 13 rigidly secured on the 
and is rotated toc e the altitude of the field of observation 
the objectives 8 and 9 by means of a worm, which may be adjusted 
by the operator by the rotation of a shaft 17 journalied ina tube 1. 
A collective lens 18 is also disposed in the axis of the eye-piece 
lenses 10, and with parts of the optical elements of the 
periecope to form an image of the image appearing at the exit 
—> the pe the periscope. ting with the 
ive lens is a reflector, preferably in the form of « mirror 19, 
shown in dotted lines in Fig. 2, which is supported upon a suitable 
frame adjustable about a pivot, so that it may be moved into and 
out of the optical axis of po geeeatee. The ad it of this 
reflector may be accomp!l by mechanism as a segmental 


gear anda ing worm on the sheft the lower end of 
which is tone with a hand-wheel in a convenient 
position for the The means for 


of the two images formed in the range-finder, and their 





co-operation with the measuring scale-bar, may be made by 











[Dec. 24, 1915. 








658 
oving the usual adjustable measuring-wedge within the range- 
finder : but in a seohinen instrument of this character it is 
preferred to em elements in the 


an arrangement of 
range-finder, which enables the coincidence of the two images to 
be obtained by rotating the range-finder in azimuth. (Accepted 
October 13, 1915.) 
and J. 


R. H. . H. 
23,733/14. 8. (3 Figs 


Proj 
December 8, 1914.—The present invention relates to means 
ignition of the time or 


cup with flared rim. In @ by which 

the time or percussion section the detonator b a copper 
cup is inserted, the rim c of which is flared outwards and is pre 
ferably conical. This rim fite a d ator near the mouth 
of the , and the body of the cup, the exterior of which is 
cylindrical, lies within the passage. interior of the cup is 





preferably conical so that the bottom is the thickest and 


the thickest of the walls decreases towards the top. e cup 
rests upon its rim at ite upper end while its base extends close to 
a centrifugal bolt ¢ which lies across the 8o that in the 


case of premature ignition the is com 
the rim of the cup — egninst ite seating. 
projectile is fired, centri 
of the passage the pressure set up by the time or percus- 
sion section deforms the cup and forces it into the enlarged part 
of So pees adapted to receive the bolt ¢ and the is thus 
enabled to round the cup to the detonating charge. (Ac- 
cepted October 13, 1915.) 


letely blocked by 
hen, however, the 
ugal action causes the bolt to move out 


MOTOR ROAD VEHICLES. 


Albion Motor-Car Company, Limited, 

Murray, Scotstoun. Friction Clutches. 
February 26, 1915.—This invention relates to single- 
plate friction clutches of the t in which the driven member is 
on a sleeve on the driving shaft, and turns the driven shaft 
through a clutch or other suitable flexible coupling, there being 
also a ball-and-socket or universal joint between the sleeve and 
the driven shaft, and also in some cases a similar joint between 
the driven shaft and a final shaft. The invention consists in the 
combination of a driven disc on a sleeve on the end of the 
driving shaft, a driven shaft articulated to the sleeve by a ball- 
and-socket joint, a flexible coupling connecting the driven disc 
to the driven shaft, a final shaft, a flexible coupling between it 
and the driven shaft, the said coupling being adjustable end- 
wise, and a ball-and-socket connection between the driven and 
final shaft, the said connection being movable endwise on the final 
shaft and urged towards that shaft by aspring. The driven disc 
A of theclutch is carried on a sleeve A! on the end of the driving 
shaft B. This sleeve A! is articulated to the driven shaft C by a 
ball-and-socket joint, the ball C! of which in the present in- 
stance is on the sleeve. The drive from the driven disc A is 
taken to the driven shaft by a flexible coupling, preferably, and 
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as here shown, of the weli-known spring-plate type, the plate 
members C” of which are interconnected Covmeen baapes A? on 
the driven disc A and bosses on a spider CO? on the driven shaft 
©. At its rear end the driven clutch shaft O is fashioned to make 
driving connection with the spider D of a second flexible 
coupling, the second spider D! of which is fast on the end of a 
final shaft E which may be taken as being the first-motion shaft 
of a gear-box. The spider D is split s> that it may be adjusted 
endwise upon the shaft ©, and carries one member—in this 
instance cup D2—of a ball-and-socket joint, the ball E!, of 
which is free to move endwise under control of a spring E*® on 
the reduced end of the final shaft E, being urged towards that 
shaft by the spring which acts br tween it and a collar E’ on the 
end of the shaft. With this arrangement, it will be seen that the 
driven disc A is at all times in line and in axial coincidence with 
the driving discs F, F! which en; ite faces, while, when the 
clutch is disengaged by the withdrawal of one of the driving 
discs F, the driven disc is constrained by the spring E® at the 
end of the driven shaft to leave the other driving disc F! by an 
amount equal to the clearance at H with the result that it stands 
clear of both, as the first-mentioned driving disc F has already 
been moved clear of it by the act of declutching. (Sealed 
December 9, 1915.) 


14/14. Tri 
Pa Rd 
Motor-Cycles. (2 Figs.) December 17, 1914.—This invention 
relates to the exhaust systems of internal-combustion e: 


Limited, and 
Silencers 


for | (the 


ENGINEERING 

vide a sim system than is at tin use. Usually there 
Dea pb tem dpe hy bol or otherwise at toa 
% -pipe to _ > 
it invention these are permanen’ r, 80 
eee aie asbaaiet accdentiten te Stained, It desived. & 
-stay may also be attached permanently to the other 
stem may thus be —— by this at one 
pe-union at the other The exhaust-pipe A 
ly secured to an end-plate B of the silencer O. 
This plate is welded to the body of the silencer, and the rear end- 


Fig. 2. 
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plate at D is similarly attached. All these parts can thus be of thin 
sheet-metal. To the rear end-plate Da ee E is welded, this 
comprising a flat tube, or a strip or strips fashioned into a tube 
with slote or other outlets and a closed or partly-closed end. 
Preferably along the thin lower edge, longitudinal slots F are 
made. In this way the complete exhaust system can be per- 
manently built up and attached en bloc wo the engine, dispensing 
with unsightly bolts. If desired, there may be welded to the tail- 
pipe a stay G, whereby that end of the system can be secured to 
the machine. In the front end-plate there may be slots H either 
for the outlet of the gases or to enable air to carried through 
the silencer and tail-piece. (Sealed December 9, 1915.) 


PRINTING AND ALLIED MACHINERY. 


Linotype and Machinery Limited, 
enthaler Setzmaschinen-Fabtik, Berlin, Ger- 
many) Prin’ | [8 Figs.) September 22, 1915. 
—The present invention relates to improved means for enabling 
the condition in Le ny of justification of a typographical line 
composed in a machine for Soe printing slugs or type-bars 
from such lines to control the metal-injecting pump or the flong- 
indenting devices thereof, whichever that machine may 

equi with. The drawings illustrate the arrang t in 
which a metal-injecting pump is employed. 1 is the metal-pot, 
2 the pump, 3 its operating lever, 4 the pieces, and 5 the spacers 
of the posed lines confined between 7 and 8, the two movable 
jaws ; 9 the so-called vice-top, to which the latter are connected 
to move outwards and inw in the direction of the le of the 
line ; 10 an abutment on the lever 3,11 a bell-crank lever ful- 
crummed at 12 on the machine-frame, and normally held by a 
spring 13 under the abutment 10 to lock the pump 2 out of action, 
and 14a lever fulcrummed at 15 on the machine-frame in front 
of the lever 11, and baving ite rear end pivotally connected by 
a slot-and-pin device 16 with the front arm of that lever as here- 
tofore. In the known con arrangement, the outward 
motion of the jaw makes it engage the front end of the lever 14 
directly. According to the present invention, the jaw 7 is 
euoveliil in the same way and to the same extent as the jaw 8. 
17 is a two-armed lever fulcrummed on a stud 18 standing up 
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from the vice-top 9. Instead of a hole fitting the stud 18, this 
lever has a slot parallel with the direction in which the jaw 8 
must be moved to unlock the p 2. The lever 17 engages with 
the front end of the lever 14 either directly or through an adjust- 
able contact-piece 22 by the end. Further, there are a 
second two-armed lever 23, pivoted on a stud 24 likewise standin: 
up from the vice-top 9, and a rod 25 sliding in a suitable guide 
and having one pivotally eonnected with the front arm of 
the lever 23, and the other in constant ent with the 
fevetetuse ty pushing the epacess 6 upeceds thewagh the linn 
reto ng the spacers 5 upwards throu ine, 
thereby thickening them in the known . The action of the 
constructional form just described is as fo! :—If none of the 
pieves 4 jam in their guides, both jaws 7 and 8 are moved out- 
wards ually as to distance by the act of justifica- 
tion, and the two arms of the lever 17 are pushed simultaneously 
by the jaw 8 and the rod 25, and as the lever 17 has the slot 19 
instead of a hole, it is pushed asa whole in the 
and fer enough to unlock the pump 2, its median 
the lever 14 for that f the 
middle of the line is jam 
— of the jammed matrix wi 
such that only 
t of its slot being then up to 
rocked on its stud 18 inetead of being —- 


MISCELLANEOUS. 
24,517/14. W. and T. Avery, Tareied, and H. W. 


g- (2 Figs. 
December 1914.—This invention has reference to —— 
ments in testing-machines, more icularly to machines which 
are employed for the tensile ing of wire or the like. The 
machine is of the semi-automatic type—that is, the poise-weight 
is automatically lied forward along the steelyard by means 
of a falling weight, while the return of the poise-weight is effected 
by means of a hand-wheel and gearing. In a semi-automatic 
testing-machine the present invention comprises the disposition 


in li of the falling weight whereby the = is pro- 
pelled along the steelyard, in combination with m ism for 
au ly braking the ring whereby the poise-weight is 


propelled in a forward direction. A further feature of the 
resent invention is the “Ty of means whereby a tension 
automatically imparted to the flexible connection‘of the gear- 
inate A tensile “machine in accord. 

ance with this invention is of the steelyard type having a poise- 
weight 1 thereon mounted on rollers 2 so as to luce the 
- iy between the py and bl steelyard 3, the poise. 
eight being connec a chain 4 w over sprocket- 
wheels 5 and 6 mounted on each end of the steel, the 
sprocket-wheel 6 being arranged as a one-way clutch. Move- 
ment is imparted to the chain and the poise-weight by means of 
suitable gearing mounted on the frame of the machine and 
reversely controlled by a hand-wheel 7, the connection between 
the gearing mounted on the frame of the machine and the gear- 
ing mounted on the steelyard is at a point co-axial with the face 
line of the fulcrum knife. 8 of the steelyard 3 so as to avoid 
any torsional movement be: ig Separten to the steelyard which 
would affect the of the The gearing for connect- 
ing the hand-wheel 7 to the poise- ling chain 4 comprises a 
sprocket-wheel 9 mounted on the spindle 10 of the wheel, the 
wheel 9 is connected with another sprocket-wheel 11, by means 
of a chain or other flexible connection. On the spindle 13, upon 
which the fgeetint- whe 11 is mounted, is also mounted a spur- 
wheel 14 which gears with a spur-wheel 15 mounted on a spindle 
16 carried by a bracket 17 secured to the steelyard 3. The 





























intersecting point of the pitch lines of the spur-wheels 14 and 15 
is di co-axially with the face-line of the fulcrum knife-edge 
8 of the steel-yard, 80 as to avoid inaccuracies due to the mount- 
ing of the spur-wheel 14 on the bracket 18 fixed to the frame or 
standard 19 of the machine, and the mounting of the spur-wheel 
15 on the steelyard. Motion is transmitted from the spur-wheel 
15 to a sprocket-wheel 26, being connected by a chain or other 
flexible connection 27 to a sprocket-wheel 28 mounted on a 
spindle 29 carried by the steelyard 3, the sprocket-wheel 5 also 
being ted on the spindle. The chain 4, which is mounted 
on the steelyard 3, is fixed at one end 4a to the poise-weight 1, 
and its other end 4d to a rod 30, which is slidably mounted in the 
poise-weight 1, the rod being provided with a collar 31. Dis- 
posed around the rod 30 and between the collar 31 and the body 
of ap ie eg lis a coil-spring 32 which exerts a tension 
upon the chain 4 in such a manner as to reduce or eliminate any 
backlash which may tend to occur between the chain 4 and the 
sprocket-wheels 6 and 6, and in this manner further reduce any 
possibility of inaccuracy due to wear in the gearing of the 

e. Mounted on thespindle 13 is a drum 20, around which 
is wound a fiexible wire or cord 21 which over @ loose 
pulley 22 mounted on the bracket 18 at a fe t above the dash- 
pot or cylinder 23. To the free end of the wire or cord 21 is 
secured a weight 24 located %in the liquid, preferably oil, con- 
tained in the dash-pot or cylinder 23, the dash-pot or cylinder 
being secured to the frame or standard 19 by means of brackets 
such as 25, The falling weight 24, by means of which the poise- 
weight 1 is propelled in the forward direction, has a vertical 
movement within the cylinder 23 filled with oil, the oil being 
of sufficient thickness to retard and check the movement of the 
falling weight so as to control the speed of the forward traverse of 
the poise- ht 1 and prevent what is known as “‘ jumping ” of 
the poise-weight. The inte tion of a free-wheel clutch or 
ratchet 6 in the -controlling gearing permite of the return 
of the weight under the control of the hand-wheel 7, with- 





out a reversal of the whole gearing, only a return operation of the 
chain connected to the it and the sprocket-wheel upon 
which the chain is ited being effected. The clutch or 





ratchet 6 being positive on the forward traverse of the poise- 
weight, and free on the return of the poise-weight. One means 
of the forward propulsion of the ng connected to 
the poise-weight 1 is illustrated. Mounted on the spindle 34 upon 
which the one-way clutch or sprocket-wheel 6 is mounted is a 
ey: 35 meshing with a pinion 36 mounted on the spindle 

. Also mounted on the spindle 37 is a spur-wheel 38 gearing 
with a broad-toothed wheel 39, the wheel 39 being secured to the 
sliding shaft 40 ; mounted on the shaft 40 is the male member 41 of 
a cone friction-cluteh, to engage with the female mem- 
ber 42 secured to the yard 3, a ball thrust-bearing being pro- 
vided, the outer member being engaged by a coil-spring 44 sur- 
—— the shaft, the spring being maintained at the required 
tension by means of the lock-nuts 45 secured on the one end of the 
shaft 40. The other end of the shaft 40 is disposed within and 
forms the core of the solenoid 46. Secured to the free end of the 
steelyard is a bracket 47, to which is attached a metal plunger 48, 
move in and out of a mercury cup 49 mounted on the 
bracket 50 secured to the frame or standard 19. One means of 
fe oA 
mercury cup unger 48 is seen . 2. Aswitch 51 
is mounted on the bracket 50 and is connected to, say, a lighting 
circuit, the switch is connected by a | to the solenoid 46, and 
the solenoid is connected by a lead the plunger 48. The 
mercury cup is connected by a lead the switch 51, and a 
suitable resistance 55 is interposed e circuit. (Accepted 
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particularly those of motor-cycles, and it has for its object to 


way described above, both of its 
as not to actuate the lever 14. (Sealed December 9, 1915.) 
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GRINDING-MACHINES.—No. XVII. 
By Josern Horner. 


Some observations concerning the methods em- 
ployed for grinding the balls of bearings may now be 
offered. Complete detail drawings of the machines 
at present employed are not available, the manu- 
facturing firms who construct machines for their 
own use being unwilling to permit their special 
methods to be made public. The essential features 
of the grinding elements used may, however, be 
explained briefly. 
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As with the history of most other mechanical 
processes, the grinding of balls has gone through 
several evolutionary stages since the year 1870, 
when they were introduced for the bearings of 
bicycles. At that period the balls were turned in 
lathes from bar, and afterwards ground between 
cast-iron plates by hand, using oil and emery- 
powder. The balls were retained in concentric 
grooves and tested from time to time for accuracy. 


Fig. 247 
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first stages was the abandonment of the hand 
method of operation, though without changing the 
essential system. The lower plate with the balls 
was laid on the table of a drilling-machine, and the 
top plate was attached to the spindle. Though 
production was increased, the inaccuracies that 
were inherent in the method remained; also, it 
soon became evident that production might be 
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increased in another direction by dividing the work 
into two stages—rough and finish-grinding. 
Another design is that of grinding between trun- 
cated cones, as shown in Fig. 244. In this way the 
rotary motion of the balls is produced by the differ- 
ence between the unequal circumferences of the 
ths of the surfaces of the inner and outer cones, 
in conjunction with the friction of the balls against 
each other. Here the conical dise A is revolved 




















the balls which have come uppermost to fall to 
their lowest position, and so recommence their cir- 
cular motion. Any tendency to unevenness of wear 
of the balls is compensated by the mounting of the 
bowl B on its hemispherical seating OC. If the balls 
were not permitted to change their positions 
between higher and lower zones, uniform grinding 
would not be possible, because of the great differ- 
ences in the circumferences of the various zones, 
which imparts different rates of speed to the balls. 
The problem has, however, been solved in a more 
satisfactory way by employing concentric rows of 
balls in one plane, as will be noticed presently. 

The event which more than any other changed 
the practice of grinding balls was the patented 
machine of a Mr. Richardson, of Waltham, Mass., 
the essential claim in which was the carrying of a 
ring of balls in a V-groove, Wong and confined 
by a driving-ring, and exposed to the action of an 
onmpaiel. ie was a good covering claim, and 
is the basis of a large group of machines that are 
employed at the present day. The machine in 
which this was embodied has a general resemblance 
to one type of vertical drilling-machine, in which 
the balls are rotated by an upper spindle. But 
the grinding-wheel is carried by a lower spindle. 
The relations of the grinding mechanism are shown 
in Figs. 245 and 246. 

Here the balls are carried in an annular VY 
groove formed by the edges of an inner plate A and 
an outer ring B. The inner plate is fastened to 
a rod which passes through the driving - shaft, 
and it can be dropped when the balls are 
ground, allowing them to fall into a receptacle 
beneath. The outer ring B is carried and adjusted 
vertically by three vertical bolts or other suitable 
method. The balls are rotated in the annular 
V_ groove by the pressure of a driving-ring OC, 
which is adjustable vertically, and is clamped when 
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That method was extremely crude, and the balls 
were consequently very expensive and not very 
accurate, 

The practice of turning was nevertheless retained, 
and special machines were built for the pu ; 
but, except for the larger balls, that method has 
been abandoned in favour of forging, by which a 
more homogeneous product is secured. Several 
machines have been designed for doing this work. 
In the most rapid production the balls are die- 
forged from lengths of rod, heated slowly in a fur- 
nace, and stamped in a string, each ball bein 
— _ contact with its fellows. They are 

in & trimming-press, which also cuts off the fi 
the balls dropping into a box below. ~% 


In the evolution ef grinding processes one of the 





| by a belt-pulley on the vertical spindle which carries 
the disc. The conical bowl B is rotated by the 
friction of the balls. It is carried on a hemis- 
pherical pivot C in a corresponding seating. Its 
circular movement is ensured by pins « in seatings 
b. The angle of the grinding faces is 45 deg. The 
disc and bowl may be of hardened steel with file- 
cut faces, or of cast iron, or of emery. Precision 
grinding is effected by turning a divided nut on 
the upper part of the spindle, not shown, by which 
the descent of the spindle is regulated micro- 
metrically. In action the balls are thrown outwards 
and upwards by centrifugal force, a plate c prevent- 
ing their escape, while a plate seen below prevents 
them from getting between the opposed faces there. 





At intervals the disc A is lifted by a lever to permit 








set in its proper position. The balls are ground 
by a ring-wheel D below the axis of rotation, this 
emery-wheel being, as shown at a, in Fig. 246, set 
eccentrically in relation to the axis of the driving- 
ring C. This adjustment is adopted in order to 
bring fresh faces of the grinding-wheel constantly 
into contact with the balls. As the outsides of 
the balls run faster than the insides, all surfaces 
in turn are exposed to the grinding- wheel. 

The embodiment of the principle of the vertical 
spindle, Figs. 245 and 246, in a successful machine 
is shown by Figs. 247 and 248, which illustrate 
certain details that are essential to the success of 
results, both in regard to output and accuracy. 

The inner portion A of the ball-race, formed of 
hardened segments, is carried by the cone B. The 
outer portion C is carried by the spider D. A 
certain amount of elasticity is embodied in the 
movements of each, in order that the balls shall be 

und only on the high spots. This is provided 
y coiled springs. One, E, is on the upper portion of 
the shaft F that drives the cone B, this spring being 
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compressed between a collar and an adjustable 
sleeve. The other spring, G, controls the ring C 
ore the spider D and the quill H that drives 


it, and which is itself influ by the pinion J 
and rack-shaft K, the spring being in 
between the shaft K ond the boss of the hand- 


wheel L, by which the tension of the spring is 
regulated. The shaft F is lowered by the lever M, 
the quill H by the rack-teeth cut in it, the pinion 
gearing into these teeth being operated by the 
shaft K. The balls, when ground, are aa by 
the lowering of the lever and its shaft F, to 
which the cone B is attached, the balls then fallin 

into a receptacle inserted after the grinding-whee 
R has been lowered. 

The driving-ring N is carried round in a holder 
through a gear a on its periphery, which is rotated 
by a pinion O ona shaft P driven by a pulley Q. 
The emery-wheel R, set eccentrically, as denoted 
at b, is carried by the lower head and driven by the 
pulley S and a spindle T. The belt is brought 
round idlers from the counter-shaft. The wheel 
and its head are raised and lowered by the screw U 
and bevel-gears V, with which mechanism an indi- 
cator is connected, reading to thousandths of an 
inch, 

It appears that in grinding small balls the fric- 
tion ms the grooves in the guide-plate or plates in 
which the balls are carried is sometimes found to 
be insufficient, not being enough to keep the balls 
in rotation in o ition to the friction of the 
grinding-disc, and hence flats result. To overcome 
this, it has been proposed to — the grind- 
ing-plates, and so attract the bal 





sufficient to ensure their rotation. 
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Fig. 255. | 
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The illustration, Fig. 249, is that of a grooved 
guide made in two portions, the inner portion A of 
which alone revolves, the outer part B being fixed 
to the frame C of the machine. The magnetising 
coils a, a are laid in recesses provided for them in 
the halves of the guides, the current to the rotating- 
ring being transmitted through rings b. The top 
grinding-ring D in the design shown is driven 
directly through its circular plate by a belt through 
bevel-gears E. The inner, slowly revolving, work- 
table is driven by worm-gears F, the outer ring B, 
as stated, being fixed. 

The grinding of balls in a groove using a surface- 

_ing-wheel, Fig. 245, was much modified in one of 
the Hoffmann patents. Here, Fig. 250, the 
grinding-wheel A was a ring of emery or carbo- 
rundum, which ground the balls by its lower, inner 
edge—a mere line contact. The balls were carried 
in an annular V-shaped groove, of about 90 deg. 
angle, in a lower ring B, and confined by a 
bevelled-edge ring C above. The ball-carrying 
ring B rotated; the ring C did not, but only 
provided a resistance against which the balls were 
rotated, and by which they were held down to 
bring their entire surfaces against the edge of the 
grinding-ring A. The latter was rotated at a higher 
speed than the ball-carrying ring B, and in the 
opposite direction to it. This is the principle of 
action of the actual grinding. The construction of 
the machine does not concern the present > 
but the methods of feeding and of sizing the balls 
are worth noting. 

The rough balls are thrown into an anoular 
hopper D, which surrounds the machine, and which 
is rotated on a ball-race a carried on an arm E. 
This arm extends from a slide which can be 
adjusted up and down the face of the main frame 
of the machine, with a rack and pinion, notshown. 
A feed-ring F forms an annular wall between the 
hopper and an annular trough G. The ring F has 
slots 6 at its lower part, which can either be brought 
— slots c in the lower part of the encircling 

1 or flange of the trough G, or against blank 
portions of this flange. A series of pins d in the 


in a degree just 


bottom of the hopper will cover or expose the slots 
b in the feed-ring F. The slots b are dimensioned 
to receive and pass a ball. By a slight rotative 
movement imparted to the feed-ring F the slots b 
will be opened to the —. D, and a ball will 
enter past the pins d and rest against a solid 
portion of the wall of the trough G. A reverse 
movement of the trough will bring the ball opposite 
one of the slots c in the flange of the trough, so that 
it can escape down the sloping face e, which forms 
a portion of the hopper. 

e ball-carrying ring B has to be lowered in 
order to receive its supply of balls from the hopper, 
which movement is effected by means of a hand- 
wheel, rack and pinion, not shown. It descends 
by virtue of its connection with the rings H, J, 





and K, until the table face f of K is level with the 
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sloping surface e of the hopper D. The ring F is 
now moved to allow the required number of balls to 
run from the hopper into the groove of the carry- 
ing ring B. The parts are then raised to bring 
the ring B with its balls against the confining ring 
C and the grinding-wheel A, and the work-ho!ding 
ring and the grinding-wheel are staited. 

‘o compensate for the inevitable inequalities in 
balls, the revolving work-support is carried ona 
—— seating, which rocks under the influence 
of these inequalities. The revolving ring B and the 
ring K are carried by the ring J, the lower, outer 
edge of which forms a spherical seat which bears 
within an inner truncated conical portion of the 
ring H. Driving-pins g project from the ring J 
into slots in the ring H A threaded nut L 
inside the ring H, with a return flange above, and 
screwed pine, against the internal ftange of 
the ring H. The ring is supported on ball-bear- 
ings, the details of which need not be noticed. 

The grinding-ring A is carried within a casing 
M which is rotated by a pulley N on ball-bearings, 
the sleeves of which are adjustable vertically on 
the main fixed spindle O. A ring h of wedge 
section holds the ring A in opposition to the ring 
P, by which means adjustments are made for the 
wear of the wheel. The wedge-ringh is forced into 
place by the flange of the nut-ringQ. Surrounding 
this nut-ring and the lower drive-ring K is the 
exhaust-casing R. The products of the grinding 
are drawn off through an exhausting-pipe. The 
casing can be slid vertically by rack and pinion. 

When the balls are finished the rotation of the 
ring B is ——— by throwing out a clutch, when 
it is lowe by ite hand-wheel, rack, and pinion 
until the table portion f comes down into the 
annular opening j of the annular trough G, and 
the are thrown out into the trough G and out 
through the discharge-pipe k into the hopper §, 
which holds one charge of b balls. 

The discs T and springs | are employed in asso- 
ciation with a micrometer hauh-dhedl located at 
the top of the machine, but not included in this 





diagram, The pressure is exercised through the 


ANY 
14 
iZ 
Y 
Y 
Y) 
Y 
Y 
Y 
NA 
Zieth 
y 
y Z 
Z Z 
SAY NNN So 
Z AY 
—ANY] 
ANY, 
Yj 
Z 
NY 
332 


disc T and springs 1. The latter also serve to 
counteract the effects of gravity of the grinding- 
wheel and its connections, acting as a counterpoise 
to the grinding-ring sufficiently to remove ;,;,, 
from the balls. 

The most successful grinding-machines are those 
which work on concentric circles of balls, as already 
mentioned. An early crude design of this kind was 
that in which concentric rows of balls were con- 
fined in circles of holes countersunk right through 
a plate revolved on a plane plate below, and pro- 
jecting through the upper plate, and ground by an 
emery-disc above. This was not successful, because 
the balls in the outer circles were ground more 
rapidly than those in the inner circles, and uni- 
formity could not result. Further, the balls were 
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not held properly in their seatings during the 
grinding. ch of these troubles was surmounted 
in later designs. But in these the vertical disposi- 
tion of the axis of rotation has had to be abandoned 
in order to transfer the balls continually between 
the concentric grooves in which the balls are re- 
tained, and thus subject them all in turn to 
uniformity of rotational speed under the action of 
the grinding-wheels. 

The illustrations, Figs. 251 to 254, represent this 
system, which has been worked with variations. 
It embodies the employment of a grinding-disc A, 
Figs. 251 and 252, rotating on a horizontal axis, 
having a number of concentric grooves on its 
opposite faces. Against these faces are located 
fixed discs B, B, Fig. 252, having corresponding 
grooves. The essential feature of this design is tho 
transference of the balls between the sets of 
annular grooves. 

As the balls are carried in concentric grooves at 
various distances fromthe centre, and consequently 
have different rates of speed, the balls in the outer 
races would be ground more rapidly than those 
nearer the centre. Provision is therefore made for 
moving the balls from one groove to another once 
during each revolution of the disc, so that tley 
locate themselves successively in the different 
grooves. The outer fixed discs B, B are each, 
therefore, provided with an open groove or passage 
a, Figs. 253 and 254, which extends across all the 
annular grooves. The feeding of, and the capacity 
of, the passage a is increased by the provision 
of a hopper - plate b, Fig. 253. The ge 
a is large enough to supply all the grinding- 
grooves with when their dimensions become 
reduced by grinding. To facilitate the feeding of 
the balls, the lower edge of the passage a is set at 
a slight inclination from the horizontal, Fig. 254. 
This is effected by setting the outer discs with a 
bolt that connects an arm on the discs with an arm 
on the machine-framing (not shown). The central 
disc A is rotated by means of a ring of teeth driven 
from a shaft by gears, in conjunction with a stop 





travelled by a screw, and set to arrest the grind- 
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ing operations automatically at a predetermined 
int. 

A somewhat similar design to this is illustrated 
by Figs. 255 to 258. It resembles that just de- 
scri in the vertical position of the grinding- 
faces of the discs, and in the employment of con- 
centric grooves to receive the Only the 
elemen features are shown. 

The balls are carried in concentric grooves in a 
plate A, and are ground by an abrading wheel B, 
of cast iron or of emery, having —a 
grooves, this wheel being pressed against the balls 
by a spring ©. The disc which carries the balls 
does not revolve, but the abrasive one only. The 
adjustments for wear are made by a hand-wheel, 
or, according to a recent patent, automatically. 
The abrasive disc is rota’ by a belt-pulley D 
revolving on a stationary shaft E that carries the 
disc in which the balls are rotated. 

The balls are changed from groove to groove by 
means of slots and fingers in the stationary disc. 
A slot a is located opposite each groove c, and a 
finger b in each slot, which finger stands out into 
the opposite groove right in the path of the balls. 
Each as it comes round is caught by the finger 
and rolls through the slot in the disc and falls on a 
table d, Fig. 257, which is sloped to discharge it 
below the finger into the next groove. When a 
cast-iron disc is used, the emery and oil are fed in 
from the table d, and carried in along with the 
balls. An emery-wheel is an improvement on this 
method, because cast iron is liable to be softer in 
some parts than others, and consequently to become 
worn out of shape. 

Balls are ened after the first rough grinding, 
and finish grinding follows. Machines like those in 
Fig. 247 are employed, but finer emery is used 
and the first gri ding is done dry. The a gre 
which form the Y grooves are also ground truly 
in a special machine, and the drive-ring is also 
ground by the emery-wheel on the machine on 
which it is to be used. Accurate three-point con- 
tact is thus secured. A final oil grinding follows. 
In this process the Y guides are not , but the 
circular groove is of semi-circular section, except 
for a channel below to receive oil and emery. The 
grinding-head above is of porous soft iron, so that 
it may me worn away. It is charged with 
emery. As the balls move more rapidly on the 
outsides than on the insides, all points come suc- 
cessively into contact with the ring. The rings 
are turned from time to time. Afterwards polish 
is im in a tumbling-barrel along with some 
polishing material, followed by cleaning in saw- 
dust, and another tumbling with kid leather cut 
finely. The balls are afterwards inspected, graded, 
gauged and counted. 





CAISSON-SINKING AND PIER CON- 
STRUCTION AT SOUTHWARK BRIDGE. 

Since we last dealt* with the building of the new 
Southwark Bridge steady progress has been made, 
though the war has, of course, hindered delivery of 
materials, The work done has been in connection 
with the founding and building of the piers and 
lowering of the approaches, and we pro in this 
article to describe in detail the interesting work of 
constructing one of the river piers. Of these there 
are four, the new bridge being of five spans instead 
of three, in order to coincide with the bridges to 
the east and west. The centre span is to be 
140 ft. 6 in., those on each side of it 131 ft. 9 in., 
and the spans nearest to the banks of the river 
123 ft. The piers are all to be carried upon caissons 
founded in the London clay at a depth of 50 ft. 
below the Trinity high-water level. Interest is 
intensified by the fact that two of the four 
caissons required for the river piers are 102 ft. 
jong by 30 ft. wide, and the other two 100 ft. 3 in. 
by, ft., the weight of each of the larger caissons 
being 200 tons; these are the longest caissons 
constructed in this country. In our previous 
article we illustrated one of these caissons in 
process of erection on the staging. It may here 
be repeated that the caissons ve parallel sides 
and semicircular ends, and are in cases 15 ft. 
high from the cutting edge to the top shelf-plate. 

At the present time two of the caissons have 
been lowered to the bed of the river, while a third 
caisson is erected and riveted complete upon its 
staging, and we give on Plate XXXVII, and 
on page 670 illustrations of the work in progress. 





* See ENGINEERING, vol. xcix., page 565, 





Pier No. 1 (next the Middlesex side) has been 
built up to half-tide level, and the footings for 
Pier No. 4 (next the Southwark side) are now in 
hand. Our description applies in the main to the 
building of Pier No. 1, but the same methods will 
be used in dealing with the others. 

A temporary timber staging was constructed 
round the site of the new pier, and on this the 
caisson was built, extra piles bei driven to 
strengthen the staging in the vicinity of the 
opening for the descent of the caisson, and with 

ditional beams 12 in. square, covered by a 
decking of planks, to form the platform on which 
to build and rivet the caisson. To enable the 
caisson to be completed and caulked it was 
necessary to raise it from its seat before lowering 
it to the river-bed. Special lifting and lowering 
appliances were therefore necessary, and these are 

own in Fig. 3, page 670. They include four timber 
trestles, four steel girders, four hydraulic jacks, and 
four steel s mding-bars. Two of the trestles, 
each formed of a group of six piles driven well into 
the river-bed and securely braced, were placed on 
each side of the opening in the staging, and pairs of 
steel girders spanning the opening rest on these 
trestles. The hydraulic jacks were supported b 
the girders, and were connected with the suspend- 
ing bars or links which hung between the girders 
and were attached at their lower ends to special 
lowering brackets secured to certain cross-girders 
of the caisson at the rvof of the working-chamber. 
Four hydraulic jacks were used—two on each of 
the pairs of girders. The jacks, with cylinders 
130 sq. in. effective area, adapted for a stroke of 
18 in., had hollow pistons, through which the sus- 
—— for hanging the caisson were passed. 

ese were double bars with slots for cotters at 
intervals of 18 in. The caisson was lowered b 
stages equal in depth to the stroke of the jac 
cylinder. 

The caisson was in the first instance lowered 


about 10 ft. to permit three strakes of temporary | be 


caisson to be built upon it. These three strakes 
were formed of separate panels, bolted together 
and strutted Mereflen, a by } sme of timber. After 
these had been fixed, lowering was resumed, with 
the water at high tide. Immediately on the caisson 
becoming buoyant and floating, the links were dis- 
mantled, and with the jacks and girders were 
removed for the lowering of another caisson. 

The caisson, borne by the water and guided by 
specially-driven guide-piles at the ends and sides, 
then descended with the falling tide. At a certain 
level, in the case of shallow water, it touched 
bottom. Owing to the falling tide and the loss of 
buoyancy, it bore heavily on the river-bed, or, as 
in the case being described, on specially-deposited 
mounds of h core, such mounds having been 
Se deposited on the river-bed at the 
our points under the points of suspension. The 
following rising tides again floated the caisson, 
but meantime it was being filled as rapidly 
as possible with concrete in the cutting-edge shoe, 
between the outer shell and the inclined plate 
forming the sides of the working-chamber, over the 
roof plates of the chamber and up to the top edge 
of the permanent caisson. As the operation of 
filling with concrete proceeded, the additional 
weight became such that the caisson was not raised 
off the river-bed, but sat solidly thereon. 

The building up of the masonry pier footing 
courses was then proceeded with. This additional 
weight, combined with that of the concrete in the 
caisson, prevented any further vertical movement 
due to tidal action. e two vertical shafts giving 
access to the working-chamber, with the air-locks 
at their upper ends, were then completed and com- 
preesed air introduced. As the caisson sank, due to 
excavation, it became necessary to increase the 
height of the temporary caisson by adding additional 
strakes, in order to prevent the inflow of river 
water into the interior of the oeny cai son, 
where masons were at work building the lower part 
of the pier in courses on the roof of the permanent 
caisson. The additional weight of this masonry 
also tended to overcome the great increase in 
buoyancy of the caisson at this stage of the opera- 
tions, owing to the increased displacement. 

The excavation within the working - chamber 
was steadily proceeded with in the clay. On ap- 

roaching to within about 5 ft. of the foundation 
fovel, the clay at each end of the chamber was not 
removed, but allowed to come in contact with the 
descending roof of the chamber for a length of 
about 12 ft. from each end. The weight of the 








caisson, together with the concrete and masonry, 
approximated to 5000 tons, but there was full 
control of the movements, and the downward 
travel was easily stopped at the given level. The 
concrete filling of the working donke was then 
ed in position, the clay mounds at the ends 
ing left untouched as long as possible. Grout 
was run in on the complete concrete under a 
head of about 3 ft., and after being allowed to 
settle for 24 hours the air pressure was released, 
and the removal of the air-locks and shafts pro- 
ceeded with. 

The air-compressing plant is installed on the 
Southwark abutment, and consists of two similar 
double-acting vertical compressors, belt-driven by 
two independent electric motors, 50 and 35 horse- 
power respectively, one set being auxiliary to the 
other. Both compressors feed into an air-receiver, 
from which a 2-in. diameter Pipe is led along a 
gangway on one of the foot-bridges to a point at 
the furthermost pier, branch-pipes and cocks being 
— at each pier for the supply of air, in the 

ret instance, at high » for riveting and 
caulking-tools, and later, at less pressure, for sink- 
ing p' . The contractors are Sir William 
Arrol and Co., Limited, of Glasgow, and Mr. A. S. 
Biggart, the chairman of the company, has taken 
a special part in the carrying out of the work. 





Ovr Rams Asroap.—Shipments of rails from the 
United Kingdom continue to decline in consequence of 
the war, the exports in November wo yy amounted 
to 100,688 tons, as compared with 117, tons in Nov- 
ember, 1914, and 280,922 tons in November, 1913. The 
decline noticeable last month would have been much 
more considerable but for a rally in the shipments to 
South A frica—to 12,677 tons, as compared with 1942 tons 
and 61,634 tons. New Zealand also took 6647 tons of 
British rails in November, as compared with 3572 tons 
and 5318 tons. The aggregate exports to November 30, 
this year, amounted to 1,716,532 tons, as com with 
2,799,743 tons in the first eleven months of 1914 and 
3,169,961 tons in the first eleven months of 1913. It will 

—_ my this year’s shipments have been not much 
more than as as those reported two years ago. 
The Argentine Republic only imported 14,878 tons of 
British rails to November 30, this year, as compared with 
209,310 tons and 353,858 tons respectively. The Colonial 
demand for our rails, as ted by the shipments of 
the first eleven months of the last three years, was as 
follows :— 

Colonial Group. 1914. 


1915, 19138. 
tons 


tons tons 
South Africa - 210,890 871,887 396,936 
British ee 806 996,448 253,688 
Australia -. 890,719 786,948 803,056 
New Zealand - 136,175 96,761 186,490 
178 6,003 4,926 


Although the general result indicated by this comparison 
is discouraging, it is perhaps better than might have been 
anticipa under the circumstances ; and we must 
not also overlook the fact that New Zealand has even 
been purchasing rails this year rather more freely than 





Tue Posrrion of THE GERMAN Cement INDUSTRY.— 
The German cement industry has fared badly during the 
war, and the Halberstadt Chamber of Commerce has, on 
its bebalf, made an ap’ to the military authorities to 
consider the Central man cement industry in connec- 
tion with their requirements of cement in the occupied 
enemy districts. The Central rman cement works 
have an te annual capacity of 5,000,000 barrels, 
and a capital of 20,000,000 marks is invested in the 
industry. The export trade, which under ordinary con- 
ditions accounts for about two-fifths of the total produc- 
tion, has entirely ceased, and the wants of the private 
building industry are but small ; apg by present year 
a sale of not more than one-fourth of the average aggre- 
gate production has been realised. The war certainly has 
made matters materially worse, but even if the war had 
not ba a satisfac outcome of the work of the 
Cement Union could hardly have been expected. The 
adverse conditions from which the union suffers will 
also remain after the war. For years to come remunera- 
tive trading by the union will be handicapped by the 
forward que of several works not belonging to the 
union. Amongst the unhappy Kartel agreements must 
be reckoned that with the blast-furnace cement works. 
The allowance of 10 pfennig barrel is out of all 
proportion to the harm done to the union by the manner 
in which the blast-furnace cement works undersell 
the union. The ition of the Cement Union is be- 
coming 80 criti that the question of a premature 
diesolution of the union invites serious consideration. 
Even if it would be possible to uade the outside 
works to join the union, of which t seems very little 
prospect, this would only lead to the formation of new 
outside works, The aggregate uction of the outside 
works up to the autumn of 1915 may be put at about 
1,000,000 barrels, which figure probably will be doubled 
by the end of 1916, a quantity which, with the produc- 
tion of the Kartel works, will suffice to supply the de- 
mand of the area in question, in any case eee 
the more so as the union of blast-furnace cement works 
and other outside concerns will probably grasp the lion’s 
share of the increased business which may be expected 
after the war. 
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ENGINEERING, 


[Dec. 31, 1915. 








INDUSTRIAL NOTES. 


As announced on page 639 ante, Mr. Lloyd George, 
Minister of Munitions, visited Newcastle on Wednes- 
day last, the 22nd inst. The following Ly is taken 
from the Newcastle Daily Chronicle. The object of 
the visit was to see the Elswick Works, and later 
to address a meeting of local trade-union officials at 
Rutherford College, Bath-lane, on ‘‘ The Imperative 
Need for Some Measure of Labour Dilution.’ 

The right hon. gentleman was accompanied by Mr. 
Arthur Henderson, M.P., and Lord Murray, and was 
met at the Central Station by the Lord Mayor (Coun- 
cillor George Lunn), Mr. J. M. Falkner (chairman 
of Messrs. Armstrong, Whitworth and Co.), Mr. 
D. 8. Marjoribanks, and Mr. E. Shortt, M.P. On 
arrival, the Minister of Munitions left by motor-car 
for Elswick Works. 

At the meeting at Rutherford College there were 
about 900 trade-union officials and delegates present 
from the engineering and ship-yard trades. Mr. Lloyd 
George was accompanied on the platform by Mr. 
Arthur Henderson, Lord Murray, the Lord Mayor, the 
Sheriff (Councillor W. Bramble), the ex-Lord Mayor 
(Alderman John Fitzgerald), members of the local 
Advisory Committee on Munition., and others. The 
proceedings were private. 

At the conclusion of the meeting, the following 
official statement was issued to the Press by Mr. 
Davies, secretary to Mr. Lloyd George :— 

‘*The Minister of Munitions held a conference this 
evening at the Rutherford College, Newcastle-on- 
Tyne, with the shop stewards and trade-union officials 
on the subject of thedilution of labour. The Right 
Hon. Arthur Henderson, M.P., was in the chair, and 
he was supported on the platform by the Lord Mayor, 
the Sheriff, the ex-Lord Mayor, Mr. Edward Shortt, 
M.P., Lord Murray, Mr. Mosses, Mr. Ernest Gilbert 
(Blacksmiths’ Society), Mr. John Hill ( Boilermakers’ 
and Iron and Steel Shipbuilders’ Society), Councillor 
Jas. Smith ~~ oe F Society of Engineers), to- 

ether with members of the Engineering and Ship- 
uilding Trades’ Federation Committee. 

“‘The Chairman, in introducing the Minister of 
Munitions, made a very urgent appeal to those pre- 
sent to help the Government in every way possible 
to obtain the necessary men to increase the output 
ry munitions necessary to enable us to equip our large 


rmy. 

“Me, Lloyd George had a most enthusiastic and 
cordial reception, addressed the conference, point- 
ing out to them how necessary it was to sone with 
the scheme which the Labour Supply Committee of 
the Ministry of Munitions had suggested. He ex- 
plained that it was only in this way possible to get the 
men necessary to work the new arsenals which the 
Ministry is building for the supply of guns and pro- 
jectiles. 

** At the end of the hh numerous questions were 
asked, and Mr. Lloyd rge said he was very glad to 
have had the opportunity of answering them. 

** At the close of the meeting a very warm vote of 
thanks was proposed, and carried unanimously, to the 
Minister of Menitions for his visit and address.” 

In answer to a Pressman, Mr. Davies said the 
scheme for diluting labour, as explained by Mr. Lloyd 
George, was very well received. 

Mr. Lloyd George, at the conclusion of the proceed- 
ings, conversed with a number of the delegates, and 
shook hands with them at parting in a very affable 
manner. 





On leaving Newcastle, on Thursday morning, the 
23rd _inst., Mr. Lloyd George and his party proceeded 
to Glasgow. 


In the course of the day the following letter was 
addressed to all the controlled establishments in the 
Clyde district :— 

‘*Ministry of Munitions of War, 
** West of Scotland Area, 
‘*39, Elmbank Crescent, Glasgow, 
** December 23, 1915. 

** Dear Sir,—I am directed by the Minister of 
Munitions to inform you that arrangements which he 
has now made to s three days in the Clyde dis- 
trict have rende: his postponing a con- 
ference with the trade-union officials and shop stewards 
in the district which had been for to-night. 

**The conference will now be held in the St. 
Andrew’s Hall, Glasgow, at 10 a.m., on the 25th cur- 
rent, Christmas Day, this being the only time that 
could be fixed to suit the convenience of all parties. 
The subject on which Mr. Lloyd George will address 
the meeting is ‘The Imperative Need for Some Measure 
of Labour Dilution,’ a question to which the Minister 
attaches the greatest possible importance, and in the 
very special circumstances Mr. Lloyd George feels 
sure that you will afford every facility to attend the 
meeting to the accredited shop stewards and district 
committee officials in your establishment whose 
attendance at work on Christmas morning is not indis- 


pensable. 
“The Minister also hopes that in order to avoid 





any inconvenience you will be able on this occasion to 
for payment on Friday night of wages due to 
the men who will attend this meeting. 
“ Yours faithfully, 
** J. Paterson, Chief Labour Officer.” 


The hope of Mr. Lloyd George was also expressed 
that in works which were not controlled a similar 

rivilege would be accorded to any shop stewards and 
Nistriot committee officials who were invited to attend 
the conference on Christmas morning. 

The following official statement was issued on 
Thursday evening, the 23rd inst. : —‘‘On arriving at 
Glasgow, the Minister of Munitions and his = 
proceeded to Messrs. Beardmore’s works at Park . 
where they were received by Sir Wm. Beardmore and 
Admiral Adair. They visited the heavy-gun shop and 
witnessed the were forging of an ingot for a heav 
naval gun. ey then in the 18-pounder field- 
gun shop, and returned to the main offices, where the 
shop stewards were met, and a frank interchange of 
opinion took place as a preliminary to the large shop 
stewards’ meeting which was to be held on Christmas 


morning. 
‘*Then the party proceeded to Messrs. Beardmore’s 
East Hope-street factory, where a careful inspection 


was made of the production of an 18-pounder shell, and 
considerable interest was taken by the entire party in 
the remarkable efficiency and enthusiasm of the 
women workers. 

** Subsequently the party went to Cathcart, where 
they first inspected the new Flanders factory for pro- 
ducing heavy shells. Here the Minister started the 
first motor and witnessed the first run of the entire 
transmission gear. He then started the first cut on 
the first shell to be produced in this factory. 

‘* The party next visited the aircraft factory, where 
they saw typical examples of the latest design of 
British war-planes. A tour was then’ made of 4 
number of other important departments in the Holm 
Foundry, where examples were seen of all classes of 
war work. 

** At the conclusion of the tour the party proceeded 
to the Administration Buildings, where the Minister 
received the management board of the Glasgow and 
West of Scotland munitions area.” 





On Friday Mr. Lloyd George resumed his tour of 
the Clyde works. 

On Christmas Day he addressed a meeting at St. 
Andrew’s Hall, Gl w, on the subject of labour. He 
called attention to the great national factories which 
were being put down all over the kingdom for the 
manufacture of heavy guns and projectiles. To man 
these, 80,000 skilled men were needed. There was 
only one way to obtain them, and that was by 
taking for the period of the war skilled men from 
work which unskilled males or females could do after 
a week or a fortnight’s training, and transfer the men 
thus released to those factories to perform highly- 
skilled work. Referring more particularly to the 
war, he said it was not a passing shower, not a spell of 
bad weather, but a deluge, a convulsion of Nature. 
**Tf,” he added, ‘‘ you carefully watch what is going 
on in the belligerent lands, you will find that this war 
is bringing unheard of changes in the social and 
industrial fabric. It is a cyclone, which is tearing up 
by the roots the ornamental plants of modern society, 
and wrecking some of the flimsy trestle-bridges of 
modern civilisation. It is an earthquake, which is 
ey the very rocks of European life. It is one 
of those seismic disturbances in which nations leap 
forward or fall backward generations in a single 
bound. All chafering about relaxing a rule here and 
suspending a custom there is out of place. You 
cannot haggle with an earthquake, and I beg the 
skilled workmen of this country, in whose keeping 
are the destinies of labour, to lift up their eyes above 
the mists of distrust and suspicion, and ascend to the 
height of the test opportuuity that ever opened 
before their Ems, and by so doing there will emerge 
after the war that future of hope which the great 
leaders of democracy in all ages have pictured in their 
dreams.” 

At the conclusion of the meeting, Mr. Lloyd George 
met the district committee of the Amalgamated 
Sosiety of Engineers, and at this meeting certain 

roposals were discussed in outline with a view to 

efinite and immediate action being taken with regard 
to dilution of labour. 

Mr. Lloyd George reached London at 11 o’clock on 
Saturday night on his return from Glasgow. 


The monthly statistical bulletin for September, 
issued by the Government Statistician for New South 
Wales, states that the oversea imports during Septem- 
ber were valued at 2,486,422/., ideal an increase 
of 398,415/., or 19.1 per cent., as compared with the 

ing month of last year. The total for three 
months, July to September, was 8,791,836/.—an 
increase of 499,990/., or 6 per cent., in com 
with the figures for 1914. e principal icles to 





show increases were fish, leather, preserved milk, 
ouger, tea, and tobacco, &c. 

he oversea exports for September amounted to 
4,234,818/., being an increase of 2,552,151/., or 151.7 
per cent., as compared with the co mding month 
of last year. For the three months July to Septem- 
ber there was an increase of 6,358,673/., or 125 per 


cent , com with the same period for 1914. 
Principal increases during the three months were:— 
£ 
aa 1,598,605 
Minerals x aa 608,345 
Principal decreases during the same period were :— 
£ 
Wheat and flour o 564,658 
Butter ... mn ie - 45,362 
* Other pastoral produce” ... 376,654 


Se ting merchandise from gold, the exports of 
the former during the three months increased by 
1,276,037/., and the latter by 5,082,636/. 





THE SIEMENS-SCHUCKERT WERKE. 

ALTHOUGH the reports of the companies belonging to 
this big combine are somewhat reticent, especially in 
matters concerned with army contracts, the Siemens and 
Halske report states that the war continued to cause 
great alterations in their manufactures, and several new 
lines had been embarked upon. The comprehensive 
ay henge had compensated for the falling-off caused 
by the war in other respects. Both —— however, 
have beer able to pay their usual dividends of, respec- 
tively, 12 and 10 per cent., which last year were tem- 
power reduced to 10 and 74 per cent. respectively. 

he available surplus of the Siemens and Halske Com- 

~~ for 1914-15 amounts to 15,338,327 marks, inst 
1,151,906 marks for 1913-14 and 12,511,197 marks for 
1912-13. From last year’s profits a sum of 3,000,000 
marks - to a special war-aid fund, whilst other re- 
serves, » are about as usual, the dividend absorbing 
7,560,000 marks. The balance-sheet shows a substantial 
credit at banks of 14,258,507 marks, and shares in other 
concerns amounting to 82,520,731 marks. The latter 
item shows a reduction of about 3,600,000 marks as com- 
pared with the previous year, which is attributed to 
some of these shares having been written down. 

e Si Schuckert Company show a still better 
result as compared with the preceding year, the avail- 
able aan amounting to 17,775,473 marks, inst 
11,495,103 marks for 1913-14, and 13,847,970 marks for 
1912-13. This company’s credit at banks stands at 
47,947,935 marks, against 27,880,272 marks twelve months 
ago. On the other hand, the indebtedness of the branches 
to the company has receded from 57,702,596 marks to 
34,619,602 marks, whilst shares have risen, principally 
owing to war loans, the company having subscribed 
5,000,000 marks to the first, 7,500,000 marks to the 
second, and 13,500,000 marks to the third war loan 
(the latter comes in the current year). through the chief 
concerns and its connections. e value of installations 
in course of erection had risen from 36,414,049 marks to 
45,568,011 marks on account of ten installations, 
respectively in Sweden and Chile, which had not been 
completed in the year under report. 

In the Si Schuckert report ial mention is 
made of the installation for the Imperial Ni m Works, 
which required transformer units of 30,000 k.v.a. with 
80,000 volts and a — of 70,000 kg., including oil, the 
largest of all units so far built. 











Roap Boarp.—The offices of the Road Board have 
now been moved from Queen Anne’s Chambers to 35, 
Cromwell-road, 8.W. (two minutes from South Kensing- 
ton Station). 





British Inpustries Farr.—The Board of Trade 
announce that they have now completed the arrangements 
for the holdingof a British Industries Fair at the beginning 
4 3 pele gaye wind to — which a 

e Fair organ y them at the Agricultura 

f don, in May of this Ly Fair, which 
will be opened on Monday, February 21, and remain open 
until Friday, March 3, 1916, will be held in the buildings 
of the Victoria and Albert Museum, South Kensington, 
London, S.W. Only British manufacturers engaged in 
-_ a ee = —ichina and a 

ass, fancy is, toys and games, stationary and print- 
oad be permitted to exhibit. As before, oiaiiaion 
to the Fair will be by invitation of the Board of Trade 
alone, and will be restricted to bond-fide buyers for the 
trades concerned. 





LicHTts ON VeHicites.—The Automobile Association 
and Motor Union, Fanum House, Whitcomb-street, 
Coventry-street, London, has drawn up a memorandum, 
which it has specially on, dealing with the new 
Home Office Lighting er. This Order will come into 
operation on Janu 10 next. The areas in England 
and Wales covered by the Order are seb out in two 
schedules, marked I. and II. The gee ply to 
electric lamps, acetylene lamps, oil lamps, and side- 
panels. memorandum contains also several hints to 
motorists on various points which might otherwise not 
be clear to thore unaccustomed to interpret regulations 
of the character dealt with, and by this means it is hoped 
to avoid the misa; ions which too often result 
from changes in law. Motorists wish ing to be 
further advised may submit their inquiries to the Secre- 
tary, at the above address. 
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ON THE MAGNETIC TRANSFORMATION 
OF CEMENTITE. 


With a Note on the Magnetic Aspects of the A3 
Transformation in Pure Iron. 
By Koraro Honpa and Hiromu Takaci 
(Tokyo Imperial University, Japan). 

Tue problem of the magnetic transformation of cemen- 
tite is not yet satisfactorily solved, though the experiments 
by F. Robin,+ S. W. J. Smith ¢ and the present authors§ 
indicate that some transformation takes place between 
170 deg. and 250 deg. Cent. In investigating the frequency 
of steel rods at different temperatures, bin observed 
that in the curve of the duration of vibration-temperature 
an anomaly exists in the temperature interval referred to, 
and he attributed it to some transformation taking place 
in the iron. Smith studied the thermo-magnetic ey an | 
of a steel containing ©.85 per cent. carbon, and found 
that the magnetisation reaches a small maximum at 
210 deg. Cent. He remarks that this phenomena may 
be the effect of the magnetic transformation of cemen- 
tite. The present authors also made the eame investi- 
gation with twelve kinds of steel of different carbon 
percentage from F. Krupp. The result was that a similar 
change of magnetisation was also observable between the 
room temperature and 220 deg. Cent. for these steels, 








O 45708) 100 200 20 W@ 


200°C. 


the maximum magnetisation being reached at about 
170 deg. Cent., and that the amount of the change of 
magnetisation increases with the percentage of carbon, 
reaching & vague maximum at about 0.8 per cent. car 
and then slightly diminishing. Even with steel of the 
smallest carbon content, 0.14 per cent. carbon, the 
authors observed a minute change of tisation in 
the interval referred to, but in pure iron this change of 
magnetisation was not appreciable. These results sup- 
port the view that the change is the magnetic transforma- 
tion of cementite contained in the steel. The fact that 
the change of magnetisation does not steadily increase 
with the percentage content of carbon, but passes through 
& vague maximum at about 0.8 per cent. carbon, may 
explained by assuming that in steel of high-carbon con- 
tent the carbon partially exists in the form of graphite, 
and not all in cementite. 

To prove conclusively that the phenomena in question 
are actually due to the magnetic transformation of cemen- 
tite, 1$ is necessary to investigate steel of high-carbon 
content both magnetically and thermally in conjunction 
with the micrographic study of the structures. The 
thermal effect eg ay tnd the transformation has not 
yet been observed. The following five specimens of white 





+ Peper read before the Iron and Steel Institute. 
+ Journal ysique, vol. ii., 298. 

oa Pressedings iS the Physical Society of London, 1912, 
g Scientific Report, Sendai, 1918, vol. ii., page 208. 











neon of very high-carbon content were therefore | thermo-elements for 
8 — 








po.. ..| boo | boo | Be | dios | doo) & 


Bo2.. -- 204 0.65 | 0.15 0.098 0.011 0.13 
B77.. lt ae 0.49 0.19 0.145 0.042 _ 
R2H74B.. 3.49 114 0.83 0.150 0.020 ~ 
Charcoal 

castiron.. 4.15 0.87 0.19 0.148 


0.082 0.005 





These five specimens were obtained from the Tobata 
Foundry Company, Tobata, through the kindness of 
Dr.-Ing. G. Aikawa, the director of the works, to whom 
the authors gladly acknowledge their indebtedness. 
Besides this, they investigated three specimens ; one 
was grey pig-iron No. 3, from Kamaishi, containing 2.8 
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per cent. carbon, and the remaining two were specimens 
cut from the outside and inside portions of a chilled car- 
wheel, and found to be rich in cementite. 

The tisation was measured by the 
metric met as in the former experiment. In the 
present case, the magnetising and compensating coils 
were vertically in a west-east direction, with the 
magnetometer between them. The space between the 

tometer and the axis of the 7. ¥- ing coil was 
21.2 cub. cm., and the height of magnetometer 
was such that its needle stood nearly at one-third the 
height of the coil from beneath. The imens, which 
were we ye in form, 5 mm. by 5 mm. 
and 25 mm. ,” had each a slit at one end for receiving 
one junction of s thermo-cou spevimen was 
laced in the coil at the position of maximum effect. 
ore the tisation of the specimen began, the com- 
pensation of the effect of the coils on the magnetometer 
was carefully tested. 

The heating was effected by means of an electric cur- 
rent, as in the authors’ former experiment, and the 
temperature was measured by a calibrated thermo-cou 
of copper-constantan. The field applied was always 


gauss. 

To measure the evolution or the absorption of heat 
during the transf i Roberts - Austen dif- 
ferential method was used. A copper neutral piece and 
the specimen to be tested were arranged with the two 


* Scientific Report, Sendai, 1913, vol. ii., page 203. 

















ing the differential and total 
temperatures, as shown in Fig. 1, annexed. For the 
- ——- — | temperature circuit a suspension galvanometer for the 
| Manga-| Phos- | element 
Specimens. Oarbon. Silicon. | nese. | phorus, |S"!phur Copper. used, and 
mirror galvanometer 
ployed. The sensibility of this gal 
that a difference of 1 
leflection 


-constantan of Siemens and Halske was 
the differential thermo-element a sensitive 
with a scale and telescope was em- 


. in the two junctions gave a 
of 300 mm., with a scale distance of 262 om. 
i anomalous 


The cooling-curves always took a consistent 


showing an evolution of heat between 160 deg. 


course, 

and 210 deg. Cent.; but by heating the effect was o te 
to, and much less than, 
on this page the cooling-curves only are given. 


+ by cooling. In the figures 
To investigate the structure of the iron, the polished 


surface of the metal was etched with a dilute solution of 
nitric acid, and examined under a microscope. 


photographs 


The results for the magnetic and thermal studies are 
nage given in Figs 1la-8a and Figs. 1)-8). In 
gs. 


Some 
were also taken, and are given on the next 


the ordinate ts the intensity of 


magnetisation in absolute unite, and in Figs. 1b-8b is 
represents the deflection of the differential 
in centimetres, while the abscissa is always the tempera- 
ture. Though the applied magnetisi 
large, it is easily seen that the in 


vanometer 


field is tolerabl 
field will be very 


Gn. 





small, owing to the large demagnetising force of the 
specimens, probably not exceeding 10 gauss. The inten- 
sity of isation is therefore comparatively small, 
its largest value being 350 0.G.8. units. From Figs. la- 
5a it is seen thatin all these irons the transformation 
takes place between 160 deg. and 220 deg.; by heating 
the magnetisation remains nearly constant up to 160 deg., 
and then rapidly diminishes. From 220 deg. upwards 
magnetisation diminishes but little. By cooling from 
400 deg. Cent. a nearly reversible change is observed. 
In the authors’ experiment, the magnetising field was 
ov applied when 4 ae was to be — the 
isation being repeated every time. was 
~~ pvy BS , if the specimen be cooled 
under a magnetising field, the magnetisation below the 
transformation point is decidedly greater than that by 
heating. With the increase of the percentage content 
of car the amount of the change of tion 
generally increases. It is, however, to be noticed that 
though the external field is the same for all these speci- 
— the field — be aoc, tho pentane of 
specimens, and consequently the demagnetising force, 
differ from each other. It is not —— therefore, 
directly to compare the ts of change of mag- 
netisation 5 I with each other; but the percentage change 


may be taken at °F with respect to the intensity of 


magnetisation, and the amounts of compared with 
the percentage content of carbon, or, still, with 
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that of cementite carbon. 


total carbon : 


Per Cent. Per Cent. Per Cent. PerCent. Per Cent. 
Total carbon.. 2.90 2.94 3.17 3.49 4.15 
él 


i - 15.00 19.00 28.00 28.00 49.00 


and 3.49 per cent. carbon give the same number for 
ratio will be seen from micrographs, Figs. 3c and 4c, on 
this page. 

In the case of the magnetic transformation of pure 
iron, one* of the present authors showed that the tem- 
perature at which the magnetisation begins to decrease 
on heating, or ceases to increase on cooling, depends on 
the strength of the magnetising field, whereas in a very 
strong field it begins to decrease from a temperature 
lower than the ordinary, while the temperature at which 


| that the heat evolution is due to the m 
The reason why the specimens 3.17 per cent. carbon | 
the | 


The following numbers | evolution of heat in a range of temperatures from 130 deg. | iron would be ve: 
show that this ratio increases with the content of the | to 210 deg. Cent. Asin the 


ic transformation of 
iron, nickel, and cobalt, the evolution of heat takes place 
gradually. The amount of the heat evolved seems 
to increase with the content of carbon, except in the case 
of the third and fourth specimens, in which the reverse 
is the case. These facts are in harmony with the view | 
etic trans- 
formation of cementite. As the photographic structure | 
shows, the cementite carbon in the fourth specimen, not- 
withstanding its higher content of total carbon, is a little 
less than that in the third specimen, probably because | 
of the presence of graphite carbon. Hence the fact that 
the heat evolution in the third specimen of iron is greater 
than that of the fourth can well be understood. From 
the figures it can also be seen that the temperature of 
the maximum evolution of heat is from 10 deg. to 25 deg. 
Cent. lower than that at which the magnetisation changes 
mostrapidly. The reason for it is obvious. On the one 


| seen by mye 8 


small. This expectation is quite well 
fulfilled, as seen from Figs. 6a and 6b. The photomicro- 
graph, Fig. 6c, also shows the appearance of the graphite 
and the pearlite in ferrite. 

he experiments with the specimens cut from a chilled 
car-wheel are also very interesting. By casting, the out- 
side portion of the wheel cools faster than the inside 
portion, so that the cementite formation is more favour- 
able in the outside than in the inside. This fact is clearly 
micrographs, Figs. 7c and 8c; the 
er in Fig. 8c than in Fig. 7c. Corre- 


and the heat evolution 


white portion is ric 


sponding to this, the ratio fe 
are both much greater in the specimen cut from the 
outside of the wheel than in the specimen from the 
inside, as shown in Figs. 7a, 7b, 8a, 8b. 

From the above results the following conclusions may 
be drawn :—By cooling, the magnetic transformation of 





Fie. le.—B91: White pig-iron. Oarbon = 
per cent. Magnified 145 diameters. 


2.90 
per cent. 





Fre, 5c. —Oharooal cast iron. 


Carbon = 4.15 
percent. Magnified 145 diameters. 


cent. 


the change of magnetisation ends on heating or begins | 


on cooling is quite definite, and independent of the 
strength of the magnetising field. This temperature is 
defined by the same author as the critical temperature. 
The same will also be found true of the magnetic trans- 
formation of cementite. Hence the temperature, 160 deg. 
Cent., of the present experiment, at which the magnetisa- 


tion of iron begins to diminish, has no important meaning; 
itis a function of the —— field. But the tem- 
perature 220deg. Cent., at which the change of eti- 


sation Legins on cooling or ends on heating, is ectl 
definite, and the critical temperature of pareneibe, This 
temperature coincides fairly well with those found by 
the former experiment, and is a little less than that 
obtained by Smith. In the previous experiments just 
referred to, the magnetisation is found to increase with 
the rise of temperature, to pass through a maximum, 
instead of remaining constant, as in the present case. 
This difference is obviously due to that of the strength 
of the magnotising field.+ 

In Figs. 16 to 56 the cooling curves show a distinct 


* K. Honda, Scientific Report, 1913, vol. ii., page 81; 
1914, vol. iii., page 181. 
+ Jbid., vol. ii., loc. cit, 


Fie, 2c,—B 92: White pig-iron. Carbon = 2.94 


Fie, 6c.—Grey pig-iron. 


Fia, 8c.—B77: White 


Magnified 145 diameters. per cent, 


Carbon = 2.8 per 
Magnified 145 diameters. 


hand, as the deflection of the differential galvanometer | 


records the temperature resulting from the cooling by 
radiation and conduction, and the heating by the evolved 
heat, the actual maximum of the heat evolution by 
cooling must take place at a somewhat higher tempera- 
ture than that corresponding to the maximum deflection 
of the differential galvanometer. On the other hand, the 
temperature of the maximum change of magnetisation 
— more or less on the strength of the magnetising 


In photomicrographs, Figs. lc and 5c, above, the 
white portions are the cementite, while the black 
portions are the pearlite, the ification of the photo- 
graphs being 145 diameters. ith the increase of the 
car content the white portion increases, while the 
black diminishes; with the third and fourth specimens 
the reverse is the case. Thus the magnitude of the 
heat evolved and the change of magnetisation in the 
transformation range are both parallel with the content 
of cementite in these irons. 

pig -iron No. 3 contains a considerable 
amount of carbon—2.8 per cent.—but mostly in the form 
of graphite, and only a small part in the form of lite ; 
hence, if the magnetic and thermal anomalies above re- 


ferred to are due to the transformation of cementite, it 





is to be expected that these anomalies for the grey pig- 


*g-iron. 
Magnified 145 diameters. 


Fie. 7c.—Car wheel (inside). Magnified 145 
diameters. 


Carbon = 3.17 Fie. 4c.—H74B: White pig-iron. Oarbon=3.49 


per cent. Magnified 145 diameters. 





Fie. 8c.—Oar wheel (outside). Magnified 145 
diameters. 


cementite begins at 220 deg. Cent., and by heating it 

ends at the same temperature. This is the critical 

temperature of the cementite. As in the case of iron 

or other ferro-magnetics, the transformation takes place 

— at least in a range from 50 deg. to 60 deg. 
mb. 

In the authors’ former experiment they made the 
magnetic experiment with twelve kinds of steel, containing 
a different percentage of carbon varying from 0.14 to 1.5 
per cent.; all these steels showed almost the same critical 
temperature as the steels here investigated. Since the 
different ferro-magnetic compounds of iron have their 
own critical temperatures peculiar to them, in general 
very low tem ures. as compared with that of iron, it is 
to be concluded that the different carbides in iron might 
also possess different critical temperatures ; as, however, 
different specimens containing different amounts of 
carbon, ranging from 0.14 to 4.5 per cent., all possess a 
=“ transformation between the ordinary temperature 

1 700 deg. Cent., the common critical temperature of 
which is 220 deg. Cent., it is very probable that the only 
form of carbides which exist in the ordinary temperature 
is the cementite. 

In conclusion, the authors wish to express their cordial 
thanks to Professor K. Tawara, of Tokyo University, for 





his valuable advice, and also for his kindnees in supplying 
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them with 

experimen 

A Maeyetic Srupy or THe A3 TRANSFORMATION IN 
Pure Iron. 


1. The usual method of investigating the transforma- 
tions in iron is by the analysis. is method, how- 
ever, is not quite convenient, if one wishes to know the 
exact point of the transformations, because, when the 


the different specimens studied in the present 
‘ts. 


SPECIMEN I. 





heat is once evolved, the substance takes time to cool to 
its initial temperature, through radiation and conduc- 
tion, so that from the heating or cooling curves it is ver 
difficult to decide the exact time or temperature at whic 
the heat evolution or absorption ceases. On the other 
hand, the magnetic investigation of the said transforma- 
tion, which is not accompanied by any time-lag, is more 
convenient. 

The present communication is the result of a magnetic 
study of the A3 transformation in pure iron. Four 
specimens of pure iron were obtained from the Bureau of 
Standards, Washington, through the kindness of Dr. 
G. K. Burgess, and were magnetically studied. Accord- 
ing to him, the specimens contain the following per- 
centages of impurities :— 





| < E ‘ 3 3 | d 4 
= | 2 |S | 88 /49\ 2) & 
|S |! #* |38| 8/8 
ee Se ———e--C 
pc. | pe | pc. | pc. | p.c. | p.c. 
Specimen L.. ..| 0.0085 | 0.005! trace | trace | 0.005 | 0.001 
Specimen II. sa Electrically-deposited iron 
Specimen III. --| 0.009 | 0.009 | <0.001 1 trace | 0.006 | 0.006 
Specimen IV. | Electrically -deposited iron 


The ng used was exactly the same as that used 
by Mr. T. Ishiwara and one of the present authors* for 
measuring the susceptibilities of various compounds at 
high temperatures ; its description is therefore here 
omitted. The specimens, about 0.4 gramme in weight, 
were tested in a nitrogen atmosphere. After a com- 
plete cycle of temperature a slight surface oxidation of 
the specimens was observed, but the second cycle gave 
nearly an identical curve showing that the oxidation 
doe; not materially affect the results. 
_ 2. The results of the =) experiments are given 
in Figs. 1 to 4, above. In Figs. 1, 2, and 3 the A 3 transfor- 
mation may be seen very well defined, but in Fig. 4 this 
transformation is not so sharply defined as in other cases. 
In the former curves the inning and the end of the 
transformation can be clearly traced. Portions} c and b’ c’ 
in the x —¢ curve represent the Ac3 and Ar 3 transforma- 
tions respectively, c’ b being the beginning and c b’ the end 
of the transformation. Portions cd and c’ dof the curves 
represent the susceptibility in the y state, and portions 
ab and a’ b’ down to 780 deg. Cent. the susceptibility in 
the so-called 8 state. The present authors consider this 
last state to be in the a iront. The transformation by 
heating always takes place.at a temperature higher by 
13 os to deg. Cent. than the transformation by 
cooling. 
_ Ina former papert one of the authors remarked that the 
inflection of the x—¢ curve in the vicinity of 930 deg. 
Cent. observed by P. Curie, P. Weiss, and the present 
authors is probably an effect of the A3 transforma- 
tion, and that the 8 2 iron as given by Weiss§ is not an 
independent phase, but merely a transition stage of 8 
to + iron, if we use the name § iron. By the t 
a the correctness of the above view is thus 
prov o 

It is very teresting to compare the results of the 
present experiment with those of the thermal analysis, 
which was carried out by Dr. G. K. Burgess with the 
Pe and Ishiwara, Scientific Reports (Sendai), 
915, vol. iv. 
—— Scientific Reports (Sendai), 1913, vol. ii., 
+ K. Honda, Ibid., 1915, vol. iv. 
_S Weiss, Arch. des Sei. Phys. et Nat. (4) 1911, vol. 
XXXL, page 5, 


| men I. is graphically given; the ordinate is a4, q being 





same specimens of iron. In Fig. 5 his result. for Speci- 


the deflection of the galvanometer for the differential 
thermo-couple, the abscissa the temperature of the 
-. From his results and those of the authors 
there were obtained the numbers for the temperature of 
the A 3 transformation tabulated under Fig. 5. 

The temperatures of the 
transformation magnetic- 
ally found are those at 
which the transformation 


SPECIMEN IL. 


well as in the cooling, all these numbers being referred to 
one gram-atom of iron. The saturation value I was cal- 
culated by the formula due to Weiss—that is— 


8Rx(T-6) =2 
where @ is the critical temperature and R the gas-con- 














takes place most rapidly. 
The coincidence between | 
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Magnetically Found. 


deg. O. deg. C. deg. C. deg. O. 
Ac3 ‘Ar3 Ac 3 Ar3 
Specimen L. .. 916 895 911 898 
Specimen IIL. 915 885 a8 889 


the thermal and magnetic analysis is thus very close ; 
there is, however, a small difference. By heating, the 
temperature magnetically determined is a little lower 
than that thermally determined, while by | the 
reverse is thecase. The discrepancy cannot be attributed 
to the possible difference in the constants of the thermo- 
couples used in these two experiments, because the differ- 
ence of temperatures in question — sign by heating 
and cooling. At any rate, the th ysis is always 
complicated by conduction and radiation to or from the 
surroundings; it is nob a good means of knowing the 
exact position of the transformation and its progress with 
the c of temperature, as is seen on comparing the 
— of the thermal and magnetical analysis with each 
other. 

3. In this theory of magnetons* P. Weiss calculated 
the number of pee in iron at high temperatures, 
by making use of results of P. Curie and that got by 
himself. As the authors have already remarked, his view 
—— the £2 iron is untenable, and therefore his cal- 
culation for the number of magnetons in f 2 iron cannot be 
correct. As to Siron (81 according to Weiss), Curie’s 
and Weiss’s curves in this ion are not well defined, 
on account of the inflection point due to the A3 trans- 
formation, and hence Ourie’s constants, as deduced by 
Weiss, are only approximate. Moreover, he did not take 
into consideration the difference of the Curie constant by 

In the authors’ three specimens of pure iron the x-¢ 
curve in the § region is well ogee and therefore the 
result is very favourable to the calculation of the Curie 
constants for heating as well ascooling. With the authors’ 
data, they calcula therefore, the Curie constants OC, the 
saturation values of the intensity of magnetisation I, and 
the number of magnetons n in f iron in the heating as 


Fig.3. SPECIMEN TIL 





stant. The following table contains the authors’ results 

of calculation, c and r referring to the heating and the 
cooling respectively :— rn 
— \0@, om) 1 | 1m | NO |Nm 
Specimen I. ..|1.247| 1.178 | 17,580 | 17,000 | 15.65 | 15.21 
be I. ..| 1.565; 1.289 | 19,690 | 17,870 | 17.58 | 16.91 

» IIL ..| 1.682| 1.356 18.17 | 16,82 


20,420 18,330 


Fig.4. SPECIMEN IV- 





For these specimens the above relation is better satisfied 
than in the cases of experiments by Curie and Weiss, but 
there is no tendency for n to be an integer. It is also a 
drawback to the theory of magnetons that even in 8 
region the number of tons is never found to bea 
constant, but it varies from 15 to 19, and that the 
number n is not the same for heating as for cooling. 
In a former paper* Mr. T. iwara and the present 
authors showed that the verifications of the theory of 
the magnetons, as given by Weiss, are not satisfactory, 
if we consider them in the light of new experiments. 
The present experiment also affords new data unfavour- 
able to the theory. 





MingERAL Propvuction AND TrapDg oF Spain.—Ac- 
cording to the Estadistica Minera de Espaiia the output 
of coal in Spain in 1913 was 3,783,214 tons, having a mean 
value at the pit mouth of 18.39 _ (14s. 6d.) per ton. The 
coke production amounted to 595,677 tons. 





Tur LATE Mr. James Mapes Doper.—We regret to 
record the death, at his home, in Philadelphia, on the 
4th inst., of Mr. James Mapes Dodge, Chairman of the 
Board of the Link-Belt Company. r. Dodge was born 
on June 30, 1852, at Waverly, N.J. He spent three 
years at Cornell University and a year at Ru At 
the latter institution he took a special course in chemistry 
under the late Professor George H. Cook, State Geologist 
of New Jersey. After si ing a short time at the 
Morgan Iron Works in New York City, he entered the 
shops of John Roach, shipbuilder, at Chester, Pa., where 
his marked mechanical ability and ingenuity brought 
him rapid advancement. During the three years at the 
Chester establishment he was successively journeyman, 
foreman, and superintendent of erection. In 1876 he 
left the shipyard, and after several years of experience 
in the East, went to Chicago. It was here that he formed 
the acquaintance of William D. Ewart, the inventor of 
the Ewart link-belting, and soon after he joined Mr. 
Ewart and his associates in the development of the chain 
business. After a period of development, Mr. Dod 
went East and entered into partnership with Edward H. 
Burr, the name of the firm being Burr and Dodge, who 
represented in Philadelphia the Ewart Manufacturi 
Company of eo original manufacturers o! 
the Ewart detachable link-belt—for the exploitation of the 
Ewart chain hong fae I interests. way this partner- 

i w the Link-Belt Engineering Company, orga- 
thieed in 1888, and after the formation of this company, 
mS | carried — on < development along 
strictly engineering lines. ighly-specialised engineer- 
ing staff was cxmpalesl a scientifio study was made of the 
characteristics of the materials to be handled, and special 
appliances were invented to meet varying conditions. 
In 1889, after having become thoroughly acquainted with 
the needs of the anthracite coal industry, Mr, Dodge 
developed the boldest and, perhaps, the most original of 
hisinventions, This was his system of storing anthracite 
coal in conical piles and reloading it by machi > 
accomplishing this result with little labour and tically 
no breakage. ‘The invention is still withouts rival in the 
field of anthracite coal s' . For this he was ted 
with the Elliott Cresson ip 1 the 
Franklin Institute, Philadelphia. When it is considered 


that the system of coal storage reduced the cost of 
handling in and out of storage from 30 cents and often 
40 cents per ton per round trip to less than 5 cents, it is 


evident that the saving effected on the 5,000,000 tons 
handled by this s annually has been a large item. 
Mr. Dodge was a Past-President of the American Society 





”* Arch, des Sei. Phys. et Nat. (4), 1911, vol. xxxi., 





page 5. 





of Mechanical Engineers. 
* Scientific Reports, 1915, vol. iv, 
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NOTES FROM THE UNITED STATES. 
PHILAVELPHIA, December 15. 

Pic-rRon production has now reached 38,000,000 tons 
a year. A iow furnaces are blowing out and a few are 
blowing in ; there are now 281 furnaces in blast. The 
Government has taken bids on 35,000 tons of steel, and 
the New York subway will place orders for 28,500 tons, 
and a New York shipbuilder for 10,000 tons of plates. 
Domestic inquiries are steadily increasing. There are 
immense quantities of munitions awaiting export. At 
one locality on the Allegheny Mountains cars are 
stalled loaded with munitions valued at 10,000,000 
dols. Most steel mills are now loaded up with orders 
until next July; very little new business has been 
booked this week. Present ingot production is 
2,250,000 tons a month. During November orders 
for all kinds of steel ran over 4,000,000 tons. Produc- 
tion cannot be much increased with present facilities. 
Consumers are clamouring for deliveries. Bar mills are 
now filling up with orders for third-quarter delivery 
as fast as they can be induced to accept business. 
France is in the market for additional deliveries of 
bar steel for the third quarter of 1916. 

All the shipyards are urgently calling for steel. 
Newport News wants 15,000 tons, and the Standard 
Shipbuildin Company 17,500 tons. Bethlehem and the 
Maryland Shipbuilding Company want 15,000 tons, 
and a Connecticut concern tons of plates ; nearly 
all new business is for last half of 1916 delivery. Con- 
tracts for two battleships bave been placed, one to be 
built at New York, the other at San Francisco. Some 
large interests are trying to contract for more steel 
than they really need, to make themselves perfectly 
safe ; there is a vast amount of business in waiting, 
and enormous quantities of munitions that cannot 
reach coast exporting points and could not be exported 
if they did reach those ports. Ocean freights are out 
of sight; the genius of exporters is taxed to solve a hard 
problem ; each succeeding week develops new condi- 
tions and new difficulties, and business is choked in a 
quagmire of prosperity. The powerful steel interests 
are doing all in their power to keep prices under 
control, in order that the inevitable reaction after the 
war may be less severe. Much concern is felt in steel 
circles over the fact that the limit of steel produc- 
tion is reached, and the future expansions must be 
measured, as has been heretofore stated, by the pig-iron- 
making capacity. 





THE GERMAN STEEL UNION DURING 
THE FIRST YEAR OF THE WAR. 

Tue report of the German Steel Union for the year 
1914-15 naturally possesses special interest, inasmuch 
as it throws much light upon the respective importance 
of the export and the home trade, and the manner in 
which the former has been affected by the war. The 
war at once caused much disturbance in the matter of 
transport, but these difficulties were comparatively soon 
overcome. In July, 1914, the total quantity despatched 
amounted to 470,422 tons, in August the quantity fell to 
94,984 tons, in September again rising to 245,194 tons, 
reaching its highest figure since the war commenced, in 
March, 1915, with 351,559 tons. The Steel Union has 
not availed itself of the clause entitling it to withdraw 
from contracts in case of war, but the current contracts 
were carried out, although the cost of production had 
risen materially. The total quantity of union commo- 
dities despatched during the year amounted to 3,393,537 
tons, inst 6,124,310 tons for the year 1913-14, that 
means 55.41 per cent. of the previous year’s figure, and 
62.54 per cent. of the allotment. e home trade 
accounted for 81 per cent. of the total sale ; the difference 
between home and foreign trade was not made out for 
the total for 1913-14, but for the different articles, and 
= figures for these will be found in the following 
table :— 





1914-15. 1918-14. 


Heme. Export. Home. | Export. 














per cent. per cent. ‘per cent. | per cent. 
Half-finished goods . 76,20 23.80 54.13 45.87 
Shape iron ‘ o 78.89 21.11 75.07 24.93 


Railway material 84.86 | 16.64 68.36 31.64 


It will ap from the above that the proportion 
between the home trade and the export did not vary very 
much for the two years as shape iron, whereas 


the reverse was the case with railway material, as also | i 


with half-finished goods. Ia this connection the report 
states that more especially England bought large quanti- 
ties of German half-finished goods before the war, so as 
to further handle them in her own factories. As these 
finishing industries competed against the German indus- 
tries of the same class, and on account of the low prices 
paid for German half-finished material, could do so with 
good ts, voices were y in the time of peace 
raised against such deliveries of half-finished materials 
to England, To what extent the hostile countries 
have missed the German half-finished goods is meant 
to be emphasised in the followi sentence in the 
report :—‘‘ It was even attempted from those quarters 
(that is, the hostile countries) to obtain half-finished 
German products, but all such attempts were negatived 
in the interest of the Fatherland.” As regards the busi- 





ness with the neutral foreign countries, some See 
into a satisfac’ turnover, which, however, from May, 
on account of the political difficulties with Italy, again 
decreased. — precautions have been taken as regards 
the ultimate destiny of the exported goods. 

The following table shows the aggregate quantities of 
the different classes of goods despatched during 1914-15, 
and for comparison’s sake the corres alee gun of 
1913-14 are given, as well as the percentage 
of the allotments :— 





: ) 55 
| - A 
: | Finished | Railway | Shape | “#gfeer“e 
Oe A i cance ~ Weight. 
tons | tons | tons tons 


| | 

Quantities de- | 

spatched 1914-15 .. 739,451! 1,759,115, 894,971) 3,893,537 
Quantities de- | 

spatched 1913-14 ..' 1,639,829 2,748,728 | 1,735,753 | 6,124,310 

Shortage 1914-15 ..| 900,378 989,613 840,782 | 2,730,773 
Shortage against } 

allotment figure ..| 45.86 p.c.| 31.59 P.c.| 64.52 p.c.| 47.46 p.c. 








During the year the prices for half-finished goods have 
been raised 15 marks per ton, and those for shape iron 
10 marks per ton. In heavy railway material it was 
more especially the Prussian-Hessian State Railways, 
together with the railways of the Empire, which gave oud 
their orders for 1915 for unaltered quantities, and thereby 
helped to keep the industry going. The orders of the 
other German railways, however, were materially behind 
those of the preceding year. The business in lighter kinds 
of rails showed a marked falling off, but extensive army 
deliveries made up for that. e foreign markets for 
heavy rails and sleepers were quiet up to the end of 1914, 
when an improvement set in on account of orders from 
neutral countries, which were all secured. The foreign 
market was quiet for light rails. 





IRON AND COAL INDUSTRY IN BELGIUM. 
THE industrial situation in Belgium seems to improve, 
and at Hennegan all the coal-mines, with one exception, 
work each day with a full staff of hands. The exception 
is the Mariemont et up mine, which in the mean- 
time only employs its 7000 men four days a week. For 
domestic purposes the demand has somewhat subsided, 
because the winter requirements to a great extent have 
been satisfied, but for industrial purposes there is a lively 
demand. The Scandinavian countries especially have 
— large orders, but also Holland, Switzerland, and 
uxemburg are buying freely through the medium of the 
German coal central. The natural result will be a marked 
decrease in the large stocks of finer coal, which, in, is 
likely to bring about an increased production. “Tie in 
the Charleroi mining district the production of coal is 
much increased. The mines Ruderlues and Courcelles 
Nord now work with the full number of hands all the 
week-days, and in the Liége district the production of 
coal is also making satisfactory progress. The produc- 
tion per month in the latter district is estimated at close 
upon 500,000 tons, against less than 50,000 tons shortly 
ter the commencement of the war. The stocks have 
also materially decreased—from 300,000 tons to less than 
half. As was inevitable, the cost of production has 
increased considerably, owing both to the smaller pro- 
duction and the higher prices ruling for raw materials. 
The whole Belgian coal industry: suffers seriously from 
—- of means of transport, and the required wagons 
“2 often are not forthcoming. 
he iron industry continues to suffer from insufficient 
supply of raw materials. At the Baél blast-furnaces 
(Louviére) 400 to 500 men are employed all week-days 
except Monday. In the construction-shops of Nicaise 
and uve, who have received some substantial orders, 
half the ordinary number of hands are at present 
employed. The construction-shops of Bouvy are fully 
employed, as is the Gilson rolling-mill. The rolling-mills 
La Croyére, which have been idle since the war broke 
out, have now resumed working; also the Thirian blast- 
furnaces are working. The Haine Saint Pierre blast- 
furnaces are on an average working three days a week, 
whilst the Baume rolling-mills temporarily have discon- 
tinued work. Aeaplolindion ye, bre and Moselle 
and Providence also work with decreased output. As 
far as those Belgian blast-furnaces are concerned, from 
which reports have already been published, they all show 
a fairly substantial loss on the year’s working, which is 
attributable to large sums — to the care for work- 
men, special reserves, and the unprofitable working on 
account of the reduced production. Loans have in some 
cases been resorted to so as to cover these extra disburse- 
ments, but it must not be overlooked that also technical 
ae anna om which will no doubt benefit the Belgian 
industry after the war, also have helped to swell the 
expenditure. 





SranparRD THREADS FOR SPARKING-PiUGs.—The Engi- 
neering Standards Committee have recently issued an 
interim report on revised ard dimensions for 
threads of sparking-plugs for internal-combustion en- 
gines. The full report, which isin ccurse of preparation, 
will include the manufacturing tolerances permissible on 
the threads of the sparking-plugs, and the necessary 
allowances to be made on the taps used for cutting the 
internal threads, as well as the standard over-all dimen- 
sions of the plug-bodies. The interim repord is publish«d 

tis, and it can be obtained from the offices of the 





post free, for 2d. 


mittee at 28, Victoria-street, Westminster, S.W., | prohibited 


NOTES FROM THE NORTH. 
Gtaseow, Wednesday. 

Glasgow Pig-Iron Market.—A further decline in the 
price of pig-iron took place in the market last Tuesday 
afternoon, 2500 tons being dealt in at 76s. 114d. per ton, 
with closing sellers, cash, 76s. 7d. and 77s. one month, 
and 76s. 7d. to 76s. 8d. seventeen days. The opening on 
Wednesday morning was wi but a certain recovery 
was made, and at the close a gain of 1d. from the pre- 
vious day was noted. From 76s. 34d. cash and 76s. 9d. 
one month, Cleveland warrants rose to 76s. 8d. cash 
and 77s. one month, sellers closing at 76s. 8d. and 77s. 1d. 
respectively. tions amounting to 2000 tons were 
reported. In the afternoon a certain narrowness pre- 
vailed, and 1500 tons changed hands at 76s. 4d. cash and 
76s. 9d. one month, closing sellers being quoted 2d. per 
ton over these Prices were firm on Thursday, 
and in the forenoona limited businessof 1000 tons was done 
at 76s. 8d. cash and 77s. 6d. one month. Sellers’ quotations 
at the close showed a gain of 8d. per ton at 77s. 2d. cash 
and 77s. 7d. one month. A further advance took place 
in the afternoon, when one month’s iron went up to 78s., 
sellers at the close being 4d. ton above the forenoon’s 
level. On Friday morning the tone was again firm, and 
1500 tons changed hands at 78s. 14d. one month. At the 
close sellers’ quotations were 77s. 74d. cash and 78s. 14d. 
one month. Owing to the Christmas vacation the market 
was closed till Tuesday morning, when, on the reopening, 
a fair measure of business was put through at firm rates, 
cash iron advancing 3d. per ton to 77s. 9d., while on 
forward account one month’s warrants realised 78s. 34d., 
with sellers over at that figure at the close, and sellers’ 
cash price 77s. 104d. The afternoon market was equally 
steady, and at 78s. 44d. per ton one month 1000 tons were 
— = with sellers again over, and cash warrants 

s, 11d. 


Sulphate of Ammonia.—While sulphate of ammonia is 
still scarce, the demand continues good, with the price 
steadily increasing, the rate having advanced between 
5l. and 6/. per ton during the past few months. As it 
stands at the moment the rate has now reached 17/. 10s. 
per ton for prompt delivery Glasgow, and 18J/. for 
prompt delivery Leith, the highest price reached during 
the year. 

Scotch Steel Trade.—The utmost activity continues 
in all the steel-making establishments, and with the urgent 
demand for all classes of war material, the New Year 
holiday will be considerably shorter than usual. Cer- 
tainly, as at the Fair holidays, an extraordinary amount 
of repair work will be necessary as a result of over- 
time, but this will require to be gone about with 
the utmost expedition, as no diminution in output 
can be s-g Indeed, rather it is expected 
that Mr. Lloyd George’s visit to Glasgow last week 
will tend to increase this in the early days of the new 
year. Prices have now reached the highest level quoted 
during the year, but even this has been no deterrent to 
business, for, of course, many buyers, being engaged on 
Government work, must obtain the requisite supplies 
irrespective of cost. Steel-makers are being rather 
seriously handicapped by the irregularity of delivery of 
certain raw materials, and also by the scarcity of railway 
wagons and labour, in great measure due to the strenuous 
nature of the recent recruiting campaigns. Even taking 
all this into account, however, the present output is on a 
most prodigious scale, the like of which has never been 
known before. There is an evident scarcity of billets, 
rods, and other semi-finished material, and as the 
present price of billets is round about 11/. r ton, 
the cost of the finished material is not to mar- 
velled at. The problem of price is undoubtedly inter- 
esting. There is still the most pressing demand for all 
kinds of sectional material, and it would almost seem as 
if the demand for shell-bars were limitless. At the 
moment the demand for plates has slightly eased off, but 
the chances are that this is only temporary. In this, the 
closing week of the year, the highest prices have been 
touched, and boiler-plates are quoted at 13/. to 13/. 10s.; 
ship-plates, 12. to 127. 10s.; and angles, 13/. 10s. to 14/. 
per ton, all less the usual 24 per cent. discount for prompt 
delivery Glasgow or equal. 

Mulleable-Iron Trade.—The steadily-increasing price 
of malleable iron has had no restraining influence on 
business, and orders are still flowing in without the 
slightest effort on the makers’ part. Their difficulty, 
indeed, is to keep pace with the demand, rendered the 
more perplexing as it is impossible to get delivery of the 
requisite quantity of raw material. Equally heavy is the 
demand foriron and steel products, the delivery of which 
is, in many cases, considerably in arrears, owing to the 
scarcity of imported billets. year ago “Crown” bar; 
cost 7/. 12s. 6d. ton, to-day they are quoted at 13/. 
to 132. 10s., lees 5 per cent., an advance that is nothing 
short of marvellous. 


Scotch Pig-Iron Trade.—The most notable feature in 
connection with the local pig-iron trade is the increased 
and increasing ‘values ; yet even with this, not only is 
business brisk, but makers are booking extensive ordem. 
Hematite and founding-iron are in great demand, and 
some anxiety is being expressed in regard to the new 
Government Order concerning the exportation of hema- 
tite pig-iron to neutral countries. So much do the firms 
interested fear the effect upon trade that a meeting © 
the Emergency Committee of the Glasgow Chamber of 
Commerce was hurriedly called last week, when, after 
carefully considering the matter, a telegram was des 
patched to the War Trade Department stating the 
difficulties being experienced by manufacturers and mer- 
chants, “‘owing to shipment of hematite pig-iron being 

ibited without ble notice, unless under licence. 








A reply, which is so far satisfactory, has been received, 
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but the general feeling is that better regulations will 
require to be made. Strange to say, quotations for 
makers’ (No. 1) iron are the same as last week :—Olyde, 
98s. per ton; Gartsherrie, 98s. 6d.; Calder, Summerlee, 
and tongiam, 97s. 6d. (all shipped at nh Se. 
91s. 6d., and Glengarnock, 97s. 6d. (both at rossan) ; 
Dalmellington, 94s. (at Ayr); Shotts, 97s. 6d. (at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The house-coal tion 
is a little easier, ~—eee having come to hand at the 
dépots during the holidays and enabled merchants to 
wipe off some of the arrears. There is still a healthy 
demand from London buyers, and country trade does not 
show any appreciable falling-off. Local requirements 
are heavy. uction at the pits is again in full 
swing, the holiday having been confined to Saturday, 
Sunday and Monday. few delinquents failed to 

ut in an appearance yesterday, but they did not 
orm any considerable proportion. The general re- 
sumption of coal-getting is a fortunate thing for 
the local trades, many firms having to rely on this week’s 
output for supplies. Cobbles and nuts constitute a very 
strong market. Home ——a are heavy, and the 
surplus of output is easily absorbed in shipments. Slacks 
are a busy market, with prices firm. Cokes fully main- 


tain the strong position | have held for the past fort- | 180,000 


night. Quotations :—Best ch hand-picked, 20s. 6d. 
to 2ls. 6d.; Barnsley best Silkstone, 18s. to 19s. ; 
Derbyshire best brights, 17s. 6d. to 188. 6d.; Derby- 
shire house, 16s. to 17s. ; best —_ nuts, 15s. to 16s. ; 
small nuts, 14s. 3d. to 15s. .; Yorkshire hards, 
16s. 6d. to 17s. 6d. ; Derbyshire hards, 16s. to 17s. ; best 
slacks, 11s. to 12s. ; seconds, 9s. to 10s. 6d.; smalls, 88. to 9s. 


Tron and Steel.—Conditions are quiet in all sections of 
the engineering trades. A few eens ap have resumed 
operations, but a large amount of repair work remains to 
be done, and the industries will not get into their regular 
stride again until the new year. Some new business has 
been done in the iron market, but a further rise in prices 
is causing consumers to hang back. The revised quota- 
tions show advances of 2s. 6d. to 7s. 6d: during the past 
fortnight. They are as follow:—West Coast hematites, 
140s. to 150s.; t Coast hematites, 137s. 6d. to 14ls.; 
Lincolnshire foundry No. 3, 82s. 8d.; Lincolnshire 
forge, 81s. 8d.; Derbyshire foundry No. 3, 786,; Der- 
tgubioe for 76s. 6d. The record price, 13/., net 
cash monthly for South Yorkshire bars, is maintained. 
The improved position of pig-iron is to some extent 
reflected in the price of scrap, steel scrap of guaranteed 
quality being a very market. Steel billets for 
immediate delivery cannot, in the ordinary course of 
business, be bought, though manufacturers in urgent 
need of supplies have offered substantial premiums on 
the current high prices. Siemens acid are quoted at 
15/. 10s. to 191., Bessemer acid at 14/., basic hard at 12/., 
and basic soft at 11/. 10s. One result of the tremendously 
increased output is the larger call upon the electric- 
supply works for current for heating, driving, and light- 
ing purposes. Sheffield Corporation has decided to make 
application to the Local Government Board for sanction 


to borrow 137,104/. for the provision of an additional | aj) | 


turbo-alternator plant at the Neepsend Power-Station. 
The Corporation also placed orders with local firms 
for electrical fittings and yy! for hospital use, 
for pipes for electrical supply (the latter at a cost of 
close upon 2000/.), and has acce the tender of a Wol- 
verhampton concern for providing sliding suction-pipes 
for use in connection with trench pumps at the new 
Ewden Valley Water Works. ers of tools and 
special steels have an abundance of orders with which 
to commence the new year. A healthy demand is antici- 
pated for railway and tramway steel. Many implement- 
makers supplying Government engineers could run at 
top pressure for three months or more on the work they 
have in hand. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Holiday-making is general 
this week. Very few traders have put in an a ce 
on ’Change, and business in Cleveland pig-iron been 
on @ very limited scale. At the same time a renewal of 
outside speculative operations in warrants has had some 
influence on values of makers’ Cleveland pig. No. 3 
g-m.b. has been quoted up to 78s. 6d., but the genera! 
market figure is now 783., and the other qualities are in 
the proportions that have ruled for some time 
thus being 81s.; No. 4 foundry, 77s. 6d ; No. 4 forge, 77s.; 
— mottled and white iron, each 76s. 6d.—all for early 
elivery. 


Hematite Iron.—As in Cleveland pig, there is little or 
a passing in East Coast hematite iron, due largely 
to the fact that there is none available for sale for supply 
before the second quarter of next year. Very substanti 
inquiries are still in the market on both home and Conti- 
nental accounts. Buyers are quite to pay 130s. 
for Nos. 1, 2, and 3, deliv April next and onward, 
and that is regarded as the general market quotation, 
though contracts are unders to have been arranged 
at a rather higher figure. 


Sale of Iron Works.—The sale of the Redcar Iron 
Works, the Coatham Iron Works, the Kilton Ironstone 
‘lines, and other undertakings of the well-known Mid- 
dlesbrough firm of Messrs. Walker, Maynard and Co., 
Limited, to Sir Hugh Bell, Bart., and Mr. A. J. 


Dornan, has caused some su The following 
circular, which has been sunell Ge the shareholders 


pelled been 
tial fetid. The Committee, working in conjunction 





Walker, Maynard and Oo., 
tary, Mr. J. H. Linton, explains the D 
leading to the sale:—Dear Sir or —I am in- 
my directors to inform you having 
e fact that the furnaces have been standing 
~~ I t, and the —— of obtaining labour 
material to carry cut proposed improvements 
during the continuance of the war, also of raisi 
money to put the works into a 
thoroughly efficient nee, Ry the a 
guarantee, your directors t ib advisable nego- 
Slate for the aale of the Rederr and the Ocetham Tron 
Works, wharf, cottages, and Kilton Mines. They have 


y the secre- 
circumstances 


will admit of a payment off 10s. per share to the prefer- 
ence olders. Completion of the is fixed f 
March 1 next. When this has taken place and 
assets of the somaeat Save been collected and 
paid, a meeting will be called for the purpose of 
up the company and arranging for the distributi 
assets. 


f 


the 
the 


é 


Ss. 
Ss 
ee 


Foreign Ore.—There is no change in f 
Market quotations remain on the basis of 
Tees for Rubio of 50 per cent. quality, g 
Bilbao-Middlesbrough keep firm at 2ls. 6d. Very good 
supplies of ore continue to come to hand. Im 
to the Tees for the last month of the year amount to about 

tons. 


md | 
a 


Cleveland Ironstone Miners’ Claims.—Owing to the in- 
creased cost of living the Cleveland miners are asking 
for a substantial war bonus, the executive of the 
Miners‘ Association has been instructed to aj h the 


—— with a view to seeing if they can obtain some d 


relief for those men, or compensation, who were injured 

ore the war, and who are seriously handicapped 
owing to the great increase in cost of living. The miners 
have also decided to ask that all Sunday work be paid 
for at the rate of double time, and for the establishment 
of a six hours’ shift for deputies when drawing timber. 
In addition instructions have been given to the executive 
to ask the employers for a base tonnage rate for all 
ratchet miners, to be shown on the pay-note as a separate 
item from percentage considerations, &c. 

Coke.—The coke position is rather peculiar. Contracts 
are understood to have been made at round about 33s. for 
Durham beehive average blast-furnace kinds delivered at 
local works, and sales of best foundry for shipment are 
reported at 37s. 6d. f.o.b. These are regarded as the 
general market quotations, notwithstanding persistent 
rumours that maximum quotations have been fixed at 
several shillings below such rates. No definite informa- 
tion regarding fixing maximum prices is as yet obtainable. 


Manufactured Iron and Steel.—There are no new 
features of moment in the finished iron and steel indus- 
tries. The following are am the principal market 

uotations :—Common iron bars, 13/.; best bars, 13/. 7s. 6d.; 

ouble best bars, 137. 15s.; treble best bars, 14/. 2s. 6d.; 
iron ship-plates, 11/.; iron ship-angles, 13/.; iron ship- 
rivets, 15/.; steelship-plates, 11/.; steel shi les, 102. 15s. ; 
steel strip, 12/. 10s.; steel a 13.; si joists, 11/.; 
heavy steel rails, 11/.; and s railway sleepers, 12/.— 
ess 24 per cent., except rails and sleepers, which are 
net. 





Coat AND Iron Imports InTO SwiTzERLAND.—The 
Comité des Forges de France states that the imports of 
coal into Switzerland reached a total of 1,969,454 tons in 
1913 and a total of 1,697,251 tons in 1914. The figures for 
coke were respectively 439,495 tons and 451,452 tons, 
whilst those for pig-iron and semi-finished products of 
iron and steel were 123,263 tons and 95,557 tons. 





, py —y | ae have oor 
rom the neering Stan mmittee a copy 0 
the British Geniesd specification for wall plugs and 
sockets. The fittings dealt with are of the two-pin type, 
and are suitable for currents up to 5 amperes at ures 
not exceeding 250 volts. They are not provided with 
earthing connections, but we notice that the standard 
plug is required to have a side entry for the flexible 
wire, and that a hand shield must be provided to 
afford protection from the effects of arcing at the con- 
tacts or at the point of entry of:the flexible wire. 
The actual design of the plug, however, has been inter- 
fered with as little as possible, and the dimensions 
necessary to obtain interchangeability have been 


u in consultation with the manufacturers. [It is 


) ‘ore to be hoped that the standard specification will | th’ 
t, No. 1} be 


ly adopted. Interch: bility is ——_ 
an extremely important consideration for the user, an 
anything tending to increase the convenience of elec- 
trical a) tus cannot fail to benefit the whole industry 
in the long run. A specification of the British stan- 
dard charging - plug and socket for electric vehicles 
secondary batteries has = 
wi 


Electric Vehicle Committee of the I ted 
Municipal Electrical Association, has only ‘ised 
the essential details to secure interc! bility 


between any charging-plug and any socket of the con- 
centric type as selected by the Electric Vehicle Committee, 
who will issue a detailed specification for the construc- 
tion of the exact design of plug. Both reports are pub- 
— at the price of 5s. net by Meesrs. Crosby Lock- 
w 

5, Broadway, Westminster, S.W. y are obtainable 
through any bookseller, or direct from the offices of the 
Committee at 28, Victoria-street, Westminster, 8.W. 
The for the wall-plug specification is 3d., and for 
the c' ing-plug specification, 4d. 


the | j 


and Son. of 7, Stationers’ Hall-court, E.O., and/| Bag 





NOTES FROM THE SOUTH-WEST. 
Oardif.—Tonnage arrivals have been a little heavier, 
but a number of vennele have bean detained over tho week, 
end in consequence of loading i 


regards smalls, there no t 
loading, but colliery-owners have 4 
levels for January. House coal bas +g held 


ness, sellers being heavily booked 


t is severely felt, but also when it is thought 
t . Cannes of a dry season. Last 
summer it was t to commence pumpi 
from the Ely, and ane pun i 7,750,000 ¢ gallons 
for the town supply was 180. Mr. Priestley considers 
that it should be possible, even during drought, to pump 


from 1,250,000 to 1,500,000 ions per day ; but this can 
only be guaranteed by having water from the Ely avail- 
able when necessary. Mr. Pri suggests the utilisa- 


tion of existing pumping plant as far = pee The 
lowest estimate of the cost of putting this plant into 
efficient repair is 510/. It has been decided to adopt the 
suggestion. 

Mumitions at Bristol.—A Bristol and District Local 
Labour Advisory Board has been established by the 
National Advisory Committee of War Output, under the 
instructions of the Ministry of Munitions. Its constitu- 
tion comprises a representative of each of the following 
trade unions whose members are concerned in the pro- 
duction of munitions of war :—Mr. H. Garter, Dockers’ 
Union; Mr. A. Wakeham, A mated Society of 

i ; Mr. C. E. Allen, Electrical Trades’ Union ; 
Mr. J. Yeadon, Amalgamated Society of Tool-Makers ; 
Mr. Shirer, Ironfounders ; Mr. Ashmore, Steam- ine 

; and Mr. G. Piper, Secretary of the United 
Kingdom Pattern-Makers. 


Western Trade Matters.—The directors of the White- 
field Steamship Company recommend an interim dividend 
for the half-year ended November 30 at the rate of 20 per 
cent. per annum. The directors of Messrs. William 
Hancock and Oo.. Limited, recommend dividends for the 
half-year ended November 30 at the rate of 6 per cent. 
per annum on the preferred ray GL - and at the 
rate of 3 per cent. per annum upon deferred ordinary 
shares. @ directors of the Canford Ohine Steamship 
Company, Limited, recommend a final dividend of 10 per 
cent. for the past financial year, making 20 per cent. for 
the twelve months ended November 30. After wiping 


out an ete Senee of may Ly —_ 47521, to 
repairs other purposes, nowdon Steamship 
Company is enabled to pay a dividend of 5 cent, for 


1914-15, and to carry forward a reliquat of 194. The 
Branksome Chine Steamship Company Coty its share- 
holders a final dividend of 10 per cent. for 1914-15, making 
20 per cent. for the year. The steel single-deck steamer 
Penylon, 3875 tons gross, hitherto owned by Messrs. 
G. H. Mitchell and Co, Cardiff, has been sold for 
72,000/ ; in February she changed hands for 44,000/. ; she 
remains in British hands. The steel single-deck steamer 
Jemdatha, hitherto owned by the Haws Steamship Com- 
y, Limited, has been sold to Cardiff purchasers for 
,0002. An advance in freight rates is to come into force 
to-morrow (January 1) between Dublin and Cardiff, Swan- 
sea, Bristol, &c.; the advance is made in uence of 
an increase in the ch: of the Dublin Port and Docks 
Board. Cardiff municipal trading was not very success- 
fulin 1914-15. The water accountshowed a loss of 13,2811. ; 
© tramway account a loss of 6652/. ; the burial board 
account, a loss of 1162/.; the baths account, a loss of 
16351, ; the electric light account, a loss of 69241. The 
directors of the Scarisbrick a Company recom- 
mend a final dividend of 10 per cent. for 1914-15, making 
20 per cent. for the year ; working costs are stated to 
have much increased. A Bill ——- by the Swansea 
Harbour Trustees for the consideration of Parliament 
next Session provides that the i 
Trustees shall be 


mortgages ted by the postponed 
until Joly f 1919, the interest payable to be increased to 
5 per cent. per annum. The » of repay- 
ments, for which authority is sought, is applied for on 

ground that the trade of the port has adversely 


affected by the » Kurepean war. The Briton Ferry 
Steel Company, Limited, of which Mr. Herbert Eccles is 
managing director, has purchased the works of the 
i Company, Limited, Briton Ferry ; 


lan Engineering 
the merger will take effect early in the new year. About 
six months ago the Briton Ferry Steel Company took 
over the Albion Steel Works at Briton Ferry; these 
works are now being much enlarged. 
neering Works were established hes 


The Baglan Engi- 
t twenty years ago. 





ENGINEERING. 


CAISSON-SINKING AT THE SOUTHWARK BRIDGE. 
SIR WILLIAM ARROL AND ©O., LIMITED, GLASGOW, CONTRACTORS. 


(For Description. see Page 


ee, 


* 

& 
Se 
& . 
Be 
ae 





Tue OrystaL Patace Scuoo. or ENGINEERING.— 
It having been a that this school was closed, the | 
Principal, Mr. J. W. Wilson, states that this is not so, | 
but that it is nate carried on as usual, under his personal | 
direction, and will commence its 130th term on J anuary 5. 
The Wilson mies for the best paper read before the 
Crystal Palace Engineering Society (affiliated to the 
Society of Engineers, ee! oh the present 
session has been awarded to Mr. L. C, Brock, for his 
paper entitled ‘‘ Railway Bridges and their Construc- 
tional Details.” 


Coxe As Raitway Furt.—The scarcity of coal, which 
has prevailed in diverse oy arvers during the war, has 
caused more attention to paid to other fuel, in the 
first instance coke. In Sweden eoke has, to a consider- 
able extent, been used for locomotive fuel mixed with 
coal, but recent experiences have shown that coke is 
better suited for thie | pose during the summer than 
the winter, the reason boing attributed to coke absorbing 
more moisture from the stmosphere in damp weather 
than calculated. As a result trains have frequently been 
late more recently, and the State Railway tment 
ordered that only —~ should be used during the Christ- 
Sa which always brings about much in 
traffic. 


Toot-Sree, Mave Direct rrom Trranirerous Iron 
Ongs.—A short account is given in the Iron Age of the 
direct production of steel from iron ore in an electric 
smelter at Belleville, ae Canada, by the Tivani 
Electric Steel a S preheater is used which 
utilises the heat f waste gases produced during 
the smelting of the ore. bo ore. “Tho ore ts practically fr from 
sulphur and phosphorus; it contains 7.5 per cent. of 
titanium, 0.11 per cent. of vanadium, 0.34 per cent. of 
nickel, with some chromium and ny and 560 per 
cent. of iron. The 1-ton electric furnace has been ope- 
rated for two months, demonstrating the practicability of 

tool-steel from this Stenions ore. os * to the 
necessity of installing steam-hammers and heat- 
treating plant, combined with the present condhtien of 
po a — it io been decided to — until 

e conclusion of the war before erecting a 3-ton furnace 
to make tool-steel and steel castings. = Fia. 4. Lyrenior oF Carsson. 
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THE COMMAND OF THE STATE TO 
FIGHTERS AND WORKERS 
WE concluded an article in August last on ‘* The 
Roll-Call of the Nation-—and After” by stating 
that the roll may be called, but ‘‘ attention” in 
the ranks, both of fighters and workers, must be 
the word of command of the State. It is a happy 
augury for the new year that one of the first acts 
of the Government will be to issue this command to 


- | fighters and workers, since every succeeding day of 


the year just ending—a year of greatest anxiety 
in the history of Britain—has accentuated with in- 
creasing force the need for everyone doing his or her 
part according to mental or physical capacity. The 
Cabinet have decided that, as a satisfactory propor- 
tion of unmarried men of military age has not 
attested under Lord Derby’s scheme for military 
service, such young men must be dealt with by com- 
pulsion. We cannot believe, however, that it is the 
intention of the Government to call up only the 
unmarried men; this would be a half measure, 
bringing with it a certain amount of injustice. 
will be obvious that in the case of a married man of 
twenty-five years of age, without family, the call 
to service should be as forcible as to the un- 
married man of thirty-five years ; so that the only 
course open is obviously to follow the ‘‘ group” 
system oft the Derby scheme, and to take power so 
that ultimately all men may be embraced in the 
Army, unless starred because indispensable to the 
provision of munitions or to the replenishment of 
the exchequer by manufactures for exportation. Nor 
should there be any delay in seeking the most 
comprehensive powers, because then there would 
only be one occasion—the present—instead of two 
—a second some months ee ee process 
of winning over opponents to compulsory service 
would have to be a plied. This process must be 
patiently, but firmly, carried out. A wide sympathy 
exists with the view that, however much the State 
or Commune may be entitled to interfere with 
individual freedom, the limit may be outstepped 
when a man is compelled actively to e e in 
warfare inst his fellow-men. We have, how- 
ever, reached the stage when as a nation we must 
defend ourselves against deliberately planned attack 
not only on our national life and freedom, but 
robably also on all that is meant by individual 
reedom and honour. 

The Government has therefore no other alterna- 
tive than to use compulsory measures to ensure 
that the whole effort of the manhood and woman- 
hood of the nation shall be at its disposition 
for the prosecution of the war. It is a case of 
force majeure. Thus an agreement with the pro- 
posals of the Government does not involve any 
recession from that fixed view that in this matter 
the voluntary principle is consistent with the 


677 | traditional basis of our national and Imperial 
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esq | temporary, and is demanded to meet an emergency 


more dangerous than any experienced in our 
national history. [t is almost unthinkable that 
physically fit men, with no dependants, should not 





lec-! line ; it will be 


It. 


rise to the conception of citizenship which demands 
even the most extreme sacrifice in the fighting 
recognised that where there are 
such dependants full consideration will be given 
to their claims. 

Even more regrettable is the fact that the muni- 
tion workers restrain themselves from the maxi- 


t, | mum production possible because of class interests. 


Mr. Lloyd George has again been visiting some 
of the industrial districts. The official records 
of his speeches show that a spirit of recalci- 
trancy manifests itself practically at every 
turn, and it is probable that his more direct 
interviews with workers and employers brought 
him many direct evidences of this fact. It would 
be easy to give, from our own contact both 
with workers and employers, proofs that the 
ow is still deliberately limited in some trades, 
and that women, after two or three months’ experi- 
ence, are found capable not only of doing work of 
precision, but also of producing three times the 
volume permitted by trade-union restrictive mea- 
sures a few months ago. One instance of precision 
and rapid work ung be quoted as an example. 
woman with two or three months’ experience, pre- 
pares, at one machine, making 75-mm. shells, the 
point for the reception of the fuse—boring, screw- 
cutting, end - cutting, finishing inside bevel to 
gauge, and forming an outside recess to diametrical 
gauge—at the rate of 100, or slightly more, in 
a day of ten hours. Such success in the develop- 
ment of women’s labour at this time of emer- 
ency encourages the wider utilisation of deft 
ndicraftemen or handicraftswomen, even al- 
though they have not spent a long apprentice- 
ship, and have not engineering experience. Un- 
doubtedly, there is a large amount of work which 
ought to be done, and which can be done, by 
women workers, so as to increase the total volume, 
or to release men for other operations. The 
— of the Government will tend to facilitate 
this. 

Objection has been taken to the application of 
compulsion on the score that it may reduce our pro- 
duction either for the war directly, or for providing 
money to carry on the war. But if the principle 
of compulsion is carried to its logical conclusion, 
it will, on the contrary, be a means of achiev- 
ing the highest results in both these directions. 
On the necessity for this, as well as on the 
means for attaining it, we wrote under the title of 
‘*The Man-Power of the Nation,” three weeks ago 
(see page 595 ante). It ought to be the function 
of a Recruiting Department, the Munitions 
Department, and the Board of Trade to sit in 
judgment on practically every man of military age, 
in order to ascertain as fully as possible his quali- 
fications for national service, so that the maximum 
utility may be got from each. It was the failure 
to apply some such discrimination in recruiting in 
the early months of the war that crippled all 
manufacturing—especially of munitions—because 
so many trained workers were allowed to enter the 
Army when they could have yielded results many- 
fold greater, both in regard to volume and effect so 
far as the achievement of victory is concerned, by 
continuing at their life’s vocation. t mistake must 
now be borne in mind. No man need be drafted into 
the fighting army if, because of tuition, experiences or 
mental and physical a he can give more useful 
national service towards the supply of the Army or 
to maintain manufactures for exportation. At the 
same time there should be a ruthless limit set to 
the utilisation of labour to meet any demand at 
home for articles which are notindispensable. This 
is a point that we have enforced on previous occa- 
sions, because victory may leave us severely crippled 
financially for the undertaking later of that trade 
expansion without which the period of recupera- 
tion will be enormously prolonged. This point, 
too, is so obvious that f er enforcement of it is 


unnecessary. 

We must utilise by the best conceivable means 
all human effort as well as all mechanical appli- 
ances, and to do this compulsion practically be. 
comes imperative. Without it there cannot be the 
necessary redistribution and co-ordination essential 
to the accomplishment of our aim. We need men, 
munitions, and money; no one should be allowed 
to do anything which does not contribute to the 
supply of these essentials. There must necessarily 
be individual hardships, but such will fall far 
short of those being borne by the men in the 
trenches. The thousands of lives lost can only be 





justified by a sure victory and an endurable peace, 
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so that each man must subserve his interests to 
those of the pom ag oe yp it would be more right 
to say of nape ae must ise that hi 
sacrifice, even while falling short of that of those 
who have given their lives, is made for a noble cause. 

Equally important is it that the men should do 
their best; the standard of work must be taken 
into account and the volume of work must be 
closely measured. Men who are starred, and who 
are doing the maximum of work serviceable for 
the prosecution of the war, are serving their 
country quite as effectively as if they were in the 
trenches. There has never been —- dubiety in 
the public mind on this score. But those who by 
injunction or example attempt to limit the output 
during the present crisis cannot be classed as doing 
their duty. The men who are dispensable in 
connection with manufactures, and must therefore 
line up in the ranks of the fighting army, have an 
injustice done to them if there be any of corre- 
sponding age playing the part of the skulker in 
the munition factory. The ‘‘starring” cannot be 
allowed permanently to shield such men, Any 
ow due to whatever cause, which renders 
the starring invisible must be removed or the 
absence of the distinguishing mark presumed, and 
the inevitable consequence enforced. 





POWER SUPPLY TO FACTORIES. 
An interesting comparison of the respective 
merits of clectslon’ and other methods of supplying 
the power required in the smaller class of factory 
was made in a paper recently read before the 
Junior Institution of Engineers by Mr. W. A. 
Tookey. Mr. Tookey observes that the frictional 
losses of gas-engines may be taken as equivalent to 
a back pressure of 14 lb. per sq. in. during the 
working stroke of the engine. On this basis he 
gives the following figures, showing the probable 

gas consumption of engines using town gas :— 


Compression Pressure. 








Lb. per 8q. In. = Pe. oa | & | On | | 
Full Load. 
Mechanical efficiency .., 0.81 0.84 0.85 0.86 0.864 
Cub. ft. per b.h.p. hour | 81.5 21.7 19.3 | 17.65) 16.45 
(500 B.Th. U. gas) 
Three-Quarter Load. 
Mechanical efficiency .., 0.76 08 O81, 082, 0.83 
Oub, ft. per b.h.p. hour ..' 33.5 22.7 20.2 185 | 17.1 
Half Load. 
Mechanical efficiency 0.675 | 0.73 0.74 0.75| 0.76 
Oub. ft. per b.h.p. hour .. | 37.5 24.9 22.2 19.75 187 
Quarter Load. 
Mechanical efficiency .. 0.51 0.58 06 0.61 062 
Oub. ft. per b.h.p. hour .. 60.0 31.5 27.3 25.0 | 22.9 





He states that, on the average, a -engine may 
be taken as working at a mean load equal to five- 
eighths of its rated output, and on this basis the 
consumption will, according to the com ion 
pressure, vary between 35 cub. ft. and 18 cub. ft. 
of gas per brake-horse-power hour. Taking 100 lb. 
per sq. in. as an average value of the compression, 
the engine will take, say, 19 cub. ft. of gas (of 
500 B.Th.U. per cub. ft.) per brake-horse-power 
hour, which, at 20d. 1400 cub. ft., will cost 
about 0.38d. With electric motors the efficien 
will range from 90 per cent. at full load to 84. 
per cent. at half load, and to 74 per cent. at 
quarter load, in the case of large machines ; whilst 
with smaller the « fliciency will be about 85 per cent. 
at full load and 79 per cent. at half load. Taking 
a mean between these figures, the current consump- 
tion at full load will be equivalent to 0.852 unit, at 
half load to 0.91 unit, and at quarter load to 1.035 
units. If, as before, the average load on the motor 
is taken as five-eighths of the rated full output, the 
current to compete with gas at 20d. per 1000 cub. ft. 
must be supplied at 0.427d. per unit. In other 
words, electricity at 1d. per unit will cost as much 
as gas at 46d. per 1000 cub. ft. There are, however, 
other considerations which often make electricity 
ferable to gas. 1n interinittent work the start- 
ing and stopping is a much easier operation, and 
the capacity of the electric motor to take a large 
overload is often of very great advantage. Finally, 
the cost of installation is generally much leas. A 


20-horse-power motor will cost about 60/. fixed in 
place. -engine of similar capacity would 
cost nearly foub e this, whilst the cost of a suction 


plant would be 3} times as great. In practice, he 
states, a ant ah plant will consume about 2 Ib. 
of anthracite in generating the equivalent of one 
electrical unit of energy. Considering the fuel 
cost only the advantage wou!d be with the suction 


plant, but owing to the cost of washing the gas and 
providing for repairs, &c., electricity is able to 
compete successfully with suction-gas plants when 
anthracite is at 34s. a In aay ws total om 
of operating suction plants ma taken as nearly 
0.754. per unit, of which one half only is represented 
by the cost of the anthracite. An incidental ad- 
vantage of an electric drive lies in the facility with 
which the supply can be metered to different depart- 
ments. Slackness can thus be detected and corrected. 
To some extent it is possible to attain the same 
end with gas-operated plants by installing an auto- 
matic recorder to count the number of impulses per 
minute. One point to which Mr. Tookey directed 
special attention was the wastefulness of using over- 
loaded belts or inadequate and badly-aligned shaft- 
ing. In certain special cases power can be provided 
more cheaply by steam than by either gas or 
electricity. This is notably the case with laundries, 
where the demand on the boilers for power is less 
than for other purposes. In other cases, however, 
the steam required for heating, or other subsidiary 
ends, can be supplied entirely by utilising the waste 
heat in the exhaust of a gas-engine, which is accord- 
ingly a more economical source of power than steam 
would be. On the other hand, in saw-mills and 
leather-works, where there are large quantities of 
sawdust or other manufacturing debris which must 
be burnt, in any case, the advantage lies with the 
steam-engine. 

Some figures giving a rough idea as to how the 
power requirements vary in different factories, and 
of the percentage absorbed by the shaft friction, 
are tabulated below. 


Power Absorbed by Shafting in Small Factories, 


Engine Power. | 











5 SSS! Pe 
$ | ZB S| Percentage 
Factory. ig 32 on 
8 Normal Maximum 4 £=| Column. 
B B.H.P.| BHP. |@@ 
A. B. a | B 
1 Wood-working .. 7.3 25.0 | 1.0 | 13.7 4.0 
2 Leather tannery 7.6 28.0 | 25 | 33.3 9.0 
3 Asbestos products 38.0 47.0 | 15.6 40.0 33.0* 
4 Wood-working .. 9.5 24.0 | 85 | 90.0) 365.5 
5 9s 9 8.5 8.7 | 8.5 | 100.0 | 100.0+ 
6 | Chaff-cuttin — | 4.75 | 04 _ 8.5 
7 Leather-glazing.. 7.0 18.7 1.0 | 143, 5.3 
8 Printing .. be 17 6.5 1.0 | 59.0) 15.4 
9 Baking .. _ 11.5 10 | — 8.7 
16 ~Chaff-cutting _ 7.3 1.3 _ 17.8 
11 Grinding .. -. 410 41.0 | 24.5 60.0; 600 
12 Refrigerating .. 6.7 17.4 3.6 54.0/ 20.7 
13 Paint-mixing .. _ 18.0 20;— 11.0 
14 Wood-working .. — 12.0 2.5 _ 21.0 
15 Grinding .. os 1.5 7.6 0.7 | 47.0 9.3 
16 pie eo 70.0 | 30.0 | 54.0) 43.0 
17 Leather-fleshing 12,0 30.7 5.5 | 468, 17.9 
18 Grinding... .. 24.0 _ 10.25; 430 — 
19 Ink- wo | oo| BA5 25.0 2.0 | 13.8 8.0 
20 Wood-working 10.0 23.0 5.0 | 50.0 21.6 
21 Iron-founding .. 36.0 52.0 15.0 | 420 29.0 
22 Wood-working . 14.0 - 4.2 | 30.0 = 
23 * oo. of 205 40.0 7.6 38.7 188 
24 Machine-tools ..| 84.0 138.0 23.0 | 27.6 16.7 
26 a oe --| Z2lkw. 90.0 11.0 35.0 12.2} 
26 Wood-working ..| 30.5 38.0 10.5 | 34.5 27.6 
27 0 e 26.6 5 13.0 49.0 37.5 
28 ” ” | 145 | 0 8.5 | 24.0) 17.5 


* Four floors. 
+ Insubstantial su’ g structure. A second engine coped 
with the ‘‘ load,” while this dealt with the shafting friction. 
t Electrical transmission and shafting. 





FRENCH AND RUSSIAN TRADE 
AFTER THE WAR. 

ALTHOUGH peace may yet be a long way off, and 
although one might op se that at t the 
belligerent Powers would have almost their entire 
interest centred upon other goals than industrial 
and commercial development, the fact remains that 
all the chief countries are giving very careful 
attention to this latter problem. Two apparently 
divergent efforts manifest themselves, also in 
neutral countries. In the first place, nations have 
become alive to the advantage of being, as far as 
possible, self-sufficing—able to maintain, within 
each country, its industry and the exploitation of 
ite natural —- to ae a point that the aane 
supply becomes independent, whenever practicable, 
of ten from abroad. Secondly, each country 
feels the necessity for expansion of its export trade 
and industry. 

New bodies, associations, and institutions are being 
formed for the furtherance of both ends. One of 
the most important and most typical is probably the 
quite recently formed French association, |’Asso- 
ciation Nationale d’Expansion Industrielle et 
Commerciale, which owes its existence to the 
initiative of the Paris Chamber of Commerce. The 








new association already comprises sixty—or, at the 


time of writing, probably more—of France’s most 
prominent commercial unions for the furtherance 
of industry and commerce, agriculture and ship- 
ping, &c. This new Association, which should have 
an exceptionally good field for its work, has from 
the very outset set forth as its object the two efforts 
alluded to above. The Association will also assist 
industry in obtaining, on the best and most advan- 
tageous terms, such raw materials as have to be 
imported from abroad. The programme likewise 
provides for efforts aimed at giving home-made goods 
the preference, and both the State and the public 
have to be approached in this connection. here 
France herself is unable to supply the products 
required, preference is to be given to the allied 
countries, or, rather, the purchases are to be only 
made from them. That German and Austrian 
manufactures are to be boycotted goes without 


sing 2 
e first work done by the new Association has 
been the sending out all over the country of circulars 
containing a number of questions, the answers to 
which will throw considerable light upon the 
a position of French industry. Amongst the 
ong series of questions are the following :—‘* How 
do you intend for the future to procure the raw 
materials which you have hitherto obtained from 
Germany? Is your industry at present able to 
produce similar goods to the German in sufficient 
quantities and at the same, or about the same, 
price? Is it ible to erect in France new fac- 
tories which can effectively compete against the 
German in your branch? If France cannot herself 
= the goods you hitherto have taken from 
ermany, from which of the allied or neutral 
countries do you intend to draw your supplies ? 
Have you any knowledge as to whether Germany 
is a ee endeavouring to start factories in 
neu countries, from whence goods might be 
exported to the Allies?” Also the export side of 
the programme receives due attention in this ques- 
tion form. ‘‘Is your industry in contact with any 
foreign public? Are you employing local repre- 
sentatives or commercial travellers, &.? Do your 
shipments take place under French or a foreign 
flag?” There is no doubt that France is in earnest ; 
she has already bestirred herself, and through 
increased energy and initiative has already greatly 
augmented her production in diverse fields. 

e matter of French shipping has recently 
attracted much attention, and there are signs that 
& new course may be adopted. The law of 1906 
about sailing premiums for French-built ships, and 
foreign ships bought and not more than two years 
old when coming under the French flag, expires 
next year, when another plan may be adopted. 
It has been urged in the Chamber that an entirely 
new policy should be adopted in furtherance of 
French shipbuilding ; the duty on raw materials 
ought to be abolished, and work at the French 
shipyards ought to be specialised as is done in 


— 

e country, however, which attracts most atten- 
tion is undoubtedly Russia—that is, as far as Russia 
as a future market is concerned. Here, too, efforts 
are being made, and efforts likely to meet with 
all desirable State aid for the advancement of the 
home industry. But the principal attention is, 
perhaps, centred upon driving out and keeping 
out German influence on the country’s industry 
and commerce. As an example it may be men- 
tioned that all electrical concessions, of which 
Germany holds the majority, are to be overhauled 
and readjusted, the granting power passing from 
the local authorities to the Government. America 
also is bestirring herself. This is no new thing, 
inasmuch as Russia for years has been a good 
customer of the United States in several branches ; 
but America seems determined to make the 
best of the German boycott in Russia and is 
endeavouring to obtain a kind of practical mono- 
poly in the matter of supplying Russia with agri- 
cultural machinery. There has for years been a large 
factory for agricultural machines near Moscow, 
which has been worked with American capital, and 
American manufacturers make no secret of their 
plans as regards Russia. In Illinois a manufac- 
turers’ union for commerce with Russia has been 
formed, under the auspices of a large Chicago ex- 
port firm, for which combine a representative has 
visited Moscow, a kind of American head quarter= 
in Russia. His object was to conclude a large buying 
arrangement, extending over a protracted period, 
with the so-called Iron Union of the Zemstvos. 








Also the Russian Export Chamber, a commercial 
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undertaking with an official touch, has created a 
section for American export to Russia. The latter 
concern is understood to be paying special atten- 
tion to the American metal, and perhaps more 
particularly the electro-technical, industry, for which 
the country is to be worked from Petrograd to 
Vladivostok. 

Another country which is bestirring herself in con- 
nection with Russia as a future market is Sweden. 
The latest outcome of these endeavours is the for- 
mation in Stockholm of a Russo-Scandinavian 
Industry Company. It has been formed by persons 
who already, for some time, have done business 
with Russia, and comprises both Swedes and 
Russians. It is the company’s object, by co-opera- 
tion within different branches, to organise and 
extend the trade between the two countries, espe- 
cially in industrial productions, and the work 
already commenced. Pending the formation of the 
contemplated Swedish-Russian Chamber of Com- 
merce in Petrograd, the many Swedish merchants 
in Petrograd have formed in the Russian capital a 
commercial and industrial committee, which ts 
a highly representative board. The Swedish Consul- 
General in Petrograd, having been requested to 
report upon the chances of Swedish industry and 
commerce in, and to, Russia, has made a full 
and interesting reply. In the first place, he con- 
siders that Sweden has every right to reckon 
upon a tremendous increase in her turnover with 
Russia, but, he adds, there is no time to be lost, 
and there can be no doubt but that the State must 
defray some unavoidable expenses to attain this 
object. Amongst the steps first to be taken should 
be the spreading within the Swedish industry and 
commerce of the knowledge of Russia and her re- 
quirements, and the dissemination in Russia of a 
knowledge of what Sweden can produce. Further, 
to improve the means of communication, it will be 
necessary to build free harbours, to start a power- 
ful Russo-Swedish bank, a bureau of information, 
a Chamber of Commerce, and to extend and develop 
the Consular Service so that it will answer the 
increased demands made upon it. The want of a 
Swedish-Russian bank, says the Consul, becomes 
more and more urgent, but to answer its end it must 
have both Swedish and Russian capital, and there 
must be Russian bankers in the Swedish section 
well acquainted with Russian banking and condi- 
tions, in the same way as there must be Swedes 
in the Russian sections. A more effective Swedish 
Consular Service is considered a question of the 
greatest importance ; the interior portions of the 
country more especially should be well supplied 
with consuls in all important centres. 

Finland is also looking for an increased commer- 
cial intercourse with Russia, and the leading Finnish 
paper, the Hufvudstadsbladet, contains a very in- 
structive report from the Ural district, dealing with 
the manner of working Russian trade. Apart from 
the contemplated Finnish Chamber of Commerce 
in Russia, and the establishment of an export 
and import bureau, it emphasises the necessity 
of having representatives in different parts of the 
vast Russian Empire as a stepping-stone to an 
extended and more active trade. The sphere of 
the chief or general agents should be confined to 
some few governments, and not, as is now often 
the case, comprise the whole of Russia—European 
and Asiatic. However useful a Chamber of Com- 
merce may be, it cannot achieve what can be attained 
through a large system of representatives. It is, 
however, not sufficient to have a large number of 
agents in Russia, they must also be placed in the 
proper localities, both as regards the articles they 
have to sell, and the power of buying, the industry, 
the mode of living, and the work of the inhabitants 
in the different districts. It must not be overlooked 
that it is here a question of an empire in the 
different parts of which both the requirements 
and the possibilities vary exceedingly. The most 
promising places for agents are Riga, Warsaw, 
Pe , Moscow, Charkov, Odessa, Rostoff-on- 
Don, Kieff, Ekaterinoslav, Baku and Tiflis, Samara 
and Saratov, Ekaterinburg, Tomsk and Vladi- 
vostok, Tschita, Omsk, and Kharbin. But, of 
coutse, agencies must always be arranged with due 
consideration to the articles in question and their 
suitability for the district. 

The above scheme will, no doubt, be far too 
ambitious for concerns new to the Russian market, 
although several less important governments have 
been left out ; for such a smaller number of dis- 
tricts is recommended, such as North-Western 
Russia, Central Russia, South Russia, Eastern 





Russia, and the district from Kama to, and includ- 
ing, Siberia. If even this is found too extensive, 
Russia may be divided into halves, with the Volga 
district as a natural division. 





NEW HYDRO-ELECTRIC POWER 
PLANTS IN NORWAY. 

Severat large new industrial undertakings de- 
ae on water-power are about to be started iu 

orway, and others are being extended. Am t 
the former is a large aluminium manufactory, which 
has already secured all the shares in the French 
Société Anonyme des Bauxites du Var, from whence 
raw material will be obtained. The required power 
will be supplied by the exploitation of the Héyang 
Falls, in the n district. Some 20,000 horse- 

wer will be utilised at once, and a further 40,000 

orse-power will in the meantime be kept as a 
reserve. The capital required will be 700,000I. 
For aluminium manufacture power which can be 
supplied close to the sea is wanted; alternate 
current cannot be used, except indirectly to gene- 
rate continuous current, and the water-power must 
be such that it can be exploited in different stages. 
The production of aluminium amounts at present to 
some 80,000 tons a year, of which quantity America 

roduces about half, and Europe the balance. 
ere are in Norway a couple of small factories, 
which do not count for much. The pro 
factory is calculated to produce about 4000 tons of 
aluminium per annum, or 10 per cent. of the present 
European output. The projected production will, of 
course, far more than supply the home requirements 
and a considerable export is reckoned upon. In the 
Hoyang Firth is a deep harbour, free from ice, and 
the factory will be placed close to the sea ; ample 
quay accommodation will be provided, and the 
largest steamers will be able to get alongside. 
The French company mentioned above controls 
extensive bauxite deposits in Southern France, and 
the Norwegian company has also secured the con- 
trolling right of very extensive bauxite deposits in 
the same district, and intends starting a factory for 
the production of oxide of aluminium, which will 
then be sent to Norway for final treatment. 

The exploitation of the Bjélvevasdrag Falls 
is progressing, and a tunnel is being driven ; the 
fall will be 870 m. (2855 ft.), the greatest fall 
utilised, it is is stated, in Norway so far. When 
fully oe the falls are calculated to yield 
45,000 horse-power, but in the meantime only 
20,000 horse-power will be made available, and this 
first stage should be ready in about two years’ time. 
The energy will be applied to the manufacture of 
carbide, cyanamide, ammonia, sulphuric acid, 
and sulphate of ammonia. A provisional power- 
station of 200 horse-power capacity has just been 
completed. 

e Arendals Waterfalls Company, which has 
built the Bollefos power-station, with a capacity of 
20,000 horse-power, has since extended the station, 
so that it now has a capacity of 35,000 horse-power, 
and the capital is now being increased by 78,0001. 
This company sells its power on contract, and 
from January 1, 1916, 35,000 horse-power will be 
available, representing an annual power rent of 
about 62,000/., calculated to give a net profit of 
16,7001. 

A large mining undertaking is now being pro- 
ceeded with in Ofoten, North Norway. This is the 
Bjérkaosen mines, Balangen, where working was 
almost completely stopped when the war broke out. 
On account of the war the company obtained a 
prolongation of the concession, and work was 
resumed last summer. A number of diamond 
borings, of an aggregate of about 2000 metres, have 
been undertaken to ascertain the value of the ore 
(copper and sulphur), and the results are stated to 
be satisfactory. A provisional power-station will 
be built in the spring, the Borsvand Fall supplying 
the power, and the power-station proper, with 

wer from the same fall, will be proceeded with in 

ue course. The water for the separating works 
will have to pass through a tunnel 1400 metres 
long, and the quantity of ore to be treated is put 
at 200,000 tons annually. 

The new carbide factory near Bergen, which 
will be built according to the system and plans of 
the carbide expert, M. Hugo Laurell, will, it is 
understood, receive the necessary energy from a 
power-station to be erected for the part exploita- 
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by the De ent for Public Works. The Blaa- 
fold Falls have a capacity of over 100,000 horse- 


power, and the first exploitation will —— 
some 15,000 to 20,000 horse-power. The ‘‘ Blue 
River” has the largest catchment of all Norwegian 
rivers—viz., 138 litres per second per square kilo- 
metre (12.7 cub. ft. per square mile). Such a large 
catchment is only found elsewhere on the moun- 
tain slopes of matia, and the future industries 
fostered by the energy from the ‘‘ Blue Falls” 
the chance of becoming some of the most 
important in Western Norway. The new carbide 
works will be situated at the Matre Firth, where a 
sufficiently large and flat area is available. The 
ee is calculated at 20,500 tons per annum. 
y Norwegian capital will be interested in the 
new company, whereas other carbide factories in 
Norway are principally controlled by foreigners. 
Another very large concern is the company for 
the manufacture of cyanamide and sulphate of 
ammonia at Bjéloo, Hardanger. In the first instance, 
the Bjdloo Fall will be exploited to the extent of 
30,000 horse-power, part of which must be looked 
upon in the light of a reserve. The installation is 
calculated to entail an expenditure of 335,000/., or 
11l. per horse-power, all inclusive, which is a low 
figure, and the works, houses, working capital, &c., 
will absorb some 390,000/. 





NOTES. 


THERMAL CONDUCTIVITY AND DISSOCIATION OF 
HypRoGen, 


Accorp1ne to Langmuir, the thermal conductivity 
of hydrogen increases very rapidly when the tem- 
perature approaches and exceeds 2000 deg. Cent. 
absolute, and the dissociation of the hydrogen 
molecule into two atoms of hydrogen should there- 
fore also increase ata very rapid rate at higher tem- 

ratures. It struck Teofilo Isnardi, of the La Plata 

niversity, Argentine Republic, however, that 
Langmuir’s formula would lead to an impossible 
dissociation degree of 148 per cent., and that Lang- 
muir’s specific heat of hydrogen at 3000 deg. was 
three times as large as that determined by the 
explosion method, which was in accordance with 
Nernat’s heat theorem. Working under Nernst at 
Berlin, Isnardi therefore redetermined the thermal 
conductivity of iodine and of hydrogen by Schleier- 
macher’s method, the apparatus being first tested 
with dry air. The research is described in the 
Zeitschrift fiir Elektrochemie of September, 1915. 
A platinum wire, 0.072 mm. in diameter, 14 cm. 
long, was stretched axially in a glass tube, 3.5 om. 
in diameter, and heated by the electric current. 
Apart from conduction, heat, was lost from the wire, 
by radiation, convection, and by heat being im- 
parted to the leads of stout platinum wire. In 
order to determine the radiation loss, experiments 
were made in the evacuated tube ; the vacuum (by 
aid of a mercury pump and of liquid hy and 
charcoal) was very high, and remained high for 
24 and 48 hours. This determination was made at 
160 deg. Cent., however. The small convection 
loss was neglected ; the heat carried away by the 
leads was compensated on Eucken’s method. In 
the hydrogen experiments, between 600 deg. and 
1080 deg. Cent. absolute, the gas pressure was 
2.5 cm., 5 cm., 10 cm. or 20 cm. of mercury. The 
results agreed well with Nernst’s equation and with 
the explosion experiments of Pier, though the 
experimental values remained slightly below the 
theoretical values at the highest temperatures. 
The effect of dissociation is to increase the thermal 
conductivity, and the curves obtained showed at 
which temperature the dissociation effect began to 
count. en the thermal conductivity of a gas 
is known, the degree of dissociation and the heat of 
dissociation can be calculated. Isnardi develops 
formulz for this purpose, relying on Sutherland, 
Nernst, and other authorities. e phenomena 
are not simple, of course, since there is always 
recombination of the ions in the cooler portions of 
the tube and on the walls. The method used mani- 
festly did not admit of experimenting at very high 
temperatures. Taking then certain figures of Lang- 
muir for temperatures ranging from 1600 ~ to 
3300 deg. Cent. absolute, Isnardi shows that the heat 
of dissociation of hydrogen should be 95,000. This 
value again would agree with the kinetic theory, 
so far as the diffusion coefficient of hydrogen is con- 





tion of the Blaafold Falls, an undertaking which 
has been under consideration for some time, and 
the concession for which is now being dealt with | 





cerned, and with the specific heat of hydrogen 
deduced from experiments by the os method. 
But Isnardi does not give the actual figures for the 
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dissociation degree of hydrogen at definite high 
temperatures, and the argument involves several 
assumptions. 


PaTENTS AND THE Wak. 


On November 4, 1914, the Board of Trade issued 
a licence enabling persons resident, carrying on 
business, or being in the United Kingdom, to pay 
any fees necessary for obtaining the grant of, or 
for obtaining the renewal of, patents, designs, or 
trade-marks in an ‘‘enemy country,” and also to 

y on behalf of an enemy any fees payable in the 

nited Kingdom on application for, or the renewal 
of, a patent, — or trade-mark. This licence 
has now been revoked, and a new order or licence, 
dated December 7, 1915, has been substituted. 
This new order contains certain provisions which 
are of the utmost importance. he terms of the 
revoked order have been extended to a certain 
extent in that it is now permissible for any person 
residing, carrying on business, or being in the 
United Kingdom, to pay the fees necessary for 
obtaining the grant of, or the renewal of, patents, 
designs, and trade-marks in an enemy country, and 
also to pay to enemy agents their charges and 
expenses in relation to the matters just mentioned. 
This permission is granted, and enables a person 
to act either for himself or on behalf of another 
person residing, carrying on business, or being in 
the United Kingdom, and also on behalf of a person 
in any part of His Majesty’s dominions outside the 
United Kingdom. A person ss * on behalf of 
another who is in any part of His Majesty’s 
dominions outside the United Kingdom must not 
make such payments as are permitted unless his 
principal has been authorised by the Government of 
that part of His Majesty’s dominions in which he 
resides. The new order or licence also authorises 
a person in the United Kingdom to pay, on behalf 
of an enemy, any fees payable in the United 
Kingdom on application for, or the renewal of, a 
patent, design, or trade-mark; and it further 
authorises such person to pay agents in the United 
Kingdom their charges and expenses for work 
done in connection with such matters for an enemy. 
The new order or licence also authorises a person 
in the United Kingdom to pay on behalf of an 
enemy toa person residing, carrying on business, 
or being in any part of His Majesty’s dominions 
outside the United Kingdom, any fees necessary 
for obtaining the grant of, or the renewal of, 

tents, designs, and trade-marks in such parts of 
His Majesty's dominions, and also to pay such 
persons their charges and expenses. This latter 
permission is, however, subject to a proviso that 
the person residing in His Majesty’s dominions 
outside the Uni Kingdom must in turn be 
licensed by the Government of that part of the 
dominions to pay fees on behalf of an enemy. It 
is not our duty to interpret Orders in Council or 
proclamations, but it may assist our readers if we 
suggest to them that the Order does not, in our 
opinion, authorise a person in the United Kingdom 
to act on behalf of persons in neutral countries for 
the grant of, or renewal of, patents, designs, or 
trade-marks in enemy countries, nor does it permit 
a person in the United Kingdom to act for an 
enemy in neutral countries. 
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Steam Power. By W. E. Dansy, F.R.S. London: 
Edwin Arnold. [Price 21s. net.} 

Paorsessor Daxsy’s work constitutes an advanced 
course on the theory of the steam-engine, and, in 
particular, of the reciprocating engine, especially 
as utilised in locomotive practice. Naturally, many 
of the problems involved are identical, whatever 
the type of engine, and every author naturally 
draws his data and illustrations from the parti- 
cular pattern with which he is most familiar. The 
first point that strikes the reader in studying the 
elaborate work is the excessiv3 complication of the 
reciprocating engine from the theoretical stand- 
point, the enormous number of variables in- 
volved, and the t uncertainty as to the 
values of many of the constants concerned. The 
steam-turbine, on the other hand, is compara- 
tively simple, and no doubt its rapid improve- 
ment of late years is largely attributable to the 
relative ease with which rational formula can 
be applied to its design. As a consequence, it 
is now easy to estimate very closely from the 
drawings the probable output and capacity of 








most of steam-turbine, though possibly an 
exception should be made in the case of velocity- 
compounded machines, the ee which is far less 
satisfactorily established than that of the simple- 
impulse or reaction type. On the other hand, he 
would be a bold steam engineer who would attempt 
to deduce from the drawings by rational rules the 
output and efficiency of a class of reciprocating 
engine in which he lacked special experience. 

he reader who expects to find in ‘‘Steam- 
Power” a collection of simple practical rules and 
formule, by the use of which a reciprocating engine 
may be successfully designed to meet any given con- 
ditions or guarantees will be disappointed; but 
those desirous of delving somewhat deeply into 
thermodynamics and into the dynamics of the 
reciprocating engine will find Professor Dalby’s 
work of the greatest possible assistance. 

One exceedingly valuable feature is the number 
of tables, in which the results of a vast quantity of 
experimental data are summarised, and the accom- 
panying references to the original papers, which 
will be specially grateful to those interested in 
the study of particular points. Much of the best 
work on steam-engine problems is to be found 
only in isolated papers read before various engi- 
neering societies or published in the different tech- 
nical or scientific journals. Indeed, a great 
of Professor Dalby’s own work has hitherto been 
available only in this way, and his treatise is very 
welcome as providing in a readily accessible form 
particulars not only of his own researches, but of 
those of many other experimenters. 

Amongst these, those of Callendar on the thermo- 
dynamics of steam have had a very far-reaching 
influence. As Callendar was the first to point out, 
many of the empirical equations formed to repre- 
sent the experiments of Regnault and other 
workers were mutually inconsistent with each 
other and with the principles of thermodynamics. 
He showed how the available data could be har- 
monised ; and, in fact, the Mollier steam tables, 
now recognised as standard on the Continent, have 
been largely based on Callendar’s work, and the 
same applies to the very excellent and complete 
steam tables in British units, for which engineers 
are indebted mainly to American computers. 

When the older tables were used with the 
throttling calorimeter impossible values of the dry- 
ness factor were frequently recorded, but dis- 
crepancies of this kind have been eliminated by 

endar’s work. His researches have, however, 
been published mainly in papers not readily acces- 
sible to engineers, and the clear and concise 
account of them given by Professor Dalby is the more 
valuable on that acceunt. Possibly the virtue of 
concision has been carried to some slight excess, as 
few engineers retain much recollection of the pro- 
perties of line integrals and of the conditions making 
a differential equation a perfect differential, for any 
long period after leaving college. For their bene- 
fit, therefore, a little amplification of the mathe- 
matics would be desirable. It might also perhaps 
be questioned whether the we can be per- 
manently retained that the specific heat of water 
can be divided into a constant true specific of the 
liquid plus the latent heat of a weight of steam at 
the same temperature equal to the volume occupied 
by the pound of liquid. Sutherland’s view that 
ordinary water is really a solution of one or per- 
haps more kinds of ice in true water has received 
much confirmation of recent years, and if this be 
true it is hardly likely that the specific heat of the 
“liquid” is truly constant. evertheless, the 
assumption criticised does, it must be confessed, 
appear to be in very good accord with the available 
experimental results. 

he author has, moreover, adopted Callendar’s 
function G for estimating the available energy of 
steam during expansion, whichis given by therelation 

u=H, + G, -—T,¢, 
where H, denotes the total heat of the steam 
initially, T, ite final temperature, and ¢, its initial 
total entropy. This ex ion seems to have little 
advantage over the well-known relation 
u = H!, — H, + (, - $)Ts 

which, curiously enough, does not seem to be given 
by Professor Dalby. The omission is the more 
curious, as this formula is included in Professor 
Callendar’s own tables. Very complete tables are 
available for facilitating the use of the second of 
these expressions, whilst tables of G are badly to 
seek. 

The above are, of course, only minor criticisms, 





and we would again express the value of this por- 
tion of Professor Dalby’s treatise to engineers 
specially interested in thermodynamic questions. 

Professor Dalby has adopted the definition of 
efficiency ratio formulated by the Institution of Civil 
Engineers. Experience since that date has shown the 
advisability of somewhat modifying this definition, 
and it is now usual, in steam-turbine work in par- 
ticular, to take the condition of the steam before 
the first row of guide-blades as the basis for calcu- 
lating the efficiency ratio, in place of the stop valve 
conditions, as was recommended by the Institu- 
tion’s committee. The change has been forced on 
steam-turbine engineers by the necessity of analys- 
ing more closely the various losses. In the early 
days, for example, a pressure drop of 40 Ib. at the 
governor-valve was by no means unknown, and it was 
unfair to debit the turbine with losses due to errors 
of design quite extraneous to the turbine proper. 
Owing to the impossibility of apportioning losses 
with any great degree of precision in the case of a 
reciprocating engine, the necessity of this reform 
has not yet impressed itself on those mainly inte- 
rested in this class of prime mover. 

This is not to say that no progress has been 
made in the practical thermodynamics of this type 
of engine ; much has undoubtedly been done, and 
the special value of the work now under view lies 
in the very complete account it gives of researches 
made to this end. Very great advances were 
effected by Callendar and Nicolson when they 
devised means by which some approximate estimate 
could be made of the amount of initial condensation 
occurring in the cylinders of a steam-engine, and a 
very complete description of the methods and 
results of these experimenters is given by Professor 
Dalby. The most striking of the points estab- 
lished was the important part played by valve leakage 
in reducing the efficiency of a reciprocating steam- 
engine, and the conclusion that cylinder conden- 
sation normally accounts for a part only of the 
** missing quantity” of steam is afforded by the 
success of the drop-valve engine, since valves of 
this type would naturally be expected to remain 
tighter than slide-valves. 

In Chapter VI. of his treatise Professor Dalby 
describes his ‘‘ characteristic energy diagrams,” 
of which the first published account appeared, we 
believe, in our columns. On analysing the very 
careful locomotive trials made in the experimental 
stations at Purdue University, at the St. Louis 
Exhibition, and at Swindon, Professor Dalby 
found that a linear relation existed between the 
heat passed into the steam and all the other elements 
characteristic of the engine’s performance. Thus in 
the case of a simple locomotive, the indicated horse- 

wer developed at different speeds and loads could 

expressed by the relation 


LHP. = * - 
245 


whilst for the compound locomotives tested the 
equivalent expression was— 


60, 


x 
LH.P. = 912 ~ 60. 


In these equations « denotes the heat in pound- 
calories transferred through the heating surface per 
minute. Another very interesting chapter is that 
describing ‘‘The motion of a train.” This con- 
tains a very complete analysis of train resistances, 
and the important part played by the inertia of the 
train in prohibiting the adoption of high schedule 

s in local services is well brought out. This 
matter has received special attention of recent 
years in connection with schemes of railway elec- 
trification, but all the essential points were clearly 
established some forty years or more back by the 
late Sir Benjamin Baker in articles contributed to 
our columns. 

As is well known, Professor Dalby has paid par- 
ticular attention to the problem of engine-balanc- 
ing, and this subject naturally receives an exhaus- 
tive treatment in his treatise. There is also an 
excellent chapter on the dynamics of the steam- 
engine ; but it would, we think, have been well to 
have added a detailed description of one or other 
of the governors by which isochronism is very 
approximately realised, and without the develop- 
ment of ‘‘hunting” troubles. Governors are not, 
however, fitted to locomotives, the type of engine 
in which the author is specially interested, 
which may account for the omission. An excel- 
lent chapter on valve-gears completes this sec- 
tion of the volume, e remainder is devoted 


Dec. 31, 1915.] ENGINEERING. 


675 








to a short section on 
considerations involved in steam-turbine design, 
but the author is obviously much less at home here 
than in that part of his work which deals with the 
locomotive. In his preface he claims credit for in- 
troducing into this chapter the conception of a “tur- 
bine pair,” which, in our Opinion, is by no means 
the true element of a steam-turbine. 
instance, could a turbine consisting of a number of 
Barker’s mills in series be i 
Indeed, the same difficulty arises, 
obviously, in the case of the Ljungstrém turbine, 
with which there seems no obvious reason why any 
two successive rings of blades should not equally 
be considered as constituting a pair. In short, the 


the more elementary 



















































Mr. Chappell has made a serious ——e to grapple 
with a recognised difficult , and, we believe, would 
have been more suocesaful if he had carried out his 
methods at greater length. The preparation and 
supervision of the necessary tables are tedious and 
time-consuming, and there is great temptation to 
curtail the work as much as possible. But the more 
the tables are abridged the greater are the differ- 
ences between the successive quantities sought and 
the more troublesome their use. Mr. Chappell has 
not entirely avoided this defect, and in some of the 
tables, in order to get the accuracy one has a right 
to expect from the use of five-figure logarithms, it 
is n to have recourse to interpolation with 
second differences. To remove this difficulty in part 
true fundamental element of the compound steam- | additional tables are given where the function 
turbine is the ‘ stage,” understanding by that changes rapidly, but to have to turn from one table 
term all the turbine elements included in each | to another only alters the furm of annoyance, and 
successive fall in the steam pressure. In the|i 

case of the simple impulse turbine the “* stage ” 
thus becomes identical with Professor Dalby’s tur- 
bine pair, but in the case of the reaction turbine 
each row of blades, whether fixed or moving, con- 
stitutes a “‘ stage.” 

The suggestion that the excess flow 
nozzle is attributable to undercooling is credited to 
Professor Stodola. So far as publication is con- 
cerned, the suggestion was firat made, we believe, 
in our columns. 

The discussion of velocity-compounding is un- 
satisfactory, as, indeed, i © case with every 


whole of the truth. 
involved the turning of many pages, and in estimating 
the value of logarithms as a time-saving device it 
is necessary to take into consideration the time 
spent in searching, selection, and, it may be, inter- 
polation. This pews is becoming more and 
more ised, and in cases where only a few 
significant integers are uired, the practice of 
using enlarged multiplication tables and other 
well-known devices is largely displacing the use of 
logarithms, A substantial vantage accrues from 
reducing the number of pages, thus limiting the 
extent of the search. On this ground the pub- 
lishers would have been well advised to have indi- 
cated the position of the several tables in the book 
by colouring the edges of the paper differently, or 
adopting some mechanical device to promote easy 
separation. 

. Chappell suggests some variations in nomen- 
clature, but we doubt if these amendments will 
find much favour. He objects to the term 
“*logarithm ” as awkward in form, and not etymo- 
logically correct, and prefers ‘“‘log,” which has 
been sanctioned by long usage, and is sufficiently 
expressive. Little objection can be urged to this, 
but he is not so happy in roposing that the log 

number should be called the 
” of that number. Again, the so-called 
anti-logarithm gives offence, and for this term he 
would substitute “‘illog,” a contracted form of 
the objectionable term. This word does not con- 
vey its meaning very clearly, but we would abolish 
not only the name but the whole table. We 
believe that no computer who is in the habit of 
constantly using logarithms makes use of such a 
table. It increases the size of the book without 
any compensating advantage. A word has to be 
found that has the same relation to ‘‘lolog ” that 
**illog” has to logarithm, and the author suggests 
_ illolog,” defined as the number of whic the 
given number is the “*lolog,” Here, again, we 
do not think that this table of so-called ‘*illologs,” 
giving the result of a reverse o ration, is neces- 
sary, and the same remark egglies to that which 
gives the arithmetical complement of a logarithm, 
or the log of the reciprocal of a number. is i 
of very doubtful use to the skilled computer, and 
we know no reason why the beginner should prefer 
the process of addition to t¢ at of subtraction. 
But our criticisms or complaints are probably due 
to being unacquainted with the methods pursued 
by modern teachers. In the days of Babbage and 
De Morgan, of y and Bruhns, no such facilities 
were provided. If from the first we had been 
accustomed to such aids to computing we might 
think them indispensable, but long familiarity 
with other processes makes one regard these 
special tablesas cumbrous and supererogatory. 

We regret, however, from a practical point of 
view, that the author has not given his approval 
to the general practice of expressing the charac- 
teristic of the coneltes of a number less than 
unity by the same convention as that adopted in 
the case of trigonometrical functions of angles. To 
be consistent he has had to depart from the long- 
established method in his tables of logarithms of 
sines and tangents. We have no 
ing that this is a retrograde step. 
that he has suppressed the o: inary tables of log 
cosine, and substitutes those of log secant, where, 
of course, he has the advantage of dealing with 
quantities ter than unity. We might, however, 
point out that there is the same necessity for giving 


through a 


is t 
treatment of this problem yet published. The author 
follows the established lines, but does not seem to 
be aware of the difficulties of reconciling actual 
experience with the results of laboratory experi- 
ments. Nearly every one who has attempted to 
develop a velocity-compounded machine commer- 
cially has got unsatisfactory results at the outset, 
which have only been improved by a system of 
trial and error. 

Some cursory notes on the surface condenser are 
included in the reciprocating section of the book. 

Throughout his treatise Professor Dalby adopts 
the pound-calorie as his unit of heat energy. This 
plan has the advantage of facilitating comparisons 
with Continental data, but it will certainly be re- 
sented by practising engineers who are accustomed 
to work in pound-Fahrenheit units. In fact, steam 
tables adequate for their use do not exist in pound- 
calorie units. For example, Marks and Davis give in 
pound-Fahrenheit units the properties of super- 
heated steam for every pound of pressure, and up to 
600 deg. superheat. Again, Reeves’s tables on the 
properties of saturated steam, though based on 
older data, are far more conveniently arranged for 
practical use than any pound-calorie tables we have 
yet seen. In short, the use of the new unit can 
only be popularised by the issue of tables as com- 
plete a convenient as those now available in 
other unite. 

For the engineer interested in the complicated 
theory of the reciprocating engine Professor Iby’s 
book will prove invaluable, whilst all will find it of 
the greatest service as a reference-book on the 
thermo-dynamics of steam. 





Five-Figure Mathematical Tables, consisting of Logs and 
Cologs of Numbers from 1 to 40,000, dc., together with 
an Explanatory Introduction and Numerous Examples, 
also Trigonometrical Functions and their Logs of Angles 
of 0 Deg. to 90 Deg. at Intervals of One Minute. Com- 
piled by E. Cuappett, B.Sc., A.C.G.L, Assoc. M. 
Inst. OC. London. W. and R. Chambers, Limited. 
| Price 5s. net. ] 

Every new book of logarithms should be able to 

justify its appearance by presenting some novel 

and useful Siens: but in this case, though the 
innovations are many, their merit is not so appa- 
rent. Doubtless the broadening of scientific inquiry 
in various directions brings to the front new classes 
of problems not contemplated by older computers, 
whose solution demands increased logarithmic 
facilities that suggest the construction of new tables 
and a rearrangement of the old ; but the most 
Convenient form to give these tables is not settled 
yet. The author’s complaint that the older forms 
of tables are ill-adapted for raising a number to 
other than integral powers is well founded ; the 
employment of fractional indices, now of fre- 
quent occurrence in many problems, was not 
contemplated, and it must be admitted that in 
many cases, as the author’s illustrative examples 
sufliciently demonstrate, the working is cumbrous, 
and, what is of far more importance, apt to lead to 
4n erroneous result where practice is not sufficiently 
great to render the operation purely mechanical. 


too, 


hesitation in say- the 





both cosine and secant as for giving the logarithm 
of a number and its arithmetical complement. It 
is some compensation, for which we are grateful, 
that the natural sines and tangents are given at 
the same opening as their logarithms. 

The tables are clear! printed, and we, have no 
doubt every care has An taken to ensure accu- 
racy. There is, however, an awkward misprint on 
page ix., in the example of multiplying a whole 
number by a decimal, which makes one doubt if 
the —_ have been read so carefully as they 
should have been. The novelty of printing some 
tables in red is of doubtful utility ; bat when one 
has mastered the system, and is thoroughly familiar 
with the rubrics, the tables will prove in the hands 
of the tyro as useful and convenient as those of 
De Morgan to the tried computer, 
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new army, all of which has to be maintained with new 
materials. We do not turn old ital in the form of 


sewing-machines, mates So locomotives, 
permanent-way into new ips, guns, and ammuni- 
tion ex to a very small extent. main expense, 
feeding, clothing, ee oe Army and Navy, is 
poms by the industry of present. Although a 

older of railway stock may sell and exchange into War 
Loan, it does not follow some capital, existing at the out- 
break of war, has been used up. 

It is true that stocks and shares for the most part lose 
much of their market value, because there are more 
sellers than buyers. All who can, sell for the purpose of 
buying War Loan, or buying cheaply later on. The 
market values drop out of all proportion to the amount 
of the selling, only a few “* bears” have something 
over to devote to War Loan. The cost of the war, 
therefore, does not come out of the buying and selling of 
stocks and shares to any appreciable extent. At the end 
of the war, after a few months of perity, stocks and 
shares for the most part regain what the > in value, 
after very little buying in the market, ‘There may even 
be a boom on the Stock Exchange, as a result of exces- 
sive epeculati peculati that has most harmful 
effects upon industry, and causes largely the slump in 
industry attributed to ‘‘ over production,” ‘‘aftermath of 
the war,” and such-like wise-sounding, but foolish, reasons. 

es | the progress of the war, the supply of workers, 
previously being greater, soon becomes less than the 
demand, and wages are forced up in consequence. The 
cost of living becomes high, partly as a result of this, 
and because the supply of necessaries runs short, so many 
workers having joined the military forces of the country 
and the industry for the production of munitions. 

Women, girls, and men over military age of all classes 
become fully employed, and, as far as possible, gaps are 
filled up. Under Lord Derby’s scheme, as the groups are 
oe up, the oa of living will ye rapidly higher. 

erever possible, repairs to plant, buildings, permanent 
way, and so forth will be neglected, and new work will be 
discontinued. If the war lasts long enough, the general 
a ce of the country will give the impression that 
the cost of the war had actually come out of capital exist- 
ing at the outbreak of war, while, in fact, it is simply 
that maintenance had been deferred. 

War loan or national debt is a modern institution. The 
cost of the war can be, and is, paid out of national income. 
It is only ee to remember that our national income 
is of the nature of 5,000,000,000/., while the cost of the war 
is of the nature of 1,500,000,000/. Under our voluntary 
system a conscription of money possibly cannot be enter- 
tained ; but a system cannot be considered just which 
conscripts men and not money also. The cause of the 
Allies is so eminently right that many think that conscrip- 
tion during the period of the war would have been wel- 
comed by the nation, and so no doubt, also, conscription 
of money to carry on the war. 

The expenses of the war cannot come out of posterity. 
The expenses come out of the present, and instead of a 
conscription of money we raise a voluntary war loan from 
part of the nation, to be paid back by the nation, with 
interest, in the future, by means of taxation. The money 
subscribed is money he A almost entirely during the pro- 
gress of the war. The interest upon it cannot be called 
@ necessary expense, and if the money were consocri 
from everyone in proportion as he was able to pay, the 
distress arising from taxation in the future would never 
be necessary, in order to pay back interest and capital for 
money which should be Even. and not lent. Naturally, 
under such a system as present one, inequalities of the 
burden are bound to exist, and probably the middle-class 
salaried official feels it more than anyone, because he has 
not the urgent artisan, as a reason to advance, 
nor the opportunities of the manufacturers and the land- 
lords to increase his income. 

A consideration, which is keenly discussed at the 
moment, is the provision of men for the military forces, 
and some go so far as to say that none but military and 
munition work should be proceeded with. 

For any country at war this would be unwise and 
almost impossible, for we have seen that the military 
— are — u - the shoulders of the wealth- 
producing industry of the country. 

In our peculiar case we have to provide also for the 
— forces of our st to a great extent, es 
of our ition as regards shipping, more y in 
cubendien with the ‘nterchange of commodities with 
neutrals and the Allies. 





Yours peneee, 


Surbiton. ouN FE. Grant. 





THE FIRST ELECTRIC TELEGRAPH. 
To Tus Eprror or ENGINEERING. 
Srr,—I should like to draw your attention to the fol- 
lowing in case it may be overlooked during the present 


strenuous times. 

At No. 26, hissy Mall, Hammersmith (Kelmscott 
House), an old-world residence, are two inscribed 
tablets of stone let into the front of this picturesque 
= b on Phe Pret Meee _~o— SMdetoon 
passer-by that ‘* irst Electric y \ 
was Constructed here in1816 by Sir Francis Ronalds, F.R.S.” 

The second draws attention to the fact that ‘“* William 
Morris, Poet, Cra m, Socialist, lived here, 1878 to 
1896.” Other celebrities may have sojourned here for 
greater or less length of time. Respecting the first- 
named, next year—1916—is the centenary of this event, 
and a review of 100 years of electric telegraphy would be 
very interesting. 

I am, yours faithfully, 
T. Lennox AT«Ins. 


RECENT PROGRESS WITH THE ACTIVE 
TYPE OF GYRO-STABILISER FOR SHIPS.* 


By Exmer A. Sperry. 


Ir was due to the desire on the 
our Navy to obtain reliable data at first hand that certain 
noteworthy experiments on U.S. ship Worden 
with the active type of gyro-stabiliser were undertaken. 
The gyros were fitted to her main deck solely for experi- 
mental purposes and for obtaining very complete data 
and records having an important bearing on the question 
of stabilisation. e observations thus made were quite 
diversified, as they were made to include the etabiliser 
plant proper, all the features of automatic precession 
control, methods of producing artificial ion of 
the | tthe and also observations on the ship itself under 
conditions of stabilisation as to motion and behaviour, 
and also the effect upon the structure. As a result of 


of the officers of | th 





this work, it has been established that the gyroscope is 


plant in other ways to meet special conditions—such, for 
instance, as limited space, met with in the case of sub- 
marines; limited weight, which is the case where the 
gyro is on deck, as in the motor-yacht Widgeon, 
and which is also the case with submarines ; then, in, 
@ condition where a limited power supply is available 
for spinning the gyro or gyros and handling the equip- 
ment. 
Inasmuch as the roll-quenching power of the 

varies as the square of its diameter, and onl Esrectly as 
its speed and weight, and inasmuch as er factor— 
#.¢., the power required for spin at the higher rates— 
varies almost directly as the cube of the peripheral velo- 
city, it will at once be seen t+ where ample space is 
available, and the matter of weight is not critical, the 
rotor and spread of bearings may be so adjusted as to 
require & minimum of power for maintaining the spin of 
the wheel for a maximum of gyroscopic moment ; and, 
vice versd, where only a limited space and weight are 
permissible and an abundance of power available, a small 





Fic. 1. Tue Steam 





Yacut ‘* WipcEon.” 




















Fie. 2. 


useful in solving certain problems at sea, and orders have 
been i for fitting permanent plants, thus putting it 
into practical service. , 
Since this work further investigations have been in 
Among these have been determinations of the 
exact amount of the true wave increment the gyros are 
required to neutralise, involving the relation of the gyro- 
quenching increment to the natural extension-curve of 
roll of the ship. Some of this data was touched upon 
in the paper presented to this Society in December, 1913. 
Since that time further experience has been obtained, 
and a number of experiments have been undertaken to 
determine the relation of ship to gyro. It is gratifying 
to note that all of this work has Ty wt the soundness 
of the basic formula originally laid down by Naval Con- 
structor Taylor, now Chief of the Bureau of Construction 
and Repair of our Navy, in course of which he points 
out that gyro moment of stabiliser equi t for ships 
varies directly as the characteristic of the ship—i.c., 
the product of the displacement, the metacentric 
height, and period of roll. There is no variation 
from this rule involved in the fact that it has been 
definitely ascertained that small boats require rela- 
tively larger moments or greater stabilising power 
than is case with larger ships. This means that 
waves of given magnitude aguer small ships more 
than they do large ones, which is to be expected, 
and therefore aa relatively more roll-quenching 
power to be fitted. 


Again, it is possible to adjust the 





* Paper read before the meeting of the Society of 





5, Quarry-road, Wandsworth Common, 
8.W,, December 28, 1915, 


Naval Architects and Marine Engineers, held in New 
York, November 19, 19]5. 





Fie. 3. 


Fies, 2 anp 3. Gyro-Wneet anp Moror. 


gyro spinning at higher velocity may be utilised for 
eveloping comparatively large stabilising moments. 

As is characteristic of Western enterprises, it has come 
to that the first commercial gyroscope stabilising 

uipment to be installed has been placed upon the beau- 
tifal little yacht Widgeon, plying on the Great Lakes, 
owned by Mr. H. M. Hanna, jun., of Cleveland, Ohio. 
This was placed in service in the autumn of 1915, snd is 
of the full active type. The characteristics of the 
Widgeon, after some investigation, were determined to 
be as follow :— 


Displacement _... ve 165 tons. 
Metacentric height _.... eA 1.75 ft. 
Period of roll, over and back ... 4.75 sec 
Water-line length * Pe 120 ft 
Water-line beam... __... — .. 18 ft, 2in 
Total submerged amidship section ... 80 sq. ft 


For this ship a gyro was selected giving a K? W 2700 
Ib./ft.2; 2750 revolutions per minute; sebqaencts 
power per increment, 5 deg ; the gyro-rotor, shaft, ap 
armature weighing 2150 1b. The space selected as best 
suitable under all conditions for the location of the plant 
was on deck just abaft the stack, where it has been 
surrounded by a cabin-like housing (shown in process 
building in Fig. 1). conforming with the superstructure 
of the yacht, provided with windows permitting ful 
observation of all of the movements and oscillations of the 

which are known to be more or less unusual an 
interesting in character. The total weight of the 
rage is about 1 per cent. of the displacement. 





is yacht was looked upon as being a very free roller, 
and Rn been reported to have rolled through an arc of 
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Fie. 5. Avuxtiary Gyro 
Fic. 7. Gyro-StTaBsiLiser. 



































Detarts oF Gvro-STaBiLisER. 


Fies. 8 To 11. 


-STABILISER. 




















Fic. 6. Precession Moror. 


Fic. 4. Gyro 
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70 deg. or thereabouts. The 
(see Fig. 18, subjoined) afterwards ae in this ship 
showed, however, that the estimate of roll from the ship’s 
clinometer may have exaggerated this arc to some extent. | 
After installation it was found that when the gyro was 
thrown ‘“‘off” a free roll of from 24 deg. to 40 deg. of 


yroscopic roll-recorder | 


total arc was quickly developed while running in the | 
‘ 


is constant for constant speed, which was maintained in 
these tests. 

The system of control is practically identical with that 
which was finally adopted in the last experiments on the 
Worden ; that is, a small auxiliary gyro, shown in yo 
is employed to feel out the incipient —s of the ship 
by closing small electrical contacts, plainly to be seen, 


1g.12.RECORD SHOWING CHARACTERISTIC PRECESSIONS OF 
THE GYRO WHEN STABILIZING SHIP IN CHOPPY SEA. 





7 Ora Pl A 





Fig.13. RECORDS SHOWING ROLLING THE SHIP BY THE GYRO, 
ABOUT 8° TOTAL ARC. GYRO 1100 R.P.M. 





(4613.4) 


Fig.14. SHIP STABILIZED SHOWING INDEPENDENCE OF WIND LIST. 


Ar Would lo 


tN 0—Ne—e— 











(4613.1.) 
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Fig.17.TROUGH OF SEA. 





To follow the motion of the precession motor: it is 
transmitted through a centrally located flexible coupling, 
on the periphery of which is seen the solenoid-controlled 
brake, hich always goes ‘‘on” when the motor is “off,” 
and vice versd. e coupling drives a worm a 
worm within the oil-tight housing to the left in the 
figure (Fig. 5). The steel pinion seen in the foreground at 
the end of the worm-gear shaft engs 
the precession frame, shown in Fig. 7 ; . 
the motor turns in either direction, the precession frame 
slowly tilts or oscillates to and fro upon its main gudgeons. 
The response to slight angles in the ship’s motion is found 
to be very complete—one person ng from rail to 
rail actuates it—and practically without time-lag. With 
each of these tilts of the iu wey heavy copic 
moments are developed and deliv to the ship simul- 
taneously with and in opposition to each wave increment 
from the sea ; opposite forces cancel each other, 
and while this contest of forces goes forward, the ship, 
with its ponderous mass which always requires time to 
take on motion, stands aloof and does nob move one way 
or the other until one of these forces conquers. Thegyro 
is always victorious and the ship is thus actually given 


Fig.16.TROUGH OF SEA. 

















<x 
On Gyro Off On 
VWI A A t = 
(4613. «) 











Fig. 15. TURNING TO GET MAXIMUM EFFECT 


OF WIND LIST WHILE STABILIZING. 





i 


26° 
(4644) 














trough of the sea, and when the gyro was thrown. “‘on” 

this was quickly reduced and held at 2 deg. or 3 deg. 
From the characteristics of the Widgeon the position 
gualtep cles gene- 


selected, and the fact that a little 
rator installed for the ne was available for driving 
the gyro, a wheel of 3 ft. diameter by 10 in. face was 
adopted as the sizo best suited to the conditions. This 
wheel, shown in Fig. 2, page 678, is run at very low fibre 
stress, giving a very large factor of safety, the maximum 
stress being about 12,000 Ib. The current supply being 
direct current, a direct-current motor was constructed prac- 
tically as a part of the rotor shaft, as is shown in Fig. 3 
In reviewing this figure it is interesting to note how 
small a motor is really required to maintain such a wheel 
as this at a speed of about 2750 revolutions per minute, 
this motor having run the wheel repeatedly to 3500 for 
over-stressing and test purposes, the motor shown in the 
cut being in excess of the actual spinning requirements 


by fully per cent. for quickly energising the mass in 
— to speed. : 
At the ends of the shaft are located the main bearings 


which, though specially made, are the ordinary annular 
ball Bed ample vinen bemng made fer taking care of 
the -thrust. In each end of the casing there are oil- 
wells and a little slowly-rotating oil-pump which circu- 
lates the oil upwardly th the & strainer 
com ie Mie 6h ee ee = of the 
bearings, thus insuring both ample lubrication i 
of the bearings. ope anes difference between 
the incoming and outgoing oil is just noticeable when the 
gyro is doing fall duty in a Apne = this temperature 
practically equalising when gyro is not ing. 
It is interesting to note that while the radial load on 
these bearings varies between practically zero and about 
6 tons, the power varies only slightly—one observation 
showed a change of ge hy te Seley wry 
these two conditions. This indicates that the power con- 
sumption is due in small degree only to the i be 
they loaded or otherwise, but largely to windage, which 






































as soon as the ship rolls very slightly one wa 
other. These contacts are soaieed to handle only 
few watts—in fact, about one-quarter of the energy 
ordinary incandescent lamp—and through a relay-switch 
serve to actuate a small reversing-motor, which consti- 
tutes the om motor, shown in Fig. 6. This motor 
precesses gyro upon its main supporting at 
the ends of the frame ; it is here that the pA ng say Fr 
upon the ship to control its movements. 





or the an incipient roll in the o 
® very | 
of an | 
| stops, the 


Fie. 19. 


Fias. 18 anp 19. Gyroscoric Rott Recorper. 


pposite direction, and the con- 

the little controlling gyro which initiated all of 
movements is finally broken, the precession motor 
brake is applied and the generation of heavy 
opposing gyro moments in that particular direction 18 
brought to an end. The gyroscope itself is thus free and 
stands ready to neutralise and quench the next wave 
increment or rolling increment which usually arrives 
the opposite side of the ship, whereupon the above 


tact of 
these 
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100 deg. to 105 deg. Cent. for two days, after which ox 
were removed, the specific resistance measured, 
drillings again made for colorimetric work. 
sequent heat treatments the bars quenched from 892 deg. 
Cent. were in a steel tube to avoid oxidation, 
together with a tube for the insertion of a -couple, 
and the whole placed in an electric furnace, which was 
then gradually raised to the tem tures shown in the 
tables of specific resistances (Table II.). When the 
ee as indicated by the thermo-couple, 
was |, ib was as coy! as possible for from 
one to two hours, after which the furnace was allo 
cool overnight. After each heat treatment the specific 
resistance was again measured, drillings taken for 
colorimetric compari 

The results of the measurements of the bars quenched 
from 1103 deg. Cent. and from 892 deg. Cent., together 
with the specific resistances of these latter after reheating 
to various temperatures, are given in Table IT. 

An examination of the results given in Table II. reveals 
two points in addition to the lowering of the specific 
resistance of ened by tempering. First, a com- 
pees of the specific resistances of the samples quenched 
rom 1103 deg. Cent. with those of 
quenched from 892 deg. Cent. clearly shows, as was done 
by Maurer, that the specific resistance increases with the 
temperature of quenchi This would be expected if 
a apes weight p the dissolved carbides =e 
owered by progressive dissociation, as was suggested y 
ths author some 16 years ago in an article on “* ‘The Con- 
stitution of Steel.”* The second point to which atten- 





TABLE II.—Inr.ivgnce or Heat TREATMENT ON Speciric ResisTANcE OF CARBON STEELS. 


to | of the colorimeter. The results of the measurements are 


the same steels| Table IV. 


amount of dinitro derivatives due to carbides in solid 
solution was the same as that bed in a former paper 
by the author, entitled ‘‘The Effect of Heat Treatment 
on the Colorimetric Test for Carbon in a 0.32 Carbon 
Steel.”* The same conditions of solution, standard colour 
solution of ferric, cupric, and cobaltous chlorides, and the 
same colorimeter as that formerly used, were employed in 
the present work. ‘ 

As it is impossible to express in absolute percentages 
the amount of carbon represented in the dinitro deriva- 
tives, the colour due to these is expressed in scale divisions 


given in the follo table, in which Column I. shows 
the temperature to which the bars were reheated after 
quenching from 892 deg. Cent.; Column II. the specific 
resistance in microhms per cubic centimetre at 20 deg. 
Cent. ; Column III. the amount of dinitro’ compounds 
derived from carbides soluble in cold nitric acid, ex- 
in scale divisions of the colorimeter; and 
lumn IV. the amount of dinitro com derived 
from carbides insoluble in cold nitric acid, but soluble at 
the temperature of boiling water. 

The results given in umns I., II,, and III. of 
+, are shown graphically in the subjoined dia- 
gram, in which the abscisse represent the temperatures 
of reheating, while the ordinates show the specific re- 
sistance in microhms and the colour of the dinitro de- 
rivatives due to carbides soluble in cold nitric acid, in 
scale divisions. A study of the figures in Table IV., or, 
more easily, a glance at the curves in the diagram, reveals 
clearly the close relationship existing between the con- 





| Carbon 





Specific Resistances in Microhms per Cubic Centimetre at 20 deg. Cent. 

















Steel | Quenched | Quenched Steel Quenched from 892 deg. Cent., Reheated to 
* | per Cent. | from | from cenalitieatearcinsatindaanantesetiiee sc mpm 
1108 deg. | 892 deg. | 105 deg. | 195 deg. | 295 deg. | 400 deg. | 492 deg. | 600 deg. | 700deg. | 800 deg. 

Cent. | Cent. Cent. Cent’ Cent. Cent. Cent. Cent. Cent. Cent. 
© 04 0.04 —_ 11.46 11.28 11.15 11.17 11.12 11.09 11.08 11.12 11.04 
M 16 0.30 | 16.94 16.59 16.00 15.40 | 14.98 13.95 13.44 13.26 | 18.00 13.60 
H 35 0.35 18.97 18.07 17.15 16.57 | 15.55 16.30 | 14.79 | 14.67 | 14.69 14 95 
H41 0.41 20.67 19.41 18.29 17.42 | 1615 15.57 | 15.26 | 14.95 | 14.89 15.42 
H 57 0.67 | 24.08 22.81 20.44 18.80 16.70 16.04 15.46 | 16.15 15.09 15.55 
O56 | os | _ 86.51 28.51 22.90 19.92 18.87 18.08 | 17.07 16.65 17.71 
MPO 1.04 48.99 42.40 33.60 26.23 22.32 21.14 20.44 20.12 19.58 19.58 
HGM)| 271 59.27 53.07 43.17 38.07 27.93 26.67 25.42 24.71 $2.97 21.32 





Tasie III.—Table Showing Change in Specific Resist- 
ance of Steels Due to Heat Treatment. 
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% ry 2 Reheated to, after Quenching from 892 deg. O., 

| , | = 

- ies 7 "— - . ls . » |e 

4 hie Sz 52 \S2 32 $2 3252 52 

is | + we | 

% 8525 80 | BO | Ro BO Fo go Bo go 
© 06 0.04 0.43) 025) 0.12 | 0.14| 0.09 0.06 | 0.00 0.09 | 0.01 
M16 0.30 3.59 | 8.00 | 2.40 | 1.28 | 0.95 0.44 | 0.26 | 0.00 | 0.60 
H 35 0.85 8.40 248) 1.90 / 0.88 6:68 0.12 / 0.00 0.02 | 0.28 
H4l 0.41, 4.62 8.40) 2.68 | 1.26 | 0.68 0.37 | 0.06 000 | 0.53 
H 57 0.57 7.72) 6.85!) 8.21 1.61 0.95 | 0.87 | 0.06 0.00 0.46 
© 5 0.88 19.86 11.96 | 6.25 | 3.27 2.22 1.48/ 0.42 0.00 1.06 
MPO 1.06 22.87. 14 6.70 | 2.79 1.61 | 0.91 | 0.59 0.00 | 0,05 
HG M 2.71 81.76 | 21.86 | 11.75 | 6.61 | 5.36 | 4.10 | 3.89 1.65 | 0.00 


tion might be directed is the increase in specific resist- 
ance pe gee steel when reheated to 800 deg. 
Cent. slowly cooled, when com with the 
results on the samples rehea’ to 600 deg. or 
700 deg. Cent. is increase can, however, be easily 
explained if one remembers that in samples reheated to 
700 deg. Cent. the carbides are y precipitati 
from a homogeneous, unsatora solid solution, an 
while the precipitation of the carbides would probably not 
be quite as complete as though the metal been slow! 
cooled from 800 deg. Vent. or above, the carbides whic 
do precipitate would give a higher molecular weight 
than those from a saturated solution, and would contain 
little or no iron in solid solution ; w in a metal 
heated to 800 deg. Cent. and slowly cooled, separation of 
nearly pure ferrite would take before recales- 
cence was so that when the carbides precipitated 
during the recalescence they would precipitate from a 
saturated solution, and the resulting cementite would 
consist of a saturated solid solution of iron in the carbides 
of iron, which solid solution would tend to increase 
specific resistance. 

In order to study more carefully the influence of heat 
treatment on the change in specific resistance, the differ- 
ences between the samples first quenched from 892 deg. 
Cent., followed by reheating, and their minimum specific 
resistance in each case, are given in Table III. By making 
these subtractions the differences will represent 
specific resistances due to solutes in solid solution, while 
it eliminates the value of tie specific resistance due to the 
solvent or undissolved solutes. 

Steels H35, H41, H57, MPO, and HGM were 
crucible steels. M 16 and C04 were basic open-hearth. 

In order to bring out the relation existing between the 
specific resistance and the chemical constitution of steel 
which has been subjected to different heat treatments, a 
bar of steel, H 35, was selected. This bar was of the 
same dimensions as the ones used in the determinations of 
specific resistance, 
treatment. After each heat treatment 
were taken from the bar to enable colour car 
be made. The method of analysis used to 





the | from ordinary liquids, but 
cating } iq 














Tasie IV.—Showing Influence of Heat Treatment on 
Specific Resistance and Colour Tests. 





Column I. Column If. | Oolumn III. Column IV. 
deg. microhms, seale divisions | scale divisions 

2 «| 18.07 35.2 12.8 
100 17.15 25.0 ~ 
195 16.57 18.5 — 
295 16.55 9.38 _ 
400 15.30 | 6.7 _ 
492 14.79 6.8 a 
600 14.67 4.6 — 
7 14.69 4.5 — 
3.0 39.0 





800 14.95 | | 





centration of the carbides in solid solution and the specific 
ce. 






(4533) Temperature-Degrees Cent. 


However, it will be noted that in the sample reheated 
to 800 deg. Cent. there is au increase in ific resistance 
accompanied by a decrease in the dinitro derivatives. 
Metal cooled very slowly from 800 deg. Cent. would have 
the carbides distinctly segreg.ted into relatively large 
masses, and although the precipitation would be most 
nearly complete, the separated cementite would consist 
of carbides saturated with iron in solid solution, hence 
the increase in specific resistance. 

The question may properly be asked, To what may this 
relationship van l . > * If a metal such as iron 

as @ solvent, ing, itis true, in viscosity 
saerebicn the atomic relations 

existing solutes in true solid solution and the 
solvent are essentially the same as the relations existing 
in ordinary solution, we may find the reasonable expla- 
nation for the correlation between the concentration of 
the carbides in solid solution and the specific resistance of 


While in most research work in physical chemistry 
attention is focussed on the solutes and the influence of 
concentration, temperature, &c., on these, in most work 
in a attention is, perha unconsciously, 
focussed on the properties of the solvent, and the in- 
fluence of temperature and concentration of solutes on 

properties of this latter is what is most carefull 
studied. It is seldom that ordinary chemistry is regard 


* Journal of the Iron and Steel Institute, 1913, No. II., 


as a study of the influence of solutes on the properties of 
water, and yet this is the habitual view-point taken in the 
study of the influence of impurities on the properties of 
If steel is regarded from the same view-point as 
ordinary solutions, we may calculave the molecular con- 
centration of solutes in solid solution in a manner exactly 
similar to that employed in such calculations in ordinary 
solutions. If the assumption is made that 1 litre of steel 
weighs 7800 mes, the molecular concentration of 
solutes in solid solution in iron would be re 

by the following formule given in the table w, in 
which the symbol of the element stands for the number 
of *‘ points” (0.01 per cent.) of that element, and N the 
— of atoms of the element in each molecule of the 
solute :— 


TaBLe V.—Showing Formula and Molecular Concen- 


Molecular Concen- 








Element. Formula. tweiten. 
© 2.27 

Carbon .. | Tan ay 
0.02 

Phosphorus... . ‘| 0.8 “7 sj 
0.06 

Sulphur .. - i N —— 
i 0.49 

Silicon .. ee --| MeN } —- 





ese is not included in the above table, since in 
steel it functions as a metal, entering partly into com- 
bination with carbon and sulphur, and partly into the 
constitution of the solvent, iron, the law of mass action 
determining its distribution. The same law applies to 
the distribution of nickel, chromium, and some other 
elements frequently found in s 
In the article on ‘‘The Constitution of Steel,”* to 
which reference has already made, it was shown 
that N of the above table in the case of carbides is a 
function of the carbon content and heat treatment of the 
steel. In the case of a slowly-cooled low-carbon steel N 
is more than 4, while in high-carbon steel it averages less 
than this figure. In a metal suddenly cooled from above 
the critical point, the value of N is distinctly lower than 
when the same metal is in the annealed condition. 
In the dissociation theory as applied to aqueous solu- 
tions, when solutes dissolve, a certain proportion of the 
molecules are assumed to be se ted into termed 
‘**ions.” When a solute is dissolved in water ib dissociates 
to a large extent, and the chemical or internal energy is 
decreased, with the + of equivalent positive and 
negative charges on the respective ions. It is because 
the solvent in the case of an aqueous solution is a dielec- 
tric that the ions are able to acquire and retain their 
harges, and thus conduct the electric current by trans- 
porting these charges between the electrodes. Ib is 
assumed that the ions only are electrically active, since 
the electrolytic conductance is used as a measure of the 
ionic concentration. On account of the high electrical 
resistance of the solvent in the case of aqueous solutions, 
an almost negligible proportion of the total current 
carried is am = by the solvent. If ions resulting from 
the dissociation of the molecules in aqueous solution are 
capable of acquiring energy in the form of electric charges, 
but in these solutions retain and transport this electrical 
energy only because of the dielectric J wn rty of the 
solvent, one might properly ask, What id we expect 
if solutes were dissolved and dissociated in a solvent which 
was in itself a conductor possessed of very low specific 
resistance,? In such a ease there seems to be no inherent 
reason why the mechanism of solution and dissociation 
of the molecules of the solute into constituent parts, bear- 
ing precisely the same atomic relation to the solvent, 
should differ essentially from that which holds when a 
solute is dissolved in a dielectric solvent. In case the 
solvent were a metal, it would be obviously impossible for 
the products of ionic dissociation to retain electric 
charges ; hence it would be clearly out of the question to 
call these products ions, so that we have suggested the 
term “‘ionoids ” to indicate the products of ionic disso- 
ciation in solutions in which the solvent is a metal. 
The “‘ ionoids” in the metallic solutions, like the ions in 
ueous solutions, constitute that portion of the solute 
which has undergone dissociation and which is electro- 
lytically active. The result of this electrolytic activity 
of ‘‘ionoids,” however, will manifest itself in a manner 
directly the reverse of that manifested in the behaviour 
of ions, not because of any fundamental difference in the 
atomie relations existing between the “‘ ionoids ” or ions 
and the solvent, but because of the reverse of the elec- 
trical properties of the solvents. In a metallic solution 


be | practically the whole of the conductance is through the 


solvent and undissociated solutes, while the ‘* ionoids ” 
which are electrolytically active tend, like ions, to 
acquire in the form of electric charges ; but 
on account of the —- so solvent retention of 
this energy is impossible, and it is, in consequence, 
transformed and dissipated in the form of heat. 
Thus the electrical energy transformed into heat by the 
“jonoids ” may be expressed in terms of specific 
resistance, and uently the ionic concentration in 
solid solution in metals may be determined by deducting 
from the total specific resistance that due to the solvent 
and undissociated solutes. Under the above conceptions, 
the dissociation theory of solution would be just as 
applicable to solid solutions in metals as to aqueous solu- 
tions, although the ——— when the two solutions 
were subject to a difference of potential at two points, 
* Journal of the Iron and Steel Institute, 1899, No. II., 








* Journal of the Iron and Steel Institute, 1899, No. IT., 
page 223, ' 





pages 367 to 384. 
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would manifest themselves in opposite directions. The 
differences, however, in electrical behaviour of the two 
solutions are due, not to any fundamental difference in 
the atomic relations existing between solutes and solvent, 
but to the differences in the electrical properties of the 
solvents, 























































tool was originally designed by them for facing pipe- | motor, the air operates the hammer-piston, the reciproca- 
flanges, but has now been arranged so that it is possi tion of which is governed by a fm oe meng 
to perform any of the above-mentioned operations. The/an ordinary steel ball, as used in ball-bearings. 
improvements introduced into the present design have | ball, w is 2 in. in diameter, weighs just over 1 oz., 
been adopted in order to increase the universal Character and has a travel of only t in. It is practically in- 
of the machine, to facilitate the operations of setting the | destructible, and is extremely simple as com with 
work and tools, and to render the control of the various | the val 
movements more easy and rapid. The design and con- 
struction of the tool is illustrated and described in the 
catalogue, and particulars are also given of the four 
different sizes made. A number of drawings and photo- 
5.W.. have sent us a copy of a pamphlet they have| graphs illustrating the various machining operations 
issued dealing with motor-boats for ships. The ——— carried out with this tool are also reproduced. Among 
first illustrates and describes-the motor towing-boats | them is an interesting series showing the machining of a 
supplied by the firm for use on the R.M.S. Aquitania. | gas-engine bed at Messrs. Crossley’s works. In this case 
These boats, two of which are carried, are 30 ft. long, | all the operations, including drilling and tapping all holes 
9 ft 6 in. broad, and 4 ft. 6 in. deep, and are fitted with|in a horizontal plane, are carried out on the Pearn- 
a 30-horse-power paraffin engine giving a speed of 7 knots. | Richards machine with one setting of the work. Tools 
Wireless apparatus capable of transmitting 50 miles is | and equipment for the machine are also dealt with in the 
also provided. Motor lifeboats of various sizes and | catalogue. 


wers, including two supplied for use on the R.M.S./  Beizing.—Mesars. Thomas Whittle and Sons, Limited, 
ritannic, are also illuctrated and described. of hese and Crown-street, Wervingaes, have sent us & 
Enginé-Packings, Jointing Materials, &c.—We have | catalogue of their —- belting. is belting, it will 
received “from the Beldam Packing and Rubber Com-| be remembered, is for use on V-grooved aaa is 
pany, Limited, of 1 and 2, Gracéchurch-street, E.C., a| composed of a combination of leather and steel links, so 
catalogue giving prices yy 2 ga of their speciali- | arranged that the leather only comes in contact with the 
ties for @ngineers. These include several different types | sides of the groove. The belting combines strength and 
of metallic and asbestos packings for steam-engines, durability with extreme flexibility, and has the addi- 
steam-hammers, puwps, hydraulic machinery, refriger- | tional advan that it will drive when quite slack, and 
ating plants, stern glands, Particulars are also given |is not aff by wet or dust. The belts require no 
of jointing materials, corrugated metallic pump-valves, | fasteners, and can easily bo shortened if necessary ; they 
tube-stoppers, and asbestos and rubber aoe 4 This | are also claimed to give a very smooth and silent drive. 
catalogue, which is well printed and illustrated, should | The standard sizes. from § in. wide by 4 in. deep to 
be particularly useful to steamship and engineering com- if in. wide by 1 in. deep, the latter size transmitting 
panies. horse-power at 4000 ft. yd minute. Other sizes can, 
Air-Compressor Valves.—From the Chicago Pneumatic a 2 = a 7 FB ps Se les _ 
Tool Co USA’ Limited, of Fisher Building, Chicago, illustrates several applications of Whittle belting, includ- 
Illinois, U.S.A., we have received asmall pamphlet illus- | * cumin Ghia atk talon 7 lel 40 
trating and describing their “‘ Simplate” valves for air- = 200 b eouer pnp — fag ote § aang 
compressors. These valves consist of three concentric shafting. Other drives illustrated include a chain-grate 
rings of steel plate which work in guides quite indepen- oe itive Grille, weduing machiners, mater- 
dently of each other, and are pressed on to theirseats by en crete d ——— eennel “belt and 
means of small volute sprin The valves are claimed | ° h le i ao loca Gal & —_ of testi. 
to be extremely durable and efficient, to be noiseless in | "8 tq, adh camel 
action, and to be gqenlty suitable for high or low pressures | ™On'#"s ! witha tea P 
and any speed. The London address of the company is} Electrical Apparatus.—A price-list lately issued by the 
the Consolidated Pneumatic Tool Company, Limited, | British Thomson-Houston Company, Limited, of Rugby, 
9, Bridge-street, Westminster, S.W. a of y ooo ons - switches A — 
. : rane 681 or starting la continuous-current mo 
Lifting Soh oe ~ ——— Os » Oonoeae. They are of the double-blade, multiple-contact type, and 
Limited, of Upenehorw, Manshester, have lasued et | are made in various sizes for currents up to 1000 amperes, 
Biche bow ‘ie and pastioniass of ye a pulley- for use on circuits up to 650 volts. Each size can be 
locks jo by them with oP rm agg a a oe supplied with either four or nine contact-points, and can 
ger. Tho quavity lowering: — —= d th the nine | be fitted with a slow-motion device if required. The 
sizes fur. working loads up to 6 tons, and the others ir | contacts are mounted on both sides of the double biade in 
eleven sises for loads up to 10 = —_ oe —_ such a manner that each is bridged to cut out the resist- 
with loade 50 per cent, higher ae ~ working ance in proper sequence; they are also arranged so that the 
lade, The booklet also gives ieclars of overhead circuit E not broken as the blade passes from one contact 
(roles, Beare a eee Pete eoehe: | to the other. The use of a double blade, it is pointed out, 
ee a : ; Pr enables the contacts to be arranged so as to give ample ao . ‘ 
under end : a, ee, ay BF ee clearances, and at the same time produces a neat and|_. ” veg ad The yy ——- Lisbon, publishes a 
tle aan 4 aa trolle howets, ra pe ee compact design. Weights and dimensions of all sizes are | Decree authorising the pe to arrange for the 
= “i ec ry ner ire  ooliances manufac. | given, a8 ~ 4 as prices. Another price-list deals with a a mao of a section of g veiro branch of the 
cured bthe pees Bien pore Be Hesteeted control-panels for continuous-current motors, comprising | Ve pl k —— tween the station of 
. 7 ow ‘ 7 a sheet-steel base carrying a starting rheostat and a| Aveiro . i jo ye drid notibes i 
Cableways.—Messrs. George Cradock and Co., Limited, | switch-fuse, all of which are designed to comply with Me, aa fe 2 ~ ‘ notifies that tenders will 
of Wakefield, have issued a pamphlet containing illus-| the Home Office lations for the use of electricity in ae my yee LY t r} municipal authorities at 
trated descriptions of « few different types of cableways | factories. The panels are suitable for use with motors ; govia for be hy 2 -_ working, for a iod of 
recently designed and oe yaw | them. One of these | up to 74 boree-power on circuits ranging from 100 to 550 Ahh shi an electric- A tip reem in that city. 
cableways, which has been erected over the River Ganges, | volts, A thi price-list, giving particulars of overload Spant Ldn =. ey Fe : A ~ cones te x 
isi f 120 ft. inute at any point estage Ser alteenating and cursent clecatin, bas may involve the purchase of some material outside Spain. 
raising loads of 24 tons at. per min y also been received Spain ( Isles): With ref ce to the call for 
in the span and transporting them at the rate of 3600 ft.) G1, snare for Electric Lighting.—An interesting pub-| ,.-hern —s po Bo won Mend? a ey hf 
per minute to any other —~s The cableway is at/t:-ation to hand from Messrs. olophane, Limited, of Toland mel 
present employed to carry electrical machinery and roll-| 19 Garteret-street, Queen Anne’s Gate, S. W., i!ustrates 
ng ste sare the river uti wil eventually be Z| the application oftheir wellknown, shades, lobe 
of dams. Another ropeway illustrated is used for adjust- reflectors, and other glassware to lighting problems of 









































ve mechanisms of some rock-drills. The bulletin 
fully oo the ay ape of eo. — gives a 
price- repair parts for 8izes, aD gives par- 
ticulars of steel bite for use with them. We may mention 
that the British, S , and Portuguese business of the 
company is handled by the Consolidated Pneumatic Tool 
Company, Ltd., of 9, Bridge-street, Westminster, S.W. 

Miltary Motor Vehicles.— An interesting pamphlet has 
recently been issued by Messrs. John I. Thornycroft and 
Co., Limited, of Caxton House, Westminster, S.W., to 
show what they have done, and are doing, in connection 
with mechanical Saget ie War Office requirements. 
The War Office purc their first motor transport 
vehicle, a steam- . from Messrs. Thornycroft in 1899, 
and this wagon is illustrated in the pamphlet, together 
with later steam-wagons, paraffin-lorries and tractors, and 
modern petrol-lorries supplied for military pur 
during the last sixteen years. A brief survey of the 
history of these vehicles is given in the text, and the most 
noticeable feature in this history is that they have been 
consistently succeesful in the War Office and Royal Auto- 
mobile Club trials for commercial vehicles. At the 
outbreak of the war the firm were ordered to deliver to the 
military authorities all the vehicles nearing completion in 
their works, and about fifty were esvnntingte supplied 
during the first week; shortly afterwards they were 
instructed to su ply the entire production of their 40- 
horse-power ‘“‘J” type wagons for war service. The 
first batch of these vehicles was delivered on Sept- 
ember 8, 1914, and since that time the number de- 
livered per week has been greatly increased, so that 
there are now many hundreds of them in service. They 
are designed to carry a useful load of 34 tons, and are 
driven by a four-cylinder engine having cylinders 44 in. in 
diameter with a piston stroke of 6in., giving a maximum 
—_ of 144 miles per bour with the engine running at 
1000 revolutions per minute; the other speeds provided 
are 23, 5 and 84 miles per hour. Power is transmitted to 
the rear which have twin solid-rubber tyres, 
through a live axle driven by a worm-gear of the over- 
head type. The wheel-base is 13 ft. 7 in., and the track, 
between the centres of the twin tyres, is 5 ft. 6in. We 
understand that, subject to the approval of the War 
Office, a limited number of these vehicles can be sup- 
plied each week for industrial purposes. If desired th: y 
can be adapted to use paraffin oil as fuel. 


CATALOGUES. 
Motor - Boats for Ships.—Mesers Jobn I. Thorny- 
croft and Co., Limited, of Caxton House, Westminster, 





FOREIGN ENGINEERING PROJECTS, 
WE give below some data on several foreign engineer- 
ing jects, taken from the Board of Trade Journal. 
Farther information on these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.O. 


near Hardwar, has a span of 1400 ft., and is capable of 





railway from Manacor to Art4, in the of Majorca, 
the Gaceta de Madrid notifies that the concession has 
been awarded to the Compafiia de los Ferrocarriles de 


: an ‘ . Mallorca. Work on the construction of the line must be 
: . actically all kinds. book is divided into thirteen ielaten of ths and pleted i 

ing the sluices of an ation dam on the River Maha- | PF en ted respectively to church blic build- | °°mmenced within six months and com @ in two years. 

nadi, at Raipur, and a third ropeway was supplied to a ings, e, devo iisecien, ‘aan “railwaya,’ worksbops, Eouador : The Registro Oficial, Quito, publithes a 


tea estate in India, and is used to coolies and rice 

over @ swampy river, about 400 ft. wide. The company 

supply aerial ropewsys of all types for carrying passen- 

= > goods, in loads up to 5 tons, over spans up to 
b. 


: under the provisions of which the Executive Power will 
ae heat eka alanay | comers wie the. Guayaquil and Quito Railway. Chm 
which Holophane glassware has as employed. The _ (U. tye yoy Chi re a _— 
ee pbs, which have nearly all been taken by the Quito. ilway, to the town of Riobambe. ‘A os 
ight from the lamps in the rcom, clearly show that | 299 999 sucres (about 30,0000.) is authorised to be raised 
excellent illumination can be obtained with these fittings, | for the carrying out of the works. As s0on as the new 
and also that they can be adapted to harmonise with all | jing is completed the t San Juan Chico- Luisa line 
styles of architeetufe and all schemes of decoration. A will be abandoned same Registro publishes snother 

* many different types of glassware, each giving a Decree providing ‘for the raising of certain funds for the 
efinite form of light distribution, are available; data | installation of waver supply and eleotric lighting systems 
y H 


Elevating and Conveying Machinery, Power-Trans- 
mission Accessories, &c.—A copy of their general catalogue 
has recently been received from the Link Belt Company, 
of 39th-streetand Stewart-avenue, Chicago, U.S.A. This 
catalogue states prices and gives very full particulars of 
all kinds of chains for elevators and conveyors, and also 
for power-transmission purposes. It also deals with 
sprocket - wheels, bearings, plummer - blocks, hangers, 
pulleys, gearing, clutches, vator-buckets and other 


of these are given in other oa: es of the company.|i, the town of Tul The electrio-ighting under- 
The present publication is intended to eae — taking is to be given preference should the sum avail- 
previously issued with illustrations of the ac results | able not be sufficient to permit of both schemes being 
obtained with the company’s products, all of which, it| entered u A furthur Decree published in the Re- 
=. elevators, conveyors, and a for ow bre, mea ae ee nee 5 my eg ‘ It | pistre authorises the Municipality of Baba to contract o 
all kinds of materials, crushing-rolls, screens, coal-washing | shou us form a use’ instructive refer- ; nalicati ensevi 

lant, pa gen | plant, cranes, grab-buckets, ship-|ence for electric contractors, architects, and others B fee siver on tion works, the oe Ray 
oading and unloading plants, and other machi . | interested in illumination problems. : 


Numerous examples of installations by the company are| prewmatic Rock-Drilis.—A bulletin recently issued by | in the town of Baba. A Decree published in the Registro 
preset This catalogue, which contains 576 eee the Chi Pneumatic Tool Gompeng. Fisher | also authorises the Ministry of Pablic Works to execute 
ne y bound in red cloth-covered boards, is pro ¥ | Building, Chicago, Illinois, U.S.A., gives iculars of | directly, or by con the works necessary to prevent 
b ® most complete publication of ite kind ever issued ; | t) oir «« Hummer ” self-rotati Reemnieadiite ter mining, | the overflowing of the River Jubones. 

praer y o matter is necessarily presented in 8 con-| Gusrrying, tunnelling, &c. drills are made in| Siam; With reference to the call for tenders by the 
able poe iggy to 7 = oe within dotailes j | three sizes, for drilling 6-ft., 8-ft., and 12-ft. holes respec- | Siamese Royal Railway Department (broad gauge) for the 
information on the application of the company’s products tively, and one of ’ = ye : f 
is 


: - . - tion of the drill is effected by a separate air-motor, and a orwarded a list of the names of 
© perticular industries are issued, and a list of these is| aoe nop depend in any way upon the movement of the | foreign—i.¢., non-British—firms which bave submitted 
included in the general catalogue. hammer-piston ; no an Bow 4 ow or cams are therefore in connection. United . 

Machine-Tools.—Messrs. Frank Pearn and Co., Limited, | necessary. Air supplied to the drill first passes rt - builders interested may consult this list, together with 
of West Gorton, Manchester, have sent us a a simple form of rotary motor, which is connected to the particulars of the oe ee ae st vntuets, 
dealing with the Pearn-Richards combined surfacing, | drill-chuck by worm and apr quains entirely enclosed | &c.. at the Com Intelligence of the Board 
boring, milling, drilling, and tapping-machine. This| within the hammer-casing. After leaving the rotation | of Trade. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

number of views in the Specifieation Drawings is stated 

"in each ag, pet nan is mentioned the Specification is not 

Where inventions are communicated from abroad, the Names, &c., 


iven in italics. 
— Specifications may be obtained at the Patent Office, Sales 
Branch, ae ga Buildings, Chancery-lane, W.C., at 
advertisement o, 


A 
ad of a Complete Specification, 
atent to the grant of 
gic notice atthe Patent Ofloe af oppotion to the . 


ELECTRICAL APPARATUS. 


11,139/15. Albion Motor-Car arLightiag, Dyas and 
a urray, Scotstoun. Car- Ly ny 
1B. Jul a 1915.—When a car-lighting —, %- ynamo is 


driven from the vehicle engine through the medium of a friction 
device of the kind so controlled as to its slip that the speed of the 
dynamo when under load cannot exceed a determinate maximum, 
it, the dynamo, may, when unloaded, obviously exceed that speed. 
Thus, were the load suddenly thrown upon the dynamo at such a 
time, the current produced would be momentarily of abnormally 
high voltage, with the result that the filaments of the lamps con- 
stituting the load might be damaged or broken. The invention 
has for its object, by the provision in the dynamo circuit of a 
simple three-way switch, to obviate this disability, and avoid also 
the complication of a mechanical device for the same object, and 
by which the dynamo may be thrown out of engagement with its 
driving device. The invention consists in the combination of a 
three-way switch, the first position of which breaks the dynamo cir- 
cuit, the second short-circuits it (it a yd through a resistance), 
and the third throws into circuit with the d © a lamp, or 
lamps, with means for controlling the speed of operation o the 
switch. Thearm A of the three-point switch shown in its *‘ off 

position in Fig. 1 is connected to the lead B. The first contact- 


za 








piece OC of the switch is connected to the lead D, either directly as 


shown, or through a resistance. The second contact-piece E 
closes the dynamo circuit through a lamp F. In order to control 
the passage of the switch-arm A from the contact C to the con- 
tact E, a retarding device, such, for example, as that shown in 
Figs. 2 and 3, is provided. In this example, the switch-arm A, 
pivoted on a base G and moving over contact-pieces O, E fixed to 
that base, has on it a detent plate H, having in it apertures J and 
a series of ratchet-teeth K. The ratchet-teeth are engaged by a 
spring-contolled pawl L tee on the base, and having a releas- 
ing-push device M ex’ ing through the switch-cover N. The de- 
tent plate H and the switch-arm A are operated by means of a pin P 
on an arm BR operating between stopsS in the cover N, and c: 

on a spring-controlled spindle T provided with a turn-button 
U. The switch-arm A is normally brought to the “‘ off” position 
by aspring V. It may be moved from that position relatively slowly 
by pressing the turn-button U, and so causing the pin P toengage 
one of the apertures J in the plate L, then ues it. The plate 
is thus rotated, and, when rotated, is retained by the pawl L. The 
button is then released, turned back, and the next aperture J is 
engaged, and so on until the switch movement is complete. 
Pressure on the push-piece M releases the switch, whereupon the 
sit V returns it to the “off” position. (Accepted October 20, 

5 


GUNS AND EXPLOSIVES. 


19,565/14. Societa Italiana Prodotti Esplodenti 
and F. Quartieri, Milan, Italy. Projectiles. {i Fiz.) 


September 9, 1914.—In the preparation of the chaagee for explo-| R. G. 
me' 


sive projectiles it is the custom to introduce the ited explosive 
into the mould, allowing it afterwards to solidify under air or ~ 

reassure or even without pression, simply agitating or shaking 
t. With these various processes there is often the inconvenience 
that empty spaces form between the crystals, with the result that 
the — and the continuity of the charge is diminished. The 
process the present invention consists in first pouring the 
charge in the shell, then adding a head of molten ex ve above 
the charge in the shell at the moment of solidification of this 
latter, and maintaining it until solidification of such charge is 








complete, no external pressure other than that of the weight of 
the added charge being used. a isa tacle acting as a funnel, 
wherein the molten explosive is maintained in molten condition 
by a steam-jacket formed by a double wall b, 5! surrounding the 
whole of the receptacle. From the bottom of the 

jacketed pipe c << the jacket ending in an ex ing part 
d, which is applied to the upper mouth of the m , and carries 


(9,565.) 


the outlet pipe / ; ¢ is an inlet pipe for the steam or other heating 
means to the jacket ; g is a throttling-valve for cutting off the 
communication between the receptacle and the mould ; A is the 
teboard shell to be filled up; and i the space left for the 
se. The shell is apertured at its top end, and is supported 
from below by a cover l, forced on the lower mouth of the mould 
by a set-screw m. (Accepted October 20, 1915.) 


MINING, METALLURGY, & METAL-WORKING. 


1921/15. Mavor and Coulson, Limited, and M. 8. 
oore, ow. -Cutti Machines. [5 Figs.) 
February 6, 1915.—This invention, which rclates to improve- 
ments in or connected with cutter-bars and operating gear of 
cutting-machines for mining or quarrying minerals, particularly 
adapted for use in mining coal and the like, refers to machines of 
the type in which the cutter-bar is rotated and at the same time 
reciprocated when in ration. According to this invention, 
the connection between the driven gear-wheel and the shank of 
the cutter-bar is obtained by forming longitudinal recesses in 
a ke portion of the shank, leaving pheral keys, and b 

forming tudinal recesses in the bore of the driven gear-whee’ 

having side walls corresponding to the side walls of the keys, and 
between the walls of which the peripheral keys are adapted to 
fit. The drawing is a cross-section of the keyway portion of the 
shank of a shaft and end view of the surrounding part of an 
associated driven gear-wheel. Two, three, four, five, six, or more 
peripheral keys 1, 2, 3, 4, 5, and 6, may be formed from the key- 


way portion of the shank A! of the cutter bar, and the base E of 
each recess intervening between each pair of peripheral keys may 
be made concentric to the axis of the shank, and the series of 
these bases E may conform or approximately conform to the bore 
of the driven gear-wheel ©. For use in conjunction with a keyway 
fat aang of this construction, a driven gear-wheel C is provided, 

ving a bore corresponding in diameter to the diameter of the 
series of the bases E of the aforesaid recesses, and in the bore a 
series of longitudinal recesses are formed corresponding to the 
peripheral keys 1, 2, 3, 4, 5, and 6, and the bases a of these re- 
cesses may conform to the periphery of the series of the keys. 
The peripheral keys and recesses may arranged at or 
irregular distances apart, and they may be of equal or unequal 
sizes. The recesses are shaped cr milled or otherwise cut out of 
the solid, and the side walls of the recesses may be radial or 
approximate thereto. In the form shown, the side walls of each 
key are parallel to a di ter passing through the centre of the 
key, the recesses thus formed being wider at the periphery of the 
keys than at the base E. (Accepted October 13, 1915.) 


RAILWAYS AND TRAMWAYS. 


3902/15. The Leeds Forge Company, Limited, and 

" . Railway Vehicles. [8 Figs.) 
March 11, 1915.—This invention relates to the metal columns 
made of pressed steel plate and employed as struts between the 
top and bottom bars of the side frames of bogies of the diamond- 
frame type used in railway and like vehicles, and it has for object 
to provide a column or strut of the kind referred to. A ing 
to the present invention, the strut which is producedjfrom a single 
piece or blank of mild steel, by pressing in an ordinary hydraulic 
press and machinery, comprises a base or beget y+ having at 
one side thereof, and integral therewith, top bottom flanges 
formed with holes for the tie-bolts, and with depressions adapted 








side-frame bars of the bogie, and the side flanges 
where the strut is to 


the side — are continuous with the 
, and extend therefrom towards the bottom flange b!, 
above which they terminate, as shown. The 
































(e302) A 


flan, b, bland e are of such shape that they can be readily 

uced from a piece of steel plate by a ciple flanging opera- 
tion. Below the side flanges ¢, the base or back plate of the 
strut is widened out to form wings f f1, that provide a wide 
base or bearing for connection to the spring plank of a bogie, the 
wings being formed with bolt-holesg. Both the flanges } and 5! 
are formed with depressions A for maintaining the strut in correct 

tion relatively to the frame members c and d, and with holes 
or the usual tie-bolt. The depressions A are produced by 
machining away material from the flanges. A rubbing-plate for 
the bolster is indicated at & in dotted lines in Fig. 2, as attached 
to the base or back plate. (Accepted October 13, 1915.) 


MISCELLANEOUS. 


23,761/14. Bullers, Limited, and H.C. R. Dagnall, 
ton. Te Ph Posts. [12 Figs.) December 9, 1914. 
—This invention relates to telegraph — and other like posts 
or poles which comprise two or more lengths, sectione, or parts 
of a figure in cross-section, the lower ends of the upper 
len, sections, or parts taking into sockets on the upper ends 
of the lower lengths, sections, or parts. According to this inven- 
tion, the lower end of the upper length, section, or part of the 
cylindrical post or pole is of such shape that its cross-section is 
other than lar, and the socket which is formed or fixed on 
po ae end of the lower iw ay section, or part of the cylin- 
or pole is inte y of a shape correspond or 

mately corresponding with that of the lower end of the 

upper ——— section, or part which is to be fitted therein, 
provision ig made in the socket part for the reception of the 
additional part or ‘3 of the joint where such are employed. 
@ is the lower end of the upper section or part of the cylindrical 
post or pole, and } is the upper end of the lower section or part 
of said post or pole. c is the ordinary open-jointed screw-ring or 





collar which is employed to fix the two sections or parts together 
when the ta has been fitted in the part b. To prevent the 
possibility of rotation or partial rotation of the upper cylindrical 
section a of the post or pole in the socket of the lower section 
or part b, the extreme lower end a? of the part a—that is to say, 
the part which, when the part a is fitted to the part b, projects 
below the screw-ring or collar c—is given a figure in cross-section 
other than circular, preferably an approximately square figure, 
as is best seen in Fig. 2, and preferably yy —— or 
aa. the socket proper 62 of the part b having below the 
nternal tapering screw-thread which accommodates the screw- 
collar c, a tapering seat of a figure in cross-section corresponding 
with that of the extreme lower end a? of the upper tube a, the 
said tapering t of the socket b2 preferably terminating in an 

5 ecting flange b*, on which the end of the part a? 
seats itself. here the joint is provided with an open-jointed 
plain or unscrewed tapering or oiently conical ring or collar, the 
upper part of the socket is of a hollow conical figure, and the 
lower part is preferably of a hollow pyramidal figure to corre- 
spond with the figure in cross-section of the extreme lower end 
of the upper tube or section of the post or pole. (Accepted 
October 13, 1915.) 
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Aveling & Porter, Ltd., 


Rocnester, KENT, 
and 72, Cannon Strxet, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 
CEMENT-MAKING MACHINERY- 4621 


A. (GF. Mentord LL 


OULVER STREET WORKS, COLCHESTER. 

On ADMIRALTY AND War Office Lists. 
ENGINES for Torpedo Boats. Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 24, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIO oer REGULATORS 











And Auxiliary Machi pplied to the 
were ‘Admiralty. Od 2179 
Marine Steam. Turbines 

(Parsons’ PATENT). 4407 


JOHN SAMUEL WHITE & COMPANY, Lrp., 
Shipbuilders and Engineers, 
East Cowrs, J.W. 
Patent 


ee 3 Hydro-Pneumatic Ash Kjector. 
Great saving of labour. No noise. No dust. No dirt. 


Ashes discharged 20 ft. clear of vessel.—Apply, mS J. 
TREWENT & PROCTOR, Lrp., Naval Architect 





arrow & Co., Ltd., 


Y SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Poruar, Lonpon), 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


(Sampbells & Harter, L@ 


SPECIALISTS IN 
Drilling & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


“Yachts, Launches or Barges. 


Built complete with Steam, Oil or Bay 


Od 8758 








407 | Motors; or Machinery supplied. 


VOSPER & CO., Lrp., Broad Street, PorTSsMouTH. 


flank Locomotives. 


mraerce — Workmanship equal to 
e Locomotives. 


R. & W. HAWTHORN, LESLIE & & OO., Lap., 
ENGINEERS, NEWCASTLE- ON-TYNE. 





4821 





Surveyors, 43, Billiter Bldgs., Billiter St., London, EO. 
Od 4835 


Cement Plants. 


Rotary Kilns, Wet and Dry Grinding Mills, Dust 





a , Elevating and Conveying Machinery, &c. 
OCH ER ENGINEERING COMPANY, 
_Rocusster Kent. 4732 


(Ges. ‘Eng ines, Suction Plants, 


pee Tests and Reports. Expert 
advice. ae J. DAVIS, M.I. Mech. E., Great Eastern 
Road, Stratford. Telephones : East "1350; — 
569. Tel. : Rapidising, London. 


Petter Qi! Pirgines 


Manufactured by 3591 
ss. PETTERS Luurrzp, Engineers, Yeovil. 


Lowcock: 8 Kyconomi isers 


and OAST-IRON FLANGED PIPES. 
A. LOWOOOK, Lrp., SHREWSBURY. 4562 


“'\hompson” Boilers 


. by 160 w.p. 
. by 180 w.p. 
. by 160 w.p. 
+ Se 














son, 
WOLVERHAMPTON. 


Scam Hammers (with or 
without es). Hand-worked or self-acting 
TOOLS tor SHIPBUILDERS & BOILERMAKERS, 
4412 
DAVIS & PRIMROSK, Loar Luwrrep, Larrn, EDINBURGH. 


Brett's Patent [pte Co. 


Hammers, I Presses, Furnaces, 


Bever, Dorling & Co., Lid, 


BRAD RD. 

IGH-OLASS ENGINES FOR ALL PURPOSES, 
also WINDING, HAULING, AIR COMPRESSING 
and PUMPING "ENGINES. 
\ranes. —Electric, Steam, 

tigi mts Ls and HAND. 


sis SEUSEELL 


4850 

















G0., Ly., 
ll, near daiee 4319 
R. Heber Radford ,Son «Squire, 


Encivrratne, Iron axp Stren, Works. 
Established] aluers, {over 50 years. 
OONSULTING ARBITRATORS AND 








er Immediate Delivery :— 


— Drills to admit 18in., 26in., 30in. and 

Radial Second-hand Planing 

Wheel Cutting Machine. 

10} in. Shafting Lathe.— 

Lap., Chamber sec 
4 


86 in. Drill. 
Machines ah by'6 ft. by 6 ft. 
Bolt Screwin lachines. 
JAMES SPENCER & OO., 
Hollinwood, Manchester. 


Steel Foundry For Sale. 


The BUSINESS of C. W. ROBINSON & OO., Lp. 
at Forth Bridge Steel Works, Polmont Station. 
The Ground extends to three acres, and is held 
clear of burdens. 
The Works are equipped with a 5} ton Siemen’s 
Open Hearth Furnace and 12 Crucible Pot Holes. 
To effect an immediate sale a verylow price will be 
entertained. 
Apply : 
McOLELLAND, KER & OO. C.A., 
114, st. Vincent Street, Glasgow. 


New Colbourn High Duty 
SHELL DRILLING MACHINES. 


LATHES, Vertical BORING and TURNING 
MILLS, &c. 








4836 








JOHN MACNAB, Mary Srreet, Hype. 
Tel. No.: 78 Hyde. 4629 
Tus Guascow Roiiine Stock anD PLant Works. 


H=*, Nelson & Co., Ltd., 
Builders of RAILWAY CARRIAGES, WAGONS, 
ELEOTRIC CARS and EVERY OTHER DESCRIPTION OF 
RAILWAY anp TRAMWAY ROLLING STOCK. 
Makers of WHEELs atid Axes, Ramway PLant, 
Foreme, Smrro Work, Iron ano Brass Casinos. 
Registered Office and Chief Works: Motherwell. 
Cardiff Office: Gordon Chambers, 31, Queen Street. 
London Office : 14, Leadenhall Street, E.O 
See Iustrated Advt. in alternate issues. _ 
W. MacLellan, Limited, 
OCLUTHA WORKS, GLASGOW. 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 


od Adu. Mm ahernate ts Od 3382 
MAXUPFACTURERS OF 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 








Chief Offices: 129, Trongate, Guaseow. Od 8547 
Registered Office: 1084, Oannon St., London, E.O, 
and 


To Munition Makers 
OTHERS. 
Jennings, 
West WALLS, NewcasTLE-on-Trnez, 
CAN SUPPLY ELECTRIC GENERATING PLANT 
for temporary or permanent use, 
from 20 KW. to 2000 KW. 


oyles Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
ve WATER HEATERS, 
ALORIFIERS, EV APORATORS, 
CONDENSERS, AIR HEATERS, ; 
STEAM anv GAS KETTLES. 


Merrill's Patent TWIN STRAINERS for PumpSuctions 

SYPHONIA STEAM = ee oe JALVES, 
h-class GUNMETAL STEA NGS. 
ATER SOFTENING and FILTERING. 


Row’s 
PATENTS. 


4924 


Y arrow Patent 


Witer- -tube 


4831 
Messrs. YARROW & OO., UNDERTAKE the 
PBESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Drums, Water 
Pockets, and Superheaters for British and Foreign 
Firms not having the necessary facilities. 
YARROW & O0O., Lep., Scorstoun, GLASGOW. 


oilers. 





r[lubes, Iron and Steel. 
Edwin Lewis & Sons, 4; 
148, Cann Sec. Wolverhampton. 


[tubes and Fittings, 


IRON AND 
= sates and Ps am L*:- 


OSWALD ST.; GLASGO 
BROAD STREET © HAMBERS, DIRMINGHAM ; and 
ie aii 
INCHESTER #, OLD Broad Srazer, E.0. 
LONDON WAREHOUSE 157, Urr. THamesSr,, E.O, 
LIVERPOOL WAREHOUSE—63, PaRapiss St. 
MANOHESTER WAREHOUSE—S4, DEANSGATS. 
OARDIFF WAREHOUSE—182, Burs Sr. 
BIRMINGHAM WAREHOUSES — Broap Stausr 
OCnameers, Suespcore 8t., and 10, Couzsurut. Sr. 
See Advertisement page 26. 433% 


(Craig: & Donald , Litd., Machine 


L MAKERS, Semple, near Glasgow. 


For class of Machine Tools see our- Illustrated 
Advertisement every alternate week. 1358 








S eparators 
. — FOR —— 
EXHAUST STEAM 
COMPRESSED AIR 
TURBINES. 
HIGH PRESSURE 
STEAM. 


Princep: ps & Co., 


SHEFFIELD. 


4110 
~ MULTITUBULAR AND _ 
CROSS-TUBE TYPES 


bre 
On ~ Boers. 


37, Dec. 17. 4336 





Aluminium. 


THE BRITISH ALUMINIUM ©O., Lap., 


109, Queen Victoria Street, London. 4347 


»j ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 1216 
GENERAL CONSTRUCTIONAL ENGINEERS. 


Boilers, Tanks & Mooring Buoys 
Stiis, Perro. Tanus, Am-Reoxivers, STEEL 
Cunirys, Rivera SreaM AND VENTILATING Pires, 
Horrers, SreciaL Work, RaPatas OF ALL ie bs 
RAILWAY CARRIAGES, ELEOTRIO OARS, | 


He, Nelson & Co. Lt 


Tus Giaseow Route’ Stock anp .PLanr WoRKS, 
_ MOTHERWELL. Od 8388 


( eq Wilkinson & Sons, 

* KEIGHLEY, are OPEN to UNDERTAKE Spur 
Wheel GEAR CUTTING, }in. to 14 in. pitch, and up 
to 4ft, diam. Enquiries solicited.’ Telephone: 10y, 
Keighley. Telegrams: Wilkinsons, Engineers. ©4151 


LE eager 3 Work Wanted, for 


ee and other lathes, drilling, millin 
machines. — Address, 4 








Offices of Srourtanteet 


Matthew Paul & (., Tye 


Levexvorn Worxs, [Jumbarton. 
-_ See Full Page Advt, page's: 52, Dec. 17, 


Maylor & QGhallen, Ltd., 


BIRMINGHAM. 8195 
Presses for Sheet Metal 
See Advertisement, Dec. 17, page 55. 


PRODUOTS, 
He4, Wrightson & (Co, 


LIMITED. 











See Advertisement page 27, Dec, 24, 2408 


GOLD MEDAL—IxventioNs ExtisirioN—AWARDED. 


[)vckham’ s Patent Suspended 


WEIGHING MAOHINES, — E. FERRY 

ROAD ENGINEERING WORKS COMPANY, Limrrmp, 
Loypox, E.—Hydraulic Cranes, Grain Elevators, &o. 
See Illus, Advt. last week, page 17. 4812 


ocomotives in Stock.— 
KERR, ee Se. Lap., have in —_ 





or in an advanced state progress at 
California Works, Stoke-on- as capoeieas of 
LOCOMOTIVES, with Ly Gem —> 4 16 in. 


diameter (inolasive), for all Seiten 8 in. to 
4 ft. 8} in. treet Place, to _ RT & 00., Lap, 
5, Broad Stree 4570 


Rubber 
Hose 


GUTTA PERCHA & RUBBER, LIMITED, 
Toronto . - » Oanada 


MANUFACTURERS 


Steam and 
Air Drill 


4520 





Mechanics and Metals 


National Bank 
OF THE CITY OF NEW YORK, 
EsTaBLisHED 1810. 
CAPITAL (Fully Paid) - - - $6,000,000 
SURPLUS & UNDIVIDED PROFITS - $9,000,000 








CHANTIERS & ATELIERS 


A *eustin : Normand 


67, ru de Perrey—LE HAVRE 
(France). 


Destroyers, Torpedo Boats, 3 Yachts and Fast Soot. 
NORMAND Poant Watrat BiegCal or OM 
n or 








Tr 4576) . This Bank receives Accounts of Banks, Bankers, 
— Acunts. (Senior Partner, Firms and Individuals on favourable 
Mem. Inst. Mem. Inst. Naval pa on 
Aonivects, Mrs. tr a Se inetiute, Yelow|"TYhe Glasgow Railway torn, ond eee Gent nod conservative banking « ~ Maseey, . Ltd. 
Tele 18, Sr. Jamns Row, SHEFFIELD. ag g Company ’ methods CORRESPONDENCE INVITED. Nisein: ‘ammers, 
grams : Telephone : 425. VAN, G tan FOREIGN D DEPARTMENT. 
London Office—12, bi sig Street, 8. W. Exporte and Jae Buys and Sells ower ammers, 
"el ale: Ss se veel poe Rimiaeetl voreign Exchange, , Telegraph c Transfers, &c., and tam 
Zn re 8 3-8 tee € 8 | pamway CARRIAGE, “WAGON (AND TRAMWAY oes x. ot parte: ot the world, on prep S ps, 
‘ater.’ Boilers. EELS AXLES. A RS. ‘ 4305 
Shatting, ydsalic he. ARR IRONWORK, also LONDON JOINT STOCK Lr, QUIUK Band aws. 
Ubi re, MRA . MR OABST-STEEL AXLE XLE BOXES. 4406 LONDON CITY & MIDLAND BANE, Lo. |” DELIVERY. _ LARGE STOOK. 
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2 
[The Manchester Steam Users’ Ve ertical Oil Engines, Two- M echanical Handlin ng of of A L e Amount of Small 
TION. es DESIGN = RE- MATERIAL. — WANTED, POS raw sien bab ey “ta also GEAR CUTTING, 
~ the Prevention of Steam Boiler Explosions and for QUIRED: who has a HF yt Se Engineer or Draughtsman. 14 years’ oan to be bad gy by Engineering firm. 
the Attainmentof sony ni gh pc comma of Steam. | cycle paraffin and crude rience cranes, enpbs, excavators, Same firm is open to consider taking over, either 
Chief ot Bagineer. ©. E. STROMEY EM, 1 M.LO.E. oe with Steed ms opparta iy toe rata chiet dranghtomad, "Age ST Married. ner end Engincegn yo in cone eo | rey a 
Founded 1854 by Sir W. FAIRBAIRN, Comoe ok will be treated sof the on No ar.—Address, D 165, Offices of ENGINEERING. te Increase outa of manitlewn, sy — 


Noonan g hah pg mentee rd Pe gelkeena | caone 
or 1901. Compensation ar Donen’ 

Liabilities paid in case of of Mxplesions, Saginss 
Boilers inspected during construction. 


['he Murdoch Trust. 


For the Spero of INDIGENT BACHELORS and 
WIDOWERS of Good r, over 55 sure of age, 
who have done ‘‘ something” in the way of moting 
or Helping some branch of Science. 

—- or Pensions may be granted to persons 





who O Agee = ply with these conditions. 
iculars apply to Mesars, J. & J. date 5° 
8, Frederick Street, Edinburgh. 





‘rystal Palace School of 


PRACTICAL ENGINEERING. Principal, J. W. 
WILeon, 1.0.E., M.Iost.Mech.E.— The NEW 
COURSE will COMMENCE on Sth JANUARY. New 
Students attend at the School on 4th January, 

ween Ten and One, for registration.—Prospectus 
sent on application to the PRINCIPAL, D 236 


already employed — Rccnnines work will be 
Labouk nolan 


in the first instance, to nearest 
HANGE, mentioning thie Journal, 


Tagen oe | end D 





' - 

Saakeunions Engineer | 

ASSISTANT REQUIRED, in estimating mye 
ment; must be capable of calculating strains and 
stresses. No person employed on Bape ong: work, 
- resident more than 10 miles from London, will be 

engaged.— D. L., care of J. G. Kine & Son, 

10, Bolt Court. Fleet Street. E.C. D 253 


[)raaghteman Wanted for 
‘ork, kn _ dge of Be fone memory 

t 
soca and salary required. Address, 
Laver Brorusrs Lamirep, 








cheniical en 
State ex 
to D.P. 

Port Sunlight it, Cheshire 


[)raughtsmen Wanted, accus- 


tomed to motor-car work. Preference given to 
ble for Army, or enlisted under ‘* Derby” 





men ine 





[ihe Sir John Cass Technical 


INSTITUTE, 
Jewry Srreet, Auvcars, E.C. 


DEPARTMENT OF METALLURGY. 


_ COURSE of TWELVE LECTURES, accompanied 
suitable laboratory work and practical demonstra- 
tl ons on 


THE MECHANICAL TESTING OF METALS 
AND ALLOYS 





will be given by 
E M. BOOTE, 
on THURSDAY EVENINGS, 
from Seven to Ten p.m., 
commencing THURSDAY, 13th JANUARY, 1916. 
A Detailed Syllabus of the Course may be had 
upon application to the PRINOIPAL. D 250 


st. C.E., Inst. Mech. E., 


I n 

and all Engineering Exams. Correspondence 
coasting by ey engineers. I.C.E. successes 264 
out of wo yaa oe Lg Ayn “Proxime Accessit.” 


Special features for foreign candidates. AR, for 
booklet, &c.—Address, 3648 Offices of Ena presen 





STRUCTURAL aa 


Hor Particulars of Course of 


INSTRUCTION i eee, 

write to “THE W ENGINEERIN' 

rape 23, Old Oak Road, Acton Park, ‘cole 
° 4821 








TENDERS. 
nders are Invited for the 








‘0 person already yy on Government 
work will be Snonaet. —Apply, by letter, stating age, 
experience, salary required, and when free, to nearest 
and D241 EXCHANGE, mentioning this Journal, 

a 241, 


anted, a Good General 

DRAUGHTSMAN, for Works Department 
ofa Munition Works. No person already em- 
ployed on Government work we be —Apply, 


statin, ex! when free to start, 
to need LABOUR EXCHANGE, mentioning this 
Journal, and No. D 255. 


[)taughtsman, with General 


mechanical experience, for large factory in 
South Wales. Men with some experience.in super- 
vising erection of plant preferred. Lady one engaged 
on Government = at be anes ge «gh to 
your nearest Est ting 

experience, and ‘ly wee mentioning ‘this 
paper and No. A 1 D 257 


y 

ead Foreman Wanted, for 

Iron Foundry in West of Scotland, employing 
about 300 men. Must be thoroughly experjenced in 
mixing of metals, and the most modern methods in 
regard to loam work, castings: for aa Ls a 
res and machine mould 
and able to handle men. Appl Stowe will be treated 
confidentially, No rson already Non ang od on 
Government work will be engaged.—Apply 
age, experience, ary required, to your nearest 
sg EXCHANGE, mentioning this Journal, and 


Wanted, Working Foreman 
3 for girder and constructional steel 

works in South ef land.—Address, stating full 

yy of previous experience and salary required, 
248, Offices of ENGINEERING, 

















immediate PURCHASE and REMOVAL of M unition Facto Requires 
“T e” GAS ENGINE ; bint. complet 154 in, by several JIG oe MAKERS, also INSTRU- 
22 in., 80 LHP., 68 max. BI complete with Gas | MENT MAKERS and TURNERS, willing to learn to 
cer. Year 1909. be seen at work. The Coe and Set-up Gvcead, ee. and akeaie 

est immediate offer vill be .— THE automatic machines. No person al 
LING TELEPHONE & ELECTRIC CO., Lrp., = \ pm gp — will be conehbered.— 
Dagenham, Essex. D 266 Apel ain the nearest LABOUR 

EXC. ANGE, cs, this Journal and C 87v. 





APPOINTMENTS OPEN. 


Ww orks Manager Required by by 

a Government trolled Firm of Marine 
Engineers and Shipbuilders on South Coast, employ- 
ing about 300 hands. Good ing for 
sy meng good educationand ihaving SC oartenestion up- 

ate machine tool practice and works organization. 
Only those having previously held a similar appoint- 
ment need apply. infos 40 years, 

Oould have finan interest, on proving satis- 
factory, if desired. 

Address, stating age and salary required, &., D 184, 
Offices of ENGINEERING, 


er Wanted, for Engi- 


ng Works in East of Scotland employing 
about 350/400 hands. “aus ng honey cage and similar 
work, Must be o'clock man, well 
up in modern Jeety a machine 











stating De age. experience, 7 required, 
and send testimonials, DOUGLAS & G@ wt Lap, 
Dunnikier Foundry, Kirkcaldy. D 230 





BOROUGH OF SWINDON EDUCATION 
COMMITTEE. 


SWINDON AND NORTH WILTS SECONDARY 
SOHOOL AND TECHNICAL INSTITUTION, 


Principal; Mr. G, H. Borknarprt, M.Sc. 


The Committee invite 


A plications for the Perma-|hs 
nent APPOINTMENT of og ot the 
Institution. Salary. 2900 per. ensum, ving ith 
annum, 
approved service by £10 p.a.'to £250 p. a. "Cantidstes 
must be ineligible for military od oo Teachi 
papersenses oy ~~ laboratory work, and 


works “eesential, and 
ail lity a) take cue el work (during the 
ow Nod the awe desira’ 


ble. 
rs, if definitely specified, will be 
Prot by the ‘Princt ipal. 
Immediate application to be made to the Principal, 
Technical Institution, orton, 
Secretary 
28th December, 1915. 
equired, ect 
portant railway in North 
ENGINEER, = rallway ex 
years’ agreemen 
ibe on N 
up 
~ Applications Goce only, 
ie or aig to 


Re age ee 
Le ccre td. We Vacuane 8 Oo Le woos 





bd 


Want anted Immediately, First- 
TOOL MAKERS, TOOL TURNERS, 
MILLING. MACHINIST. CUTTER GRINDER, for 
- -class tool work in Sheffield ; also an experienced 
MILLWRIGHT for maintenance o by my Highest 
wages and permanent job is offered to men. 
Nom — on penny work need a AR 4 
ne sae, © rience, &c., to nearest LA 
EXCHAN E, mentioning thie Journal, and No. D 254. 


Hagineering Pupil.— Vacancy 
pono nig Rony pe pee erage ed oe. 

t; of mac b n 
engines,” oe caoderate guembein. -- Addeon, eal, 
ENGINEERING. 


up il. — The Borough and 


Waterworks he oa (A.M.LC.E.), of 
Leamin; has a VACANOY in his office for a 
PUPIL.—Address, TOWN HALL. 


C 342 
Large Firm of Engineers, | Lane 
in the Midlands, have an OP’ 
YOUTH of education as premium pupil, the 
course to include both works and drawing office.— 


Address, 4359, Offices of ENGINEERING. 
SITUATIONS WANTED. 











Se 





Engineer (42) Seeks 


owing tc W: 
Civil 
ble POSITION. Home or France. 
22 zee — all branches (including mining, 
cottage architecture) Exceptional 
references, — Address, D 243, Offices of ENGINEERING, 


['ranslator.— French } Natural- 


ised British subject, many years’ experience as 
» French, German, 





wag wd special Ik b eceess ae 
other now 0! it 
guages, special SEEKS 'GAGEMENT.— 


ress, D 240, Offices of ENGINEERING. 


“TYLER APPARATUS O0., Lap., s 
Banister Road, Kilburn Lane, North Sanlayten Xx. 


Locomotive — Wanted, Imme. 


diately, a good Second-hand LOCOMOTIVE 
suitable for “wate sidings ; preferably saddle tan\ 
t-% in. to 14 in. cylinders, 5 ft. 6 in. wheel base, loaded 
it 18 to 20 tons. Seller must be prepared : 
eve tciitie for aaa ge we by ee 
upeny theme mee Si pply, giviog particulars anc 
pad deli vered Birmingham, to ELECTRIC SUPPLY 
EPT., 14, Dale End, Birmingham. D2 








[ »spector (Young), Requires 
ATION, as Foreman Inspector or similar, 
—< on outdoor contract. Good general en- 

D.O. experience.—Addrese, D 261, 
ENGINEERING. 


Wanted, Modern Suction Gas 


ENGINE and PLANT, direct coupled 1. 
dynamo about 20 kilowatts, 110° volts. Must be : 
condition. — Address, Cc ices of 
INEERING. 





_) unior Draughtsman Requires 
vty ; ones London ; three years shops, 
two wing ice, certificated engineer one 
years a Neutral. Used to structural work, 
cranes and general engineering work. — Address, 

Z.K, 169, care of Dgacon’s, Leadenhall St., E.C. D251 








PARTNERSHIPS. 





Every Engineer 
desiring a 
Partner 


ora 


Partnership 
should write full 
WHEATLEY KIRK, PRICE” & O0., 
« So Street, aon E.0., 


Square, , or 4338 
26, Collingwood Street, pene LA Tyne. 





PATENT AGENTS. 


at en t 8 eae a ox 4 MARKS 


E. P. Alexander & Son, 


CHARTERED PATENT AGENTS, 


306, HIGH HOLBORN, LONDON, W.C. 
(Established 1874.) 
Telephone: Central 7424. 


2) onsen and Son, 4884 
IHARTERED PATENT AGENTS, 


Pc a sek 


john E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne's Chambers, 
Tothill Street, Westminster, 8.W. 





Od 585 














WANTED, &c. 
GEAR-CUTTING MACHINES. 


[he Proprietor of British 


Letters Patent Nos. 4693/1912, and 4694/1912, 





for ‘‘Improvements in Gear-cuttin, 
DESIROUS of ENTERING into AR EMENTS, 
under License and otherwise, on as terms, 
for the peves of exploiting the same and — 
their full development and practical — 
Country.—For information, apply to 8. 
Charte Patent Agent, 14-15, Southamptoe 
Buildings, Chancery Lane, London. D 232 


The Proprietors of the Patent 


No. =. of nt for ** Improvements in or 

pe AB yay ic A are DESIROUS 

NG into ARRANGEMENTS by way of 

Licence ae otherwise, on reasonable terms, for the 

——_ of exploiting the same and ensuring its full 

evelopment and practical working in this Country.— 

All communications should be addressed, in the first 

instance, to HAZELTINE, LAKE & 00., Chartered 

i Agents, 28, Southampton Buildings, Chancery 
, London, W.O. D 240 


Representation Wanted, in 


Glasgow district, by a Sheffield firm adeian. 
turing steam blades and machine knives. Must be 
by an office or agent with sound connection among 
shipbuildrs, iron and steel works, &c.—Address, 

Offices of INRERING. 











hipyard Man er, Experi- 
S me in high mm fe, Experi 
all ie DESIRES ‘on GE, where energies will 


——_ references.—Address, 
D lie. Cas 


heey Factor ‘doom oats] 


expert English, Belgian, ch Reey Sw 
and fuses ; used mixed labour, speak: » 
cal), also experienced management aan hay and 


press oO diate ENGAGEMENT); 
married, age 28.—D 262, Offices of ENGINEERING. 


Position . Wanted, by Trained 


mechanical engineer, Qenughtamen, technical 
assistant, 64 years’ d.-o., 24 years’ C.E.’s 
assistant, office and outdoor experience.— Address, 
D 264, Offices of ExorvexRino. 


Mechanical and Electrical 


Engineer (30), ineli, ~y with exceptional com- 

pre ser eee, SEEKS responsible POSITION, 

= district. Large remuneration 

good prospects.— Address, D 189, 
ENGINEERING. 











gaan 
Offices of 





a ase i 24 a 


; storage. eh 





Hicholas Lane, London, E.C, 





(ivi Engineer(Gold Medallist, 
Practical neerin Sehoel) aoe siting 

to India shortly, is WILLING to Ai 
3 or neering Assistant to aivil 
rms having works in India, 
adress, 


or sani’ engineering fn 
er sanitary e Settl —A 
265, Offices of - Sa oats 


All Classes of Drilling and 


FITTING. Seek ae ion Work. 
Address, D 239, Offices of INEKRING. 


Higb-class Plating. Work.— 








— ENTS. 
Please send enquiries D 234 
HEENAN & FROUDE, —o 
Worcester Engineering Works. Worcester. 


A Firm of Engineers (Eastern 
Counties), completing present Contracts, are 


OPEN to CONSIDER MANUFACTURE 


ot War Material Repetition Work for Capstan Lathes | ode 
and Drilling Machines. 


Write fully. 








Address, D 252, Officee of Exeinssrine. 


es,” is| © 





Wanted, Second-hand Air 


COMPRESSOR, Single S capable of 
delivering about 3000 cubic feet tree air per 
minute, raised to a pressure of 60 Ib. “Seem ressur: 
70 Ib.—Full particulars and price to D 153, s of 
ENGINEERING. 


Fate Jigger “Wanted, 


40 to 50 ft. lift, } ton to 15 ewt.—Price and full 
Miller's Wharf. 





— rticulars, LEND) « » 80, Sr. 
tharine’s Way, London. D 226 








AUCTION SALES. 


Wheatley Kirk, Price & Co. 


(Established 1850). 
Valuers 


AND AUCTIONEERS OF 4338 
ENGINEERING WORKS, PLANT AND STOCK. 
46, WATLING STREET, LONDON, E.C. 
16, ALBERT SQ, 26, COLLINGWOOD 8T., 
MANCHESTER. NEWCASTLE-ON-TYNE. 
Telephones & Telegrams at each Address. 


At oe Service Equipment Works, recently occupied 
by D. T. Jackson & Co., Ltd., Gainsford Street, 
Tower Bridge, S.E.—Mesers. 


uller, Horsey,Sons & Casse]] 


will SELL by AUCTION, in Lota, at the above 
Premises, on Monpay, 17th January, at Twelve o'clock 


P 
NEW PLANT AND MACHINERY, 

including Bliss No. 3} Geared Toggle Drawing Press, 
five Biss and other Stampin, , Bliss Power 
Drop Press, six Fly Screw Pressess, three Gimson 
——— Presses, three Gimson Double-cutting 
Presses, 23 Singer Sewing Machines, five Screw-cutting 
— , Shaping Machine, Horizontal Planing Machine, 
Sensitive Drilling Machine, five Bench 
Bertie ey Rees meag two Power Hack Saws, 
Hand Mortising hine, Bench Folding and Swaging 
Machines, set Power Bending Rolls, two Circle 
Outting Machines, three Guillotine Machines, two 
Gas Bnamelling Stoves, Fletcher-Russell Gas Anneal- 
ing and Hardening Furnaces, two Portable Weighing 
Machines, Shafting and Belting, Office Furniture, 
International Time Recorder, and numerous other 

Effects. 
May be viewed by Orders, and Catalogues had, of 
. H, Coopman, Esq., Solicitor, 5, Giltepur Street, 
E.C.; or of Messrs. FULLER, HORSEY & CO., 
Mechanical Auctioneers and Valuers, 11, Billiter 
Square, E.C. D 246 











FOR SALE. 
[the Proprietors of British 


Patent No. nee relating to ‘‘ Improved 
Centring Appliances for Use in Conjunction with 
Lathes,” WOULD LIKE to ARRANGE with some 

FIRM to either Purchase or Manufacture under 
License. The appliances are being taken up and 
listed by the largest engineer merchants in the 
country, Blocks and literature, patternsand castings 
in stock ready for immediate manufacture 

Full particulars from HARTLEY, SONS & CO., 
Consulting Engineers, Stoke-on “Trent. D 233 


Steam (i -: (asi) Boilers. “” 
Launch, we Seog b also 

Air ee Feed- Water Heaters, Oylinders, & 

Tue GRANTH AM BOILER AxD Oran Co., Lep., Grantham. 


ne 12 Nom. HP. Steam 
ENGINE, oy Ransomes, in first-class onion r. 

Full particulars o! tion.—Write, BOX 10! 
WILLINe’s Advertising om. 125, Strand, w. " 


or Sale, Marine Boiler, 
5 ft. Gin. by 6 ft. 6 in. B.T., 125 Ib. w.-p, 
Lloyd’s certificate. By W. Sisson & Oo., No. 1: 
Nov., 1912. Unused. 
SINCLAIR, ag — eng hy 4 = : 
17, St. Helen’s Place, E. »15 


Ro Sale, Marine Maltitubals: 


BOILER, 13 ft. 6 in. diameter = = tong 10 ft. 

















long; three furnaces, heatin; 1567 squ ° 
ny an eg ia ale 
UOTE to CUSTOMERS’ SPECIFICATION and | &P condi “ny 


fen DOCK ©O., Lrp., Pontoons —— 
Shields. 


I hae Sale, One Second- har 
Lancashire BOILER, 30 30 ft. by Sft, » 
Danks & Sons, 
Pa Ditto, 28 ft. ee ML 00 Te ‘*, roe male Sy d. mnemng 6 
re Gall ineored PERHEATERS. 
jowa, Tena ; 
One Green's BOUNOMISER, capacity 224 pip®s, 


=. ae of 6 in. Main Steam PIPE. 


w HAMPTON CORRUGATED JRON CO..1.7™ 
Mersey Ironworks, Ellesmere Port. D 














ie Sah ae 


Dec. 31, 1915.] 


ENGINEERING. 












((undall Gas En 


10 B.HP., in very 


Bradford RHODES & STRINGER, 37, Manor Row, 


D224 





° Guide for the use of Engineers, Architects, Surveyors, and Contractors, containing the full 
ne Cundall Suction Gas ‘ext (by permission of the L.C.C.), with Explanatory Notes, Disgrams, and Worked Examples. 
ENGINE and Producer Plant, 42 B.HP., com- ” EWART S. ANDREWS, B.Sc.Eng., M.C.I., Consulting Structural Engineer. 
lete with accessories, lying in Live 1, FOR SALE. ’ 
Kew and in perfect condition ; available owing to war ; B. T. BATSFORD, Lrp., 94, HIGH HOLBORN, LONDON. D 258 
inspection invited. Price £210.—A RHODES axp 
st GER, 37, Manor Row, Brad ay: D 245 


xine For Sale, 
condition ; price £45. 


JUST PUBLISHED. Crown 8vo. Limp Oloth, Bounded Corners. Price 2s. 6d. net. 


The Reinforced Concrete Regulations of the London County Council, 


Made bitty 1915, under the London County Council General Powers Act, 1909, approved by the Local 
Government Board, and ordered to come into operation on Ist January, 1916, 














Iho Sale, Worthington Horiz. 


Comp. Cond. PUMPING ENGINE, 20 000 ~ 

per hour, complete with 8 in. dia. Suction Pipe, 
La Bon and Strainer, and 8 in. 
Refilux-valve, on delivery. 


throughout. 
Also Lanes. BOILER, 27 ft. by 7 ft., flues 2 ft. 9 in. 
dia., erected 1887 by Thos. Beeley. Insured for 85 lb. 


Guaranteed perfec y sound. 
VEDON WATER COMPANY, 
Clevedon, Somerset. 
(ne 400 Kw., 500 v. D.-C. 
MOTOR or GENERATOR, speed 250 r.p.m 

Makers, E.C.C. (with 18 ton 7 ft. diameter solid 
fivwheel on ite shaft); in perfect condition, with 
Kheostat complete. 

Ready to despatch inimediately. 

Apply, GILMAN, Lightwoods, Birmingham. D 231 








a ? 
‘et of Berry’s Two - Throw 
Vertical Belt driven Hydraulic ene PUMPS 
rams 1} dia. by 2 in. stroke, working wo 750 Ib. , 
also Hydraulic Pressure ACOUMULATO. , Sin. ram, 
6 ft. stroke, both quite new, FOR SALE. —BLAKEY’S 
MALLEABLE IRONWORKS, Armley * Lovie. D 263 


ithe Sale, Gus Second. hand 


124 in. risen to 14} in. centre SLIDING a 
SURFACING LATHE, on 16 ft. box-end gap 
with three-handle feed and 40 in. diameter four- = 


cbuck. 
GEORGE SWIFT & SONS, L1p., 
Claremont Ironworks, Halifax. 
fer Sale, 20 ft. Face Lathe, 
with single, “Anil, and treble purchase mie 
(in new condition), made by Greenwood & Ba 
15 ft. faceplate, with four independent cant’ steel 
jaws, C.I. spindle, front neck 25 in. dia. by 30 in. 
long, back neck 18 in. dia. by 24 in. long. 
Cross bed provided with 'two saddles having swivel 
tool slides. 
Self-acting in all directions. 
Approximate gross weight 95 tons. 
The Lathe can be inspected on application to— 
SIR W. G. ARMSTRONG, WHITWORTH & O0O., Lrp., 


Central Supply Office, Ordnance Works, Elswick, 
New castle- on-Tyne. D2 
T 
Por Sale, Quantity of Ne early 
New Malleable Roller CHAIN, with 4 in. dia. 
Steel Wheels, very strong and good; Six Dish-ended 
RECEIVERS, 21 ft. 8 in. by 3 ft., for 160 lb. hydraulic 
pressure ; Two Noiseless Power - transmission 
CHAINS, by Coventry Chain Oo. Write for Catalogue 


of Second-hand Plant.—GEORGE COHEN, SONS anp 
CO., 600, Commercial Road, London, E. D 200 


or Sale, Three Belt and 


Chain-driven PRESSES, with tables about 
3 ft. 6in. by 18 in. ; present over-all height about 12ft, 
—GEORGE COHEN, SONS & CO., 600, Commercial 
Road, London, E. D199 


( )uantity of Second - hand 


Flour Milling MACHINERY FOR SALE. 
Exe 


D2 


35 











ulars on application.— Address, D 154, Offices of 
cPRING. 


fe Sale, Plant at Tilbury 


Docks. About 1500 tons cast-iron Kentledge 
Blocks.— For particulars and conditions of sale, apply 
CHIEF ENGINEER, Port or Loxpon AvTuority, 109, 
Leadenhall Street, London, E.O, D 247 


rer Sale, Second-hand Parts 


of M ARINE TRIPLE EXPANSION ENGINE. 
A. umeter of Oylinders, 13in., 22 in., 35 in. ; Stroke 








Working Pressure, 1S0 lbs. 
Originally built to Lloyds’ Requirements for their 
“L.M.C,, in red.” Now in Good Condition. 
Com prising the followin 
_t ree Oylinders and Valve Chests with Pistons, 
ves, Cylinder and Valve Covers. 
= “Crank Shaft, complete, with Six Sheaves 
avlac ° 
Three Pistons and Piston Rods. 
Three Connecting Rods with Top and Bottom End 
Braeses and Bolte, complete. 
Condenser and Col , withO Tubes and 
Doo rs, complete. 
Soie Plate, with Six Main Bearings, Keeps and 
Bolte, complete 
Three Vaive Spindle Rods. 
Three Link Motions, with Tumblar Blocks and 
Drag Links. 
Three Go-ahead Eccentric Rods, connecting Fork 
End Brasses and Eccentrie Straps. 
Three Go-astern Eccentric’ Rods, connecting Fork 
End Brasses and Eccentric Straps. 
Cylinder Escape Valves. 
is Air and Circulating, also Feed and Bilge Pump 
hambers with Pump Covers, Rods and Plungers. 
Pump Lever Links and Gudgeon, complete, also 
Judgeon Bearings, Brasses and Ua 
“"Ooneaien Pomp Link, Rods med Bement complete. 
Papal = Bilge a Valve Chamber, 
uction Valy ests, 
Spindles complete. 55 erhaneteyt ys = 


Sundry y Disiange Valve Chests, Valves, Covers and | 
a Gear 
undry Bolts, Nuts, Caps, Cocks, and other 
Connected with the said Engin 2 7 
One ‘—— 7 Patent Konioe Counter. 
CLAIR, HAMILTON & CO., 
7 St. Helen’s Place, E.O. 


a 








dia. Air-valve pee 
In perfect condition, 
having recently been overhauled and renewed 


D 229 


Dis, 


Imperial 8vo, viii + 372 Pages, with upwards of 500 Illustrations (for the most part fully dimensioned 
reproductions from working drawings). Price 25s, net. 


THE 


DESIGN AND CONSTRUCTION 


OF 


STEAM TURBINES. 


A Manual for the Engineer. 


By HAROLD MEDWAY MARTIN, Wh.Sc.,A.C.G.1. 








| Lonpon : 
Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
LONGMANS, GREEN & CO., 39, Paternoster Row, E.C. ; 
New York, Bombay and Calcutta. 








Demy 4to, xx—264 pp., 173 Plates with Sectional Drawings and other Illustrations 
and Numerous Details in Text. -. Price 21s. 





THE EVOLUTION 


OF THE 


PARSONS STEAM TURBINE. 


By ALEX. RICHARDSON, A.I.N.A. 


Lonpon : Offices of “‘ ENGINEERING,” 35 & 36, Bedford St., Strand, W.C. 








Imperial 4to., xii., 104 pages, Cloth Gilt. 
By Post U.K., 14s. 6d. 


Price 14s. net. 
By Post Abroad, 15s. 2d. 


DIE FORGING 


AND 


THE CONSTRUCTION OF DIES 


By JOSEPH G. HORNER, A.M.I. Mech. E. 


WITH 778 ILLUSTRATIONS. 





This Volume is based upon various articles which have appeared in 
“ ENGINEERING,” but the matter has been collated, re-arranged under 


suitable headings, and revised. This is the only attempt yet made to 





deal with the subject of Die Forging in a comprehensive and fairly 


exhaustive manner. 





} 
' 
i 
/ 
} 
i 


| Loxpox: Offices of ‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 


Very Large Face Plate Lathe, 
to swing 20 ft. diameter ; weight about 100 tona, 
In first-class second-hand condition 
JOHN F. WAKE, Darlington. 


Bectrical Plant for Sale -— 


D.C, 00h. Pragnificeat machine together with 
-O,, 60 r.p.m. ; ificent machine ; ther with 
Switchboards, & 
Two 50 Kw. _ Wound Generators; 230 
—_ D.-O., 320 r.p.m 
350 Kw. Generator, by the G.E.C. ; 220 volts, three. 
phase, 50 cycles, 158 r.p.m 
300 Kw. Generator ; 2400 volts, three- pan speed 
o- Oe m. ; by the W estinghouse Compan 
HP., 500 volt, D-C., Series Wound Haulage 
Motor, with tnterpoles; 540 r. 7 aaa complete with 
Drum Type Controller na G.E.C 





+ 





Also 
A number of smaller Motors, and all descriptions of . 
Electrical Plant. 
JOHN F. W AKE, Darlington. 


500 HP. Gas ] Engine :— 


nificent Engine, by the Union Oo., Essen; in 
mY id condition ; horizorital tandem type ; coupled 
direct to G.E.C. Alternator ; 220 volts, threp-phase, 
50 cycles. An Exhibition Engine. 
JOHN F. WAKE, Dartington: 


Horizontal Straight ‘Line Air 


COMPRESSOR, by Holman Bro&. ; 
cylinder 19 in., air cylinder 18 in., stroke 30 in., ‘feted 
with adjustable expansion valve gear, jet condenser ; ; 
modern design ; in first-class condition. Price £2280. — 

JOHN F, WAKE, Darlington. 


W inding Engines :— 

Pair splendid Horizontal Winding Engines, by 
Holman Bros. ; cylinders 22 in., scroke 48 in. ; 
valves, with dashpots and cut-off gear ; drums 8 
diameter by 25 in, wide; one loose drum, with 
Welmaa friction clutch. These yo are prac- 
tically new, and cost £1800. Price 

JO HN F. WAKE, Darlington. 


W 2802 ons and Trucks for 


10 STEEL? HOPPER WAGONS, tocarry 11 tonseach 
fine roomy wagons, with | d spring buffers cad 
bottom doors. Price £40 each. 

30 10-TON HOPPER WAGONS, timber tops; lami- 
nated spring — and bottom doors; good roomy 
Wagons. £39 

100 HIGH SIDE GOODS WAGONS, side and bottom 
doors, laminated spring buffers. £30 each. 

10 ALL STEEL DOUBLE SILse Tivy WAGONS, 
4 cubic yards capacity; very fine strong wagons. 
£45 each. 

Enquiries solicited for all descriptions of Rolling 
Stock, Wheels and Axtes, and Wagon Ironwork, 

JOHN F. WAKE, Darlington. 


Narrow, Gauge Wagons for 


24 STEEL TOP SIDE TIP WAGONS, 8 ft. ga 
14 cubie yards capacity ; 


; 

















steel wheels and axles. 


£12 each. 
30 TIP WAGONS, 3 ft. gauge, 14 cubic yards 
Capacity ; repaired, and in fine condition. £9 éach, 


ight DOU 6LE STEEL TIP WAGONS, ~ ft. gauge, 

1 cubic yard capacity ; new £8 eac! 
A Quantity of very strong TEEL SIDE and END 
TIP ORE WAGONS, 20 in. gauge ; in good condition. 


£5 each. 
JOHN F. WAKE, Darlington. 


J pcomotives for Sale 


13 in. Six-coupled Manning-Wardle Loco, copper 
box, new tubes and t 130 tb, ure, . 

13 in. Four-coupled Meaning. ardle Loco, copper . 
box, 140 Ib. pressure, £700. 
12 in. Ponscommee Peo Loco, copper box, 140 Ib, 
pressure. Price & 

10 in. Four coupled Barclay Loco,copper box, 14010, 
pressure.: Price £450, 

10 in. Four-coupled Manning-Wardle Loco, copper 
box, 130 1b. pressure, £400. 
9 in, Four eoey Manning-Wardle Loco, ° 120 Ib. 
pressuré. ‘Price £350 
Two 17 in. Six-wheeled Locos (2-4-0), four-coupled) ; 
side tanks, copper boxes, 140 ib. pressure, £1 


each. 
JOHN F, WAKE, Darlington. 








Passenger Coaches :— 


20 Six-wheeled Passenger Coaches, with vacuum 
brake and Pintech’s patent gas lighting, first and 
third class, in good condition, for private line work. 
£75 each ; very cheap. 

JOHN F. WAKE, Darlington. 





teara Navvies and Cranes 
FOR SALE :— 
en Whittaker-Ruston Crane type Steam Navvy. 
& 


10-ton Whittaker Crane type Steam Navvy. 

8-ton Whittaker Crane type Steam gh £675, 

10-ton Fixed Steam Wharf’ Crane, Ly Wilson, 30 ft. 
in mod condition. 

Three 2-ton Loco 


£4650. 
7 Bedford Engineering 
Co., in first-claes conlition. 


Two 5-ton Steam Derrick Gane £160 each, 
One 10-ton Steam Derrick Crane. . 
One 8-ton Steam Derrick Crane. £120. 
All these Cranes in first-class condition. 
JOHN F. WAKE, Darlington. 


£650, 


derricking steel jib ; 





teel Plate Conveyor for 
SALE :— 
Very Fine Steel Plate Conveyor, made by Mesers. 
Babeock & Wilcox, 16 in. wide, about 120 te centres, 
all steel. Price £110. 
JOHN F. WAKE, Darlington. 


For Sale continued on page 91. 


For Continuation of Small 


4911 











AND ALL BOOKSELLERS. 


; 


Advertisements see Page 91. 
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WILLANS - DIESEL 


Ot OIL. ENGINES. fate 
WILLANS & ROBINSON, Lt. 


VICTORIA WORKS, RUGB 
65, Dec. 3. 





; feo 


BULL'S METAL & MELLOID C0. 


RES: LiirTEp. 
YORER. nea near vGLASG ow. 
Tatzorams : ‘* MuLior, Lig am 
BULL'S METAL.—Propellers, 
MELLO fap caged ag yd 


ID. Baty Reewylhy- Mark Thao 


oa Fi Plates, ep tag hyve Sheets, valton ae 
WHITE METALS. Babbitts, Plastic, &c. 


& a aN 


LONDON . 
LANCASHIRE 


FIRE 


™, INSURANCE COMPANY 


Advertisement 











ip - 
FIRE—ACCIDENT—MARINE. 


BOILERS, ENGINES, 
ELECTRICAL PLANT, &c., 


insured against Damage by Breakdown, &c. 





REGULAR INSPECTIONS by Staff of 
Expert Engineers. 


SEOGURITY - £6,107,594. 
4832 


Full information on application to 


{ 45» Date Street, LIveRPoo.r. * 
155, LEAMENHALI, STREET, E.C,. 


BOILER COVERING S 


TANDING 


Head 
Offices 


“CROWN © 





SAVING 


| . 3 UTCLIFFE BROS., : 


MUSGRAVE BROQOS., 








WOLVERHAMPTON 


FOR NEW WORKS SITES. 


Exceptional Transport Advantages 
Rail and Water. 

Cheap Electricity, Gas, Mond Gas 
and Water. Low Assessments. 
Excellent Educational Facilities. 

Electric Tramways. 
Male and Female Labour Plentiful. 
For particulars apply to— 4761 
GEORGE GREEN, Borough Engineer, 
Secretary Development Committee, 
Town Hall, WOLVERHAMPTON, 











EXTRUDED BARS, 


of any Plain or Special Section, in Brass, Copper, Yellow Metal, Manganese Bronze, Delta Alloys, 2 
DELTA METAL CASTINGS, FORCINCS, STAMPINCS, SHEET, WIRE, TUBES, &o. 


TH DELTA METAL CO» LD») 


Offices and Works: EAST GREENWICH, LONDON, 8.E. 





And at 4904 
BIRMINGHAM, 


Crown Point Foundry, LEEDS. 


Makers of alt Descriptions of 


HYDRAULIC vaciecstierta 


Including— 
Rt Val ~ a and "Forging 
ves, 
Presses, ee 1 ‘ools for ante 
Buildera, Loco, Makers, Boiler 
Builders, Iron and Steel Works, Decks, &c. 
Contractors to the Home and Foreign Governments. 


OIL MILL MACHINERY of all descriptions. 


W.B. BROWN «CO. (BANKHALL), L 


STEEL WIRE ROPES FOR ENGINEERING. 
he Sunderland Forge & Engineering b0., Lid 


SUNDERLAND. 47 














ELECTRIC LIGHT & POWER for SHIPS. BLECTRIC WINCHES: 














GEORGE GRADOCK & CO., Lr, 


Works: WAKEFIELD, England: 
FoR WIRE ROPES OF EVERY DESCRIPTION. 





entirely from the RAW MATERIAL to the FINISHED ARTICLE. 3822 





BRITISH MADE. BRITISH LABOUR. BRITISH CAPITAL. 











ENGINEERS 


BOILER- 
MAKERS 





CRADOCK’S are the only firm in GREAT BRITAIN who manufacture WIRE ROPES 


J. &E. HALL, Lto., 


Makers of CO, and NHg 


Refrigerating Machines 


—and— 4744 


Hallford Motor Vehicles 


10, Sr. Swiran , Lorpox, E.C., and Dartrorp, 


WATER TURBINES, 
PUMPS, PIPE LINES, 
COUPLINGS, Se. 





BOVING & Co., LTD., 


Union Court, Old Broad St., E.C. 


G. 8A. HARVEY, 1». 


GOVAN, GLASGOW, W. 


MAKERS OF 


HIGH-CLASS 
MACHINE TOOLS. 


PROMPT DELIVERY. 4299 
CATALOGUE ON APPLICATION. 


See our Illustrated Advt. in next week’s issue. 


PATENT CONGAL 

















pAr r 


| ee 


> mee. | 
if 1,8 ¥ 





DIE CASTINGS. 


Sound and Accurate. 
No. Machining. 


Full particulars from the Makers: 


GLACIER ANTI-FRICTION 
METAL CO., LTD. — 


Waldo Road, 
Willesden Junction, London, N.w. 











DO YOU WANT TO CRUSH GERMAN INDUSTRIES? 


NOW IS THE TIME. PREPARE FOR THE FUTURE. 


With the object of assisting British manufactures, introducing 
the specialities in substitution of German manufactures which 
once flooded the Italian-market, we have established a Special 
Technical Department, with a competent Staff, dealing in :— 


Railway Accessories; Locomotives & Parts; 
Complete Machinery Plants ; 
Machine Tools and Accessories. 


HENRY COE & CLERICI (onpxemienn), 





4899 


The recognised largest 
Buyers 


ot all kinds ot 


WASTE RUBBER 


VULCANITE, EBONITE, 
GUTTA-PERCHA. 


WRITE FOR PRICE LIST. 


J. Schnurmann, 
Downham Mills, 


Tottenham, London, N. 


Branch Works— 4929 § 
49/51, Broughton Lane, MANCHESTER. ; 











STEAM HAMMERS 


SHEFFIELD 


OF ALL SIZES, 4256 


VIA SILVIO PELLICO, 8, MILAN (ITALY). 
Telegrams—“Cocler, Milan.” Telephone—12-747. 





— The London Joint Stock Bank, Ltd. 
: CANNON STREET, London, E.C. 



































“- 


“SF 
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GONVEYOR-ELEVATOR G° 


J. J. STEVENSON, BULL BRIDGE WORKS, 


es Accrington, Lancashire. 
CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS. | STOKEHOLD CHAIN ELEVATORS. 
COAL CONVEYORS. ee BELT ELEVATORS. 
GRAIN CONVEYORS. | GRAIN ELEVATORS. 
TRAY CONVEYORS. | COAL ELEVATORS, | BALE ELEVATORS 
A National 
—_ Telephone: 


No. 2779. 


CAMMELL LAIRD & CO., Lo, "22: 


BIRKENHEAD. 
STEEL MANUFACTURERS. SHIPBUILDERS. ENGINEERS. BOILERMAKERS. 


LONDON OFFICE: 3, Central Buildings, Westminster, S.W. 
SHH LAST WHHE'S AND NEXT WHEEE'S ADVERTISHMENTS. 3866 











Telegrams: 








** Conveyor, 
Accrington.” 




















DREDCERS. oe LS. 


“HARLEM, 


TELEGRAMS— 
WERFCONRAD, HAARLEM. . 
DREDGORAFT, AVE., LONDON. 
CODES-LIEBERS, ABC, 5th Ea. 
and MORBING & NEAL. ™ 
FEL.—CITY, 257. HOLLAND. 


, Agents: MARING WoRks, 2s. FRIARS HOUSE, 329-41, NEW BROAD STREET, p Ra os E.C. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 


BARGES anp FLATS Buitt in Sections For RE-ERECTION ABROAD. 























ere: = - Sa on ate aT a 





BUCKET HOPPER | ee eS FLOATING CRANES. 
BARCE-LOADING x COAL BUNKERING 
DREDCERS. VESSELS. 
SUCTION PUMP HOPPER BARGES. 
+ DREDCERS. or any capacity. 
COMBINED BUCKET SPARE PARTS 
a and RENEWALS 
PUMP DREDCERS. supplied. 
SUGTION COLD-ano TIN 
ee RECOVERING 
E 
for DREDGING D R 
CLAY, &c. A Speciality. 





oxnegguentans 9 
One of Several SUCTION HOPPER DREDGERS uilt for the Argentine Gover - 


DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT 
AND DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE | RECOVERY OF 
GOLD, PLATINUM AND TIN. ON APPLICATION. 
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Telegraphic Addresses :— 
“SIMONS, RENFREW.” 


“SIMONISM, LONDON.” 





Marine Dredge Plant 


OF ALL DESCRIPTIONS AND UP 
TO THE HIGHEST CAPACITY. 


a 


Constructors of 
HOPPER AND BARGE- 
LOADING BUCKET DREDGERS, 
BARGE-LOADING, 
RECLAMATION & 
** SIMONS ” 
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SIMONS 


PATENT 
CUTTER 


Codes :— 
A B Cc (5th Edition). 
SCOTT'S (10th Edition). 
BENTLEY'S. 


TRAILING SUCTION HOPPER 
DREDGERS. 


GOLD AND TIN RECOVERY 
DREDGERS. 


HOPPER BARGES, 
FERRY STEAMERS. 


REPLACE PARTS for EXISTING 
DREDGERS. 


CUTTER SUCTION DREDGERS. 
i INVENTORS AND FIRST 


CONSTRUCTORS OF 
**HOPPER” DREDGERS AND 
ELEVATING DECK 
FERRY STEAMERS. 


* RENFREW 








enavapy HOPPER 


REDGER 


PATENT for ROTARY SPUDS. 
Lonnon Orrice: 83, Victoria St., s.w. 


W*. SIMONS 
LIMA LOCOMOTIVES. 


and CO., LTD. 
Many years of experience enable our corps of engineers 
to furnish Locomotives, direct-connected or shay geared, 
designed to suit the needs, ————__—— 
WRITE FOR CATALOGUE “H.” 


London -Office.. ed A ool eis .. 18, Coleman Street. 
New York Office . 50, Church Street. 


THE LIMA LOCOMOTIVE CORPORATION, 


Cable Address :— fo oe all LIMA, OHIO, U.S.A. 






































JOHN BROWN & COMPANY, LTD. 


Atlas Works, SHEFFIELD; and CLYDEBANK, near eLaseow. 
LONDON: 8, THE SANCTUARY, WESTMINSTER, 8.W. 


BUILDERS OF PASSENGER AND CARGO STEAMERS, 


And specially of First-class High-speed Ocean Steamers up to the Largest Size ‘and Power. 


WARSHIPS OF ALI TYPHS 


BATTLESHIPS, CRUISERS, AND TORPEDO BOATS 
AS BUILT FOR THE 


BRITISH, SPANISH, RUSSIAN, JAPANESE, AND NETHERLANDS GOVERNMENTS. 


MANUFACTURERS OF' Od 2814 


ARMOUR PLATES and GUN FORGINGS. 


HOLLOW ROLLED TURBINE ROTOR DRUMS, ROTOR SPINDLES, WHEELS, and DUMMY RINGS tor TURBINE ENGINES 
Largest Sizes of Crank and Straight Shafting, Hydraulic Pressed, Solid or Hollow, Rough Machined or Finished. 


MARINE BOILER FURNACES. “ROBERT” and CRUCIBLE STEEL CASTINGS. RAILWAY and TRAM 
TYRES, AXLES, SPRINGS, BUFFERS, &c. HIGH SPEED and OTHER STEELS. -——--—— 
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MERRYWEATHERS’ PATENT 
Water-Tube “Safety” BOILERS. 


& HP. tro 26OQ 


HP. 
’ Por OOAL, WOOD, or OIL PUEL 


The Ideal Boiler for 
EMERGENCIES 
and for all cases where 
Lightness, Portability. 
and Small Bulk ar« 
essential. 


A large user of Merryweather Boil: 
in the East says they are easi! 
worked and kept in order by Nati» 
labour. The Boilers were used und: 
very severe conditions, on bad wat 


: and for long periods. 
This Photograph, taken “‘ Up Country,” speaks for the Lightness 
and Portability of Merryweather Boilers. Estimates Si 8 SUBMITTED, 


MERRYWEATHER & & SONS, ttda. Greenwich, S.E., London. 

















For Efficient Lubrication use the “ Seafield” 


Mechanical Lubricato: 


(Adams" Patent) 
FOR GAS, STEAM & OIL ENGINES. 


8ole Makers of Grandison's Piston Type Lubricators. 


BRITISH 
MANUFACTURE. 


The Steam Cylinder Lubricator Co., Lad 


Gerdoa W Works, Lower Broughton, MANCHESTER. 


A. BEEBEE 


FALLINGS HEATH, WEDNESBURY. 


























On India Office 
samira and Crown 
Agents to 
Colonies Lists. 





Wa a 





BOLTS, NUTS, STUDS, | 
SET PINS, WASHERS. 


Telephone : 81 DaRLaston. 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 
CYCLOPS WORKS, 


BEDFORD. 
— 








Telegrams: BEEBEE, Fa.iines Heatu, Wepnessury. 














Telegrams— 
Grafton, Bedford. 












Descriptive Price List free on ar 


SILVER MEDAL, Inventions Exhibition, London, 1885. GOLD MEDAL, Paris, 1900 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition. 1910, 


CHILLED ::: 
PART ae 
GRAIN 


ROLLS 


BAYLISS JONES & BAYLISS L? 


WOLVERHAMPTON & CANNON 5% LONDON . 

















TE BROWNHOIST 
Locomotive Crane 


can be worked with grab bucket for handling bulk materials, 
and with hook for handling miscellaneous loads. The 
change from bucket to hook is easily and quickly made. 
BROWNHOIST CRANES are made in capacities 3 to 40 tons, 
4 or 8 wheel, and with various lengths of boom. 
When sending enquiries give track gauge, 


capacity of load and radius to be 
handled. Ask for Catalogue I. 





The Brown Hoisting Machinery Co., 
Cleveland, Ohio, U.S.A. 


Cable Address .. ‘‘ Brownhoist.”’ 
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Send all Hydraulic Machinery Enquiries to us. 
ni Special Bundling Press 


Tas photo shows an Hydraulic 
Press for 





bundling heavy 
press clippings and forge 
scrap ready for the furnace, 
for re-welding and hammering. 
The main cylinder gives a 
pressure of 300 tons, and has 
a withdraw cylinder on the top. 





Forging Presses 


HE two Presses shown were 
made for doing forging work in 
connection with gun carriage 

They 

have large tables for carrying 

the dies. 


downwards, and has an auto- 


and railway work. 


The cylinder works 





matic withdraw cylinder on top. 


Fie. 30. 





HOLLINGS & GUEST, Ltd., Thimble Mill Lane, BIRMINGHAM. 














The test 
Stage jis over. 


OXY-ACETYLENE 
Welding & Cutting 


are tried and accepted processes employed in 
hundreds of works, and certain ultimately to form 
part of the equipment of every engineering shop. 


Investigate the “Warden” Plant 


before coming to a decision. 
POINTS: 








Every facility for exhaustive enuisgnaines. 


A. WARDEN & CO., 


Se ee ee LONDON. 


Telegrams—‘' Lyrastrone,” Lonpon. Telephone—7836, ORNTRAL. 











> 




















é On ADMIRALTY, WAR OFFICE AND INDIA OFFICE LisTS. al 


The Metallurgical Co. Ltd. 


WALKER GATE, 
NEWCASTLE-on-TYNE. 


MAKERS OF 
HIGH-CLASS ALLOYS in INGOTS 
To GOVERNMENT, RAILWAY, or 

ANY OTHER SPECIFICATION. 








TELEPHONE — 
3551 AND 3552 CENTRAL, 
NEWCASTLE-ON-T YNE. 
7682 VicTORIA, LONDON. 


GUNMETAL& PHOSPHOR BRONZE INCOTS 


Guaranteed to Admiralty and War Office Specifications, or any 
other specified mixture. 


MANCANESE BRONZE INCOTS 


to War Office and Admiralty Specifications, and special K. V. B. 
quality, testing 40 tons Tensile, 20 tons Yield and 20-247 Elongation. 


SPECIAL BRASS INCOTS 


A. B. C. & G. qualities to War Office Specifications. 


MANGANESE COPPER, FERRO ZINC, NAVAL BRASS, 


Babbit and White Metal Ingots of every description. 


ORDINARY YELLOW BRASS ano GUN METAL INCOTS 


for commercial work. 


TELEGRAMS— 
“INGOTS,” NEWCASTLE-ON-T YNE. 
“ LLATEMINGO,” Vic., LONDON. 








‘ London Office: 36, VICTORIA STREET, S. WwW. | 











Browett-Lindley 


VERTICAL 


GAS ENGINES 


50 te 1000 B.HP. 





TWO 400 B.HP. BROWETT-LINDLEY GAS ENGINES. 


Supplied to Messrs. STRINGER & JAGGER, 
Waterloo Main Colliery, LEEDS. 





BROWETT, LINDLEY & C0., Ld. 


Patricroft Manchester. soi9 




















10 


ENGINEERING. 


[Dec. 31, 1915. 














BOLTS, 
STUDS, 
NUTS. 


BRIGHT WORK 
A 











SPECIALITY. 





5. MARSDEN & SON, Ltd. 


LONDON ROAD, 


MANCHESTER. 


Telegrams — 


4875 
















Telephone— 


\_ Bours, MANCHESTER, 2031 Centra. (2 lines) } 














LOCK-SHIELD 


FOOT PRESSES 


ros EXPLOSIVES 


(BICKFORD'S PATENT.) 








- eFPr D> 
i 2 

; 

; 


ney 
ad 
e 
} 
- 
La 


Breed ttrees 
Tel. and Cable—Airdrill, Ave, London. 
Phone—No. 8270, London Wall. 















Manufacturing Engineers 
of Power Plant Specialties. 
HEATERS, SEPARATORS, GREASE 
EXTRACTORS, EVAPORATORS, 
SPECIAL MACHINERY of Every 
Description, and Lathes 
ARE MANUFACTURED BY 


Tue Griscom-Russe.t Go., 


—— Engrs., Mfrs.—Land aad Marine 
2155 WEST ST. BLDG., NEW YORK, U.S.A, 


4826 





12,000 Galion per day Evaporating Plant 
recently shipped to Australia. 





PROTECTED FROM DIRT AND 

GRIT BY DUST-PROOF BOXES. 

ITS MATERIALS IN NO WAY 
AFFECTED BY AGE. 


“PALMETTO... 


can be depended upon for uniform service, 
which would not be possible if it contained 
rubber or other vegetable substance. 

“PALMETTO” Packing reaches the 
consumer in the same condition that it 
leaves the manufacturer. 

















LONG LIFE IN SERVICE IS 
“PALMETTO’S” CHIEF CLAIM. 
Let us send you a free working sample, 
it will prove our claim that it is the most 
economical Packing on the market to-day. 















ee 


= W. F. JOHNSON « CO. - 


AGENTS, 
13, Clerkenwell Road, London, E.C. 

























HAMMERED The Standard Piston Ring 
CAST IRON & Engineering Co.. 
PISTON RINGS Premier Works. 
(by the Davy-Robertson Don Road, 
Process). SHEFFIELD. 
4446 
~ “a 3 —s 9149. 
In our Special Piston 
Ring Se. Telegrams: 
Quick Delivery. Ocean, 


Lew Prices. 


SANUDAVALAUUADOAAEU EATON AERATED TEU AOE AEA EE 


Ammunition 
Boxes. HNNUOEOUUUUOOUOEEELUHEAEERHUAN we: 


HAZEL PINE, 
MAHOGANY, 

MUNI) WALNUT, 

My mn BIRCH. 
Minny 

{/} 


1 


SQUAT 





PU EULLE UE CLL 


zy 


MN) 

MI 

Wty My, 
UT 


Minyy 
] = 
mi iz 
My 


War 
Office 


Requirements. 
|| piaienaaleiaeetleteibeiititeiie 


UT} 
Uy My, 
Mh 


ZINC 
SHEETS and My, 


TERNE PLATES my 
] 


TT 


{/] 
LOL 


MN 
a = 


IN STOCK. 





PL CUTLER LLL CROLL 


| 


JAMES W. SOUTHERN & SON, Ld., 


RTORE RTREET. MANCHESTER 


OXY-AGETYLENE 


WELDING 
AND 
CUTTING PLANT 
MANUFACTURERS. 
COMPLETE EQUIPMENTS. 


McGOWAN, WILD & 60., 


Lower Hurst Street, 
BIRMINGHAM. 


Teleg.—Loaic, B'Ham. 














Tel.—1816, MIDLAND. 


OXYGEN 


For the Welding and Cutting of Metals. 


sritish OxygenCo.,Ld. 


The oldest and most extensive Oxygen 
producing and distributing business 
in the world. 




















Factories in all important Engineering centres 

equipped exclusively with MODERN PLANT, 

capable of producing 600,000 Cubic Feet of 
Oxygen of 99% Purity per day. 





MANUFACTURERS OF 


Oxy-Acetylene Welding 
BLOWPIPES, 
OXYGEN METAL CUTTERS, 


REGULATORS, 
And other Appliances. 


4825 





For full particulars apply to any of the Company's 





Ww _— 
— ’ Elverton Street, Westminster, 
S.W. 
Loxvon Tunnel Avenue, East Green 
wich, 8.E. 
Warton —, E 
BrmuInenamM Saltley Wor’ 
WOLVERHAMPTON Lower Walsall Street. 
Caavyr - - East Moors. 
ManNcHESTER - Great Marlborough Street. 
BIiREENHEAD . Bromborough Port. 
NewoasThs-on-Trxs - Shields Road, Walker Gate. 
Guaseow - - Rosehill W Polmadie. 
SHEFFIELD - - Celtic Works, Savile Stree 
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(WE HOLD STOCKS FOR 


IMMEDIATE DELIVERY 


OF 
Carbon Tool Steels 





S\ 


























for all{purposes. 

Mining Steels. Stock 
Chisel Steels. om 
High-Speed Steels. Bae PF 
Chrome Nickel ana 





Nickel Steels. i 
SAMUEL FOX & CO., Ld. 








a Stocksbridge Works, -nr. SHEFFIELD. “ 











DIAMOND TOOLS FOR EMERY WHEELS. 
















: "60: 6l, SPENCER STREET 
- = CLERKENWEW = eS 





Telegrams: ‘‘ScinpERE, IsLinc, LonDoN.” 


Telephone: 3117 vod tg 
Established Upwards of a Century. 








™ SELSON ENGINEERING 60. 
SMALL TRIMMING LATHE. 








For Forming and Finishing Operations on small 


parts, such as Screws, Knobs, &c., after 
machining on Capstan Lathes or Automatics. 


Illustration shows the Lathe fitted. with Radius 
Attachment for finishing FUSE CAPS. 





CAN BE FITTED WITH UNIVERSAL CHUCK IF DESIRED. 


85, QUEEN VICTORIA STREET, LONDON, E.C. 


Works ... 


COVENTRY. 

















PRESSURE 
RECORDERS 


AND 


ENGINE 
INDICATORS 


ARE 
STANDARD 
INSTRUMENTS 














for STEAM, 
GAS or OIL. 











These Instruments 
enable you.to get the 
utmost out of your 
plant, you cannot afford 
to be without om. 


Crosby Valve & Engineering Co., Ltd., 
147, Queen Victoria St., London, E.C. 


4rsl 











ae awe USE OF ROYAL 


DISWAN | 


y RAW WIRE LAMPS 


in Factories where Munitions are manufactured will 

enhance the output considerably by -assuring that 

your workers get as good light after dark as during 
the natural light of day. 


ORDINARY 

WORKSHOP 

LIGHTING 
LAMP °> 





Royal Ediswan Drawn Wire Lamps are 


used by the leading Factories, Railway 
Companies, Shipping Companies, &c., 

with the best results, proving that their 
Strength, Economy and Brilliancy are 
unexcelled by any other make of lamp. 


% INSPECTION 
LAMP 


7° (CARBON FILAMENT FOR STRENGTH) 
eVOCC—oC_—_—_—oOoOC_--—~ 


Specially designed lone 
straight sided bulb and 
strong rigid filament 
running the whole 
length of bulb, as shown 
Please enquire for further 


particulars from your con 
tractor, or to— 


The 

EDISON & SWAN 
U. E. L. Co., Ltd., 
Ponders End, Mid’s'x. 


Phone— 520 Enfield. 
Pully licensed under British Patents Nos. 2151306, 2771208 4 others 








PWD Pee Fs tN, 
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“MALLSIDE” 


CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD eo py ee ANGLES, Zed Tees and 
forms of Sectional Bars required for Ship, Boiler, 
a Bridge Building, and ohn constructive purposes. 


CASTINGS of all kinds and sizes for Ship Stems, 
Sterns, Ta Ry on Sag 


RAILS, BILLETS, FORGINGS. 
AXLES of ) ot Naan » gral. ¢ wa meet the requiements of Home 


TYRES.—Locomotive Sentinal Wagon, toall requirements 
SPECIAL STEEL of all kinds for constructive purposes. 


STEEL COMPANY o SCOTLAND 








23, ROYAL EXCHANGE SQUARE, LIMITED 
GLASGOW. 
TELEGRAPH 
Aooress. 
“STEEL” Giascow. 
= 4 4398 
















for 
MUD 


ND 
ROCK 

















Would the motor-propelled vehicle help you? 


If it would, and youj are) engaged on War 
Department Contracts for Munitions, Food- 
stuffs, &c., you should note— 


That, by permission of the War Office, we 
can now deliver a strictly limited number of 


MAUDSLAY 


W.D. Subsidy Lorries. 


There are, however, tw2 essentials— 


First, that you should make early application, 
and— 


Second, that you state whether Contractors, 

or Sub-Contractors, and give details of the 4563 
Contract, or Contracts, on which you are 

engaged. 


MAUDSLAY MOTOR CO., Ltd.; COVENTRY. 


3 He 


a : 











JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, — EMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Wellington Mills, GLASS & FLINT PAPERS, 


" IONDON, SE. BLACK LEAD, &o,__ 


LEROY’ 5 Troma COMPOSITION 


peo A po cape SS Se a =. &c., = 
ao tr Wilt a} aT ONCE it sHOW 1 LE a mak 
“Tr CANNOT CATCH OR COMMUNICATE FIRE. 


in London the cost of the Covering is saved 
in about six months. 
May be seen where it has been im use 20 years. 


ESTABLISHED 1865. 


F, LEROY & CO., 
20, Gray St., Commercial Rd., London, E. 


Also at MANCHESTER. 4786 


























49, SEFTON STREET, LIVERPOOL. 
CONSTRUCTIONAL ENGINEERS and CONTRACTORS. 
FOR STEEL BUILDINGS, BRIDCES, CIRDERS, AND ALL DESCRIPTIONS OF STRUCTURAL Work. 
TIMBER BUILDINGS DESICNED FOR USE AT HOME AND ABROAD. 
Lompon Ruraessntative: B. J. ALLISON, A.M.L.M.E., 118, London Wall, E.O. Tel. : 658, Cetra. 








Wagon Sapdiine Shop at Colliery, Designed ani Erected by us. 


- Catalogues, Designs and Estimates free on applicati a 
Telephone : No. 817 ROYAL. 4739 Telegrams : CGALVANIZER,” * LIVEKPUOL 

















mSTANLOCK 


~ 7 F 0) :3:4) 5 (0) ae 
\ 
=AT G 


A HIGHLY EFFICIENT & EASILY 
APPLIED SYSTEM, 
SUITABLE FOR OLD OR NEW SHOPS. 


MUNITION FACTORIES, &c. 


SUPPLIED TO 


Coven Ordnan 
reed Works, Lta. 


Imperial Japanese Navy. 
Whitworth & Co. | North British Locomotive Co. 
John Brown & Co., Ltd. Alfred Herbert, Ltd. V 
and Many Others. 4526 


THE STANDAD ENGINEERING | 
> __ LEICESTER 





7 
\\ 


\\ ie 








The War Office. 
Viekers Limited. 
Sir W. G. Armstrong 
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KINGHORNS-" VALVES 


THE BEST VALVE 
FOR PUMPS OF ALL | 
DESCRIPTIONS VE), &SISTE 

ADOPTED UNIVERSALLY] | es ZZ TOTHE NEW CARD 
AND USED BY —=— i WH;"E STAR & OTHER] 
15 ADMIRALTIES. || MANY __\ LEADING LINERS.) | 











TELEPHONE 
S818 CENTRAL 


THE METALLIC VALVE C° 
COLONIAL HOUSE ,WATER STREET, 


LIVERPOOL. 


|“ WEAR-EVER” HARDENED 
DRILL SLEEVE. 


Use up your drills, &c., 
with broken tangs. 


TELECRAMS: 
“VALVE” 











DELIVERY FROM 
STOCK, 


C This flat gives 

positive body drive, en- 

tirely eliminating twisting 

of tang. 4913 

B Increased diameter, providing addi- 
tional strength, prevents flaring. 

A. This drift groove saves time, separating nested sleeves. 








ALLDAYS & ONIONS (ivr) CO., Ltd., 


Lifting Appliances 


DEPT. “W.’ 


BIRMINGHAM and LONDON. 











BROOKE TOOL Mfg. Co. Ld., Birmingham. 











GIANT GRIFFIN MILL. 


40-in. Die. 24-in. Roll. 15,000 lbs. Crushing Effect. 
The most Up-to-Date Machine for Grinding — 


PORTLAND CEMENTS, 
PHOSPHATE ROCKS, 
LIMESTONE, COAL, 
ORES of all kinds. 


REQUIRES NO AUXILIARY APPARATUS 
FOR FINISHING PRODUCTS. 








SATISFACTION GUARANTEED. 5406 


* Full particulars on application to— 





37, WALBROOK, LONDON, E.C. 





PHOTO oF HAND-POWER FORGE CRANE 
ATTACHED TO COLUMN. 














ALSO MAKERS OF 


Hand-Power 


TRAVELLERS, 
RUNWAYS, 
CRAB WINCHES, 
HOISTS, 


PULLEY BLOCKS 
of all kinds, 


LIFTING JACKS, 
&c., &e. 

















HONE'S Patent 
SINCLE-CHAIN WHOLE TYNE CRAB. 


Highest Awards wherever Exhibited. 


LABOUR-SAVING MACHINERY. 


During the present shortage of labour, all 
Contractors and others handling materials, 
should adopt. at once Hone’s Patent Grabs, 
made in various types to suit requirements. 

All particulars as to price, &., may be obtained from the 


SOLE MANUFACTURERS: 


- JOSEPH WESTWOOD & CO., Ld. 


NAPIER YARD, MILLWALL, LONDON, E. 
Telephones— East 4208 (4 lines). Telegrams— Westwood, Milleast, London. 








BRADLEY PULVERIZER CO. 











Magnifying Thermometers 


For READING WITH EASE 
TEMPERATURES from a DISTANCE. 


ed 





or ae 


STRONG, ACCURATE and RELIABLE. 





MADE IN MANY VARIETIES 
TO SUIT ALL PURPOSES. 





Adopted with advantage in connection with 

Steam Plants (Superheaters, Economisers, &c.) 

also Sugar Refiners, Gasworks, Breweries, 
Heating Plants, Baths, &c., &c. 


or Our Many Tyres OF MaGniryine THERMOMETERS. 


State your requirements and write for prices to :— 772 


x. SUGDEN, Ld. 
180, FLEET STREET, LONDON, E.C. 





COMPARATIVE ILLUSTRATION OF AN ORDINARY THERMOMETER AND ONE 























Thomas Turton & Sons, 


MANUFACTURERS OF 


LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 


Cast Steel Files, 


ENGINEERS TOOLS, HAMMERS, EDCE TOOLS, STEEL 


FORCINGS, SPRING STEEL. 


Tool Steel. 


SHEAF WORKS, SHEFFIELD. 


London Office: 90, CANNON STREET, EC. 


0 
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K'IEITH-BLACKMAN 
Electric Forge Blowers. 








At a very low cost the required heat from Forge 
Fires can be rapidly attained by the use of 
these Blowers. 


They are self-contained, can be fixed to any forge, 
simple to operate, and reliable. 


We also supply Forges with blower combined 
or separately. 


FANS and BLOWERS FOR ALL PURPOSES. 


JAMES KEITH & BLACKMAN Co., LD., 
27, Farringdon Avenue, LONDON. ane 


And at MANCHESTER, GLASGOW, EDINBURGH, NEWCASTLE, LEEDS, BIRMINGHAM, &c. 





























AMERICAN STEEL 
FOUNDRIES, 


Chicago, New York, Pittsburg, St. rods 
(Annual Capacity: 240,000 Tons). 


C. L FAULKNER, 


Sevuna AGENT, 
5, LAURENCE POUNTNEY HILL, LONDON, E.C. 


HIGH-GRADE STEEL GASTINGS of every 


description, weighing from 1 Ib. to 50 tons. 


RAILWAY CASTINGS, Wheels, Wheel Centres, 


Axle-Boxes, Couplers, Locomotive Frames, &c. 


CAST-STEEL WHEELS for Tram-cars, Motor 


Lorries, Tip Wagons, &c. 


ROLLING-MILL CASTINGS ot an xinas. 
STEEL CASTINGS for Battleships, Steamships, 


Stern Posts, Stems, Rudders, Rudder Frames, 
Turbine Rims, &c. 


ELECTRIC & ALLOY STEEL CASTINGS 


of all kinds. 

















RAILWAY SPRINGS, Helical, Elliptic & Volute. 


RIEHLE TESTING MACHINES 


Made by Messrs. RIEHLE BROS., Philadelphia, U.S.A. 





MACHINES for all purposes 
in STOCK 
or PROGRESS. 


For full particulars and Prices, apply to SOLE BRITISH REPRESENTATIVE : 


A. MACKLOW-SMITH, A.M. inst.C.E., Engineer, 
QUEEN ANNE’S CHAMBERS, WESTMINSTER, S.W. 











4699 


PECKETT « SONS, Lo, Bristol. 











LOCOMOTIV HS 


of various Sizes with all the latest improvements in progress for early 
Delivery. Engines specially designed for every requirement and gauge. 


Full particulars on application. 4912 


ROBERT MIDDLETON & CO., 


SHEEPSOAR FOUNDRY, LEEDS. 


Tel. 214. Tel. Add.: ** 


Telegrams: “ PECKETT, BRISTOL.” 








HYDRAULIC,” LEEDS. Codes used: ABC, 5th Ed. Liebers. 





OVOID BRIQUETTE MACHINE, 4831 


MODERN BRIQUETTE MACHINERY 


FOR COAL, CHARCOAL, COKE, AND ORES. 
VERTICAL & HORIZONTAL DOUBLE PRESSURE MACHINES. 
COvorID MACHINES. 











Catalogues and Illustrations free. 
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VIEW OF ENGGOR BRIDGE, PERAK RIVER, STRAITS 
SETTLEMENTS, WHICH IS PRESERVED AGAINST 
RUST AND CORROSION BY USE OF 





Anderson’s 


Siderosthen 


Anti-Corrosive Solution 


‘“‘Siderosthen’’ when applied to Iron, 
Zinc, Steel, or Wood is absolute proof 
against Rust, Corrosion, White Ants, etc. 


** Siderosthen ” dries from the inside 
outwards, and therein is the secret of 
its elasticity, which prevents cracking or 
peeling when metal expands or contracts. 
Once on, it becomes part of the metal— 
clean and clear, with an enamel surface. 


Even the heat of the tropical sun 
cannot blister it, and it will withstand 
sulphurous and other acid fumes. 


“‘Siderosthen”’” economy begins by 
applying it to metal in the first place 
instead of covering defects at a later 
period. Its enormous covering capacity 
also points to economy. 


Supplied in casks or drums mixed 
ready for use. 


Illustrated Booklet **Z” gives 
full particulars post free 
on receipt of post-card. 


D. ANDERSON @& SON, L* 


Roach Road Works, Old Ford, LONDON, E.; 
And Lagan Felt Works, BELFAST. 


—18 








ALVES 


AND 


BOILER MOUNTINGS 


MAKERS OF EE. WALLED 
ALL KINDS OF aes We ae 
VALVES AND SIMPLICITY, 
BOILER ELIABILITY, 
MOUNTINGS, ae SFRICIENCY, 
STEAM cLascon DISCHARCING 
TRAPS, CAPACITY. 
STEERING wine 


GEARS, MINIMUM OF 
GAPSTANS, yp-KEEP. 
WINDLASSES, por 
PUMPS, AXIMUM OF 
ETC., ETC. SATISFACTION 











Fig. No. 15.—Turnbull's Patent Single Confined 
Flow Lock up Deadweight Safety Valve. 


APPROVED BY HOME AND FOREIGN GOVERNMENTS, BOARD OF TRADE, 
LLOYDS, AND INSURANCE COMPANIES. 4195 


ALWAYS SPECIFY 


TURNBULLS 


ALEX. TURNBULL & CO., Ltd., BisHopBriccs, GLASGOW. 


Telephone—49 & 50, BisHopsrices. _ Telegrame—Vatva, FLASGOW. 





Metal Sawing Machines 


FOR CUTTING 


SHELL BARS 


Belt or Motor riven. 





AS SUPPLIED TO 474s 


GOVERNMENT CONTRACTORS. 
| CHAMBERS, SCOTT &C0., 


MOTHERWELL,. ‘+s. 


GUEST & CHRIMES, 


On Admiralty, War Office, and Crown Agente’ Lists. 
GUE y CH ES’ 
IMPROVED Wag Telephone 205. Rotherham. 
SLUICE VALVES Telegrams—Guest, Rotherham, 
for Water, Steam, Established 1840. 
Sewage & Gas. rijginal Manufacturers of 
Chrimes’ High-Pressure 
Loose Valve Screw-down Cocks. 
SIEMENS & ADAMSON’S WATER METERS. 
GUEST & CHRIMES’ IMPROVED 
SLUICE VALVES for Water, Steam, Sewage and Gas. 
j Also Manufacturers of— 
RESERVOIR VALVES and FITTINGS. 
FIRE EXTINGUISHING APPARATUS. 
GENERAL PLUMBERS’ GOODS. 


HIGH-POWER INCANDESCENT LAMPS. 
WET and DRY GAS METERS and GAS FITTINGS. 


LONDON HOUSE: — 4769 


THOMAS BEGGS & SON, 132, Southwark St., S.E. 
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Drawing Office Equipment. 





BRITISH MADE. 


‘B.C. TRACING CLOTHS 


ARE MADE IN FIVE QUALITIES TO SUIT ALL USERS. 


SMALL SAMPLE ROLLS FREE ON APPLICATION. 








No.4. DRAWING INSTRUMENTS. No. 5. SURVEYING INSTRUMENTS. 
No. 2. SLIDE RULES, SCALES, &. No.6, ELECTRIC COPIERS, &c. 

No. 3. INKS, COLOURS, PENCILS, &. No.7. DRAWING & TRACING PAPERS. 
No. 4. DRAWING OFFICE FURNITURE No. 8. PHOTO PRINTING. 


CATALOGUE ON APPLICATION. 











PHOTO PRINTING ™ 
BY ALL PROCESSES. 


DRAWINGS AND TRACINGS REDUCED BY SPECIAL PROCESS FOR FILING. 


Weer 


B. J. HALL & CO., Ltd., 


CHALFONT HOUSE, CREAT PETER ST., WESTMINSTER, S.W. 




















INSPECTOR’S SUIT. 


INSTRUCTIONS FOR 


SELF -MEASUREMENT. | ins. 


Length from centre of back 
to wrist (arm slightly bent) 
Length of Arm (inside) 


Length from fork to bottom 
of leg (inside measurement) 


Length from Armpit to bot- 
tom of trousers... 


Width round chest .. 

Width round waist .. 

Width round seat 

Width round thigh ‘ 

Width round bottom of leg.. 
Please give height— 

ev ceeserces Bh. asccsccceedt 








PAISLEYS 


ENGINEERS’ BOILER SUITS 


are celebrated throughout Great Britain 
and known to Engineers over the whole 
world. The figure represents a SPECIAL 
SUIT much in favour with Boiler In- 
spectors, and supplied by us to many 
of the leading Insurance Companies in 
Scotland and England. 


InsPEctors Bor.ER Surrs, to measure, in Drab Jean, 


and Drabette ° 11/6 
Do. do., Double Knees and Elbows .. oe 1/- extra 
Ordinary Stock Sizes, Ready made a 10/6 
Double Knees and Elbows .. 11/6 


ORDINARY Borner Suits, buttoned straight down 
front, in Blue Dongaree, and Brown Denim, 
Detachable Buttons .. 5/6 and 7/9 

Brown and BLUE AMERICAN DRILL BOILER SU ITs, with 
Hood eo 7/9 

Tan Duck Borer Surrs (Hood 6d. extra) . 7/9 

Wurre Borer Surrs, 6/6. Kuaki Borer Surrs, 5/6, 

Borter Suits to measure, 2/- extra. 

Bivuz Done@ares and Brown Denim JACKETS and 
TROUSERS . each 2/6 and 

BiuE DonGaREE and Brown DENIM Ov ERALLS (meri. 
can shape) . 3/6 

Brown and BLUE AMERICAN DRILL JACKETS .. ° 

» TROUSERS “ds 

BRowx and Buu E AMERICAN DRILL OVERALLS, Trousers, 
(American sha) 

ENGINEERS’ FINE Wee SERGE PATROL Jac KETS ‘(Lined 
Fronts) .. ‘ re 11 

ENGINEERS’ INDIGO ALL-WOOL SERGE JACKETS 7” big 5/6, 8 

ENGINEERS’ INDIGO ALL-WOOL SERGE TROUSERS .. 5/6, 6/6, 8/ 

Lone CLEANING Coats, in Navy or Khaki Drill .. 5/11 and7 

b do., Unbleached Twill, 5/6; Black 6 

Sr. Crispin Lone Coats, in Drab, Black, and Stone 
Shades, wide fitting .. 7 

Sr. ORIsPIn THREE-QUARTER Coats, in Drab.. 7 


All our Mechanics’ Clothing is made 
- up to fit smart and wear well .. 
POST AGE.— Purchases over 10/- Carriage Paid in the U.K. 
ILLUSTRATED CATALOGUE FREE BY POST. 


7S S6GGSG 





4605 


PAISLEYS [> 


MANUFACTURERS OF MECHANICS’ CLOTHING, 
82/96, Jamaica Street. GLASGOW. 


(CORNER OF BROOMIELAW). 














FOR WAR 


HEYWODD «: 
ELECTRIC 


CRANES. 





SERVICE. 


TELEGRAMS and CABLES— CODES— TELEPHONE— 


“CRANES, REDDISH.” ABC (5th Edition). | 48, HEATON MOOR. 
4902 


HARBOUR CRANES 


























FIGE 























iTD. HAARLEM 
HOLLAND 





SOLE BRITISH AGENT: BJ-ALLISON 


TOWERCHAMBERS 118 LONDONWALL, LONDON-E-C 
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SAVING A LABOUR 


Avery Service 


ON NATIONAL SERVICE 





THIS MACHINE MERITS THE CAREFUL ATTENTION OF 
EVERY ENGINEER. 


BY ITS USE. AN UNTRAINED GIRL CAN COUNT 
REPETITION WORK, ISSUE AND RECEIVE STORES, Etc., W/TH 
MECHANICAL ACCURACY, AND ENABLE YOU TO TRANSFER 
SEVERAL CHECKERS TO OTHER DEPARTMENTS IN WHICH 
YOU ARE SHORT OF LABOUR. WE WILL, IF YOU ALLOW 
US, PROVE THIS IN YOUR SHOPS, AT OUR EXPENSE, WITHOUT 
DISORGANISING YOUR WORK. PLEASE ASK FOR CATALOGUE 
SECTION 10098, OR ADDRESS YOUR ENQUIRY TO ENGINEERING 
DEPT.. W. & T. AVERY Ltp.. SOHO FOUNDRY, BIRMINGHAM. 


Ad 90 





O 
O 
O 
O 
0 
0 


Super-Screwol 


The Perfect Cutting Compound 
for Lathe and Drill. 


{ Will not rust, nor clog, nor separate. 
@ No smell, no scum, no evaporation. 


O 
O 
O 
0 
O 
O 
O 
O 


@ Does not contain spirit or ammonia. 
@ Preserves the tools and increases output. 







—— 
ar, 


z 


ONoOooooooogoogoooo000000 


: - ited 

, "S> 
6 ie) 
“STERNOL” 
16, Finsbury Sq., 
LONDON, E.C. 


Contractors to H.M. Govt. 























Gas Powere By-Propucts Co. 


116, Hope Street, GLASGOW. ‘T°. 





Plant for Gasifying 500 Tons of Bituminous Coal per Day. 


ARE SPECIALISTS IN 


Gas Producer Plant 


WITH 


AMMONIA AND BY-PRODUCTS RECOVERY 


FOR USE IN 


STEEL WORKS, CHEMICAL WORKS, CEMENT WORKS, 


AND ALL CLASSES OF POWER 


HEATING AND MELTING PROGESSES, 











THE WORLD’S LEADING MIXER- 
THE RANSOME. 














CONTRACTORS TO BRITISH ADMIRALTY, WAR OFFICE, 
INDIA OFFICE, OROWN AGENTS FOR OOLONIES, &c., &. 


RANSOME verMEHR MACHINERY CO., Ltd. 
505, BRUNSWICK HOUSE, WESTMINSTER, S.W. 


Telephones :—2188 and 2189 Victoria. Telegrams & Cables :— Vermehrico, London. 


4154 
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BRITANNIA 


Drawn Wire 


The BRITANNIA DRAWN 
WIRE LAMP takes a 


credit 


just 
and no more than a 
just credit for its high - grade 
finish. Added to that, strength, 
durability and economy in ser- 
vice, give both seller and user 


— alike, lasting satisfaction. — 


Trade wy. Mark. 


See that every Lamp has 
this Trade Mark——it 
guarantees quality. 


Licensed under British Patents Nos. 21513/06, 27712038, and others. 


DICK. KERR 


& CO., LIMITED. 


HEAD OFFICE: 
Abchurch Yard, Cannon St., London, E.C. 


BRANCH OFFICES: 
Manchester, Newcastle, Leeds, Tokyo, Sydney, Johannes- 
burg, Buenos Aires, Rio de Janeiro, Moscow and Milan. 


4827 


Al 


2 
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GRAND PRIX, BUENOS AYRES EXHIBITION, 1910. 


‘ 
BI 2 M ! N fF b A Mi RAILWAY CARRIACE 


& WACON CO., LTD. 


Tele. Address: “‘ Oarriage,” Smethwick, Birmingham. Telephone Nos. : 17 & 107 Smethwick. 
— MANUFACTURERS OF — 
SALOON & OTHER RAILWAY CARRIAGES & WAGONS OF EVERY DESCRIPTION. 


PRESSED STEEL UNDERFRAMES, BODIES AND BOCIES. 
For Home and Abroad. 





Birming 


i} 

/ General A lanay er *s état, 

sha Railway Carriag "x gon ¢ i, Sme hwick, 

wt i be yy 
Central Arcventi hws Sit 


Makers of Hydraulic Pressed Boss and other Wheels and Axles, Ironwork, Axle Boxes, Oastings, &o. 


Sole Manufacturers of Dean & Churchward’s patent “* Kitherside” Brake, 
and Marillier’s patent ‘ Instanter” Coupling 3870 








\. Works : SMETHWICK, BIRMINGHAM. J 














ALDRICH HORIZONTAL 


TRIPLEX MINE PUMP. 


OCCUPIES MINIMUM SPACE IN MINE. 


This pump is sectionalised—can be taken through 
small compartments in the mine, and is readily 
accessible for inspection, adjustment or repairs. 


Send for Pump Data: 


The ALDRICH PUMP COMPANY, 
ALLENTOWN, PA, U.S.A. 


BRITISH AGENTS-GILLESPIE & CO., Leadenhall Buildings, 








f AAT NT AANA 


@, Whittington Avenue. 4517 
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| 
Reduced wear 


and consequently greater accuracy in your machines is secured 
by the us- of silent 


Fabroil Pinions 


These pinions possess elasticity which is sufficient to safely absorb 
shocks which would render cast iron or brass pinions unfit for 
further service. 


By eliminating the noise which is characteristic of metal to metal 
gearing, they enable your employees to devote their entire 


attention to their work, resulting in an increased output of higher 
quality. 


Fabroil Pinions are uninjured by oil or water, do not shrink, swell, 
or change their shape when subjected to extremes of heat or cold, 
They may, 


and are proof against the attacks of rats and mice. 
therefore, be stored indefinitely without deterioration. 










Write for 
free illustrated list 
| EG 3112 
on Fabroil Pinions. 


BRITISH _THOMSON-HOUSTON 
co., LTD., 4327 


Electrical Engineers & Manufacturers, 
Head Office and Works: Ruxby, Euciand. 














STOP CORROSION 


AND YOU SAVE 
EXPENSIVE REPAIRS 
AND RENEWALS. 


“BITUMASTIG” SOLUTION 


IS THE MOST DURABLE PROTECTIVE FOR ALL 
CLASSES OF IRON AND STEEL STRUCTURES. 


A BRILLIANT BLACK ANTI-CORROSIVE PAINT, 
SUPPLIED READY FOR USE. 


UNAFFECTED BY CHEMICAL FUMES, SEA AIR 
OR WATER, ATMOSPHERIC CHANGES, &c., &c. 





Descriptive Booklet on Application to Sole Manufacturers :— 


WAILES DOVE BITUMASTIC L™ 


NEWCASTLE-ON-TYNE. 


LONDON, LIVERPOOL, MANCHESTER, GLASGOw, CARDIFF, BIRMINGHAM, 


Leeps, &c. 4558 
Telephones in every office. Telegrams: “‘BITUMASTIC.” 

















CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, BOARD OF WORKS, &o. 














SMOOTH-ON 


TRADE MARK REG. U.S. PAT, OFF. 


[IRON CEMENTS 


Positively stops all leaks of steam, 
water, fire or oil, in iron, steel or 


concrete. They are easy to apply, 


harden quickly, and make perma- 
nent repairs, proved by years in use. 


Every engineer should have a 


copy of our instruction book. 





SMOOTH-ON MFG. CO., 


8, White St., Moorfields, 
LONDON, E.C. 


5108 


Send for New 
No15 Mlustrated Instruction Book 











MULTIPLE-EFFECT 
CO, Refrigerating Machines. 


National Tel. : 
26, DARTFORD. 


Telegrams: 
SEAGERS, DARTFORD. 





SEAGERS, 


DARTFORD. 
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. HARVEY, 


MONDO), 





Perforators. 
LARGEST WORKS IN THE KINGDOM. 


Telephone Nos. GREENWICH 20 (5 lines). 43909 
Telegraphic Address—“ CHEAPER, CHAR., LONDON,” 


Greenwich Metal Works, 
Woolwich Road, LONDON, S.E. 


TT 
ULE 


| HLT L 


















































SCIENTIFIC 
DESIGN 
IN VALVES. 





ESIGNED ON SCIENTIFIC 

LINES,” WHAT GREATER 
RECOMMENDATION IS 
NECESSARY. BUT WHEN A 
TEST GUARANTEE COVERS 
EACH INDIVIDUAL VALVE 
ALGO, THEN RELIABILITY 
isan ABSOLUTE CERTAINTY. 


Geo} 


The B.S.S. Renewable Disc 
Globe Valve has been scientifi- 
cally designed for use upon all 
types of high-class steam plant. 
It has a renewable disc of in- 
durated asbestos, capable of 
withstanding the ravages of 
super-heated or saturated steam. 
Discs suitable for any other 
duties can also be supplied, and 
when one is worn it can of 
course be replaced in a few 
minutes, thus prolonging the 
valve’s (ife. 


te ap 


The valve is tested and 
guaranteed. We are specialists 
and valves are one of our 
specialities. Why not have our 
prices by you, ready for that 
next big contract. We shall be 
pleased to dispatch them on 
the first intimation. 3919 





BRITISH STEAM SPECIALTIES, L°- 
Bedford Street, LEICESTER. 




















CLIFTON & WADDELL 


Oldest Established Firm in Scotland of 


METAL SAWING SPECIALISTS, HIGH-SPEED MACHINE TOOL MAKERS, 


JOHNSTONE, near GLASGOW. 








BAND SAWS. HOT SAWS. 
CIRCULAR SAWS DISC SAWS. 
LATEST TYPE OF HIGH-SPEED CIRCULAR SAW. Will cut 90 Ib. Rail in 2} minutes. 4626 





Best and most Up-to-date Designs. OVER 1000 MACHINES IN USE. 












“LE YyYNErR” 


SHELL NOSING ! 
PRESS. : 
‘ 


This machine is designed to close in ONE OPERATION the 
open end of fifteen and eighteen pounder shells. Dies can be 
furnished suitable for handling shells to the requirements of 
the various Governments. The actual operation of closing the 
shells takes from three to four seconds. 











The ~~ press requires no foundation; it can be set down 
in the Shop and connected to the compressed air main ready 
to start work in a few minutes. 


Full details and prices on receipt of details as to requirements. 


) »INGERSOLL-RAND<° 


B...... ell — Street, LONDON, E.C. oozs 


r Ve Mea ON Bane IS pata ae 


+7 vi Va cA 
TELEGRAMS : 
PENMAN, 
GLASGOW. 
ABC and : 
Engineering = 


Telegraph 
Codes. ; Caledonian Boiler moat GLASGOW. 
3 a LONDON OFFice: 110, CANNON STREET, E.C. 
MAKERS OF ALL TYPES OF 


STEAM BOILERS 


for pressures up to 
250 Ib. per square inch. 


AVERAGE OUTPUT: 


ONE BOILER PER WORKING DAY 


On Admiralty, War Office and 
India Office Lists. 


CONTRACTORS TO HOME, 
COLONIAL AND FOREIGN 
GOVERNMENTS. 


























4301 


Always ~ number of New Steam 
ilers ready for 


IMMEDIATE DELIVERY. 
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_— 


There are upwards of 100,000 GEIPEL TRAPS of the various types in use throughout the world 





GEIPEL FLOAT TYPE 


STEAM TRAP. 


[gs BLow THROUGH 
UNIQUE ACCESSIBILITY OF 
VALVE. 


ROTATING VALVE. 
VALVES AND SEATS NICKEL 


AND EASILY RENEW- 
ABLE. 


MINIMUM LOSS BY RADIA- 
TION FOR MAXIMUM 


DISCHARGE CAPACITY. 
HAND AND FOOT BLOW 


THROUGH. ABSENCE OF LEVERS AND 


POSITIVE ACTION. PIVOTS. 


NO DRIBBLING. FLOAT NON - COLLAPSIBLE. 


IN USE FOR BOTH HIGH AND 
LOW PRESSURE. 


WwW” GEIPEL & C° 
CAPITAL, PRINCIPAL and STAFF 


_ ALL BRITISH. 


4421 
VULCAN WORKS, 


ST. THOMAS STREET. LONDON. S.E. 
































































































GRINDING MACHINES 


For ALL PuURPOsES. 


3533 


BRITISH MADE. 
L.STERNE & CO. LTD. 














THHE CROWN iRON WORKS, GLASGOW. 


LONDON OFFICE: DONINC TON HOUSE, NORFOLK ST.W.C. 









ws 
If you have a Time- 


keeping problem, or 
think you have one, 


our organisation can 
help you. 


ws 





International Time Recording Co., Ld, 
Oldest _and Largest Makers of Time 
Recorders he World. 


mt or 
Makers of Dey, Rochester and Bundy Time Recorders, 
57. CITY ROAD, FINSBURY, LONDON, E.C. 


a | CETYLENE 


‘LAMPS 


Safer, brighter, cleaner than 
oll, Braby’s Acetylene Flare 
Lamps burn with a steady, 
smokeless flame inall weathers 













THEY can be charged and 
started im to minutes, and 
will burn from 7 to 1 
hours without attention— 
roa pumping required. The 
P.of flame may be varied 
ie by the twisting of a 
nut and the light surned 
in any direction without 
moving thelamp. Can be 
worked by unskilled 
labourers. prices are 
low. Write for Catalogue E. 


F. BRABY & 60., Lto. 


Ashton Gate Works, 


BRISTOL, *#% 








D for Warsr, Am and Sraam. 
q ejector” Seto with Improved Steam Blowers 
Patent Automatic Three 
way Valve. for ecu dust fuel. 








" APPLY— nea} 


LEDWARD & BECKETT, L".. 


BROADWAY CHAMBERS, 








WHSTMINSTHR, 8.w. 











D 
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66 TD , 
PER FLOC FROM 63 in. TO 36 in. CENTRES AND ANY LENGTH OF BED. 
4 NG, ae My : , 











NUT 


HAS BEEN 


PROVED 


TO BE THE 


BEST and SAFEST 





Write for Dlustrated Catalogue— 


DEMPSTER, MOORE @ CO., Ltd., Engineers and Machinists, 


49, ROBERTSON STREET, GLASGOW. 


LOCK -NUT |ll™ tc, — 


KIRKOALDY. 
IN THE Copns :— 105 & 106 
Al, KIRKOALDY 
WORLD ABO, Su Baio, | 
. Baprorp McNBiLs. (2 lines) 
ENGINEERING. 


Send Enquiries to the 


ENGINEERING IMPROVEMENT CO., Li., | - eo 
GOVERNMENT CONTRACTORS, y & 


4a, First Avenue Hotel Buildings, 


tt ONE PENNY 
Soe ok Bene ow for per hour 


i | | | | i | i i k witht CARELS DROP VALVE ENGINE. 
Teil 



































SOLE LICENCEES FOR GREAT BRITAIN AND THE COLONIES— 


DOUGLAS & GRANT, L° 


Engineers, KIRKCALDY, sas 
SCOTLAND. 


























Greatly reduced Specialities. 
fuel consumption —e 
and increased CRANKSHAFTS 
reliability are the _ FINISHED 
features of the -_ 
+4 TUNNEL 
Westinghouse SHAFTINC 
ROUCH TURNED 
improved AND FINISHED 
; WITH 
Vertical Tandem BOLTS & NUTS. 
' PROPELLER 
Gas Engine mm, 
FROM PURE 
Write now SCRAP IRON, 
for details mcoT sree. 
itis Yestinghouse NEW BAR IRON, 
Etc aga Mig Carta TURNED AN 
Trafford Park, Manchester. COMPLETE WITH 











Toe END COMPANY Ito GUN METAL 
EDY, SCOTEAND 8734 
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THE STEELPIPE COMPANY, HARVEY 


Ee co, = EREKCALDY. LIMITED, Engineering C0., 














M°ONIE, HARVEY & CO., L'. 


Steel Chimneys-| «and Street Engine Works, 
Stamped Steel GLASGOW. 


and Angle Flanges. London Office: 27, Mincing Lane, E.C. 


Exhaust Pipes. 
Water Mains. 
Gas Mains. 


waz | ESTABLISHED OVER 50 YEARS. 














Special Pipes for Electric Stations. MAKERS OF ALL KINDS OF 
LONDON AGENTS:_JOHN WILSON & CO.., 39, Lime Street, E.C. SUGAR MILLS 


i 

















INCLUDING 


The EXPANDED METAL COMPANY, |i\patentriveRoLerMiLis. 


LIMITHD. 





Patentees and Manufacturers of 


EXPANDED METAL nie stpy 


PATENT 


Triple-Effet 
Kvaporator 


Now in use in all Sugar Growing Countries. 


AND EVERY REQUISITE FOR 





Sugar Plantations. 





SPECIALTY. 


SUGAR REFINERIES 


fitted up complete for 
refining all elasses of 











am sugar. 
CROYDON GAS GO. GAS WORKS, WADDON. Mr. A. CADDICK, Engineer. Gasholder Tank, 226 ft. diameter. 
Showing 20 gauge “‘Exmet,” 24 in. wide, in vertical joints. Contractors: Messrs. Tuos, VALE & Sons, , Lap., Stourport. 
EXPANDED STEEL SHEET AND BAR REINFORCEMENT for Concrete. HIGH-CLASS 


“EXMET”" REINFORCEMENT for Brickwork 


EXPANDED METAL LATHINGS for Plaster. E NG [ N E S 


EXPANDED METAL SHEETS 





for use in Fencing, Divisions, Guards. Ventilators, Lockers, Baskets, &c. THE HEAVIEST TYPES. 
The EXPANDED METAL COMPANY, |" - 
SOP nth ° LANCASHIRE BOILERS, 
nage tee 89 el pn calaininesate msg yg TANKS & WROUGHT IRON 











STRANTON RKS, WEST HARTLEPOOL. 
Telephones: West P shersroh 94 (2 kines). ~_ Telegrams: “ Bapansion, West Hartlepool.” WORK 


4012 

















OF EVERY DESCRIPTION, 


24 
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The Grantham Boiler & Crank Co. 


4303 GRANTHAM. Ltd. 






Thousands 
of Boilers 
in 


fey successful 
operation 
in various 


a BOILERS 


parts of 
the World. 


BENT CRANKS. 





Porgiags or Finished. 


PUMPS LIMITED, 


14, BROAD STREET, BIRMINGHAM. 





























x ENGINES 
| IN ahsaaga: 





VERTICAL & HORIZONTAL. 


SIZES: 2 to 40 HP. 


Also Vertical Boilers. 








Il, Queen Victoria Street, London. 


WORKS—BOURTON, DORSET. 


Telegrams : “* Steamport, London.” 
Telephone : 0804 City. 4785 





| E.S. HINDLEY & SONS, 





mes 

















BRITISH MADE, 


HYDRO-CARBONATED 
BONE BLACK 


—- FOR — 


ed HARDENING 
479 R > oo” 


MAY WE SEND YOU 
FURTHER PARTICULARS 
AND PRICE? 





——— 426 









7 FOR BOILERS, CONDENSERS, ae 
“ BATTERY, SELLY OAK.” 





TELEGRAPHIC ADDRESS: “= 





JAMES SIMPSON & CO., LTD., 


101, Grosvenor semuall Pimlico, 8.W. Works: Newark-on-Trent. 
oF BIGH-CcLAsSsSS 





PUMPING MACHINERY 


Complete Plants installed in any part of the World 
for Water Works, Sewage Works and Mines. 





PERIODICAL INSPECTIONS OF MACHINERY UNDERTAKEN AND RePorts GIVEN. REPAIRS OF ALL KINDS EXECUTED. 
Telephones :— 8472, 8473 Victoria. 103 Newark. Telegrams :—‘‘ Aquosity, London.” ** Aquosity, Newark.” 
TT SAC seni en 











W.H. PALFREYMAN & CO.., |: 





Goree-Piazzas, Liverpool. 


















> Sage pe 



























K 


LUBRICANT’ ie ice 


THE STANDARD MacH MACHINE GREASE 
0:00) tee) ©) 0) D> Gare) 0): ams (0) °2-< 0 a 
LONDON FOR OVER 3O YEARS. 


ALSO MAKERS OF PATENT ~ TELLTALE” 
“STAUFFER Awp o7#ER GREASE LUBRICATORS. 


_ CAXTON HOUSE, 
TD Ye ~ WesTMINSTER s 


AX SSSI 77; 


VOLE 








WE SPECIALIZE IN 





















“IMPROVED” Patent SPIRAL SELF-CENTRING 

be U C K co SEND FOR SECTION 6 REVISED CATALOGUE. 
PSTAN LATHES S.uin 
A 4,5 &6 in. CENTRES. 
city up to Ijin. through Auto Chuck. SEND for SECTION 5 CATALOGUE & SUPPLEMENT. 


UTTING-OFF MACHINES 


TAYLOR PATENT ROTARY CUTTING-OFF MACHINES 
FOR BARS AND TUBES.——SEND FOR SECTION X! CATALOGUE. 










CHARLES TAYLOR (8!RM™.), LTD., 


MACHINE TOOL MAKERS, —————- BARTHOLOMEW SQUARE. 


BIRMINGHAM. 
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For Difficult 
...... DRIVES 


—EVEN 
kinds of flat belts have failed, 
HENDRYS’ new patent Lamin- 
ated Leather BELTING gives 
efficient and satisfactory service. 
Hendrys’ new patent construction 
so increases the flexibility and equality of Driving Grip 
over small pulleys that ‘slip’ 
marked economy in transmission of power is effected. 


HENDRY 


PROV. PROTECTED 10758/15. 





ENGINEERING, 


PATENT: RipPinc MACHINE 


No.1 size, for cutting 3” turned or 3}” black steel bars 
for 75mm. shells, 3%” turned or 38” black steel 
bars for 18 pdr. H.E. shells. 


No. 2 size, for cutting steel bars for 4” and 4.5” shells 
or shell forgings for 4.5” to 5”. 


The Machines are of heavy design, strongly made to 
stand constant hard work. 


Direct drive. No gears. Two cutting tools. 
The No. 1 Machine will cut 26 billets in an hour. 


PRICES: No.1, £55; No.2, £90 Her on Station. 
CAN SUPPLY FROM STOCK. 
Manufactured by 
_ SWINNEY BROTHERS, LIMITED, 
ENGINEERS, 


? MORPETH, NORTHUMBERLAND. 


Telegraphic Address: ‘‘SWINNEY, MORPETH.” 
Telephone No. 92 (Two Lines). 











when all other 


is eliminated, and a 





! Y FROM A SINCLE STRAND j 
ELTING 


FOR QUARTER TWIST and all Special Drives, 
HENDRY BELTING is a well proved success. 
Our experience is freely at the service of Belt 
users, 


Beoklet and prices on request. 


James HENDRY 


252 Main St., Bridgeton 


GLASGOW 






Copy ght Registered 

















HARTNESS 
FLAT TURRET LATHE 


pm yt two sizes: ag ham pty | 
and 8 by 836—14 in. swing. Equipped wi 
for either bar or chucking work. 


JONES & LAMSON MACHINE CO. 
“Jubilee Buildings,” 

97, QUEEN VICTORIA STREET, 

LONDON. 9474 


(Coryauient.) 

















= Comp ressor 


Write pr booklet 





“909% E/riciency 








































ROLLED AND 
BRIGHT 
DRAWN 
STEEL 

SHAFTING. 


i in. dia. and upwards 
to size, and in any 
‘ength up to 15 feet. 
WITH SMALL AIR 

HOLE FROM END TO 
END FOR FORCED 
LUBRICATION. 


TELEGRAMS 








BLOOMS 


al 


FLC 


4023 








DUNFORD & ELLIOTT!" 


WHARF. 


ATTERCLIFFE 











[TO 
SHEFFIELD. 


TELEPHONE WN 


ihieys) 282! a 171 


Compressors” 


j BROOM ¢ 
WADE LL 


® HIGH WYCOMBE aeuue: 

















“ASHTON” 


HIGH-GRADE 
Locomotive Pop Valves 


Chime Whistles and Whistle 
Valves 







Pressure Gauges and 
Gauge Testing Sets 


Wheel Recording PressGauges 
—e 
ASHTON VALVECo. 
HOBDELL, WAY «CO.,Ld. 


‘ 124-7, MINORIES, LONDON, E. 
= 


Telegrams: ‘‘ Hopnais” 8507 
Telephone: Avenux 3810. 


Contractors to H.M. Government. 
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MELLOWES & CO. LTD 


Latentees = Sole Manutacturers of 


‘ECLIPSE ROOF GLAZING 


Millions of feet Glazed. 












Pectectly Weathertight 











aud Dustproot- i — Z MA A) = Models & full pacticulaes 
‘Needs no maintenance. =® GLASS a free oa application. 
Gives maxtaum of light. SHEFFIELD (works) «« 
33 YEARS TEST . Ney Felgen enlace LONDON: 26 VICTORIA S' SW. 
Siemens- Martin ‘oxem Open Hearth Steel 


BOILER ** PLATES 


Also Ship, Tank, Bridge, Firebox and Special Plates. 


Soft Welding and Flanging Plates for Furnace and other Purposes: Thicknesses from } inch up to 6 inches. 


STEWARTS and LLOYDS, Lr. 


On Admiralty and 41, OSWALD STREET, GLASGOW. Board of Trade Lista 


IcE & REFRIGERATING MACHINERY 
ano INSULATION. 























Land Carbonic Anhydride and Marine 
Installations. eee eee Installations. 
THE LIVERPOOL REFRIGERATION COMPANY, Lt. 
LONDON OFFICE: Contractors to H.M. Admiralty, 

London House, New London Street, E.C. COLONIAL HOUSE, LIVERPOOL. 

















QUICK DELIVERIES 


AND KEEN COMPETITIVE PRICES FOR 


PHOSPHOR BRONZE crstincs” 


ALL GRADES TO MEET ANY SPECIFICATION INCLUDING ADMIRALTY AND WAR OFFICE. 


HIGH-CLASS STEAM FITTINGS AND BOILER MOUNTINGS, ADMIRALTY 
GUN-METAL AND ALUMINIUM CASTINGS, ANTI-FRICTION METALS. 


x“. M. BiInRBnETT & Sons, = 
Contractors to THE ADMIRALTY HANLEY, Staffs. TELE Grame—cmners, Hance. 
ht A 
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SIEMENS OPEN HEARTH PROCESS ONLY. 


BARS, aNGLes, CHANNELS, ZEDS, &c., 
ALSO REELED AND DOUBLE REELED BARS FOR STAYS, &c. 


~~ STEEL PLATES “~~ 


HIGH TENSILE STEEL AS SUPPLIED TO THE ADMIRALTY, BOARD OF TRADE, LLOYMS AND BRITISH CORPORATION. 
SPECIAL STEEL AS SUPPLIED TO THE BRITISH AND FOREIGN GOVERNMENTS, 





DAVID COLVILLE & SONS, LD., 
DALZELL STEEL & IRON WORKS, SPEGIALITY BOILER PLATES. 
MOTHERWELL. Ship & Bripaz BRANp. 





Bolter BRAND. 











ROBERT STEPHENSON & CO., LIMITED, 


EL.ccomotiwe Builders, DARI: Go Tron. 
ESTABLISHED AT NEWCASTLE, 1821. NEW WORKS OPENED AT DARLINGTON, 1902. 








WORKS : 


Telegrams— 
ROCKET, DARLINGTON. 


Nat. Telephone— 
2700. 


Codes— 
Engineering Standards, ABC 
(5th Edition), Engineering 
Telegraph (2nd Edition), and 
Kendall’s. 


LONDON OFFICE: 


Sanctuary House, 
WESTMINSTER, S.W. 


Telegrams— 
ALTISCOPE, LONDON. 
Nat. Telephone— 
No. 650, VICTORIA. 











1130 


LOCOMOTIVES OF THE HIGHEST CLASS UP TO ANY SIZE AND CAPACITY. 
Special Locomotives : Compound or Simple Expansion, Articulated, or other Types with Flexible Wheelbase to suit any Gauge of Rail and Conditions of Service. 


IMPROVED VACUUM BRAKE APPARATUS. 


“CRAB” CYLINDER AND RIGGING 


(RA TIuiM Tm ». 














GREAT SAVING NO BRAKE 
IN WEIGHT SHAFT. 
OF RIGGING. 

VERTICAL 

BLOCK STRESS ON 
PRESSURES UNDERFRAME 
COMPENSATED. ELIMINATED. 








THE CONSOLIDATED BRAKE & ENGINEERING COMPANY, LTD., 


421, MOORE IEL DS, LONDON, F.C. 
Telegrams:—Vacuo, Ave,, London. Phone :~2710, London Wall, Oode;-ABO, Sth Hdition, 
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ON ADMIRALTY LIST. 








Telegrams : 


Sx Telegrams: 
BESSEMER, SHEFFIELD. ~s 


_ — BESSEMER, BOLTON. 






STHHLTL MANUFACTUVU RERS. 
phOlAl Tle, AND AT BOLTON (LANCs.) spECIALIT ip. 












FORGE INGOTS up To 25 TONS. SHAFTING 


OF ALL DESCRIPTIONS FOR 
MARINE and LAND ENGINES, 





FORGED CHROME 
STEEL SHOES ano DIES, 
FOR GOLD MINING PURPOSES. 

LARGEST OUTPUT 

oF ANY ENGLISH FIRM. 


ROLLERS ano PATHS 
FOR QUARTZ CRUSHING. 





ROLLED BARS, FLATS, 
ANGLES, COLLIERY RAILS, 
FISHPLATES, SPRING STEEL 

AND SPECIAL SECTIONS. 





NICKEL REELED 
& BARS. 
CASE _— | 
HARDENING BILLETS 
STEELS. & 
om BLOOMS 
HIGH FROM 
TENSILE rir SO. 
orret CONTRACTORS 
WIRE DRAWING TO 
ORDNANCE COLONIAL,’ 
WORK. = 
CONTRACTORS FOREIGN 
TO GOVERNMENTS, 
ADMIRALTY, uarrreet 
WAR OFFICE, & 
CROWN AGENTS nommon 


FOR THE BUILT-UP ano SOLID CRANK AXLES, wim GuaranTeeD MILEAGE, ann CRANK pai ways 
COLONIES. ~aphee 


es SHAFTS, TYRES ano AXLES of att types for Railways, Tramways, &c. aes 


SPECIAL HIGH-TENSILE TYRES, “ARGENTINE” BRAND, for Locomotives, &c. 
WELDLESS CRANK HOOPS. BOILER RINGS ann ANGLE RINGS. = 


~ THE REES ROTURBO Mc. CO., LTD., WOLVERHAMPTON 


ide . ENGLAND. 














REES-ROTURBO 


ROTARY JET 


AIR PUMPS 


AND 


CONDENSERS. 


REES-ROTURBO 
REVOLVING PrREssURE CHAMBER 


, CENTRIFUGAL 
PUMPS. 
























Lonpon OFFICE: 









Hastings House, DYNAMOS 
Norfolk St., Strand, W.C. AND 
MOTORS. 





Tel.—900, Wolverhampton. 
1561, 1512, Central, London. 





TURBINE-DRIVEN BOILER FEED PUMP, 200 Ibs. Pressure, 3000 r.p.m. 





























_ Dec. 231, 1915. ] ENGINEERING 


OH CHOHC OH ©KROCKOK EC SHOHS 


: AL TW. KEARNS 2 C2. 


BROADHEATH neank MANCHESTER. Oy 








Test Piece supplied with every “ 
Machine as a Guarantee of fe} 
Accuracy of the Machine 


Direct Belt Drive for drilling, &c., pd 


giving higher speeds and greater 


silence and freedom from vibra- >\ 
tion than where gearing of no aD) 
purchase is used between belt 


pulley and spindle. 


Bed Specially deep with web top! 
and bottom, but left slightly clear! ©) 
of the ground in centre to in- we 
Our guaranteed times will crease the accessibility of the 


probably show you how to ‘oS This represents our No. 3 Size Standard Machine, ‘SE machine and to facilitate the 


with completed Test Piece resting on Turn Table. \ 
REY 


fy (removal of cuttings pHa 
6 at ee HIGH SPEED SURFACING ,BORING , 


The most highly developed 
MachineTool of recenttimes 


The enemy of the Lathe, 
Drill, Planer, Shaper, Slotter 
and Milling Machine. 











Ifyou havepiecesto machine 

(either complicatedorsimple) 

consult us before purchasing 
other machine Tools. 








save initial outlay as well as 





4815 


Fr 


)omcimancnnns § MILLING &DRILLING MACHINES. ( “icivrocu™ © 


a vlace in any engincer's MADE IN FIVE SIZES 


shopwheberlareeorsoall GS -TEET DIECE SUPPLIED WITH EVERY MACHINE, GX watatstnunenn DQ] 


SHONOROKOHOHOHOHONG 
THOUSANDS OF MILES 


of railroads and highways have been built in: the United States and Canada with Wheeled Scrapers and Plows. 
Can you figure out how many men with shovels it would take to do the same work? Is it any wonder the shovel 
is becoming a thing of the past for earth work? If you are looking for better methods and more profit, investigate. 































Also LOCOMOTIVE PLOWS. 


PLOWS—from 2-horse to 16-horse. 


Wheeled ieiiebis at Work. 


WHEELED SCRAPERS ARE MADE 
IN FOUR SIZES : 
No. 1, capacity 9 cubic feet. 
No. 2, capacity 12 cubic feet. 


No. 24, capacity 14 cubic feet. 
No. 3, capacity 16 cubic feet. 





WRITE FOR CATALOGUE’ TO-DAY 


WESTERN WHEELED SCRAPER COMPANY, 


Earth and. Stone Handling Machinery, AURORA, ILLINOIS, U.S.A. 
AUSTRALIAN Representative—E. D. MORRISON & CO., Sydney. tay “ NEW ZEALAND Representative—-ANDERSONS LIMITED, Christchurch. 
Cable Address—Western, Aurora, Illinois. Codes used—A 1, ABC (4th and 5th Editions), Western Union. 
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Contractors to the War Office, Admiralty, Colonial and Indian Governments. 
































30-TON SELF-PROPELLING STEAM RAILWAY BREAKDOWN CRANE. 


HIGH-CLASS MODERN 








CRANES 
LIFTING MACHINERY 


of all Types to any Capacity. 


GROUND TRAVERSERS 


for Locomotives and Carriages. %617 
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CRAVEN BROTHERS manchester LIMITED, 


aim Vauxhall Works, REDDISH, STOCKPORT. — =" 


No. 251 HEATON MOOR. 


Established 1853, 


MACHINE TOOLS 


for Locomotive, Railway Carriage and Wagon 
Works, Ordnance, Marine and General Purposes. 


HYDRAULIC MACHINERY, 
SHAFTING, HANGERS, &° 
































The illustration shows one of our standard 13” two-spindle 
Ball Bearing Sensitive Drilling Machines specially arranged for 
dealing with the fixing screw holes in shell noses and socket heads. 


The left-hand spindle has three-speed belt drive, and is fitted 
with lever feed for drilling the holes. The right-hand spindle 
is driven by single speed 3 to | reduction pulley to give correct 
tapping speed for shell steel. Reversing gears operated by a 
lever shown im the illustration are fitted above the spindle pulley. 
On the spindle nose the tap is held in a Woodstock Friction Tap 
Holder, which prevents undue breakage of taps. The feed is by 
hand lever. The shell, or fuse socket, as the case may be, is 
held in a quick-acting clamp or jig, which can be slid along the 
table and comes up against stops under each spindle. 


The machine is extremely simple, rapid and accurate, and the 
dual operation can be performed in 33 seconds. 


As will be seen from the illustration, the machine is. furnished 
with pump and tank, and fittings to each spindle. 


Particulars of this and other machines for shell production gladly 
furnished on receipt of enquiry. 


A. JONES & SHIPMAN, Ltd. 


LEICESTER. 


QUOTATIONS GIVEN FOR CASTINGS up to 4O TONS WEIGHT. 


RAPID SHELL PRODUCTION 
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| WAR WORK! 
HIGH-CLASS CASTINGS 


CAST IRON 


: UP TO 42 TONS. 


ALSO IN 


BRASS, PHOSPHOR BRONZE, GUN METAL, 
| MANGANESE BRONZE, &c. 


| FOR QUICK DELIVERY. ENQUIRIES INVITED. 


CROSSLEY BrOS., L’2: opensnaw, MANCHESTER. 
| 










































































THE BLACKSTONE OIL ENGINES. 


STATIONARY TYPE. PORTABLE TYPE. 


For Crude Oil ~ 15 to 300B.HP. For Crude Oil __.... 15 to 45 B.HP. 
For Refined Petroleum 14 ,, 75 B.HP. For Refined Petroleum 14 ,, 26 B.HP. 
Start in <& minutes. 


No Lamp required except for starting. 
No external flame when working. 











BRANCHES :— 


LONDON : 81, Cannon Street, E.C. 


Telegrams—“ Engimanu, London.’ 
Telephone—38144 Central. 


ADELAIDE .. 61-63, Hindley Street. 

ALEXANDRIA’ Rue de la Gare du Caire. 

BOMBAY .- Marshall's Bildgs., Ballard 
Road. 

a ENOS AIRES 333 Calle Peru 335. 

AIRO -- Bue Bab-el-Hadeed. 

OALOUTTA .. 99, Clive Street and 25. 

Strand. 


CHRISTCHURCH, 
N.Z. South Belt. 
DUBLIN . Dickies Warehouse, Sourn 
Dock Street. 
EAST LON poy 
8. Africa Cambridge Street. 


GERAL DION, 

W.A... Marine Terrace. 
GLASGOW... 28, Graham Square 
LAHORE -. Napier Road, Anorkalli. 
MADRAS -- 9, Second’ Line Beach 

(Post Box 141 Madras FE.) 
MELBOURNE...’ 685, Bourke Street. 
MILAN . - Via Palmero 8-10. 
PARIS .. 28, Boulevard de I’lin ital. 
SHANG HAI ia o Foochow Road. 
SYDNEY 7, Bent Street. 
THE HAGUE .. 26, Verhulstetraat. 
TUNIS .. - 108, Rue de Portugal. 


ESTIMATES & FULL PARTICULARS POST FREE 











Telegr, rame— 4447 . 
“’ BLAOKSTONES, STAMFORD.” ee 


08. 307 and 308 808 (Two Lines). canal : 


Codes weed LIRDENG, Al, ABO 
FROM PHOTO OF 26 8.HP. ENGINE, WITH OIL TANK FOUNDATION FOR REFINED PETROLEUM. 


let & GO., L?. Stamford, England. 





Teleph ones— 
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TELEPHONES 


TELEGRAMS 
SwitcH MANCHESTER. 


CABLEGRAMS 


Copves 
ABC 5tTn Epirtion. 
LIEBER’S, 
WESTERN UNION. 


ALSO 


ROYCE LIMITED 





97 & 98 TRAFFORD Park. 


SwitcH, MANCHESTER, ENGLAND. 





DYNAMOS: 








TRAFFORD PARK, 
y MANCHESTER 





SPECIALISE IN THE FOLLOWING PRODUCTIONS: 


Electrical Cranes (Jib, Overhead and Goliath types). 


Electrical Capstans (Ordinary and “Royce” Patent 
Free{Bollard types.) 


Electrical Transporters and Pulley Blocks. 
Electrical Winches and Goods Hoists. 


bICS ~ 


& MOTORS FOR ALL PURPOSES FOR 
DIRECT CURRENT. 
Ee CCE eS < «<A AN. 





Please send us your enquiries. 4737 




























‘THORNYCRO 


THORNYCROFT PATENT WATER-TUBE BOILERS IN COURSE OF CONSTRUCTION. 
NOTE THE SEAMLESS UPPER AND LOWER BARRELS. 


Head Office—CAXTON HOUSE, WESTMINSTER, LONDON, S.W. TELEPHONE .. 415 SOUTHAMPTON. 


WATER TUBE 
BOILERS 


and 


OIL FUEL GEAR. 
OVER 2,500,000 HP. 


fitted on British & Foreign war vessels. 





BUILT IN ALL SIZES from 50 Sq. Ft. 


N the Thornycroft Water-tube Boiler the 
tubes are straight except for slight curva- 
ture where they enter the lower barrels. 


The main ere gt of this arrangement are :— 

(2) Lowe a! this being the best 
form of barrel to stand racking, &c. yee 
can also be made of weldless ne tg theyre ng 

gee which have been found to give trou uble 
> tates t having cyli ndr a eae 

(4) Tubes seinen spected thro my ut the whole “ 

gay form olding a light in the lower barrels a 
# tabes being cui ved makes allowance tr 
eed aan The ee ae See 
the lower ands is the e same, or at most only two 
three dimensions, which greatly s implifies the ase. 


Descriptive Leaflet sent upon application. 


John I. Thornycroft 2 Co., Limited 


WOOLSTON... ... SOUTHAMPTON. 
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POWERFUL TWIN-SCREW SHALLOW-DRAUGHT TUG, BUILT BY 


YARROW & CO. Ltd., GLASGOW 


(Formerly*of Poplar, London). 
Messrs. YARROW’S Ltd., of Victoria, British Columbia, Shipbuilders, Ship Repairers and Engineers, are associated with Messrs. YARROW & CO., Ltd., Glasgow. 



































Messrs. YARROW make a Speciality of SHALLOW-DRAUGHT RIVER STEAMERS and TUGS, either propelled 
‘ vo: [iby a Stern Wheel orfby Screws workingzin Tunnels fitted with Yarrow’s}Patent Hinged Flap.} 4688 


The above Illustration represents a TWIN-SCREW SHALLOW-DRAUGHT TUG propelled by Two Screws working in Tunnels fitted with Yarrow’s Patent 
Hinged Flap, by means of which Considerable Increase of Speed is secured without additional Power or Cost, and the Maximum Efficiency under all 
Conditions of Load are obtained. 


JAMES HOWDEN « CO., wo, CLASGOW. 


MANUFACTURERS OF 
“IMPULSE” STEAM TURBINES, SPECIALLY RECOMMENDED FOR LARGE UNITS. 


HIGH-SPEED STEAM ENGINES. 


- 








MANCHESTER— 
86, Cross Street. 


LONDON OFFICES— 


NEWCASTLE— 
90, Pilgrim Street. 


Caxton House, 
Westminster, S.W. 


and 
9, Billiter Square, E.C. 


BELFAST— 
137, Royal Avenue. 





760 KWT. “HOWDEN” MIXED PRESSURE TURBO GENERATOR 
instaNed at Nobel's Explosives, Ltd., Stevenston, N.B. 


PATENTEES AND MANUFACTURERS OF HOWDEN’S FORCED DRAUGHT ; 
WALLSEND-HOWDEN OIL BURNING SYSTEM. 
PATENT COMBINATION WATER-TUBE BOILERS ; 
AND VENTILATING FANS. “. 


JAMES HOWDEN & CO., LTD., GLASGOW. 
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GARDNER PATENT GRANK PIN TURNING LATHE 


ENORMOUS SAVING IN CRANK PIN MACHINING TIME. 


(FULL PARTICULARS ON APPLICATION.) 























An absolute essential where Cranks 


are machined in quantities ! 


L. GARDNER& SONS, L® 
Patricroft, 


MANCHESTER 
Messrs. A. HERBERT Ltd., COVENTRY. 


i aii 
Telegrams :—" THEOREM, PATRICROFT.” ee eines aa 
Telephone 401, ECCLES (4 lines.) 1855 16-in, CRANK PIN TURNING LATHE. 


WILLIAM BEARDMORE & CO., LTD. 


EARDMORE, GLASGOW.” “BEARDMORE, DALMUIR.” 








Contractors to Admiralty. 


Ccteutel ond Doosan Governments. Steel Manufacturers, Forgemasters, 


WAR SHIPS, Gun and Armour Plate Makers, 
MAIL STEAMERS 


CARGO VESSELS. Shipbuilders & Engineers. G@L,ASGOW. 








eS Et A E's AST. Orin 


Crank & Straight, Hollow & Solid. AR MoU x PL ATES =, ee RES 


——— WHEEL « AMLES 


FINISHED COMPLETE. 
BOILER FRONTS, ENDS AND FLUES. 


7 EhiGivits, | ORDNANCE. | "at fy arta 


Ol L EN G I N ES. All facilities afforded for TESTING at the Works. 


STEEL CASTINGS otitis 
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STERLING 








The Ball 
Bearing of 
Sterling merit. 


The Highest 


BRITISH 
Standard. 















BRITISH 
THROUGHOUT. 










THE HOFFMANN 
MFC. CO., LTD., 
CHELMSFORD. 


4615 





















GREATER OUTPUT 
on THE BORING MILL 


Our new 40 in. Duplex Boring and Turning Mill is essentially a 
machine of greater production There are 16 speed and 6 feed 
changes to each table ; any speed and any feed may be used on 
either table quite independently of the other—a factor of impor- 
tance in rapid production. All controlling levers are grouped for 
quick and easy operation. Patented rapid power traverse is 
provided to the slides in all directions. The turret slides are 
fitted with patented spring balance. The table is driven by spur 
gears, and the thrust is taken on pressure rings (directly under 
the table), which run in oil. Our improved feed trips with 
graduated dials ensure quick and accurate setting, and facilitate 
exact duplication. Safety devices eliminate damage to the 
feed gears. 











If you are interested in increased output in Boring Mill work, the 
full details of our design and construction will repay investigation. 


WEBSTER & BENNETT 
COVENTRY, ENGLAND. ‘it 
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1915 DESIGN 
CAR-WHEEL 


BORING MACHINE 


Designed to meet the requirements of car builders 
and railroad repair shops. It has many new 
features for rapid convenient operation. There is 
a Suitable range of speeds and feeds for both cast- 
iron and steel wheels. The machine has ample 
height from table to underside of frame and 
sufficient bar movement to use the long bars as 


shown in illustration. 


Write for Complete Circular and 
new “ Progress Reporter” No. 27 
48 in. CAR-WHEEL BORER—1915 DESIGN. 


NILES-BEMENT-POND CO. 322030 'S: 

“7 25, Victoria St., London, S.W. 

Ar ESS :— FRANCE-Giacnzer & Perreaud, 18-20, Faubourg du Temple, RUSSIA-—S. G. Martin & Company, Ltd., Gogol St. No. 21, 
Petrograd, and Varvarka, Srednie Riadi 242, Moscow. HOLLAND-R. 8. Suis & & Zonen, Ltd., Technische Afdeeling II., Rotterdam. JAPAN—The F. W. 


Horne Co., 6, Takiyama-Cho, Kyobashi-ku, Tokyo. /7ALY-—Ing. Ercole Vaghi, Milan. BRAZIL—_Comptoir Technique Brésilien, P.O. Box 802, Rio de Janeiro, 
PERU—W. R. Grace & Company, Lima. CHILE—International Machinery Co., Lovande, 540, Santiago; and Nitrate Agencies, Ltd., Antofagasta and Iquique. 


L —s 


The New Mechanical Woodworker W.W. 


Specially designed for Engineers. Shipyard & Railway Works. 


Wadkin & Co. °nsvace"* Leicester Eng. 
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parent seeractine BORING MACHINE 


£i1SGO nett. free on rail at Morpeth Station. 


PROMPT DELIVERY. For I3-Pdr., 15-Pdr., I8-Pdr. 
and 75 /,. Shells. 


ROUGH OR ROUGH TURNED. 














NO TWIST DRILLS REQUIRED. 


Over 1000 Shells Bored before 
Resharpening the Tool. 





Nine Centred and Bored every hour. 


Actual time centring - 45 seconds. 
0» », boring - 5 minutes. 


Can be seen doing above 
in our Works: 





Each Machine fitted with Centring Tool and 
Boring Tool, Force Pump, Pipes from water 


laid to pump and from pump to tool, with 
Double Jet, Self-Act belt and pump belt, 





(Patent Number 12061/15). ss00 
Morpeth, 
SWINNEY BROS., Ld., NortHumsBervanp. 
Telegraphic Address; “‘SWINNEY, MORPETH.” MANUFACTURERS. Telephone No. 92 (Two Lines). 














Cl i A Sai 
9 R ie D Ni C L NT Gold Medal, Japan-British Exhibition, 4944. 


Dimensions and Capabilities. 
Grand Prize at London Exhibition, 1909. 
Bow and Stern Well Centre and Side Ladder Bucket Barge-Loading and Hopper Dredgers, Suction Dredgers, Hydraulic and Mechanical 
Agitators, Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons, Tugs, Ferries, Paddle and Screw Steamers. 























Delivered Complete or Shipped in Sections. Spare Gear and Renewals Supplied. GOLD DREDGING. 


FERGUSON BROTHERS Cor ciasw, LTD. 


SHIPBVUILDERS AND ENCINEERS, 


OM WAR OFFICE AND ADMMWALTY LISTS. WEWARK WORKS, PORT GLASGOW. Tele. Address: DREDGER PORT-GLASGOW, 
b 
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THE Weir TurBiINE-DRIVEN Feep Pump 


is the only rotary machine designed and developed 


in every detail as a boiler-feeding unit by specialists 
in boiler feeding problems. | 


It is not a centrifugal pump and a steam turbine mounted on 
a common baseplate, but a complete self-contained machine 


designed as a whole for boiler feeding—and boiler feeding only. 


The utmost simplicity in design has been attained: the shaft has 
no couplings; there are only two bearings, with a single-stage 
pump wheel and one set of pressure sealing rings. 


It is suitable for the highest degrees of superheated steam 
without intemal lubrication. The material of every part 1s 
carefully selected to meet the conditions. 





Simple and reliable. Specially suitable for large units. 


Small weight and space occupied. Low maintenance cost. 


G. & J. WEIR, Ltd. Cathcart, GLASGOW. 
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7 for SHELL MANUFACTURERS A 
Enquiries for prices, samples and =m TE 
‘all particulars are cordially invited, Z 
Rs MANUFACTURERS | cued r 
ROB? INGHAM CLARK &C9I” 
|. WEST HAM ABBEY, LONDON esecaxton‘House. 


STRATFORD, E. WESTMINSTER, SW. 
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TANGYES OIL ENGINES. 














No, 303 B. 


ARCHDALE 


“All Gear” 


MAMUEFACTURING 


Miller 


SS. Ae aucke= 


PATENT FEED ENGAGEMENT DEVICE SAVES 
TIME AND MINIMISES DAMAGE TO CUTTERS. 


TANGYES a BIRMINGHAM. 




















Speed Box and Spindle Automatically Lubricated. 
Steel Gearing Throughout. ' 
Control from Front of Machine. 
Speed and Feed Changes Easily and Quickly made. 


4137 


SIMPLE MANIPULATION. 


J. ARCHDALE « CO., E 


LEDSAM STREET, BIRMINGHAM. 























PHoto 639. 
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m WALLSEND SLIPWAY 
ENCINEERING CO., Lto. 


WALLSEND-ON-TYNE. 


Engineers, Boilermakers, Iron & Brass Founders & Ship Repairers. 


DESIGNERS AND BUILDERS OF THE TURBINE ENCINES 


OF THE 


R.M.S. "“MAURETANIA.” 


BUILDERS of MACHINERY for WARSHIPS, including 
FIRST-CLASS CRUISERS and BATTLESHIPS of the 


“DREADNOUGHT” and SUPER-DREADNOUGHT 


CLASSES. 











PATENTEES LICENSEES AND MANUFACTURERS 


OIL-BURNING INSTALLATIONS 


_ .FOR BOTH LAND AND MARINE WORK. 
Over 230 Steamers are at present running titted with Oil-Burninz 


_ Installations supplied by the Firm. 
FULL PARTICULARS AND SCHEMES ON -APPLICATION. sa 











Works and Offices ~ WALLSEN D-ON- TYNE. 


Telegraphic Address: ‘‘ WALL,” NEWCASTLE-ON-TYNE. 
Codes used: Bentley’s Complete Phrase ABC (5th Edition). 


London Office - - 30, Great St. Helens, E.C. 


Der, 21. TOTS. ] ENGINEERING. 
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unk mi LARGE STOCKS OF SHAFTING. BENN CLUTCHES. 


€ MILL GEARING 


for every kind of Factory, Flour Mills, Cotton Mills, Weaving Sheds, Engineers’ Shops, Cement Works, Mines, Collieries, &c. 


PULLEYS—LARGE STOCKS. , PULLEYS—LARGE STOCKS. 


BELT and ROPE PULLEYS, CLUTCHES, SHAFTING, BEARINGS, HANGERS and STOOLS, WALL and PILLAR FITTINGS 


and every Installation carefully considered on its own merits and the best possible arrangement and most suitable fittings designed to suit. 


BENN CLUTCH AND MOTOR. SPECIAL BENN CLUTCHES. 


THE UNBREAKABLE PULLEY & MILL GEARING CO., Ltp, 


SPECIALISTS IN THE ECONOMICAL TRANSMISSION OF POWER. 


Head Offices :—56, Cannon Street, LONDON ; and Works: —West Gorton, MANCHESTER. 
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SIEMEN 


ELECTRICALLY-DRIVEN 
WINDING ENGINES 
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ELECTRICALLY-DRIVEN WINDING ENGINE 
INSTALLED AT 
A COLLIERY IN CANADA. 


MAXIMUM OUTPUT OF WINDER MOTOR :— 
1900 B.H.P., 6600 VOLTS, 25 CYCLES, 3-PHASE. 
SPEED 370 R.P.M. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED, 








Head Office :— Lamp and Supplies Dept. 
CAXTON os Dany pret a S.W. 38 & 39, pig THAMES 'S STREET, E.C. 
Telephone : RD Telephone ; 5350. 
Telegrams : CISIEMBRALOS vic, LONDON.” Telegrams: CISIEMOTOR CENT, LONDON.” 
HOME BRANCH ADDRESSES: Works: STAFFORD and DALSTON, LONDON, N.E. 

BIRMINGHAM .. .. Central a S New — + «+ Tel. No. 6907/8 Central. MANCHESTER. .. 196, a =~ Tel. No. 8404/7 City. 
BRISTOL .. .. .. 30, So or as on «+ «+ os « Tel. No. 14479 National. NEWCASTLE .. .. 64-68, Co itngwood Buildings. ~ Tel. No. 3033/5 Central. 
CARDIFF .. .. «. ry Street co os co co VGh 6G. SOBs. SHEFFIELD... .. . 22, High Street = Tel. No. 4251 Central. 

ee oe Waterloo Street .. .. .. .. Tel. No. 4901/3 Central. SOUTHAMPTON .. 46, High Street — .. .. . « Tel. No. 1003 8'th’pton. 





BRANCHES IN PRINCIPAL TOWNS ABROAD. 1712 
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MURCHEY 


. Rapid Threading 


> 
6 3° é 


are being used in large quantities 
by Shell Manufacturers for 
threading the base end ss , 


as well as the nose Gr oe” 
> 
of Shells. 3 ss 


Type 

77 ¢.* 
Self- 
Opening 
Die Head. 


Self-Opening 
Die Head. 


instances this 

Head will be entirely 

suitable for a particular job, but For light work only, 

is not recommended for general all- where length of thread 

round work such as can be done with type is less than 24” and 
“A” Head. Not made in sizes below 14". 12 pitch or finer. 

















44 


ENGINEERING. 


[Dec. 31, 1915. 











Most Com Best A 
Entirely —— 
Nothing Sacrificed for 
Thick Metal. 


“Class W.”"—The Valve for general 
purposes. No Glands, Pistons. 
“Class G.”—The Leader in Exact 
Works any way up. 
Single Beat. Shuts-off Dead-tight. 
No Glands. Self-contained. 
Tron Valves with “‘ Key-Ring” Patent 
Nenewable Seate. 


every purpose. 
Boller Valves and Fittings, 








Safety Valves, Gauges, 
FULL BORE Recorders, Lubricators, 
REDUCING VALVE, Pumps and Compressors. 
Ciass W.” me pe 


ALL SIZES FROM jin. TO 2%in. BORE. 


“Tue WORLD’S STANDARD REDUCING VALVES.” 


Baliley’s Foster’s Patents, All ‘‘ Full Bore.” 





BAILEY’S “SCAVENCER” 
STEAM TRAP. 


Simplest 
Action. 


Simplest 
Cone 
Sptent 
uper- 
vision. 
Sim 
Perfostion. 
No 
Dribbling. 
Hand 
Blow- 


Through. 


GREATER DISCHARGE THAN OTHERS 
Size For Size. 














BAILEY'S 


FLOAT VALVE and 
PUMP GOVERNOR 


(Foster’s Patent). 
CONTROLS WATER OR STEAM. 
CUMBERSOME FLOATS UNNECESSARY. 


Controlied by a Small 
Valve and Fioat. 





QUICK. 
SENSITIVE. 
PERFECTLY 
TICHT. 


or any 
distance All Sises in Gun-metal or Iron. 
sway. Screwed or Flanged ? to 12in. Bore 








~ BAILEY’S PATENT 
‘Count RuMFORD” 
COPPER 


STEAM KETTLES 


for Continuous Supply of Hot Water. 


CALORIFIERS, EXHAUST HEATERS, 
STEAM OVENS. 


GAUGES, TACHOMETERS, &c., 





— 





BAILEY’S PATENT 


MADE IN ENGLAND 








ainay STOP 


RING” 


VALVES 


In Iron, Steel & Bronze. 
For Hie PRESSURES 


for Nearly 100 Years. 








AND SUPERHEATED STEAM. 





1428 In lon, 1807 In Srmm., 
All Sizes to 24 inches. 








SIR W. H. BAILEY & CO., LTD., beg to intimate 
ENGINEERS, MILLOWNERS, COLLIERIES, and 
POWER USERS, that their large stock of PUMPS, g 
VALVES, GAUGES, &c., is being maintained. 


BAILEY'S 


“RAPID RE- STARTING” 
. INJECTOR. 






SUITABLE FOR FEEDING ALL 
KINDS OF BOILERS, 
FOR STATIONARY LOCOMOTIVES, 
TRACTION ENGINES, MARINE BOILERS. 





BEST VALUE IN VALVES 
BAILEY'S “ ADAMANTINE 


STOP VALVE. 


=m 








1409. Flanged 


coop 
METAL. 
STRONC 
DESICN. 





Screwed. 


FOR STEAM OR WATER. 
THE ONLY RENEWABLE 
DISC VALVE WITH AN EASILY 
REMOVABLE COVER. 











| BAILEY’S “TELL - TALE” 
RECORDING GAUGE 


| FOR PRESSURE 
| AND VACUUM. 


A High-Class and Convenient Instrument 

for Indieating and Recording Steam, 

Air, Gas, or Water Pressures at any 
distance from source of Pressure. 


LEGIBLE and 





INTELLIGIBLE 

DIAGRAM 
wien Sraatenr Loves ror Pamscns 

anp Tux. 

In Highly Finished Black J ed Case 
(Water - t and Paume- , with 

Fre. 864. Nickelled Mountings. 
TO 100, 200, OR 3800 lbs. - £6 108. 








Made also for Light Pressures, Vacuum, Fan Engines, &c. 








BAILEY’S PATENT 


FUSIBLE PLUG. 


Prevents Boiler Explosions, 
Low Water, 












Bir or Seale 
NO LEAKACE POSSIFLE. 





In all sizes to fit Fire-box from 
inside or outside. 








Bailey’s “‘Aqua-Thruster ”’ 
(PATENT) 


Pulsating Steam Pump 


is the Simplest and most Efficient 
for Tank Filling, Drainage, Con- 
tractors’ Purposes, Paper Mills, &c. 
Will work submerged. Requires 
no foundations, and works equally 
well as a fixture or suspended n 
ropes or chains. No oil. No 
attention or upkeep. No special 
wages or outlay. 


See Special List 
No. 906. 


DELIVERY FROM STOCK. 





Postrrva Action. Bastty Rawswep. | 





| ** Bailey's Useful Inventions for Engineers in all the Industries,” 420 pages and over 1600 Illustrations of Gauges, Stop Valves, Reducing Valves, 


Lubricators, Steam Traps, Steam Kettles, Indicators, &c. Price, Bound in Stiff Beard, 2s.6d. Bound in Cleth, gs. 


Sir W. H. BAILEY & CO., Ltd., sizion 


ALBION 


Salford, MANCHESTER 
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VICKERS umireo 


ALL TYPES OF WARSHIPS DESICNED, BUILT, ENCINED, ARMED, AND ARMOURED READY FOR SERVICE. 
OFFENSIVE AND DEFENSIVE AUTOMATIC SUBMARINE MINES. 
AIRORAFT. 

TURBINES; STEAM, OIL, AND GAS ENGINES. 
























i stig, 
i 
. se 
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A Marine Crankshaft. 
River Don Works, Sheffield. 












Speen 


ee 
o— 






Works:—SHEFFIELD, BARROW-IN-FURNESS, BIRMINGHAM, CRAYFORD, ERITH, IPSWICH, DARTFORD. 


66 99 
LIGHT AS ALUMINIUM. STRONG AS STEEL. 


(REG. TRADE MARK.) 
An alloy of Aluminium with the strength and hardness of Mild Steel, but having only one-third of its weight. 


Will not rust. Almost unaffected by sea water. 
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VICKERS HOUSE, BROADWAY, LONDON, S.W. 


Licensee and Distributor for the United States— 
The American Duralumin pian Hanover Bank Buildings, Nassau and Pine Streets, New York. 
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VICKER 


2 LIMITED. 
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[ can be delivered from stock. 
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Vickers 5 HP. Motors driving 6 ft. Radial 
Drilling and Tapping Machines. 


—< 


The Electric & Ordnance Accessories Go., Ltd., 























| WARD END WORKS (Proprietors: Vickers Limrtep), BIRMINGHAM. |} 
/ 


SMALL TOOLS. 


VICKERS VANADIUM HIGH-POWER 
DHRILLS 


(Made of Vanadium High-Speed Steel). 







PATENT ADJUSTABLE REAMERS. 


The Standard Tools All Communications to— 
\ for modern drilling TOOLS DEPT, 
and reaming practice. VICKERS HOUSE, BROADWAY, 


LONDON, S.W. 
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EFFICIENCY. 





ECONOMY. 
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High Tensile Steel Tyres 
“AUSTRALIA” BRAND. 





STRAIGHT AXLES for Locomotives, Carriages, and Wagons. 





VICKERS VANADIUM HIGH SPEED STEEL. 








\ 


Forgings and Castings 0 of every description. 











River Don Works, SHEFFIELD. 


Agent for France:-EUGENE BUISSON, 9, Rue de Nemours, Paris. 
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RADIATION PYROMETERS. 


ouaien ~ a FREE CATALOGUE, Book E 17. 
CO., Letchworth, England. 








Imperial 4to, xii— 104 pages. Price 14s. net. By Post U.K. 14s. 6d. By Post Abroad 15s. 2d. 


DIE FORGING AND THE CONSTRUCTION OF DIES. 


By JOSEPH G. HORNER, A.M.1. Mech. E. 
“ ENGINEERING,” 


With 778 Illustrations. 


Lonpon: Offices of 35 and 36, Bedford Street, Strand, W.C. 


Boyle's sz Air-Pump’” Ventilator 


Has Double the Extracting Power of earlier forms. 4311 


Awarded the £50 Prize, with Grand Diploma (only Prize offered), at the International 
Ventilation Competition, Londen. Wighest An Award for Ventilation, Paris, Two Gold Medals. 








ROBERT BOYLE & SON, $4, Holbom Viaduct, LONDON. 




















Available at Once! 


We are now under Government Control, and 
occupied with War Work, but we have a limited 
number of our Stone Breakers complete in stock. 
A few of these are listed here, all of which can 
be delivered immediately. Your 


Blake -Marsden 
Stone - Breaker 
should be ordered now. 4875 


H. R. Marsden, Ltd., 














Finished Machines in Stock. 


I 16 in. * Y” Type Self- I 20 in. “Y” Type 


propelling plant. iit Weis tone 
Sse i «= *2°. Tie Breaker. 
“ Ideal ” 


I 24in. “Caliche” Stone 
Breaker, Fast. and 
Loose Pulleys. 


I 12 ins “Y¥” Type 
Steel Frame Stone 
Breaker. 


6. “8” Tyee I 4in. x 3in. Vertical 
Steel Frame Stone Lever Machine and 
Breaker. Screen 




















SOHO FOUNDRY, Leeds. 
































axma 


The Paxman-Lentz Engine and Economic 

Boiler form an economical combination for 

driving machinery engaged on Munitions, 5901 
Further particulars upon application to:— 
Davey, Paxman & Co., Ltd., 


COLCHESTER, and 78, Queen Victoria Street, E.C. 























Used by = Suitable for 
The WAR OFFICE, [=a[>y{e)[») SHIPS’ WINCHES, 
The ADMIRALTY, CRANES, LIFTS, 
SHIPBUILDERS, WINDING ENGINES, 
ENGINEERS, FABRIC LININGS FOR HAULAGES, 
COLLIERIES, BRAKES & CLUTCH ES TEXTILE MACHINERY, 
&c., &&c. —— List No.3 Sent’ on Request, —— &c., &c. aed 
puonms {19,420 Ouaraie THE HERBERT FROOD COMPANY, LTD., Wins { ‘; FRICTION, CHAPEL-EN-LE- FRITH.” 
, CHAPEL-EN-LE-FRITH, AND 39, Upper RATHBONE PLACE, LONDON. W. FRODOBRAKE OX. LONDON. 




















THE LARGEST MANUFACTURING CAPACITY |F I R ; 
IN THE WORLD FOR ARMOUR-PIERCIN sue HR AL 


Five rounds on area of impact 


of only 13 sq. feet. Total striking 
Projectiles! =""":= 

Of all Calibres up to 16-inch 
Sole Makers of HADFIELD’S PATENT 


“ERA” STEEL 


Which has been adopted by the British Admiralty | Projectiles 
and War Office Also by other Powers Fuing 


ro 

“ERA” STEEL COMBINES HIGH 
RESISTANCE WITH GREAT TOUGHNESS Fragments 
Projectiles ! 
-_ F 





And is the supreme material for Ammunition 
and Communication Tubes, Conning and 
Director Towers and all Armoured Parts 
Exposed to Shell Fire. Also for Gun 
Shields for Naval and Land Service 


Particulars sound Not Round No.2 
of the "7 inch 47 inch 47 inch 
















Round No.3 
s ~- Armour E eveing Acne ees & rmour a cing 


Steel Castings & Forgings 


Of all descriptions from a few ibs. in weight up to 25 tons 





COMPLETE STONE BREAKING 
AND ORE CRUSHING PLANTS 





Sole Makers of HADFIELD’S PATENT 


“ERA” Manganese Steel 


The Supreme Material in the Market for 
Mj Railway and Tramway Special Track- 
ij work; also wearing parts of Stone 








Workmen employed 6000 














Werks area 110 acres 





HAD FIELDS | 


Mecla and East Hecla Works, Sheffield, England 


Norfolk House, Laurence Pountney Mill, E.C 
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OXYACETYLENE | WELDING AND € oe eas 








Thelmperial Simp! as suppiied to the AD pray tay 
+ ey ane a Wourr. iat ERS Smipat aN C = BiPliildmeltime lial: 





IMPERIAL LIGHT TD 23. VICTORIA 5 TREE I. LONDON, . 


CRABTREE" == on5y 
@t. YARMOUTH. 
TUGS. 


— ee PER gn LAUNCHES. 


CODE ABC, Ajt 
FISHING VESSELS. 


_ aes: wh Rin CARGO & PASSENGER BOATS. 


COMPOUNDS & TRIPLES to 10001. HP. 
























PETER BROTHERHOOD, 


PETERBOROUGH 











for 


40 years 





makers 





1879 of 1915 


HIGH-SPEED STEAM ENGINES FOR DYNAMOS. 


CONTRACTORS TO THE ADMIRALTY, WAR, INDIA AND COLONIAL OFFICES, AND TO ALL FOREIGN GOVERNMENTS. 


GWYNNES’ 


“Invincible” Centrifugal Pumping Engines 


for Circulating in Land or Marine Engines; 
for Drainage, Docks, Salvage, Irrigation, 
Dredging, Mining, and 
All Industrial Purposes. 

















“INVINCIBLE” PATENT EJECTORS, FOR SHIPS’ USE. 
CENTRIFUGAL PUMPS OF ALL SIZES & FOR ALL HEADS. 


GWYNNES LTD., ""MERSMITH jpoNworks, 


Telegrams :—“GWYNNE, LONDON.” . 6506 
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W.H. ALLEN, SON & Ge Le 











HIGH-SPEED ENCLOSED 
STEAM ENGINES. 








440 B.HP. Two Crank Compound Enclosed Forced Lubrication Engine, 


direct coupled to a 300 Kw. 


“Allen” Continuous-Current Dynamo. 


PRINCIPAL FOREIGN BRANCHES AND AGENTS:— 


AUSTRALIA:—Fyvie & Stewart, 362, Collins 
Street, Melbourne, and 2, Martin Place, 
Sydney. 

BOLIVIA, CHILE and PERU :—Graham Rowe 
and Co., Valparaiso, Lima, Callao, Santiago, 
and La Pas, 





CHINA :—Scott, Harding & Co., Ld., 6, Peking 
Road, Shanghai. 

EGYPT :—W. H. Allen, Son & Co., Ld., Cairo. 

INDIA:--Greaves, Cotton & Co., Bombay and 
Caloutta. 

JAPAN :—J. Morrison & Co., Ld., 1, Yaesucho 
Itchome, Kojimachi-ku, Tokyo. 





NEW ZEALAND :—Richardson, McOabe & Co. Ld. 
ll, Grey Street, Wellington. 

SIAM :—Barrow, Brown & Co., Bangkok. 

SOUTH AFRICA :—W. H. Allen, Son & Co., Ld., 
Oceana Buildings, Simmonds Street, 
Johannesburg. 























OTHER “ALLEN” SPECIALITIES 


“CONQUEROR” CENTRIFUGAL AND TURBINE PUMPS, COUNTER-CURRENT SURFACE, 
Low LEVEL AND BAROMETRIC JET CONDENSING PLANTS, STEAM TURBINES, ROTARY 
AiR PUMPS, VERTICAL OIL AND GAS ENGINES, FANS, DYNAMOS, Motors, &c, 


3 





























BEDFORD, ENGLAND. 



















. Bet ee ee A Ge Pe Gee Os re et et ee 2 see. 

























DEc. 31, 1915.] ENGINEERING. [SUPPLEMENT page I1!] 


TILGHMAN'S SAND BLAST APPARATUS 


(Arranged for the Operator to work either inside or outside the Sand Blast Chamber) 
FOR CLEANING LARGE AND SMALL CASTINGS. 


WILL SAVE 50 PER CENT. IN FETTLERS’ WAGES. 
SPECIALITY :—SHELL CLEANING PLANT. Will save cost of internal polishing. 
IN USE BY THE FOLLOWING WELL-KNOWN FIRMS; 



































STEEL CASTINGS. ORDINARY TRON CASTINGS. MALLEABLE TRON. BRASS OR GUNMETAL. 

W., & Oo., Lid. Glasgow Platt Bros. & Oo. Lia. Oldham le Oo., Ltd. Derby Vickers Limited Barrow 
Steel Co. of Scotland Glasgow & Smalley Oastleton Orowley, John, & Oo., Gummer & Oo. 
Ooltness Iron Co. Coltness HLM. — Baker Oo., Ltd. Smethwick Ruston, Proctor & Oo., Ltd. Linootn 
Dickson & Manns, Ltd. Armadale Dobson & ww, Ltd. Bolton Maddocks, J., & Oo., Ltd. Oakengates Store: alee t tayo Manchester 
Vickers Limited Barrow Doulton & Co., Paisley & Howgate, Lid. K le Glenfield & Kennedy 
Darii Forge Oo., Ltd. Darlington Proctor & Oo., Ltd. Fou Oo., Ltd. Risall Milne, J., & Son Edinburgh 
Shaw & Oo. ~——— , Sons, & Oo., Lid. Gainsborough Lindop, H. W. Walsall Benton & Stone 

Steel Foundry Oe., Ltd., Sheffi Shanks & Oo., Lid. Barrhead Tangyes Ltd. Birmingham British Insulated & Helsby Oables, Ltd. 

Osborn, 8. & Oo., Ltd. Sheffield pone deen Falkirk ee SP S. Willenhall Marshall, Sons, & Co., Ltd. 
Jackson, P. R., & Oo., Ltd. Manchester ee 2 5. ld Haden, G. N., & Sons Trowbridge Dewrance & Oo. 
Atlas Steel Foundry & Eng. Oo., Ltd. Armadale A. Kenrick & Sons, Ltd. Wst Bromwich Brampton, Bros. Birmingham Barr & Strouds Patents re Ww 
John meer & Sons, Ltd. — - Cannon Iron Foundries Wolverhampton Clive, Thos., & Son Birmi Hopkinson & Oo., Ltd. Huddersheld 
Oammell Laird & Co., Ltd. Sheffield Holcroft, Thos., & Sons, Ltd. Wolverhampton Gameson, T., & Sons, Ltd. alsall Harlow & Son Stock port 
Brown, John, & Oo., Ltd. Sheffield Geo. Salter & Co. West Bromwich Hackett & Sons West Bromwich Woodhouse & Oo. 
Allen, E., & Oo., Ltd. Sheffield Clark, T. and C., & Co, Wolverhampton Hill, H. and J. Willenhall Hill, O. and L. Willenhall 
Electro Flex. Steel Co., Ltd. Newcastle-on-Tyne Swain, Matthew, Ltd. Manchester Parkes, G. B., Lta. Halesowen ‘Showell, E, & Sons, Ltd. am 








Representative; GEO. HOPKINS, 10, Sanctuary House, Sesion Westminster, 3.W. 


TILGHMAN'S PATENT SAND BLAST co, 


BROADHEATH, ~e«r MANCHESTER. 





SPECIALITIES. 


Boring and Turning Mills, 
with new patent positive 
feeds. 


Pipe Facing and Universal 
Facing and Boring Machines. 


Radial Drilling Machines. 


Patent Side Planing 
Machines, 


Horizontal and Vertical 
Bering Machines. 


BUILT TO CUARANTEED 
UMTS OF ERROR. 





SECTIONAL CATALOGUES 
mailed on application. 





8-ft. BORING AND TURNING MILL. Motor Driven. 


Representative : GEO. HOPKINS, I0, Sanctuary House, Broadway, Westminster, S.W. va 


G. RICHARDS & CO., LTD., 


BROADBHEATH, naar MANCHESTER. 
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“LATEST STEAM SPECIALTY” 


POSITIVELY - CONTROLLED 
REGULATING & EMERGENCY 


THROTTLE VALVE. 


(D. Cockburn—MacNicoll Patent). 


SPECIALLY ADVANTAGES :— 
SUITABLE Absolutely steam tight. 
Positive in its action. 
FOR Throws a very light duty on 
governor gear. 
SUPERHEATED Has as little complication of 
parts as possible. 
STEAM. Takes up minimum space. * 





Working Demonstrations can be given at our works at any time — by Arrangement, 
or at Liverpool by applying to our Agent—John Taylor. 7, Strand Street. 


Full particulars amd prices on application. 


COCKBURNS LIMITED, 


=——aee CARDONALD, = 


CODES : A.B.C. (Sth Ed.), Liebers. G L A 8 G Oo Ww : 1862. 
“THE WORLD RENOWNED STEAM VALVE SPECIALISTS.” 















































_ Dec. 31, 1915. ] ENGINEERING. 


(SUPPLEMENT page Vv] 53 














C. A. PARSONS co. L” 


| Heaton Works, 
| | NEWCASTLE-ON-TYNE. | 4 


MANUFACTURERS OF 














STEAM TURBINES 


AND 


PARSONS’ 


CREEP CUT GEAR 


OF PROVED RELIABILITY. 


For Driving Slow-Speed, D.C. Dynamos, Textile and 
other Mill Machinery. 





























GEARED TURBINE JUTE MILL DRIVE. 











TURBO BLOWERS, COMPRESSORS, PUMPS, 
TURBO ALTERNATORS and CONDENSERS, 
SEARCH LIGHT REFLECTORS. 
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PUBLICATIONS OF THE 
ENGINEERING STANDARDS COMMITTEE. 


Supported by The Institution of Civil Engineers. 


Mechanical Engineers. 


The Institution of Naval Architects. 
The Iron and Steel Institute. 


The Institution of 
The Institution of Electrical Engineers. 





PRICE LIST, REVISED, OCTOBER, 1915. 


(THis CANCELS ALL Previous LISTS). 


Report No. 

{1 Revised ~prean mm List of British Standard 
Sections ... 

2 Specification and “Bections - " British Standard 
Tramway Rails and Fishplates 

3 Report on the Influence of Gauge Len ‘th and 
Section of Test Bar on the wt ag 4"t t) —_—— 
tion, by Professor W. C. Unwin, F.RS. . 

4 Properties of Standard Beams (included in ‘Be 6). 
Demy 8vo, sewed ee 

5 Firat Report on Standard ‘Locomotives for Indian 
Railways (Superseded by No. 50.) . é 

6 Properties of British Standard Sections ‘ 

[7 Revised March, 1910.] Report on British Standard 
Copper Conductors 

8 — Standard Specification hee ‘Tubular Tramway 

‘oles oa 

(9 Revised July, 1909. ] British Standard ification 
and Sections of Bull Head Railway d Speci 

10 British Standard Tables of Pipe Flanges os 

{11 Revised July, 1909.] British Standard Specification 
and Sections of Flat Bottom Railway Rails ‘ 

{12 Revised March, 1915.] British Standard —_ 
for Portland Cement .. ove 

[13 Revised September, 1910.) British Standard “Speci is 
cation for Structural Steel for Shipbuilding 

{14 Revised March, 1907.] British Standard Specification 
for Structural Steel for Marine Boilers.. es 

[15 Revised August, 1912.] British Standard Specification 
for Structural Steel for Bridges, &c., and General 
Building Construction a 

16 British Standard Specifications and Tables for Tele- 
graph Material oa 

17 oe Report on Electrical Machinery (Superseded 

y Oo, 36. 

[18 Revised November, 1910.] 
Tensile Test Pieces ... 

19 Report on Temperature Experiments on Field Coils 
of Electrical Machines ioe 

[20 Revised February, 1913.] 
dard Serew Threads ... 

[21 Revised November, 1909. Report on "British Stan- 
dard Pipe Threads for Iron or Steel Pipes and Tubes 

22 Report on the Effect of Temperature on penguaered 
Materials... ‘ 

23 British Standards for Trolley Groove and Wire 

[24 Revised, 1911.] British Standard Specifications for 
Material Used in the aaeaneaee of wy 
Rolling Stock ... a 

25 Report on Errors in Workmanship 

26 Second Report on Standard Locomotives for Indian 
Railways (Superseded by No. 50.) 

27 Report on British Standard Systems of Limit ‘Gauges 
for Running Fits 

[28 Revised November, 1908. “Report on British Standard 
Nuts, Bolt-Heads and panners_... 

{29 Revised November, 1909.; British Standard Specifice- 
tion for Ingot Steel Forgings for Marine Purposes 

30 British Standard Specification for Steel Castings for 
Marine Purposes ‘a 

[31 Revised September, 1910. ] British Standard Spociticn 
tion for Steel Conduits for Electrical Wiring . 

32 British Standard Specification for Steel Bars for use in 
Automatic Machines . 

33 British Standard Specification for Carbon Filament 
Glow Lamps ... 

[34 Revised February, 1913.) “Tables of British Standard 
Whitworth, British Standard Fine, and British 
Standard Pipe Threads 

35 British Standard Specification for Copper Alloy Bars 
for use in Automatic Machines eee 

36 Report on British Standards for Electrical Machinery 
(Superseded by No. 72) .. 

37 Revised August, 1915. British S r 

{ ~ Cleweh ] ten lard Specification 

[38 Revised February, 1913. Report on British Standard 
Systems for Limit Gauges for Serew Threads 

*39 Revised November, 1908. 

[ a a Hg ] — anes on 


a “ot Standard 


Report on “British Stan- 


Standard Screw 


Net. Post free. 
2/- 2/2 
210 21/3 
5/- 5/2 
1/- 1/1 
26 a9 
5/- 5/2 
5/- 5/2 
21/- 21/3 
2/6 2/8 
21/- —- 21/3 
b/- 5/2 
5/- 5/2 
b/- 5/2 
5/- 5/2 
21/- 21/4 
Gratis -/l 
10/6 10/9 
2/6 2/8 
2/6 2/8 
5/- 5/3 
1/- 1/2 
21/- 21/4 
10/6 ~—-10/10 
6/- 5/2 
2/6 2/8 
5/- 5/2 
5/- 5/2 
b/- 5/2 
2/6 2/8 
5/- 5/2 
Gratis -/l 
2/6 2/8 
7/6 7/9 
5/- 5/2 
Withdrawn. 





Report No. 
40 British Standard Specification for Cast-iron Spigot and 
Socket Low Pressure Heating Pipes <a 
41 British Standard Specification for Cast-iron Spigot 
and Socket Flue or Smoke Pipes .. 
42 Report on Reciprocating Steam Engines for Electri- 
eal Purposes... 
43 British Standard Spociication for ‘Chareoal Iron Lap- 
welded Boiler Tubes . on 
44 British Standard Specification for Cast Tron Pipes for 
Hydraulic Power ie 
45 Report on Standard Dimensions for the Threads of 
Sparking Plugs (for Internal Combustion Engines) 
46 British Standard Specification for Keys and Keyways 
[47 Revised December, 1914.] British Standard Specifi- 
cation and Sections of Steel Fishplates for B Bull 
Head and Flat Bottom Railway Rails ‘ ie 
48 British Standard Specification for Wrought Iron of 
Smithing Quality for use in Shipbuilding (grade D) 
49 British Standard Specification for Ammeters and 
Voltmeters oa 
50 Third Report on Standard Locomotives for Indian 
Railways (Superseding Nos. 5 and 26) oe 
[51 Revised August, 1913.] British Standard Specification 
for Wrought Iron for use in Railway Rolling 
Stock (‘‘ Best-Yorkshire” and grades A., B. and C) ) 
52 British Standard Specification for Bayonet Socket 
Lamp Holders and Caps .... eS: 
[53 Revised August, 1913.] British Standard Specification 
for Cold Drawn Weldless Steel Tubes for 
Locomotive Boilers 
54 Report on British Standard Threads, Nuts and Bolt 
Heads for use in Automobile Construction 
55 Report on Hard Drawn Copper and Bronze Wire ... 
56 British Standard Definitions of Yield Point and 
Elastic Limit... 
57 Report on British Standard Heads for Small Screws 
58 British Standard Specification for Cast Iron Spigot and 
Socket Soil Pipes i 
59 British Standard Specification for Cast Iron Spigot ers 
Socket Waste and Ventilating —_ (for other 
than Soil Purposes)... 
60 (Partsland2). Report of Experiments on Tungsten 
Filament Glow Lamps es 
61 British Standard Specification for Copper Tubes and 
their Screw Threads ew for domestic and 
similar work) - 
62 British Standard Screwing for Marine Boiler Stays 
63 British Standard Specification for Sizes of Broken 
Stone and Chippings .. ‘ 
64 British Standard Specification for Steel F ishbolts and 
Nuts for Railway Rails wee 
65 British Standard Specification for Salt- Glazed Ware 
Pipes aa 
66 British Standard Specification for Copper-Alloy Three- 
Piece Unions (for Low and Medium Pressure 
British Standard Screwed Copper Tubes) 
British Standard Specification for Two and Three- 
Plate Ceiling Roses 

68 British Standard Method of specifying the Resis- 

tance of Steel Conductor Rails ... 

69 Report on British Standard Tungsten Filament Glow 
amps (Vacuum Type) for Automobiles 

70 Report on British Standard Pneumatic Tyre Rims 
for Automobiles, Motor Cycles and Cycles 

71 Report on British Standard Solid Tyre Rim Diameters 
for Automobiles ... 

72 British Standardisation Selee for Electrical Machinery 
(Superseding Nos. 17 and 36) .. 

73 British Standard a for Wall Plugs and 
Sockets ... 

74 British Standard Specification for ‘Charging Plug and 
Socket for Vehicles Propelled by Electric ee 
Batteries ... 

INTERIM AUTOMOBILE REPORT. 

C.L. 2582 Interim Report on British Standard Sizes 

of Single Row Ball Journal Bearings ... 


67 


7 
~ 


— 
ne 


Net. Post: free 
2/6 2/8 
2/6 2/8 
5/- 5/2 
2/6 2/8 
5/- 5/2 
Under Revision. | 
2/6 2/ 
10/6 10/8 
2/6 2/8 
5/- 5/2 
21/- 21/4 
10/6 —-10/9 
- Under Revision. 
2/6 2/8 
2/6 2/8 
10/6 10/9 
Gratis -/1 
2/6 2/8 
5/- 5/3 
5/- 5/3 
21/- 21/8 
2/6 2/8 
Gratis /l 
3/- 3/9 
b/- 5/3 
5/- 5/2 
5/- 5/2 
5/- 5/2 
10/6 = 10/8 
2/6 2/8 
5/- /3 
5/- 5/2 
10/6 10,10 
5/- /2 
5/- 5/2 
Gratis -/1 


NOTE—With the exception of Nos. 4 and 6, the volumes are issued im foolscap size 
bound 


in strong paper covers. 


“This Publication consists - Reports Nos. 20, 28 and 38, bound together for convenience of reference. 


The above Publications can be obtained from CROSBY LOCKWOOD & SON, Publishers to the Committee, 7, Stationers’ Hall es ceases tects Si, eal 
5, Broadway, Westminster, 8.W., or at the Offices of the Committee, 28, Victoria Street, Westminster, London, 8.W. 
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GLO 

JOHNSTON 
ROTARY 
VALVELESS AIR PUMP. 


STEAM OR ELECTRICALLY DRIVEN, POSITIVE IN ACTION. 


“Unlike many other pumps which are described as rotary, this appliance is not a disguised reciprocating pump. 
It is truly a rotary pump, and is truly valveless.”—Vide ENGINEERING, duly 238, 1915. 


DESIGNED FOR SERVICE AS AIR AND CAS COMPRESSORS, CONDENSER PUMPS, 
VACUUM PUMPS, BLOWING ENCINES, &c. 


THE ACME OF SIMPLICITY: No Wearing Parts except 
Massive Ball Bearings. | 






































4736 


THE HIGHEST DEGREE OF VACUUM IS OBTAINABLE WITH LOW POWER 
CONSUMPTION. MINIMUM OF FLOOR SPACE REQUIRED. 


10 FIRST COST .. 
MAINTENANCE COST. 
For further particulars and prices, please write to 


Ta 


GLOBE PNEUMATIC ENCINEERING 


COMPANY, LTD., 
1, VICTORIA STREET, LONDON, S.W. 


Representatives s—J. F. Weise ~ SR, Lap., Lonpon EDMISTON, BROWN & CO., GLAseow. 
ANDREW, Nrwcas' N-Ty R. D. woop, LIVERPOOL, JAMES TURNBULL & OO., 

3 IRMINGHA: M. SOUPER : © ‘ALLAGHAN, MANCHESTER. GILBERT LODGE & CO., 100, Pirr 

§. ; Sreeet, Sypwey, AvusTRAL ©. MURATOFF. & OO., Perrograp. RIVORY, VALLIER & 0o., 
S > rrr RUE ADOLPHE Muu, Par — Mn. FRANTS ALLING, PUGGAARDSGADE 4, COPENHAGEN. TEKNISK 

THE “ROTOR, ©O., Dronninexnser 14, OnRISTIANIA. Dr. T. SHIN, Tokyo, JAPAN. 
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SAND 
pea WASHERS. 
WASHERS. 
Telegrams— 

SAND “QUALITY,” 

MIXERS. WORCESTER. 
Telephone— 
oe in 

MILLS. 

COKE Contractors to 
BREAKERS. HM. ae 
CONCRETE > 

a HARDY & PADMORE, Ltd, 


ae —_— ESTABLISHED OVER 100 YEARS. 


ECONOMICAL AND RELIABLE POWER 
FOR EVERY PURPOSE. | 


STEAM : 
BRUSSELS, 1910 ( Two Grands Prix. 


(One Diplome d’Honneur. 
SEMI-STATIONARY ENGINE eiiniiiibiinis’; teed te. 
| : TURIN, 1911 - - FOUR Grands Prix. 
119 LBS. OF COAL PER B.HP. PER HOUR. ox 


Independent test on Standard 50 B.HP. Engine. 


RICHARD GARRETT & SONS, L'.._ 


Leiston Works, LEISTON, ENGLAND. 


























London Office: ST. STHPHHN’S HOUSH, WESTMINSTER. 2118 
Sole Agents for— Sole Agente for— pitti a 
n2GyT}E'T, INDIA, eo 
Thos. Oook & Son (Egypt) Ltd., Burn & Oo., Limited, POWER STATION. 


Oairo, Alexandria, Khartoum. Calcutta, Bombay, Madras, &c. Sr. Ive. CHeese Factory, Yeovit, ENGLAno. 
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Telephones : 


1370 and 1488 
HALIFAX. 

















SHELL BORING LATHE. 


JUBILEE WORKS, 


HALIFAX. 


SHELL MACHINERY 


JAMES WHITELEY, UL” 





Telegrams: 


** EMPIRE, 
ILLINGWORTH.” 


4907 
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As supplied 


STEAM PUMPS 
SUCTION BOXES 
SUCTION HOSES 
FIRE HEADS 
STEEL PIPES 
BOILERS 








SALVAGE PLANT, : 


We had to Move 

















BOnN ACCOR. D 








to the leading Marine Salvage Companies all over the World. 





OIL ENGINE PUMPS 
DISCHARGE VALVES 
SLUICE VALVES 
FOOT VALVES 


BOGEYS ano 
ALL FITTINGS 


3818 














DRYSDALE & CO., Ltd., Yoker, GLASGOW, W., Scotland. 








a 


























2, Collingwood St. 


owing to the extension of our business. We have built and equipped the 
largest and finest works in the world for the special manufacture of 


Metallic Packings. 


Our productions are known wherever steam engines are used. We don’t 
make THE CHEAPEST packing—true economy does not lie in that 
direction—but we make THE BEST. Engineers appreciate this. We 
have fitted our system to over 280,000 stuffing boxes, and have had to 
increase the size of our works to meet the demand for more. If you are 
in the market we shall be glad to hear from you, at our new address :— 











Tue UNITED STATES METALLIC PACKING CO., Lro. 


Soho Works, Allerton Road, BRADFORD, Yorks. 


Telegrams: METALLIC, BRADFORD. Telephones: Nos. 4705, 4706. 


Branch Offices -LONDON:: 110, Fenchurch St. LIVERPOOL: 15, Fenwick St. GLASGOW: 52, St, Enoch Sq, NEWCASTLE-ON-TYNE: 


SHEFFIELD: 24, Norfolk Row. BOLTON: 15, Mawdsley St. SWANSEA: Angel Chambers, York St. 
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HS CRANE 


























Locomotive Steam Shunting Crane with Lifting Magnet. 








OF EVERY DESCRIPTION. 
The Most Efficient & Up-to-date. 








Locomotive Cranes, 
Overhead Cranes, 
Goliath Cranes, 
Electric Winches, 
Capstans, 674 
Winding Engines, &c. 


SEND FOR CA TALOGUE. 





LONDON OFFICE: 25, Victoria St., Westminster, S.W. 











THOMAS SMITH & SONS 


Steam and Electric Crane Works, RODLEY, near LEEDS. 





veces hic Address: 





ITH, RODLEY." 





























Automatic, Double Head Bolt 
Screwing & Nut Tapping Machine 





ONE MACHINE— 
TWICE the Production 


Double your output without doubling up 
on equipment. Save the wages of one 
operator and use less floor space. Our 
Automatic Double Head Bolt Screwing 
and Nut Tapping Machine threads two 
bolts, pipes simultaneously, 
accurately and fast. The dies close and 
release automatically, and a micrometer 
hand wheel permits very fine adjustments 
while machine is in motion. 




















nuts or 





Send us particulars of the Bolt and Pipe 
work you have to screw and we will quote 
for a suitable machine. 
CATALOGUE FREE ON REQUEST. 


3785 









Ashton-under-Lyne, 
ENGLAND. 














Joshua Heap & Co., Ltd., 
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SMITH & COVENTRY, L™: 


ean 


PLANER. 


FOUR different cutting speeds with CONSTANT 
HIGH RETURN SPEED. 


SPEED can be changed INSTANTLY by merely 
turning hand wheel. 

Can be driven by belt direct from line shatt, 
or by self-contained motor. 


A REAL VARIABLE SPEED PLANER that enables 
you to rough or finish hard ‘or soft 
cast-iron, brass or steel, at the most 
economical speed for your particular job. 


Telegrams :— 
“ REDMANS, 


ENGINEERS, 
HALIFAX.” 


Telephone :— 
No. 338. 


Oodes used :— 
ABO, 5th 4 
Edition and Write for Descriptive Circular to :— 


i ™=C. REDMAN & SONS, 


“> ”" BALIFAX, BNGILANDTD. 












ENGINEERING. 


COOLING _ [REFRIGERANTS] | 
TOWERS: |A CHEMINEE 


HOLEHOUSE’S PATENT. ET AUTRES. 


































THE EL ALL 





> ENCLAND. 
GALLONS OF WATER PER HOUR. 








Raffreddamento 
Ad Acqua. 


(TORRI E APPARECCHI PER IL.) 


Telephone—3553, Bradford. : 
. 


oxnarH4eHlA 
BOdDbI. 





















GLOVER’S LEAD 
PRESSES 


OF ALL TYPES. 





As supplied to 


HIS MAJESTY’S 
GOVERNMENT. 





Telegrams— j§- ____ Telephone No.— 


“CABLES, MANCHESTER. 7200 CENTRAL (6 lines). 


W. T. GLOVER & 60, LTD., mancHester. 
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DARLINGTON FORGE CO, Ltd. 


DARLINGTON. 















(m 


tine 


TE a TA 
Hb f, | ViVi ‘ ‘ 


FP —suion Force STEEL DAUM, 


: TET DIAMETER 
THe NCS La 


ZA . MN 





Telegrams :— 
FORGE, DARLINGTON. 
FORGINGTON, LONDON. 


LONDON OFFice: 
70, FeNncHURCH STREET. 























A QUESTION IN CHEAP PRODUCTION. 


Men on expensive 


Which is the Cheapest 
on our Apprentice 


this class of work— Lathes ? 





Would you like to hear 
our experience ? 








- an Coe vp ads 
4 > a . a ¥ 


6-in. Centre APPRENTICE} LATHE. ; 


LANG & SONS, Lathe Manufacturers, 


JOENSTONE, waar GLASGow . 





3616 


JOHN 
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SMITHS SCREW BOSS PULLEYS 


SELF-FIXING. NO KEYS OR KEYWAYS. 
TENS OF THOUSANDS IN USE. 
we THE PULLEY "°° “"2nc'ivienonaarsoce “S"** 
@ * r POWER 
nots, } TRANSMISSION 
A SPECIALITY. 


BUSH OPER 
pes % 



























INTERCHANGEABLE 
SCREWI BUSH. 











Iilustrated Priced Catalogve 
post free on application. 















ALWAYS 


ae = | 
ACCURATELY 
ALWAY = 





35, Queen Victoria Street, E.C. 
LONDON. wt 


Telephone... ... 9531 City. ACCURATELY Ef 


SMITH & GRACE rut 
SCREW BOSS PULLEY CO., LIMITED, ARATE 


ENGINEERS, 


Teleph : No. 19 THRAPSTON, 
commana oan THRAPSTON.”’ TH RAPSTON. 
































| |PATENT OIL-FIRED CONVERTER 


For STEEL CASTINGS and ALLOY STEELS. 


Built in Four Sizes of 4, 1, 2, and 3 Tons = Gapentiy. 


FULL PARTICULARS AND 
INFORMATION PROM :: :: 


Various sizes of Plant have 
been supplied to the following : 


DARLINGTON FORGE CO., Ld., Darlington 2-3 ton 








THOS. FIRTH & SONS, Ld., ShefMfeld.- - 1-3 ton f C R G 
ARMSTRONG, WHITWORTH & Co., Ld., ) APPER OBSON & 0. 

Manchester - = = = = = 1-2 ton 
JOHN SPENCER & SONS, Ld., Newcastle - 1-2 ton LIMITED 
KAYSER, ELLISON & Co., Ld., Sheffield . -{ {-} ton 
J. HOPKINSON & Co., Ld., Huddersfield - 1-2 ton 1, NORTH ROAD, 
THE DAIMLER Co., Ld., Coventry - - 4-3 ton 
WOLSELEY MOTORS, Ld., Birmingham -{ {-} to" D ARLINGTON 
NEW ZEALAND GOVT. RAILWAYS - - 1-1 ton ° 
NEW SOUTH WALES GOVT. RAILWAYS - 1-1 ton 
HOLMAN BROS., Ld., Camborne - - ~- 1-1 ton 
SPRINGFIELD STEEL Co., Ld., Glasgow - 1-2 ton _ 
CATTON & Co., Ld., Leeds - - - = 1-2ton Sate Ageute ter - 0 
T. SUMMERSON & SONS, Ld., Darlington - 1-1 ton : 7 al THE STOGK CONVERTER 6O., LTD. 
caine hee tk, Bee F + — The “‘Stock"’ Oil-Pired Converter; Blowing Position. 
LAKE & ELLIOTT, Ld., Braintree - - 1-4 ton CASTINGS, 
NOLCROSTS STEEL vOUNDRY Co, La, SPECIALLY SUITABLE FOR LIGHT AND INTRICATE ’ 

Bilston - <= = = = = = «= f-$ton AUTOMOBILE CASTINGS, CAST STEEL WHEELS, ETC., ETC. 

Ete., Ete., This Converter Process approved by the Admiralty and War Office for the Manufacture of 
And several repeat orders. “A” QUALITY & FLUID PRESSURE STEEL CASTINGS, 


ALSO FORGED LYDDITE AND CAST STEEL SHELL. 
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A GAS ENGINE THAT EXCELS. 











“ PREMIER” 


MULTI-CYLINDER HORIZONTAL PATTERN. 
TOTALLY ENCLOSED. 





: Bet 
i a, oe 


Three Cylinder. 








Three Crank pattern. 


Forced Lubrication. 


The PREMIER GAS ENGINE Co.,Ld., 


Sandiacre, near Nottingham. 











ON all points the “‘ Premier ’’ Gas Engine 
excels and why ? 


. THE DESIGN IS PERFECT. 


THE MATERIALS AND WORKMANSHIP 
ARE THE BEST POSSIBLE. 


THE PERFORMANCE IS PERFECT. 


To buy cheaply is not necessarily practising 
economy. There is a world of difference. When 
contemplating the purchase of a gas engine, first cost 
is not the only thing to consider—what about 
the repair bill, cost of attendance, fuel bill, 
and above all freedom from breakdown. These 
are important factors that count, and what the shrewd 
buyer will take into consideration when contemplating 
new plant. 


The ‘‘ Premier ’’ Engine has been designed 
not with a view to cheapness in first cost but to give 
reliability in working, ability to cope with a little 
extra load when required, and for economical running 
it is unapproachable. 


One cannot get all these things in a cheaply 
made engine, but reliability tells in the long run, 
and, point for point, the 

“PREMIER” GAS ENGINE 
is the best you can instal, because it will give you 
satisfaction. 


Write for particulars. 6970 

















PATENT WATER-DRIVEN CENTRIFUGALS 


witH PATENT INTERLOCKING GEAR. 


Awarded GOLD MEDAL at Brussels Exhibition. 





Also 


Belt and 
Electric-Driven 


CENTRIFUGALS. 


HYDRO- 


EXTRACTORS 
for 
Chemical Works 


and Laundries. 


CRYSTALLISERS, 
CONVEYORS, 
ELEVATORS. 


NA 





POTT, GASSELS & WILLIAMSON, Moruerweut. Scor.aNo. 
















———e 


Write for particulars 


of our new 


CENTRIFUGAL 
SPINDLE 
BEARING, 


the simplest and 
most efficient 


on the market. 

Runs in Oil; 

absolutely 
DUST 


and 


FOOL- 
PROOF. 








_ Dec. 31, 1915.] 





ENGINEERING. [SUPPLEMENT page XVII] 


















Established 
1860. 






HUDSWELL, CLARKE & CO., LIMITED, 


aan dane Foundry, Migr se 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Gollieries, &. © Made to suit any Gauge of Railway, 








“DORADA 


** LOCO, LEEDS.” 


PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 


SOxz.E 
MAEHEERS oF 





‘“RODGEERS’ PFPuUL.LeEys” 


(REGISTERED) 


WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. a 














PLANTS: 


DUNSTON-ON-TYNE ° 
MANCHESTER CORPORATION 


”” 


LOTS ROAD, LONDON ... 
DEPTFORD . 
FISK ST., CHICAGO, U.S.A. 
VIENNA— 

9 Plants totalling ... 
MELBOURNE— 

6 Plants totalling ... 
BUENOS AYRES— 

3 Plants totalling ... 








K.W. 
16,000 


15,000 
15,000 
7,000 


15,000 
10,000 
25,000 


56,000 
60,000 


18,000 


CONTRAFLO KINETIC CONDENSING PLANT 


THE ESSENTIAL FOR MAXIMUM VACUUM AND MINIMUM RUNNING COSTS. 


SOME CONTRAFLO KINETIC . 





SECTIONAL! ILLUSTRATION OF KINETIC AIR PUMP PLANT. 4601 


The CONTRAFLO CONDENSER & KINETIC AIR PUMP CO., Ltd. 


3, CENTRAL BUILDINGS, WESTMINSTER, LONDON, S.W. 








Telegraphic Address— 
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PUMPS 


FOR ALL — 


PUNCHING «« SHEARING 
MACHINES 7 


JOHN CAMERON, Ltd. 


SALFORD, MANCHESTER. 

















PUNCHING AND SHEARING MACHINE 


Grease PUMP. eee enaronnet CERN. ORIGINAL, MANCHESTER. Code 5th Edition ABC. Telephone 2002 Central. i tlseinensc tn 
































ro EE raze GHREATEUasT 


FUEL ECONOMY 


COVER YOUR BOILERS, STEAM PIPES AND ALL HEATED SURFACES WITH 


KEENAN’S |. COMPOSITIONS 


Non- 
AND REMOVABLE SECTIONAL COVERINGS. 
Makers of ALL CLASSES OF ASBESTOS, MACNESIA, DIATOMITE, FOSSIL MEAL COVERINCS 











Also SPECIAL SECTIONAL GORK COVERINGS FOR REFRIGERATING PLANT, &c. 


MATTHEW KEENAN & GO., L™: »...{LONDON, E./@LASaow 


Armagh Road, Bow. 
CONTRACTORS TO ADMIRALTY, WAR OFFICE, &c. 4348 Bee Se: ae 


OUR SPECIALITY, 


HALL COMPOUND PUMP 


FAR ABOVE ORDINARY STANDARD 
IN 


DESIGN, WORKMANSHIP & ECONOMY. 



































HALL PUMPS are used in most of the 
Leading Corporation, Municipal and Power 63s? 
Company’s Generating Stations. 





Apply for particulars and prices :— 


J. P. HALL & SONS; P- 


PETERBOROUGH. 
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PROMPTEST DELIVERY. OF 


CRANKSHAFTS, CAMSHAFTS, CONNECTING RODS AND 
ALL DROP FORGINGS, 


ROUGH FORGED, OR FINISHED MACHINED. 






































V4 
































IN ANY f ‘ | OR 
Quality |=} PR ap ee | ALLOY 
CARBON . * 


STEELS. 























G. C. H. GOODE ("ir ture) 9, Regent Street, LONDON, W. 


Telegraphic Address :—* ELBERWELDE-PHONE, LONDON.” Telephone: GERRARD 2203. 


Agent for the Midlands and the North:—Mr, LEO. HARRIS, Temple Chambers, Lichfield Street, Wolverhampton. 








q ty 
DISTINCTION! 


Qit is hard to tell 


exactly what distin- 
guishes one good 
Lathe from another. 








@ Lathes are not better - 
because they Zook better. SMITH, BARKER, WILLSON & C9, 
THE DISTINCTION IS lhelLathe Makers,” 
DEEPER! HALIFAX. 
@ Between things of HIGH } CREAT BR/TAIN 
QUALITY the subtle marks of 
difference are NOT ON THE 
SURFACE. 





May we send you full 
Particulars of our Lathes? 


The 6" & 8" LATHE SPECIALISTS. 

















SMITH, BARKER, WILLSON — 
see | HALIFAX, eS 

















' CREAT arenas. = 
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OWAY 


MANCHESTER 














Telephone :— 6312-3-4 CENTRAL. 






WATER- 
MODERN f TUBE 
DESIGNS. ‘° } BOILERS. 


7 ee 


REVERSING ROLLING MILL ENGINE. 


ENGINES BOILERS 


FOR 4581 


COLLIERIES, STEELWORKS, FACTORIES, PUMPING. 

















Buair, CAMPBELL & McLean, 1D. 


GOVAN, GLASGOW. 


— ESTABLISHED 1838, — 


SUGAR-MAKING, REFINING, DISTILLERY, BREWERY, AND 
CHEMICAL PLANT, embracing COMPLETE WOOD DISTILLA- 
TION PLANTS for recovery of all By-products, including Acetone, 
Formaldehyde, Ether, Oxalic Acid, &c. 

STILLS, EVAPORATORS, &¢., of Iron, Copper, Gunmetal or Silver. 


RECTIFYING STILLS, of 
Acetone, 





Continuous and Discontinuous type, for— 


Acetic Acid, Ammoni 
Alcohol, Turpentine, Carbolic Acid, 
Wood Alcobol, Wood Oils, Pvridene, 
Ether, Naphtha, Solvent Oils, &c. 


SPECIAL APPARATUS for— 
Pure Benzol, Toluol, Xylol, Naphthals, Naphthalene, Carbolic Acid Crystals, 
Complete Installations for making 40% and Pure Anthacene, Pyridene, 
Anilin and Alizarin Dyes, &c. 


HOMOGENEOUS LININGS OF ALL METALS. 
Sole Makers of ‘‘ MULTIPLEX” FILM EVAPORATORS. 
‘* IMPERIAL” PATENT DRYING MACHINES. 


SPECIAL PLANT—aAutoclaves, Vacuum Pans and Dryers, Ren- 
dering Plant, Condensers, Caustic Soda Solidifiers, Gas and 








ACCURACY 


Any manufacturer of taps can 
make one or a dozen taps that 
are accurate and correct in dia- 
meter and lead. But to furnish, 
year after year, thousands and 


thousands of taps in various 
styles and sizes that are abso- 


lutely accurate and uniform 
means a splendid organization 
of help and an expensive and 
modern equipment. All of these 
are incorporated in the plant of 


re ea 


ome TEBEBEE ETE RELL sas 


wos CHAT WIN 2 


VICTORIA WORKS 
BIRMINGHAM 








LIMITED 


4258 














Vapour Scrubbers, Extraction Apparatus, &c. 3846 














HEATHMAN’S 
PATENT 
TELESCOPIC 
TRESTLES 
ADJUST TO) = Fim 
VARIOUS HEIGHTS FF LY 











| me) epee 
== 


| 


! 





P| =|=|=| 





ea 
HEATHMAN LADDER WORKS, 


PARSON'S GREEN, FULHAM, 
LONDON, 8.W, - 








WRIGHT'S GAS FURNACES 


FOR EXACTITUDE 


The Regularity of Temperature maintained in our various 
Gas Furnaces for heating, annealing, hardening, melting, 
&c,, enables repetition work to be done without waste 
of time or material. 


_—— 


Large numbers of 
our Furnaces are 
at present in use 
in the manufac- 
ture of Shells and 
other Munitions 
of War. 


Wide range of stan- 
dard apparatus, 
Special appliances 
for special needs 
quickly contrived 
by our Expert 

Staff. 


Inquiries and con- 


sultation are 
invited. 
4729 
Write for List “ E.” 
JOHN WRIGHT & CO. 
ESSEX WORKS, 
BIRMINGHAM, 


ONE OF WRIGHT’S OVEN FURNACES, 
for Hardening, Case-hardening, Annealing, &c. 
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Save Time on your War Work. 











BUY 


The ROCHESTER THREAD MILLER 


No skilled labour 
required. 


Will mill thread up 
to 8 in. diameter. 





Vertical Drills for 
SHELL WORK. 


Asquith Vertical Drills are used for 
rough boring 3.3 and 4.5 H.E. Shell 
Bodies, and also for rough drilling and 
forming the nose bush for 4.5, 5 in. and 
6 in. shells. These machines have 
proved themselves indispensable in the 
shell factory, and every shell maker ought 
to know their capabilities. 


RAPID, 
RELIABLE, 
EFFICIENT, 
COMPACT. 
Pump, 
Countershaft 
and Stand. 


PRICES AND DELIVERY 
ON APPLICATION. 


White to-day for particulars. 


Made at our own Works: Dalston, London. 
ALL ENQUIRIES TO 4502 


The NEW BRITISH ELECTRIC 
SUPPLY CO., Ltd., 
FINSBURY COURT, LONDON, E.C. 


BENHAM & SONS, L- 


COOKING APPARATUS for Mess Rooms 
—_.— of Munition and other Factories. —— 
5 ; ee 




















Asquith Drilling and Boring Machines 
are unequalled by any other machine. 
Their productive capacity is excep- 
tionally high, whilst labour costs are at 
the minimum. Let us tell you their 
— capabilities on your own work. — 


William Asquith Limited 


Park Works, HALIFAX, England. 





LLL LLL ip 
WLLL LLL LLL LLL 











Telegrams: Drill, H'x. 
Ss "Phone: No. 695, H'x. 4207 


CABINET HOT CLOSET orn CUPBOARD.—Either steam pA heated, for warming Sup dinners*for 
nd car 


workpeople. This fitting is made throughout of mild steel ar agbe supplied in any size to suit the 
number required. As supplied to the Admiralty for H.M. tt. 4 to atlarge number of factories. 








LLL, 


Steam Jacketed Boiling Pans — Steam Ovens — Tea Making Ap- 
paratus — Coal Cooking Apparatus — Gas Cooking Apparatus. 
Heating Apparatus by Steam, Hot Water or Hot Air. 


Offices 8 Showrooms:—66, WIGMORE ST., LONDON, W. 
. Works ;—Goarratt Lane, Wandeworth, 5.W, 4887 | 








Z, 
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Stern Wheel St . Bucket and Suction Dred 
“GOLDEN eiggsinn cnena on ee 
JOINTING. Gold Dredgers. 
A COMPRESSED ASBESTOS | 


JOINTING THAT IS 


ALL BRITISH. 


REFUSE ALL IMITATIONS. 


4708 


Working Sample on Application.| | 


James Walker & Co., Ltd.,. 


LIoN WORKS, GARFORD STREET, 
| WEST INDIA Dock RoaD, LONDON, E. 








te a a 














Telegrams : 
“ LOBNITZ, 
RENFREW.” 


Sole Makers 
of Patent Rockcutter. 
For rock excavation under water without explosives 


4661 











BUILT ONLY ONE WAY 


perfectly, with every part carefully fitted, and of material which will insure its 
longest wear. 
OUR AUTOMATIC WIRE STRAIGHTENING AND CUTTING MACHINE 
is guaranteed to straighten wire perfectly and cut it to accurate lengths, any 
kind of wire, without injury to its surface. 
Made in several sizes, and Catalogue will be mailed on request. 


THE F. B. SHUSTER CO., New Haven, Conn., U.S.A. 
FORMERLY JOHN Apt & Son. 4491 ESTABLISHED 1866. 
Also Makers of Riveting Machines, Straighteners and Cutters for Hexagons, Flats, Squares, &c- 
English Agents—CHAS. CHURCHILL & CO., 9, Leonard Street, London. 











“Used One for Nine Solid Years — 


on the roughest of work and am now 
running it on the most accurate Moving 
Picture Machine Work, and she stands 
up like a little Hero.”—/70m a User. 


Such service is ready for you. 
Catalogue _ to-day ? 


THE HOGGSON & PETTIS MFG. CO., 


New Haven, Conn., U.S.A. 4719 





















= 


EDWIN COTTAM & 60., [10. 


CARDIF?Y & ROTHERHAM. 


| LAMINATED RAILWAY CARRIAGE AND WACON SPRINGS, 
VOLUTES, CONICALS, SPIRALS, &c. 


STEEL CASTINGS 

















TULEPHONES. TELEGRAMS. 
No. 456. BUTE STEEL & SPRING WORKS CARDIFF. “SPRINGS.” 
» 279. DON SPRING WORKS, ROTHERHAM. 4771 “SPRINGS.” 
» 534. DON STEEL FOUNDRY, “SOLIDITY.” 














PLATE PRESSINGS 


THOMPSON BROS. Gist, L™.. 


BRADLEY Engineering and Boiler Works, 
BILSTON. . 




















ARMSTRONG 
COMBINATION KITS 


MADE UP A8 FOLLOWS8— 


One GENUINE ARMSTRONG STOCK 
AND DIES } to lin. R. or L.; 


One MODEL B PIPE CUTTER; 
One JUNIOR HINGED PIPE VISE; 
One STILLSON PIPE WRENCH; 


ALL PUT UP IN A HARDWOOD BOX. 
Manufactured by: 


THE ARMSTRONG MFG. CO., 


838, KNOWLTON STREET, BRIDGEPORT, CONN., U.S.A. 
NEW YORK—248, CANAL STREET. 








Authorised Capital 
Paid up ditto $8,000, fon" 000 ) 





BUCYRUS CO., Sth. Milwaukee, U.S.A. 





STEAM SHOVELS (Steam and Electric 


71 BUCYRUS SHOVELS WERE EMPLOYED IN DIGGING THE PANAMA CANAL. 
Spare Parts for Shovels Stocked in London. 4762 
Goip DREDGES. 


Draa-Line EXCAVATORS. River anD Harsour DREDGERS. 








Catalogue Mailed on Request. 


$426 








Sole British Agency: GEORGE F. WEST & CO., 507, Caxton House, Westminster. 
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FOUNDRY PLANT 


Cupolas, Staging, Hoists, 
Ladles, &c. 


Up-to-date design and construction. 











Welded & Rivetted Steel Work 


of all kinds, 
Oxy-Acetylene Welding & Cutting. 
Light Constructional Iron Work. 


4665 


DERBY BOILER C°- L° aa 





























‘Telegrams :— 
“PISTONS,” 
MANCHESTER. 


Telephone No, 
4621, 
Orrr. 


“The Lancaster” 


(.T.M.) 
DOUBLE MET ATLIIO 


PACKINGS 


for all Pressures, Speeds and Superheats. 
Perfect vacuum after working night and day for 16 years. 

Send for Packing Catalogue and read Testimonial from Messrs. D. Thom & Co., on page 48. 
First Orders always “On Approval.” 


LANCASTER & TONGE, L”: 


Sole Makers of ‘‘The Lancaster’’ Steam Traps, Pistons, Limit Piston Rings, 
Steam Dryers, Machine Moulded Wheels, &c. 8926 


KPawort.E Tom, MANomrs TBR. 




















RAILWAY CARRIAGES. 
PONE AN GAN NGTO iy 


TRAM CARS, crc. 


TELEGRAMS: 
“WAGON, BIRMINGHAM” 
“UNDERFRAME, LONDON. 


NATIONAL TELEPHONE: 
483,484 & 485 
BIRMINGHAM, EAST. 


MIDLAND 


RAILWAY CARRIAGE 
& WAGON C9, LS 


MIDLAND WORKS, 
WASHWOOD HEATH, 


BIRMINGHAM. 


LONDON OFFICES: 
SUFFOLK HOUSE, 
= LAURENCE POUNTNEY HILL 











HIGH-SPEED AUTOMATIC 


SPRING MAKING MACHINES 


We offer to the Trade a line of THIRTY STANDARD 
MACHINES for SPRING COILING, SPRING SETTING, 
SPRING HOOKING & SPRING GRINDING. Send us your 
inquiries for any kind of WIRE COILING AUTOMATIC. 


SLEEPER & HARTLEY, INC, WORCESTER 


Mass., U.S.A. 


4627 











Agent in London: F. A. PERRY, Ormond House, 68, Queen Victoria cheost, E.C. 








ELECTRIC 


CRANES 







CURRENT COLLECTING 
DEVICES TO SUIT 
ALL CONDITIONS 


Complete Electric 
Traction Equipments 
for MINES, WORKS, TRANSPORTERS, &c. 





WRITE FOR CATALOGUE TO :— 4901 


BRECKNELL, MUNRO & ROGERS, Ltd., 


Thrissell Street, BRISTOL. 


TROLLEY 
TRAVELLING CRANE. 


Telegrams—BReCKNELL, BRISTOL. Telephones—3137 and 3138. 
Code—A B O, 5th Edition. 


PROPELLERS 


EITHER SOLID OR. . 
WITH LOOSE BLADES. 


Any Size made at the 
Shortest Notice. 


4318 


HIGHEST 
EFFICIENCY. 


LOWEST 
CONSUMPTION 


F. FRIEDENTHAL, exc!” PRESTON, 

















AND 


SEAMLESS STEEL awerreo 
ELEVATOR BUCKETS. 


100,000 to 250,000 ALWAYS IN STOCK. Also Gravity Buckets. 


MAKERS OF @ 
OVER \ 


800 sizes. 


Specify 
Braime’s Buckets 
for Quality. 








4480 


To be had from all Makers of 
Elevating and Conveying Machinery, or Engineers’ Merchants. 
The Seamiess Stamping and Engineering Works, 
Goodman 8t., Hunslet, Leeds, ENGLAND. 





Full Illustrated Price List | 
on application. 














T. F. BRAIME & CO., Ltp., 











Be Michell Thrust Bearings 


The fact that these are 
being fittedintothelargest 
liners is evidence of their 
\ quality. They are also 
* used in turbines, pumps, 
vertical motors and other 
machines having strong 
axial thrust, as they 
develop far less friction 
than ordinary thrust 
bearings, and lubricate 
perfectly. List 2n request. 


TELEPHONE 93. 
BROOM & WADE Lid., 
HIGH WYCOMBE. 
EM ULL RSL | 





HUAVNVAQONESUUUUUADAADD CUUGUAUADANOUEDON EASA EUED EAA EDAD ELA ANE 


4410 
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SPECIALISTS 


IN THE 


ELECTRICAL EQUIPMENT 


MUNITION FACTORIES. 





POWDER & CHEMICAL WORKS. 





UPWARDS OF GOOO HP. AT PRESENT IN HAND. 





Estimates submitted free by 


DRAKE & GORHAM 


LIMITED, 


66, Victoria Street, LONDON, S.W. 
47, Spring Gardens, MANCHESTER. 
50, Wellington Street, GLASGOW. ome 





— - 


MANLOVE ALLIOTT & CO.LD| 


_ ENGINEERS NOTTINGHAM The 





PRICES AND PARTICULARS ON APPLICATION. th eneemananniennmmeannidiamimness 


WRITE FOR LIST P. 421. 








AIR COMPRESSORS 
BLOWING ENGINES 


ALL TYPES, SIZES ano PRESSURES 
RECONSTRUCTION OF EXISTING PLANTS A SPECIALITY 


FULLERTON, HODGART «= BARCLAY Lrp 
PAISLEY - SCOTLAND. 
ow oe = am ee : gaye Sy Tm yn : oa 




















ccc \\\\\IA 


Double or Single Ended. With or Without Stub Ends. Bright and Black. 


All leading sizes supplied from Stock. 


ARMSTRONG, STRVENS«SON 


WHITTALL Street, BIRMINGHAM. 





/ f y/ 
SOLID DROP 
FORGED STEEL , 
SPANNERS. TURNBUCKLES. STANCHIONS. 











Dec. 31, 1915. ] 


ENGINEERING. 


[SUPPLEMENT page xxv | 73 











Showing through the water a broad 
rich, red line thus rendering the level 


GaUcEeE re IRAP ARSE) voy Mistinct. A large stock always 


on hand. 


GUILBERT-MARTIN, 9, Edmund Place. 
.. Aldersgate, LONDON, E.C.  puororisokztoxvon. 


For high pressure and to withstand 
TRADE °° 7 i t ”” MARK extreme variations of temperature. 
| q Nn Are not afiected by draughts or sea- 


OMe 10 lel ae CRIN BSS1oeSe| | °P'eY. Aligiasses bear the Trade Mark 


“Beacon” 





and have fire-polished ends of a deep 
claret tint. 4580 











KING’S PATENT FRICTION CLUTCHES 


for 


COLLIERY 
and 


GENERAL 
PURPOSES. 


H.J.H. KING 


and 
Company, Lrp., 


ENGINEERS, 
NAILSWORTH, 
GLOs. asx 
Nat. Tsu: 312, 


TaiaeRAMs: KING, 
NAILSWORTH. 

















r= ® 


FERRANTI 


ELECTRIC 


FIRES. 








4 


1915 
DESIGN. 





2 Kw.- £3:0:0. 


NEW CATALOGUE NOW READY. 











FERRANTI LIMITED, 


CENTRAL HOUSE, KINGSWAY, LONDON, W.C. 4... 


Telegrams : Telephone : 







































Timber piled ready for entering Sturtevant Dryer. 


Timber Drying. 


MMUNITION boxes, oak or ash 
spokes, felloes and hubs for artillery 
and wagon wheels, also all classes of 

timber, can be thoroughly and efficiently dried 
by the Sturtevant System, which is reliable 
and unaffected by weather conditions. 


We shall be pleased to send our new illustrated Treatise 
Eg. 1281 and place our extensive experience in this direction 
at your disposal. 





Engineering Co., Ltd., 147, Queen Victoria Street, London. 














*HUUUUUUNNTUUUNNTU NLT IGRANIC UTTER LULU LoL be 
A.C. CONTROL GEAR. 


No. 32.—Improved Three Phase Rotor Starter for use with Slip Ring Motors up to 200 HP., 
500 volts between slip rings. Robust construction, good electrical and mechanical design. 


IGRANIC ELECTRIC CO., Ltd., 147, Queen Victoria St., London. 
TUTTLE EPEC 





















Ferranti, Westcent, London. Regent 1602 and 1603. 








© 











<I> 


ee se 


S 


> 


, 


xX 


Ropeways 
Desioned & consirucled 
on all SYSTEMS 


lo convey materials 
of every descriplion 
Suitable also and inany quaniiifes 
for the * 


2 Adaplabie where no 
Conveyance other form of transport 
ot can be used 


passengers 
> 


| 
/ / weil | 

vines x ae 
| 
| 
| 


,ONDO 


a REGS OFF ICES 72 MARK L ANE 


jeceson “= WORKS MILLWALL E 
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THE ADMIRAL ANCHOR 


MADE OF 5 
STEEL PARTS. 








ANY WEIGHT 
40 POUNDS 
TO 
20,000 POUNDS. 


DETAILS FURNISHED ~ 
UPON REQUEST. 


APPROVED AND ACCEPTED BY LLOYDS’ 
REGISTER OF BRITISH AND FOREIGN SHIPPING 
AND BUREAU VERITAS. 


MANUFACTURED BY 


THE BALDT STEEL Co. 


NEWCASTLE, DELAWARE, 


U.S.A. 


4521 

















‘* Excelsior ”’ 






(Duplex Type) 
FITTED 


THROUGHOUT 
ALL THE 


PISTON RODS 


AND 


Je 
5 


BR aly 7 
= bi B 


wed |~.| 


OF 


R.M.S." BRITANNIC” 


(Largest White Star Liner) 


= 
¥ 


a 


~ | 
~ 


|| 
—~t 


Sole Patentees 
and Manufacturers: 


THE BELDAM PACKING & RUBBER CO., Lto., 


Tel. No Avenue 6204. 1 & 2, Gracechurch Street, LONDON, E.C. 


Telegrams — Corrugated. 


4349 








> 24 suc TION GAS 
& PLANT 

| For Anthracite COKE and 

CHARCOAL FUEL. 


Will work perfectly 
| FULL LOAD to NO LOAD 
or ive 
TWO or more ENGINES 
trom 
One Suction Plant. 


10 to 20 HP. For 
ONE PENNY 
PER HOUR. 


DANIELS | GAS. PLANTS. 


gee 
Hee: ioe 
ae r 
ae 




















Pressure and Suction 
Types. 





Complete Pumping 
atenatene. 


DANIELS GAS ENGINES. 
DANIELS HIGH-SPEED PUMPS. 


T. H. & J. DANIELS, Ld., Stroud, —" 











Gy Ropal 
@@iarrant. 


To Wis Majesty 
Hing George V. 





WAYGOOD-OTIS LIFTS 





4323 


Waygood-Otis Ltd. (Estab. 1833), London, 8.E. Telephone 4000 Hop (Night and Day). 




















STEAM CRANES, 
\ OVERHEAD ELECTRIC CRANES. 











HENRY J. COLES, Lid. ccstres Derby 
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THOS. PIGGOTT & CO., LD. 


CAN DELIVER QUICKLY 


IRON 
CASTINGS 


General Engineering Use 





WEIGHING 


2 CWI. to 2 TONS. 


Send your Enquiries to: 


ATLAS WORKS, SPRING HILL, 


BIRMINGHAM. 





4458 








“CAMEL HAIR” 


(RECISTERED TRADE MARK) 


BELTING 


UPWARDS OF 60,000,000 FEET 
SUPPLIED TO WORLD WIDE USERS. 


epee ® 





> ee > 











VERTICAL BOILERS 

















SPECIALTY 


Vertical 
Cross-Tube Boilers 


FOR 


tet et ee « 


INDIA, AUSTRALIA, AND 
SouTtH AFRICAN MARKETS. 


MARINE 
BOILERS 


Not exceeding 7 ft. 6 in. dia. 
Any Inspection and Tests. 





Loco-Type BOILERS 
Multitubular ,, 
Colonial 











Telegrams— 
**Borters, LOUGHBOROUGH.” 
Telephone— 

51, LovGHBoRovGH. 
Code— 
ABC, 5th Edition. 


= 


WALTER W. COLTMAN & CO., LTD., 


Central Boiler Works, LOUGHBOROUGH. x 











CEMENT WORKS 
TUBE MILL MOTOR DRIVE, 

















HAS AN UNBLEMISHED REPUTATION 
OF NEARLY 40 YEARS. 








Sole Makers: 


fF. REDDAWAY &CO., 


PENDLETON, 
MANCHESTER. 


LONDON : 
60-61, LIME STREET, E.C. 


4396 
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D FH} RBY . ESTABLISHED 1791. 


Telephone—No. 6, Ripiey. Telegrams—‘‘Ironworks, Butterley.” 





sag THE BUTTERLEY CO. Lo. 








Pig Iron, Bar Iron, Iron Castings up to 
ZO rows. 
Bridge and Structural Steelwork, Pit Trams, &c. 
High-class Machine Work of all descriptions. “” 
Special Acid-Resisting Metal for Chemical Plants. 
Large Retorts, Pans, Acid Eggs, &c., a Speciality. 








y) : 


MR MCR SR Aa dat) Were aie st eee 


LONDON OFFICE—52, Queen Victoria Street. Telephone—2180, Crry. 











CONTRACTORS TO H.M. GOVERNMENT. ON WAR OFFICE, ADMIRALTY, INDIA OFFICE, and COLONIAL OFFICE LISTS. ESTABLISHED 1865. 


<*© BRANDON BRIDCE-BUILDING CO. L?: 


ENGINEERS, BRIDGE-BUILDERS, IRONFOUNDERS. 


BRIDGES, ROOFS, DOCK GATES, TANKS, PIERS, LOCOMOTIVE TURNTABLES & WATER 
COLUMNS, PRESSED STEEL TROUGHING. INGOT MOULDS & GENERAL CASTINGS. 











re REA ee 4662 


London Office :— Works: Telegraphic Address: ‘‘“GIRDER.”’ 
34, Victoria Street, Westminster, MOTHERWELL. Telephone : No. 11. 





























{ || 














COMPLETE HIGH-PRESSURE GAS INSTALLATIONS. MADE IN 


Gas Exhausting Plants—Tar, Liquor & Water Pumps. mvae 


PATENT DISTRICT ann SERVICE GOVERNORS, iAdass 2 


Valves for Coke Ovens a Specialty. 


THE BRYAN DONKIN COMPANY, LTD., 
CHESTERFIELD. = x» 























NO COTTON, OR MIXTURE OF 
ASBESTOS AND COTTON, IS USED 
IN MAKING “CHEKKO” LININGS. 








for your 











THERE IS NONE 
‘Just as Good.’’ 


They provide instant and perfect retardation at 
all speeds and under all loads. 


CRESSWELLS’ LIMITED, 


And at - LLINGTON MILLS, 4333 

















i GLASGOW, GHEFFIELD and BWANBEA, BRADFORD O.U.U. 








Quic 
ECO! 
OF H 
MAT 
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Manufacturers of SIEMENS’ ACID STEEL 


BOILER PLATES. 


Also SHIP and BRIDGE PLATES, ANGLES, BULBS, CHANNELS, ROUNDS, SQUARES, TEES, ZEDS, &c. 
BILLETS, of dead soft quality, and for wire and springs of special quality, from any grade ot carbon; also SLABS. 


THE GLASGOW IRON & STEEL CO., LTD., 


WISHAW, SCOTLAND. 4608 














B=EESProRnT AGINITsS FOX :— 





H. K. PORTER CO., Locomotives. BESSEMER GAS ENGINE CO., Gas and Oil Engines. 
CONTINENTAL CAR & EQUIPMENT CO., Steel PARKESBURG IRON CO., Charcoal Iron Boiler 

Dump Cars. Tubes. 

ORTON & STEINBRENNER CO., Locomotive Cranes BENNINGTON SCALE CO., Scales and Weighing 
and Buckets. Machines. 

FRANKLIN STEEL WORKS, Steel Poles and Towers. LAKEWOOD ENGINEERING CO., Contractors’ 

WHITING FOUNDRY EQUIPMENT CO., Hand and Equipment. 

Electric Cranes. Complete Foundry Equipment. EXPANDED METAL ENGINEERING CO., Ex- 
BLYSTONE MACHINERY CO., Concrete Mixers. panded Metal. Expanded Metal Lathe. 
WONHAM, SANGER & BATES (Inc.), 

(FOREIGN DEPARTMENT) E ngineers, Cable Address : “‘ STAPLEY,” N.Y. 
0. S. ORANGE PEEL BUCKET. 30, CHURCH STREET, NEW YORK CITY, U.S.A. 701 
























McKENZIE & HOLLAND, Ltd. 


Railway signalling of every description. 


POWER SIGNALLING 


carried out in conjunction with 
THE McKENZIE, HOLLAND & WESTINGHOUSE POWER SIGNAL CO., LTD., 


Head Offices: 58, Victoria Street, London, S.W. 


Telegrams: “ Macksig, London. Works : Wor cest er, En gl and. Telephone t 4760 Victoria. 


LIDGERWOO 


stone ese BUILDERS’ HOISTS 


ECONOMICAL METHOD 
Address :=-GAXTON HOUSE, WESTMINSTER, LONDON, 





4297 











ne meee 


MANUFACTURING COo., 





TELEGRAPHIC Appnaes: _ “ LIDGERWOOD, LONDON.” 
TELEPHONE No. :—585, VICTORIA. 








ERECT STEEL BUILDINGS WITHOUT 
REQUIRING ANY TEMPORARY STAGING 
TO SUPPORT THE DERRICKS. = yn 





OF HOISTING BUILDING 
MATERIAL, 
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UPrw ARDs 
oF 


160,000 
GRESHAM’S PATENT 


INJECTO 


OF ALL CLASSES NOW IN USE. 


GRESHAM & CRAVEN, Lid., 


BMwWGINDAERsS, ORDSALI LAND, MANORESTEZR. 


Telegraphic Address—BRAKE, MANCHESTER. Telephone No, 613. 3731 


—— wrmem ENGINEERS, SHIPBUILDERS, BOILERMAKERS, COPLAND Works, GLASGOW. REST 
|‘ Telegrams :—‘ Catrpap, Guasaow.” Codes—A1, ABO, Engineers, and Private Code. 
= Contractors to British Admiralty, War Office, Crown Agents for Colonies, &c. 
f Foreign Governments and Principal Buyers at Home and Abroad. i 
High-class Marine Engines and Boilers for Vessels constructed 
abroad. 3000 LHP. down to the smallest sizes. Highest class work. 
> Modern Designs. Efficiency and Workmanship Guaranteed. 





















OUR MACHINERY IS WORKING IN ALMOST 
EVERY PART OF THE WORLD. 


ay Sa | Cargo Vessels, Tugs, Launches, i 
Triple “Challenge” + omen A aman ae ons 0.8.0. “Challenge 
Engines. 16500 I.HP. Correspondence Invited. Engines. 25 LHP. 

& | 

\3 Specialists : 4 | a ee i 
in Vessels and Machinery ls os 
a » 9 —~ 
j _ is 









of the Highest Speeds, Light-Weight 
Machinery, Water-Tube Boilers, Oil Fuel. 


Ordinary Passenger and Cargo Steamer, 150 ft. x 26 ft. x11 ft. 9in. Speed, 10 






































knots fully loaded. Triple “Challenge” Engines, 6001.HP. (Specially built 
for service in the Straits Settlements). 4874 
JO RuN ToL ...ISsS «= SON, 
ATENTEES AND 5 ST. ANN’S LEATHER WORKS, GLASGOW. LIMITED. 
5 . ORIGINAL MAKERS OF COTTON CANVAS BELTING and of LLAMA HAIR BELTING. > 
ow MAKERS OF BELTING FOR TAPER CONE AND QUARTER TWIST DRIVING. ~ 
WE RECOMMEND THE FOLLOWING - =z 

Jo COLUMBIA BELTING for Striking Gear and Step Cone Pulleys. This Belt will not be affected by oa 
z the action of the forks, nor will it mount the Cone Steps. J 
P+ RAW HIDE BELTING for High Speeds and working on small diameters. ix 
ou CHROME TAN BELTING for working in damp atmosphere. 4= | 
Oc ORANGE TAN BELTING for Dynamo Drives and Gas Engines, and all cases where sudden variation ve 
Or of load may take place. The strongest Belt made. OF 
St BALATA (Chonata Brand) for Drives exposed to atmosphere. This class is also suitable for trans- Ma 
Fr) mission work generally. Ds 
.:7 ENGINEERS’ SPECIAL for Heavy Planing Machines. =. Fa 
@ MMustrated Price List on Application. 

LONDON—Export Department: Mr. ALEX. MONTGOMERY, Hopetoun House, MANCHESTER—Mr. JAMES SOOTT, 9, Blackfriars Road. 
wantHouses| a ae Eg ay E.0. — BIRMINGHAM—Mr. DAVID WINDRAM, 17, Cannon St. 

5, Lloyd's Avenue; Funcharch Sires) KC, LEEDS—~Mr, JOHN BCCLES, 10, Aire Sttevt, . 












&  “SWaHLV31 IVDINVHOIN 40 SGNIN TIV 


<= 
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& CONTRACTORS TO THE BRITISH & FOREIGN ADM 


f 





| THE CONSOLIDATE 


(UNDER GOVERNMENT CONTROL.) 





PNEUMATIC TOOLS ELECTRIC 
FOR FOUNDRY WORK. AND 
PNEUMATIC SAND PNEUMATIC DRILLS 
RAMMERS AND SIFTERS. MANUFACTURED =. 
ALSO HAMMERS FOR wine cca se 
FETTLING CASTINGS. ; 
No. 3 “LITTLE GIANT” DOUBLE GRINDER. Telsthone S015 Genacd (Three Lanse) 
PALACE CHAMBERS, 9, BRIDGE ST., WESTMINSTER, S.W. dacemeticsnc ctcctrie cote can ve neon n operation. Inepacton ved 
THE LARGEST PNEUMATIC TOOL WORKS IN GREAT BRITAIN. 4326 WORKS: FRASERBURGH, SCOTLAND. 

















| 








It is imperative that every Manufacturer shouid possess precise data 
relating to the capabilities of every Engine turned out by his Factory. 





Yet the value of many important test readings 1s nullified by the 
use of out-of-date measuring apparatus. 


The ‘‘ Froude ’’ Water Brake registers the output of the Engine 
Instantly, Noiselessly, with Scientific Accuracy. 


HEENAN & FROUDE, LIMITED 


3031 


WORCESTER. 

















LETT LAA 


























ESTABLISHED 1790. Contractors to the Admiralty, War Office, Crown Agents 


Man ufa clurers of for the Colonies, India Office, Trinity Board, Customs New Type Engine 
B | T I S H House and various Foreign and Colonial Governments. has no 
R Works NEWBURY. 


KROMHOUT —— 


For Particulars and Catalogues, &e., 
o 


Our M A RI N E apply to fea 


82-85 FENCHURCH ST. 
New Type | OIL ENGINES LONDON, E.C. 
Engine is not For Tugs, Barges, Launches, F a 














. Telegrams Telephone 
= Sailing Vessels and Large Yachts. Pie 20 Peos el 
a ot Bulb SPECIALLY DESIGNED LONDON. 5236. 


Engine. ae ee , See alternate advertisement for Illustrations 
“a |_ Simple, Substantial, Low Revolutions. of Steam Engines. 
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BEYER, PEACOCK ¢ Co.,~ 


tonan tire Hainer. Gorton Foundry, Manchester. "rr: sn:( ee 


Tel. Address: “ FOLGORE, LONDON.” Telephone: No. 255, Manchester. 


Telephone No. ‘i i q . 
elep 0. 5894 Victoria. ESTABLISHED IN 18654. 5640, Genl. Manr. & Secy’s Office. 


LOCOMOTIVE ENGINES 


ALSO MACHINE ToOox3ts. 


WHEEL AND OTHER LATHES. 

MILLING MACHINES, DRILLS, 
PLANERS, SLOTTERS, AND 
OTHER MACHINE TOOLS, WITH 
OR WITHOUT ELECTRICAL 

















ARTIGULATED LOCOMOTIVES. 
GARRATT PATENT LOCOMOTIVES. 


GRANE LOCOMOTIVES FOR 
LIFTING AND SHUNTING. 


RACK-RAIL LOCOMOTIVES. DRIVE. 
MERY GRINDING MACHINES 
YARD ENGINES AND OTHER E prone 


SPECIAL DESIGNS FOR ALL 


PURPOSES AND GAUGES. All parts of the Engines and 


Machine Tools are made 
accurately to Standard 
Gauges. 





WORKMANSHIP AND MATERIAL UP TO THE HIGHEST STANDARD OF EXCELLENCE.) «2 
(STEEL FOUNDRY for Casting Wheel Centres and other Parts of Locomotives. Also general CASTINGS & FORGINGS. | 























THE HUNSLET ENGINE CO., Ltd. | | 


LEEDS. 


MAKERS OF 


LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 





DESIGNS & SPECIFICATIONS 
SUPPLIED OR WORKED TO. 


Quotations and Specifications on application. 


4269 
Telegraphic Address: ‘‘ ENGINE, LEEDS.” 
Telephone: Nos. 3430 to 3434 inclusive. 














Locomotives 


LONDON ADDRESS: TELEGRAMS =— 
58, Victoria Street, “ BARCLAYSON, 
Westminster, S.W. KILMARNOCK.” 


MINING PLANT. 
ENGINE and BOILER FITTINGS. FIRE BARS. 
MOUNTINGS for LOCOMOTIVES. 
FANS and BLOWERS. 
BRAKES for WINDING ENGINES. 


Andrew Barclay, 


CALEDONIA WORKS, KILMARNOCK, SCOTLAND. 
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MANNING, 





BOYNE 


WARDLE & Co., Ltd., ENGINE WORKS, LEEDS. 


Makers of Locomotive Engines for any width of gauge and for all purposes. Also makers of Steax 


Tank Engines up to 18 in. cylinders, on four or six wheels, always in stock or in progress. Specifications, Photos and Prices on application, and Special Designs 


sent on receipt of particulars of requirements. Od 2486 
London Office: Mr. H. J. HEAGERTY, 34, Victoria Street, Westminster, 8.W. 


n Rail Motor Ooaches for passenger traffic. Materials and workmanship of the best quality. 








LIGHT LOCOMOTIVES 





TELEGRAMS 


“CASTINGS” 


SHEFFIELD \ 


MACHINE WITH EXPRESSING ROLLERS 
FOR CLAYS THAT ARE LIABLE TO CORE CRACKING. 





“BALDWIN, PHILADELPHIA.” 


often operate under difficult conditions, and must 
be specially designed for the service. The engine 
shown is used on the Central Railway ot Ecuador, 
a line of 2 ft. 54 in. gauge, which has curves of 
196 ft. radius and grades of 3 percent. The rails 


weigh 35 Ib. per yard. This engine was built by 


THE BALDWIN LOCOMOTIVE WORKS, 


Philadelphia, Pa., U.S.A. 
LONDON OFFICE -:- 


Cable Addresses: 


34, VICTORIA STREET, S.-W. 


“FRIBALD, LONDON.” 4582 


oats TILE & PIPE MACHINERY 35:12: 


( SIDNEY GW.HUNTER € CO ) 
ILLUSTRATEO CATALOGUE ON appiicaTiON DQ 


* LONDON OFFICE. + 


28 VICTORIAST WESTMINSTER. S.W. 
JFelept:: 920 VICTORIA. Telegr “BRICK PRESS CAIT” LONDON. 


. CLAYTON. HOWLETT € CSano MURRAY'S 








LOCOMOTIVE 
BUILDERS, 











BRISTOL, 
ENGLAND. 





4201 











Vic 
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The *ClayCross Company, L'*- Clay Cross, Derbyshire. 


-JACKSON, CLAYCROSS. —_- BHESTABLISHED 1837. Telephone :—147, CHESTERFIELI’. 


MAKERS OF STANDARD-TYPE 


>| FUEL ECONOMISERS 


4715 
For Utilising the Waste Heat from Steam Boilers of all Types. 


SAVES IN COAL FROM 15 To 25 PER CENT. 


Adopted by Steam Users throughout the World. 
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>, aM r GRAND PRIX 











































Ponte rn 
; HASLAM 
FOUNDRY: & - 


UNION FOUNDRY, Londor Office:~ 
RBY. 175177, SALISBURY HOUSE; 
* LONDON WALL‘E-C- 


G 
COMPRESSED alr SYSTEMS 


ENGINEERING C2 LC? 






Od 1448 

















THE LEEDS FORGE CO., LTD., LEEDS 








4 
Pioneers in the 7 
Wrot 
Design and trea, 
Manufacture of ent 
Pressed Steel LONDON OFFICE :— 4 
Underframes and Jeti 
Bogies, and Caxton House, i 
All-Steel 
ee: WESTMINSTER 
Carriages and in e 
Wagons. ’ 
—_——— OPEN GOODS WAGON with Fox's Pressed Steel Underframs and Bogies —— 


and Lane’s Patent Corrugated Pressed Steel Doors. 
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WELDLESS TUBES 


Works: 


TUBES LIMITED I 


tor BOILERS and STEAM PIPES 
LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. 
ASTON MANOR, BIRMINGHAM. 


3651 Too {sreme CYLinpers. 


phone: No. 871 & 872 E (4 lines). 














all 
ALTERNATORS, DYNAMOS, 
A.C. MOTORS, HIGH & LOW 
TENSION, CASTLE-MOTORS, 
) SWITCHBOARDS (Automatic Switch Gear). 








J. H. HOLMES ci, 


NEWCASTLE - UPON - TYNE. 





4109 
** Holmes, ,- a 








BOZLILING & I.O WW BE. LONDON, _E.C. 


3 SK. Machinery Installations, Tools, Railway. and Tramway Material, Mining and Contractors’ a 


2, LAURENCE POUNTNEY HILL, 
Tel 
Codes Used: ABO, 


Engimeers and Merchants ("rr Bin & 0°. 


ESTABLISHED 1827. : “ Bird, London.” 


1, Engineering Telegraph, and Lieber’s. 


Contractors to the Admiralty, War Office, Crown Agents for the Colonies, &c. Agents for Foreign oa 2 








STOCK OF NEW AND SLIGHTLY DEFECTIVE RAIL&. 

















ory — AIR FILTERS — 


TELEGRAMS: 
Precoousr, Vic. 


OIL SEPARATORS. 


PLANS AND ESTIMATES 


FOR EVERY DESORIPTION OF 
TSLEPHONS : 


1887 Viororia. 


COOLING TOWERS. 





THE PREMIER COOLER & ENGINEERING CO., LTD. 
LOMDON, S.-W. 


4221 





= NE. 





























SPECIALITIES: 


Steam Ranges. Lapwelded Steel or Iron Tubes. 
Welded Bosses and Branches. 


EDWIN LEWIS & SONS, 


Britannia and Patent Tube Works, WOL\)ERHAMPTON. 
LIVERPOOL WAREHOUSE: 58, South John Street. LONDON OFFICE: 143, Cannon Street, E.C 











- 
4922. 














——— 





























WROUCHT-IRON A" 

Makers of adiaaene. = ee Fi Wrought i, 
Moaught and WATER TOWER. Water Works pr ardes © as Shear Lege, 
= a ; => Government. Tiessetone 

ening “LICHT DRAUCHT PADDLE & SCREW STEAMERS. and Wrenmse 

Wachinery, Bee The Stern Wheeler ILAGAN carries 50 tons all told at 2 8” draft. Fad on > ool 

~ . , 
aes, faed - BUILDERS OF - ag 
ail and Cargo Steamers, Steam Yachts, oilers, 

Penatocke, Launches, Ferry Boats, Schooners Light- Wrought-Ir n 
Wedrants for Draught Paddle and Screw Steamers. 

Water and Dredgers, Hoppe per Barges and Tug Boats, Stee! Buoys, 
Sewerage ist and 2nd Torpedo Boats for the a 

Works. British and Greek Governments. 

& Makers of Gas 

; i es Apparatus, 
te = auatert 

as ., fron 

Iron, or Steel Buildings, 
a tridacs, Iron Roofing, 

ron & Cast an 

Cylinders, Wrought-1 ry cn 
: Pi les, Tanke for 
on iers, Gasholders, 

oe for te Valves, 
tes or : nnections, 
ces, ’ isin Stills, 
ALBERT BRIDCE, CLASCOW. For cruising. purposes or for high rate of speed. Retorta, &c., 
for Gas are a 
orks 
HANNA, DONALD AND WILSON, OVW 


ENGINEERS, IRONFOUNDERS, SHIPBUILDERS and GOVERNMENT “CONTRACTORS 





ABERCORN AND ABBEY WORKS, PAISLEY, N.B. stablished 1851). 
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‘& SONS EL’ 
HALIFAX 




















REDUCING 
CEAR. 


MOSS GEAR Co., LTD. 


ASTON, BIRMING MAM. 





OVERHEAD 


ELECTRIC CRANES 


AND 


LOCO. STEAM CRANES. 


Er 4 i -4 : 
ALEXANDER JACK & CO 
Whitegates Eng. Works, 395 


REO TELE Ww Biz... 
38%” > 








s—- 


MCNEIL's bs 
NT UNBREA, 
ioral wit ABLE 





“WNW PARK IRONY of 
GLasGOW- 


a _ 


<= 824” ——_ 


Jegranis: Mycwitrt, Guasdow. Code : $th Bin, ABQ 
wae iegeegh Code: ind Edition. ams 








wig’ PHENIX BOLT & NUT CO. 


"RADE WARK (WM. M. WARDEN & SONS). 


HANDSWORTH, near BIRMINGHAM. 


Telegraphic Address) MANUFACTURERS OF EVERY DESCRIPTION OF {(“BOLTS, BIRMINGHAM.” 





— MAVOR % COULSON, L ey 


ee 


FRODIGIOUE 47, Broap Streer. Mice Enp, GLASGOW. (6 Lin 














r = 000 


coooobeb ooo CO COO OF 
* 





, TRU CTTOAL. 7 4 
<SVONW OL], 


e 
*| 
*| 


t REA STREETsoutui: 
pola \ 


RON € | al 











5 
o Oo 9 28 2.9 28.9 9 9 Oo 9 9 5 Oo Oo FD 

















THE 














For Boilers,*Hydraulic Presses, Ferrules, Boring Rods, Bushes, Shafting, and General Engineering Uses. 


THE WELDLESS STEEL TUBE OL. LTD. 


Icknield Port Road, BIRMINGHAM. 


On Admiralty List. Est@ 1872. 


PATENT WELDLESS STEEL TUBES, _ 





TRADE MARK. 
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Pipe Cutting 





and 
Threading Machinery 
THE COX & SONS COMPANY, _ 





PHILADELPHIA OFFICE: U S A MAIN OFFICE & WORKS: 
519-520, Lafayette Bidg. oareraes Bridgeton, N.J. 














NwWEewvw MWMLacHInNeE: 


for Generating 


ACCURATE GEARING 
for CLOCKS, WATER METERS, GAS METERS, ELECTRICITY METERS, &c. 


MIKRON Ltd., Machine Works, ““"” 


Madretsch, BIFNNE, Switzerland. 





BRASS ROD 


IMMEDIATE 
DELIVERY. 


Advertisers can furnish 
Contractors who may re- 
quire it, with up to 4} 
tons 4%" dia. Brass Rod. 
(Government Class C metal 
with inspection certificates). 
Not now required by them- 
selves for manufacturing 
purposes. 
Address— 3934, 
Offices of ENGINEERING. 























© 
—p-s oo 2 2 9 9 9 Of 9 fo 2 2.4 




















“LITTLE GIANT” CAPSTAN LATHES. 


An Ideal Machine for the Rapid and Accurate Production of Shrapnel Parts. 





$ in. AUTOMATIC CHUCK CAPACITY. 14 in. HOLE THROUGH SPINDLE. 
SIX-HOLE AUTOMATIC TURRET, WITH INDIVIDUAL ADJUSTABLE STOPS FOR EACH HOLE. 
SWINGS OVER BED tlin. HEAVY CROSS CARRIAGE. HEADSTOCK CAST SOLID WITH BED. 


NOTE.—The ‘‘ Little Giant’’ can also be supplied with 4-hole hand-operated turret, and 


without wire feed; in other respects it would be exactly as specified above. 


60 MACHINES AVAILABLE FOR DELIVERY IN FEBRUARY. 























Cheap Gas 
Heating — 


NEW 


BETTER 





. Waliwin and Sinnatts Patent No. 19073/14. 
True Economy 


all the time e 

‘| In the science of the burning 
of gas two facts are of out- 
standing importance. viz.— 








(x) To burn gas completely no matter 
what volume is used. 

(2) To bring about the above PerrEect 
COMBUSTION in the shortest space 
possible. 


Our Pamphiet entitied 








Selling Agents :— F oreign correspondence solicited. climates’ rill sabe tinal you. 
U N [> Write for your copy. 
NIVERSAL MACHINERY CORP" The WALLWIN COMPANY 
Machine Shop and Foundry Equipment of every description, 4497 DIOKINGDN STEMET, GALPORD, : 
Teck tcon, 326, OLD STREET, LONDON, E.C., ENGLAND. .ocice'Wai'sss aes. 
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BALATA BELTING. 








HENRY A. COLE & CO., LTD., INVITE YOUR ATTENTION 





TO THE FOLLOWING INFORMATION, VIZ., 


THAT THEY 
OTHER TEXTILE BELTING. 


THEIR FACTORY IS FITTED UP WITH THE MOST PERFECT 


MACHINERY THAT SCIENCE AND EXPERIENCE CAN DEVISE. 


THEY HOLD LARGE STOCKS OF ORDINARY WIDTHS, 
WIDE AT 


AND CAN MAKE ANY SPECIAL SIZE FROM 1” TO 60” 
A DAY'S NOTICE IF NECESSARY. 


YOUR ENQUIRIES WILL BE ESTEEMED. 


HENRY A. COLE & CO., LTD., 


Coronet Works, LIVERPOOL. 


Ano aT Beaurort Roap Works, BIRKENHEAD. 4506 


ARE MANUFACTURERS OF BALATA AND 




















HILLES 


U.S.A. 





| Sa ceabbibiitr . Bo yrs 
PLATE SHEARING ano 
STRAIGHTENING _MACHINERY. 











receipt of 





London Representatives : 
EK. W. BLISS COMPANY, 3, Pocock Street, Blackfriars Road. 
Exclusive Agents for France and Belgium :— 
AUX FORGES DE VULCAIN, 3, Rue St. Denis, Paris, France. 


& JONES 


Company, 
WILMINGTON, 
DELAWARE, 


Photographs and 
detailed information 
will be mailed 


promptly upon 


specification of 
work to be done. 











ALEX. FINDLAY & C0., Ltd. 


Structural Engineers, ~©MOTHERWELL, NB. 


Structural Engineers, ... . 


Contractors for all the Main Buildiags for the FRANCO-BRITISH EXHIBITION, 
LONDON, 1908, covering a total area of 560,000 square feet; also for 
the Grand Stadium, area 200,000 square feet. 


Ait Kinps oF Stee. Structures DESIGNED AND EXECUTED. 
SPECIALITY :—HYDRAULIG PRESSED STEEL TROUGH RING FOR BRIDGES DINGS, 
Head Office - - MOTHERWELL, N:B. 
London Office - - 9, VICTORIA STREET, S.w. 
TeLecrams: FINDLAY, MOTHERWELL. PARKNEUK, LONDON. 9262 


JOHN RUSSELL & GO.,' Lp.) 


ww @& 1.8 4 i. ft... 


LAPWELDED & SOLID - DRAWN 




















— FOR LOCOMOTIVE AND OTHER BOILERS — 


AND 


CENERAL ENCINEERING PURPOSES 


ON ADMIRALTY LIST OF CONTRACTORS. 













FRANCE « MORGAN, 


MAKERS OF EVERY 
DESCRIPTION OF 


Brass Work 


OSED BY 


MARINE ENGINEERS. 


" WHITEFIELD 


RD BRASS WORKS, 
GOVAN. GLASGOW. « 


CRANES 


ELECTRIC, STEAM, 
HYDRAULIC, HAND, 























OF ALL TYPES. 








WINDING 


AND 
HAULING 
ENGINES. 














SHEERLEGS, 
SLIPWAYS. 








TRAVELLING CRANE. 


ALEX. CHAPLIN & CO., Li. 





eaGovanm, GLASGow . 











DE 


{SI 


S71 


CO 





lif 


a 
/ 
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\SHMORE, BENSON, PEASE @ CO., Ltd? weiis "tisechciiah Lamps & Oi Feevens. 


STOCKTON-ON-TEES. 
Makers and Erectors of all Descriptions of 


STEEL BUILDINGS, CHIMNEYS, - 
COAL, COKE, & ORE BUNKERS. 


Cast Iron and Steel Work for 


COKE OVENS, BLAST FURNACES, &c., &c. 





SOLE MAKERS OF FORTERS PATENT REVERSING VALVE: 


For Steel, Glass, and other Furnaces. 

















For over 
30 years we have 
specialised on the production of 


SEAMLESS STEEL TUBES 


end our long experience and syecia’ mz rufactur ing facilities enable 
us to produce highest quality tubes at the lowest possible cost Hence, we 

can offer you advantages in quality and price—ask us to quote you 
and see how well we can meet your needs 


ORIENTAL TUBE CO. Ld., West Bromwich. ‘ \ 
N Telegrams—Tubes, West Bromwich. oe 
; Telephone —45 West Bromwich A 4 
3 Sy : ee ce 
es # 
"Rete ad is 3 bs om 













6) 
yy 









Sir 
Sei 











of WW 
QS gi? P sui 
4 & wen ROS . gow? 
o a> out 
ef & go™ 


“NATIONAL” Fusible Plugs 


ARE THE BEST AND MOST 


Rellable LOW-WATEF 
SAFEGUARD 


IN THE MARKET. 


yer 























= LT) 





Suitable for All Classes of 
Internally-Fired Boilers. 
Special Plugs for High Pressures. 


Tae NATIONAL BOILER 


General Insurance Co., Ld., 
St. Mary’s Parsonage, MANCHESTER. 


























OVER 2,000,000 SOLD. 


‘ TORCH LAMPS 
4 HORIZONTAL 
OIL FEEDERS. 
With Valves and Brass Tops. 





For Sperm, Rape, Colaa, or »ther 
heavy Smokeless Oil. Alo ued 
for Kerosene. 


No. 5, § pint, Hook No, 3, a» shewn 
tia. per dosen. 





No. @. baskcodh. Wek, aad dosen. 

Ne. a - +p «> Mees No. 5a, { pint, Hook No. 3, asshewn 
No. a= f'pint al ise. 308. per dosen. 

No, 34.—1 pint. New Im: 


wed Pattern, Handle at Top, 
—1} pint, 54s, per desen. 
Also made with Patent Filler. 


~ KETTLE TORCH LAMPS. 


THousaANDSs SOLD. 
No NS pints mapecity nm Set waa: «= Largely used by 
Cc 


ontractors, Collieries, &-. 
Large Flaming 
Light. 
wt tatea. Le 
No. 33, same shape as 
Ba. each. 


Suitable for"Sewcrage, Drainage, Trench Work. 


Wells’ Oil Gas Generating Lamps 


Light from Keroseneor Petroleum 
without Wick, at 
Less than One Penny per Hour. 
No Smoke or Smell. 
Perfect Safety. N Naphtha used. 
t Thousands cad On Unaffected ney by 


456. per dozen. No. 
Also made without Valve. 





No. 5a, ] pint, Hook No. 3, a» shewn 
366. per dozen. 











{ — Each 

No. 12, 8hours .. = - on ve 
No. 12a, with Tripod .. 3... ws 188 
No. 18, 6 hours os ee os 14/0 
foam No. 184, with Tripod .. an oe 17/0 
No. 14,7 hours .. “ os -_ 16/0 # 
No. 144, with Tripod .. .. .. 19% 








Extra Burners 


for above 
2/- each. 


4851 


A. GC. WELLS & CO., °2'"3i8°.2" LONDON. 








ST. PANCRAS, 




















London : 60, Queen Victoria Street, E.0, 


Serewou lin, 
Illustrated Price List Free. 


1} in. 1) im. and 2 in. Gas Thread on the Seating. 














Milling 
Machines. 





























LISTS ON 
APPLICATION. 














CHARLES PURDEN I”. 
City Machinery Stores, ae 


Lancaster St., BIRMINGHAM. 


Telephone—224-5-6 Central. Telegrams—Presses, Birmingham. 
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MARINE & LAND PUMPS. 


OUR SPECIALITIES ARE STRONG 

and COMPACT IN DESIGN — OF 

BEST MATERIAL and WORKMAN. 

SHIP — EFFICIENT and RELIABLE 
IN SERVICE. 





THE 


“DAWSON ” PATENT DIRECT-ACTING 
FEED PUMPS, 
AIR PUMPS, 
SERVICE PUMPS. 





IMPROVED DUPLEX PUMPS 


VERTICAL or HORIZONTAL. 
TO SUIT ALL PRESSURES. 





MOTOR DRIVEN PUMPS 


OR 
DIESEL ENGINES, 
LAND STATIONS, 
- MINE PUMPS. - 





DAWSON FEED PUMP. 


DAWSON & DOWNIE 


CLYDEBANK. 


Telegrams— 
‘Pumps, OLYDEBANK.” 


Telephone— 
76 OLYDEBANK. 








Satisfaction already given on exceptionally 


PATENT .. 


“Stanchion” 


WROUGHT-IRON 





Pulleys =. 


Arm Heads machined accu- 
rately to curve of Rim. 


DESIGNED FOR 


Heavy Drives, 
High-speeds, 


and where 








i ie ae 


(o) 
o@o 
° 


Palmed Arm Heads, 
forged from the solid 
Bar—not screwed on. 


Quotations and full particulars on application. 
PATENTEES AND SOLE MANUFACTURERS— 


DOUGLAS, LAWSON & CO., 


Engineers, BIRSTALL, LEEDS. 


Telegrams: PULLEYS, BIRSTALL. Telephone: 135, BATLEY. Code used: ABO 5th Edition, 


Vibration or 
Shocks are 


present. 





On LISTS of ADMIRALTY, WAR OFFICE, INDIA OFFICE and 
CROWN AGENTS FOR THE COLONIES. 4604 


severe Drives and Repeat Orders received, 























LEES - BRADNER 





THREAD MILLERS 


— FOR — 
THREADING SHELLS 
From 3 to 94" diam. 4897 


The Lees- Bradner Co., Cleveland, 0. 











AEROPLANE PROPELLER 
BALANCER 


AS SUPPLIED TO THE GOVERNMENT. 

















Patent Pending. 








INVENTORS 


SAM DENISON & SON, bral 


Far Hunslet. near Leeds. 
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IF YOU ARE WANTING 


VALVES 


OF ANY KIND 


FOR GOVERNMENT CONTRACTS 
WRITE, WIRE OR = US. 




















J. BLAKEBOROUGH « « SONS 


Telegrams: 4487 "Phone: 
‘*Blakeboroughs, Brighouse.” Nos. 24 and 45. 


ON THE LISTS OF H.M. WAR OFFICE, ADMIRALTY, OFFICE OF WORKS, &c., &c. 


MIRAc eel vUM 
| ite 










































The best | J. DAMPNEY 
. and CO., Ltd., 
Preservative wane aneete~ 
Merchant’s Exchange, 
money can CARDIFF. 
buy for ail a tn 
kinds of LONDON— 


Structural lron 


or Steel Work. 
THE Paint for 


, , ~ — —_ CEN 
: ** APEXIO: PexIOR,” pubes. 


LIVERPOOL— 


t Tele—7016 Cuxreat, L’'root, 
es—“Da pa ” Loon 





Corrugated | MANCHESTER- 
r 45, Blackfriars Street. 
lon, fe. Te ie ,. anal ¥ 
GREAT PARIS— oer 
COVERING 278, Boulevard Raspail. 
POWER. Tele" Arexiontiay. Panis,” 
i 


: 87, eahapagete, EC. 


3, oe Piazzas. 

















WATER TOWER IN CHINA COATED WITH “MIRACULUM” GRAPHITE PAINT 


THE 


SPARKING PLUG 


for 


GAS ENGINES 


with High-Tension Ignition, 











Mica Insulation. 
Steel Body 
Screwed 1” Whitworth Gas Thread. 


Price 30/- each. es 


BRITISH MADE. 
THE LODGE SPARKING PLUG CO.,, Ltd., 
BIRMINGHAM. 
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6 SORTS 
Vs Rice. | 


4 
uy 
i 

















Leeds | 


eF TELEGRAMS :— 



















































































CODE :- o B.c. reached “PRESS LEEDS ; 
oa eee a 
AILSA SHIPBUILDING CO., Li, 
SHIPYARD, ENGINE WORKS AND GRAVING DOCKS, TROON, N.B. 
4917 i. ae 7 iad giailliee sali ohdaaeebadaiaded pequpere AT AYR. 
Tranter’s inorves Feed-water Detartarizer ||| srricmit ‘ eucaTon 
Boiler Disincrastants AGAINST HEAT RADIATION 
Boiler and Pipe Coverings KENYON’S civrcunce 
( tos, Fossil Meal, &c.) re 3 
Lubricating Oils & Greases KISOL ” 
Soluble Oi) & Cutting Com- io 
pounds, CEM ENT 
W. J. TRANTER’S BOILER APPLIANCE CO., ————— 
Tibbington Works, Princes End, TIPTON, Staffordshire. 4712 Post Free on Application. 
Telephone—T6 Tipten. Rename 108, Telegrame—“Titan, Tipton.” WM. KENYON & SONS, Lr, DUKINFIELD, near MANCHESTER. 







































































appears on every genuine 


SILT JE TOWN The “SILVERTOWN” GLOVE is 
ft particularly: flexible and, in con- 
a sequeace;«comifortable to work 


“RUBBER GLOVE "oe 


The red seal on the back of the wrist is our guarantee that the identical 
glove you are examining has been tested at pressures ranging from 5000 
to 20,coo volts, and that it may be used with perfect safety by Electricians 
handling “live” conductors at high tension. 4552 


[ : Wh Certificate of Test 
| 
































~The India Rubber, Gutta Percha and Telegraph Works Co., Ltd. 


( The SILVERTOWN COMPANY), 
cs Head Offices :—106, Cannon Street, London, E.c. : Works :—Silvertown, Lendon, E.. 























ee ee 
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or Sale, Evapcrator, Vertical 


TUBE, TRIPLE EFFECT, with Heater, Con- 
Feed and Extraction Pumps. ~ Each effect 
=" 1}-in. bore copper tubes, 14 gauge, 23 ft. long, 
cunmetal tube plates, giving 757 square feet 
, surface. e heater has 48 1}-in. bore 
tubes, 14 gauge, 16 ft. 5 in. long, in cast-iron 
lates, arranged for 12 passes, giving 360 square 
heating surface. The whole purchased from The 
er Evaporator & Engineering Co., Lid., to 
trate sugar liquors, and erected in June, 1913. 
The «pparatus bas never been used, except for the 
irpose of testing it. No guarantee as to its 
guitability for any specific purpose will be given by 
the present vendors, 


APP AIRRIE & CO., Lrv., Sugar Refiners, 
253, Vauxhall Road, Liverpool. 


FOR ao ai " 

bined Mortar MILL, Engine an iler, the 

bea ole mounted on girder carriage with road 

wheels and horse shafts ; under-driven pan 5 ft. 
diam. ; vertical boiler for 60 Ib. working press. 

Three Vractically New 9 ft. under-driven Perforated 
Grinding MILLS, by Fawcetts, each with revolv. 
pan and gathering-up pan underneath, ©.I. rolls 
4{t. 6in. by 16in,, slots in grids 2} in. long by 
1 in. wide. 

9 tt. Over-driven Perforated Grinding MILL, by 
Alexander, with revolv. pan with open base, 
strong cast-iron rollers 5 ft. by 17 in. 

7ft. 6 in. Under-driven Perforated Grinding MILL, 
by Bradley & Craven, with gathering-up pan, 
C.1. rolls 4 ft. 6in. by 12in., } in. perforations. 

6ft. Over-driven Perforated Grinding MILL, by 

Smedley Bros., with gathering-up pan under- 

neath, rollers 3 ft. 3in. by 12in., slots in grids 

about } in. wide. 
ATALOGUE of Stock MACHINERY, 2—8000 LOTS 
tree on application, 4818 Inspection invited. 
riwios. W. WARD, LTD., ALBION WORKS, 
Tel. : “‘ Forward, Sheffield.” SHEFFIELD. 


D 227 














PUBLICATIONS. 





Foolscap 8vo. xx—1054pp, Leather. Gilt Edges. 
Price 20s. net. Post Free, 20s. 6d. 


1906 EDITION 


Bngineering & Electric Traction 


POCKET-BOOK 
OF RULES, FORMULA, DIACRAMS AND TABLES. 


Entirely Revised and Re-written, with Additional 
Obapters on Steam Turbines, Alternating and Single- 
Phase Traction, and on the Motor Omnib 


Demy 4to. 604pp. Half Calf. Illustrated 
by 20 Plates and numerous Figures in the 
Text. Price £2 2s. net. Post free £2 2s. 6d. 


ELECTRIC 
MACHINE DESIGN. 


Being a Revised and Enlarged Edition of 


“ELECTRIC CENERATORS.”. 


By HORACE FIELD PARSHALL 
and HENRY METCALFE HOBART. 


Synopsis of Contents, &c., will be sent, post free, 


on application. 


Lorpon : Offices of “‘ ENGINEERING,” 
Bedford Street, Strand, W.C. 


35 and 36, 


AND ALL BOOKSELLERS. 








We are on War Office List toexecnte any kind of Maxvracrurep 
Woopwork, having up-to-date plant of all kinds of wood-working 
machines and good Stock oF ALL Kixps or Timmer, We haves 
8 1 line of Prrcnrixe, nearly clear of all knots, lying at 

about 100 standards, thicknesses 1 in., 1} in,, 2 in., 2} in., 2} in., 
in., and widths from 8 in. to 18 in., 
e joinery or many other purposes. K in Stock. Can 
= price cut to any size. Also we keep very large Stock of 
‘tywoop and other Tuoxper for pattern making, case making 
and fixing machinery- Execraic Caste Casinos and Cazosorzp 
Woopwork of all descriptions. New and Second-hand SLEEPERS. 
€, JENNINGS & CO. 

TIMBER MPRCHANTS, GENERAL WOODWORKERS, 
832, Pennywell Read, Bristol. 4391 


ENTWISLE « GASS,Lo., 


BOLTON: 

Fear CENTRIFUGAL PUMPS, 
AIR COMPRESSORS 
CLUTCHES, GEARING, 
CASTINGS up to 10 TONS, 


BLEACHING, kdbinen f PRINTING 


suitable for prime Pitch- 
. Tea 








BY 


PHILIP DAWSON, M.L.C.E., M.LMLE., M.LELE. 
Author of “ Electric Railways and Tramways.” 


Offices of “‘ ENGINEERING,” 35 and 36, 
Bedford Street, Strand, W.C. 


New York; Joun Wiuty anp Sons, 43, East 
Nineteenth Street. 


AND ALL BOOKSELLERS. 


Crown 4to, Cloth, Gilt Lettered. Price 12s. 


With numerous Illustrations and Plates. 


EXPERIMENTS 
STEAM BOILERS 


Reprinted from ‘‘ ENGINEERING.” 
By BRYAN DONKIN, M.1.C.E., M.1. Mech. E., 
AND 
ALEX. B. W. KENNEDY, LL.D., F.R.S., M.1.C.E. 


Offices ‘of ‘‘ ENGINEERING,” 85 and 36, 
Bedford Street, Strand, W.C. 


INDON ¢ 


vn 8vo. Cloth. Price 4s. .72 pp., with 
numerous Diagrams. 


S'ATICALLY INDETERMINATE 
STRUCTURES AND THE 
PrINCIPLE OF LEAST WORK. 


BY 
HAROLD MEDWAY MARTIN, 
Wh. Sc., 
Sevised and Reprinted from ‘“ ExGuverixe.” 


EA@xDOx : Offices of “ ENGINEERING,” 35 and 36, 
Bedford Street, Strand, W.O. 
AND ALL BOOKSELLERS. 





porns, NG 
pom® cyst 
ih ares 
Machine CutGear Wheels 
THE REID GEAR CO., 


4800 
LINWOOD, near PAISLEY. 


KENNICOTT 
WATER SOFTENER Go., 


WOLVERHAMPTON. 


Telephone—576, Wol nomgun. 
Telegrams—" Watertanks,” olverham pton. 


FRANK WIGGLES WORTH «co. a., 


Engineers, 
Clutch Works, Shipley, nr. BRADFORD. 


FRICTION CLUTCHES. 


SEND YOUR ENQUIRIES. 


ALEXANDER OLDHAM 


© av 


DENTON 
IRONWCRKS, 
CARLISLE. 














4728 





4727 





WC 


& S| YO 


THE “STONE-LLOYD” SYSTEM 


oF 
HYDRAULICALLY OPERATED 
WATERTIGHT DOORS. 
As fitted to latest Mail and Steamers. 


J. STONE & CO.,, LTD., 


Deptford, London, 3.E. 





FOSTER BROTHERS, Limited, 


TUBES & FITTINGS, 
Main Steam Pipe Installations.’ 








WrDNASEUONnRYT. 


MACHINE TOOLS. 


ENGEL WORKS, GUILDFORD, SURREY. 





MARINE ENGINEERS. . 
AND BOILER \\ PAYS 


MAKERS, 

\0) \) 231, Elliott Strept, 
Qh 4035 GLASGOW. 
7 


elegrams. “ ROWAN, GLASGOW.” 
elle Codes’ » Rel iath & Sth Editions LIEBER'S. 





| 











BRUNDRIT 


PATENT 


FOR 
Marine «, 
BOILERS 





J.BRUNDRIT 





“BRIT wreEo”™ 
— 4,000,000 HP. in Service — 


WATER TUBE BOILERS and 
MECHANICAL STOKERS. 


(200,000 HP, in Service.) 4756 
The British Niclausse Boller Co., Ld., 


Caxton House, Westminster, 8.W. 

















JOHN SPENCER, L 


WEDNESBURY. 
IROW & STHAL 


“TUBES 


POLES. STEAM MAINS, TUBULAR PILES, &c. 








A LESSON THE 33s3-2"": 
GREAT WAR [22,8 mers 
With the “EMPIRE” CLIPPER 


HA RECORDER there are no heavy 


T AUGHT U cleticalor stationery 


® costs.—Ask. us to 
send you our booklet “E.G. Concerning Costs." 
TheGledhill-Brook TimeRecorders, Ld. Huddersfiel 


LOUDON BROTHERS, Ltd. 


GLASGOW @& JOHNSTONE. 
Makers of— 


HIGH CLASS MACHINE TOOLS 


time and job costing 











OVERHEAD TRAVELLING 
CRANES. THE 


VAUGHAN GRANE C°. 


MANCHESTER. 








Formerly VAUGHAN & SON Ltd. 








Rallway, Marine & General Engineering Work. 
4 ’ bl ae ae 
phe ae 's of 9 | 
b.4s5 BR BE 
SW/PLEY » YORAS"): 
ERS» 


BORERS 


LATHES ‘GEAR CUTT 
MILLERS : 





PFU MSY Ss. 
Direct-acting, Feed, Air and Service Pumps, -Duple 
and Oentrifugal Pumps, Auxiliary Condensing Plant. 


NICHOLS PUMP & ENCINEERING CO., 
4450 (Lars NICHOLS BROS.) LTD. 
OAKWELLGATE, GATESHEAD-ON-TYNE. 


W IREWORK 





A COUSLAND & N 


A 
v. 


MACKIES, 9 


ENGINEERS, READING, 4185 
WROUGHT and CAST IRON 


Pulleys, Shafting, Bearings, 


Write for Catalogue E No, 53. 


Tele.: Machinery, Reading. "Phone: 46, Reading. 





NM Ud: 
ROPE, rsoH D. & v. 


TULLIS, Ld. 


Laaety <o) 
uh Clydebank, N.B. 


See our Advert. page 67, last week. 4610 








WATER PURIFICATION SPECIAL 


a 


21 INDIA HOUSE 
KINGSWAY 


EDWARD LE BAS @ Co. 


Dock House, Billiter Street, 
- LONDON. 


PHOSPHOR COPPER 5°, 107/815 
MANGANESE COPPER - 30% 
COPPER AND BRASS RODS 

















ENCINEERING 
COMPANY LTD 











AND WIRE. 


4931 











CHHBAPEHST. 





PRICE. 


“SAMPLE. 
WILLIAM GEMMELL 
& Co. 


Metal Refiners, 
492, ARGYLL STREET, 
GLASGOW. 


2677 





_ EMPORTANT NOTICE. 
To Drawing Office Instrument Makers, Engineer 
and others whom it may concern. 

WE ARE MANUFACTURERS OF 
ENCINEER’S SLIDE RULES AND SCALES ON 
IVORINE, PROTRACTORS ON CELLULOID, 
NAME PLATES ON BRASS AND ALUMINIUM, 

as previously made in Germany. aoe 
UNITED Metal Engraving Co.,Ld 
40, High Bridge, Newcastle-on-Tyne. 








COLD - ANGLE AND 
T-IRON 
BENDER. 


+ 


SOOTT. Be 


West Mount Works, HALIFAX. 


STAMPINGS 


ANY WEIGHT. 
IN ANY STEEL. 
FOR ALL PURPOSES. 


HEAVY STAMPINGS, Ltd. 


MIDDLESBROUGH. 
Telegranis—STAMPINGS. Telephone—201. 


J. B. TREASURE & €0., Ltd. 
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LIVERPOOL. 








92 


ENGINEERING. 


Dec. 3. no: 2 











SULZER BROTHERS, 


ENGINEERS 
(WINTERTHUR, SWITZERLAND), 


50, Norfolk St., Strand, London, W.C. 


The Firm of Sulzer Brothers was founded in 








Switzerland in 1775. Bsaanches throughout 
the world. 








Ré. White & Sons, Widnes;| 


Lanes. 
4716 


™ RAILS, 


POINTS AND CROSSINGS. 
AERIAL ROPEWAYS. 








PURE WATER| i 


for all purposes. 
Particulars from 4361 


The BUHRING’S Patent WATER PURIFYING Co., 
60, Wilson Street, H.C. 


SWIFT He 


DRILLING 
MACHINES 
Se NSLAREMONT IRON WORKS 


HALIFAX — ENCLAND 




















HULBURD ENGINEERING C°. Lt¢. 
St, Benet, Chambers, Fenchurch Street, 
LONDON, E.C. 


See Displayed Advt. last and next week. 


4496 





EDWARD HAYES, | 


, Od. 2174 


Watling Works, 
Stony Stratford 





Marine Engines 


; Now Ready. 
6&12x 8 C.8.C. 
7&14x 90C.8.C. 
8 & 16 x 10 C.S.C. 
9 & 18 x 11 C.S.C. 


Boilers to Suit. 
Makers to Admiralty, &e. 


ae 












High Speed 
Indicators. 


BUCHANAN’S 
ENGINE COUNTERS. 


a Instrument 
| HAN NAN & BUCHANAN 


75, Robertson St., GLASGOW. 3735 
_—— 


RICHARD INDICATOR. - 























90 B.HP. T.S.C. Launch Engine, 


Weionr 8 cwr. 


T. 


3472 


A. SAVERY & CO., LTD., 


Newcomen Works, 
capes BIRMINGHAM. 


ondon Representative :— 
Mr. A. ROBERTSON, 23, Leadenhall St., E.C. 


QUICK REVOLUTION STEAM 


MARINE 
MACHINERY 


For Shallow Draft Launches 
Light weight WATER - TUBE 


BOILERS. 


OIL AND COAL FIRED. 




















J. TOMEY & SONS LTD. 


ASTON 
BIRMINGHAM. 


Raw Hine Gears 


Also Metal Gears. 
GEORGE | ANGUS . & & C0., LTD., 


ROWLAND’ Ss av 


1S 
Bak 

















Ene A 


MANCHESTER. 











A FIRM GRIP 
ime @) 8 | am oO) 


_ BELT 
TREAT- 
MENT 


TTRTTETTTTETE 


SMITH "BROS. 
(See displayed Advert. eek. 
Albert Spring Works. het a.nd Bromwich. 








“ GUNTHER” 


CENTRIFUGAL 


PUMPS. 


—_——— 


a 




















OILER 


LANCASHIRE, CORNISH, MULTITUBULAR 
AND WATER-TUBE BOILERS. 





SUPERAEATIEMRNS. 





Telegrams :—~ 


“ Busuey, Hype.” 


Telephones :— 
119 (Two lines), : Makers 


THOMAS BEELEY & SON, LIMITED, | 


Hyde Junction Ironworks, 


Compete Boiter-House INSTALLATIONS. 


2es.“SUCKLING" “gsr lee 





HYDE, Mansteesten, 


























GRINDING MILLS. 
SMEDLEY BROS. Lro. 


Belper, Derbyshire. 








WATER SOFTENERS, 


APPLY TO— 


The J Harris Patent Filter (1910) |; Fl 
24, Grainger Street West, 
suweaeTiscex-rrx:. | 


W.G. BAGNALL 


SrArEToOoRD. 


BUILDERS OF LOCOMOTIVES 


Weighing from 3 to 50 tons, for any gee 
ef Highest-Olass Workmanship and Materi: 
MAKERS OF 8 
Tipping Trucks, Sugar Cane Inresonn 
Turntables, Switches, &c. 
See Illustrated Advt. in alternate issues. 


* BUFFALO” INJECTOR, 
_ Operated FERS Class A lifts 24 ft, 


Entirely Class B lifts 1° f, 
by One 
_ Send for 


































Handle. 







Telegrams : oe Green Boulding, 
‘* TEMPERATURE, I LIMITED, 
Soman.” 28, New Bridge St., 





Od 9423 LONDON, E.C. 





GALVANISED CORRUGATED SHEETS 


MERGURY BRAND. 


(BEST AND OHEAPEST.) 


Send po enquiries. Thick gauges 
we all difficult Corrugations as used 
‘or— 


OCOLLIERIES. CONSTRUCTIONAL ENGINEERS, 


a Speneae. Also Galvanised Ridges, 
Louvre Blades, Rivetted Galvanised 
Pipes for Colliery Ventilator Shafts,’ 








» &c. 
RAMSHAY «MARSHALL, L* 
BIRMINGHAM. 4108 
BENJ* R. GNERLINE VICKERUINE | 
VICKERS § Aye rn 3 


E-SONS, 


LTD. 


Naaihy 


FOR STAUFFER TYPE LUBRE 
CATORS & MOTOR GEARS 


‘VICKERLINE X 


AN EXTRA HARD 

FOR HOT NECKS - 

in TROPICAL CLIMATES 
MR 2OS/2SFEIS101 

VICKERLINE” wee 


A BRILUANT PROTECTO 
GRIGHT METAL 





















GENERATORS. 
PHENIX DYNAMO MFG. CO., LTD., 


BRADFORD. 
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GREAVES’ PORTLAND 











Telephone: Avenue 2: Avenue 2248, 


FOR INSULATION, s1axsae1 sae 


Largest Steck in the World. Od 9834 





Ml ( A F. WIGGINS & SONS. 





aut tat see, Siototen, SORE} 


LT TT TE 
DELIVERIES FROM STOCK. 





ee 


QUICK BREAK RuiFE SWITCHES. 


Handle FUSES. 
Totally Ea Enclosed rece ay ® 


A.REYROLL 


HMEBBURN-ON-TYNE. * 














_CEMENT 


r Highest Class Engineering Work. 
70 years’ reputation. 


GREAVES,BULLé LAKIN,L* 


HARBURY, LEAMINGTON. 
Depote—Lonpon AND BreminenaM, Od 6364 


HIGH EFFICIENCY 











Manchester. 4568 


DELIVERY FROM STOCK. 


PLAYER'S 
POWER 
HAMMERS 


BELT OR MOTOR DRIVEN. 











4695 


W. & J. PLAYER, BIRMINGHAM. 





TLAS METAL 
F $2 Queen Victoria $t., London, 








THE NEW ALL-STEEL TYPE A 


Seatoscalo Pneumatic Tool. 








saling and Removing Rust from ALL TYPES 

ers, Tanks, Ships’ Bottoms, Bridges, Girders, 
Roots, Railway Wagons,’ &e., &e. 
al to the Admiralty and New South Wales Gorernmen 
F il Particulars apply to— 4342 
. a GrILMiAt, 

; (Sole Maker), 
ot IGHTWOODS, BIRMINGHAM. 


For 
of B 
As 


Diamond Oil Separator 


FOR THE TREATMENT OF EXHAUST STEAM. 
LOW PRICED, HIGHLY EFFICIENT, ABSOLUTELY RELIABLE. 


DIAMOND BLOWER CoO., LTD. 


75b, Queen Victoria Street, LONDON, E.C. 


Manufacturers of :~ 4069 


Diamond Steam Five Blowers. Pnewmatic Scaling Tools for all Types of Boilers. 








KLEIN ENCINEERING CO. ( ang. L". 
WATER COOLERS, CONDENSING 
PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 
STEAM TRAPS, &c.. 1451 
. Capital, Personne! Shareholders, and Manu- 
facturers of this Co. are entirely BRITISH. 
94, Marker Srt., MANCHESTER. 








KELVIN MOTORS 


MARINE AND STATIONARY. 4280 
See Advertisement Dec. 17th. 


THE BERGIUS LAUNCH & ENCINE CO. 


Dobbies Loan, GLASGOW. +T°. 





















EXCAVATORS 


AND 


TRANSPORTERS. 


:~2519 Leicest 


LEICESTER. 





4 





Telegrams :—‘ Excavator.” 


D. WHITAKER 


| UNION 
STREET 





|CENTRIFUGAL 


MACHINES. 


Catalogues free on application, 4302 
WATSON, LAIDLAW & CO., Ltd., 


pe ee GLASGOW. 
| THOMAS SHANKS ®& Ce 
gs 


Johnstone. Q 
Gee 
1b ——— 

4405 ISSUE OF &rd Dec. 














THERMOMETERS 


RECORDING: 





O° to 1800° Fah. 
ALE TEP Us. 


CAPILLARY TUBING, 
Up to 60 yards from Source of Heat. 





4440 


28, Victoria Street, LONDON, S.W. 





Telegrams: ‘‘ PROELLS, LONDON.” 


RICHARD C. GIBBINS & CO., 


Berkley Street, Birmingham, 
MAKERS OF 
STEAM, ELECTRIC aad HAND 


ORANE S 


AND ALL KINDS OF 


LIFTING TACKLE. 7 



















an PLANTS. 


LEEDS, 
“woopau \ 
S ae ot 


i cute 


Pa 


*. GAS 











JOHN 8. BISHOP, 
51, Cadogan Street. 





COLLIERY PLANTS 


ENGINEERING SUPPLIES, Lro., 


Telephone No. : 1555, VICTORIA. 


STEAM TURBINES. 
Richardsons, Westgarth & C9. Lt. 


HARTLEPOOL, MIDDLESBROUCH & SUNDERLAND. 
; See large Advertisement Dec. 17th, 1915. 46582 


RUBERY, OWEN « CO., 


Water Purifiers. “Exe xcav valine: Machinery. 
Structural Steelwork. 
Fencing and Gates in Iron and Steel. 
Motor Car and W: n Frames. 
Aeroplanes Fittings, &c. 
See Fortnightly Advertisement. 


The CLYDE STRUCTURAL IRON C0., Ltd., 


Clydeside Ironworks, Seotetoun, Glasgow. 


MANUPACTURERS OF 4518 


Iron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


LONDON OFFICE: 48, Cornhill, E.C. 








4919 





























| BERTRAMS LIMITED 


Engineers, 
SCIEMNES,” EDINBURGH. 


Manufacturers of 


D | MACHINERY for Paper Mills, Rubber Mills, 
‘ Rubber Plantation Factories, Ex 


losive Works. 
Also MACHINE TOO for 4987 
Iron and§8teel Constructional Works. 


WORKS, MONTREAL CANADA, 


ENKI 


VALVES LVES, 
LONDON, 9SQUEEN VICTORIA ST.EC. 





























—J . 


ou 
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HEAD OFFICE and WORKS > ees oy : MANUFACTURERS OF 


GAINSBOROUGH, ENGLAND. fF et 48 «LOCOMOTIVE MULTI- 


womooceror : Sl TUBULAR BOILERS, 
79, Farringdon Road, E.C. a, 4 ; RE SIZES UP TO 65 ILERS 


INDIAN BRANCHES :— ‘ = we 4 @] CONSTRUCTED with FIREBOXES for 


Calcutta, Bombay, Lahore, Madras. Ra ~ ae oe 4  Exwmstacenat yo aes oa 
CANADIAN DEPOT: oF BL on Sa ot ia SPECIAL & SECTIONALISED TYPES 

o Saskatoon, Sask. : om MA BM Sor “ OVERSEAS” REQUIREMENTS. 
BOILER A 








AND ITS 

EFFECT 
: ON. | 

GPS) | YOUR 


T.ROWLANDS & C°.L™® woatnw cxurcw S7t.SHEF FIELD. 
Telephone, Central 4994. Telegrams “Titanium” Sheffield. Ss % 8 & EE ae 


























ST 


OIL 


RIGHARD HORNSBY & SONS, LTD., Grantham & Stockport. 7s, queen victoria sr. £6. 


And at DUBLIN, GLASGOW, MELBOURNE, SYDNEY and BRISBANE. 








HYDRAULIC JACK. CRAB WINCP. M | 
3897 - 
WESTON BLOCK. 





ASK FOR LIST No. 22. 
or LIFTING TACKLE anp HYDRAULIC TOOLS 


YOUNGS, 


HYDRAULIC SHIPS’ FURNACE JACK. HYDRAULIC RAIL BENDER. BOTTLE TRAVERSINC JACK. RYLAND STREET WORKS, BIRMINCHAM. : 
- ae ¥ 
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